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ABSTRACT

Background: Ocular chemical injuries are an emergency that needs immediate and intensive evaluation and treatment.
Platelet- rich plasma (PRP) has become a common treatment in the field of ophthalmological surgery.

Aim of the study: to evaluate and compare the alleviating effect of a single dose of PRP injection applied either after 2 hours
or 48 hours on an alkali-induced corneal burn.

Materials and Methods: Thirty adult male albino rats were equally divided into 5 groups; Control, PRP group, alkali-burn
group, alkali-burn+ PRP-treated after 2hours group and alkali-burn+ PRP-treated after 48hours group. Corneal specimens
were processed for different histological and immunohistochemical techniques.

Results: Alkali burnt cornea revealed focal discontinuity and denudation of corneal epithelium alternating with focal
disorganization and stratification. Bowman’s membrane appeared irregular with focal disruption. The Descemet’s membrane
appeared thinned out and disrupted. Mononuclear cellular infiltration and invasion with small blood vessels were observed.
Upon intervention with PRP after 2hours of alkali-burn, a near normal corneal histological structure was observed. Yet upon
intervention with PRP after 48hours of alkali-burn, a disturbed corneal histological structure with vacuolated epithelium and
some nuclear changes were detected. A highly significant difference in the immunohistochemical staining for detection of
P53, Ki67, MMP-1 and MMP-9 was detected upon alkali burn compared to the control, whereas a non-significant difference
was observed in group IV compared to the control group, yet a significant difference was detected between group V and the
control group.

Conclusion: A single dose PRP injection had an effective alleviating effect on alkali-induced corneal burn, yet the PRP
injection after 2hours of the burn was more efficient in restoring the corneal healthy surface rather than its application after
48 hours.
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INTRODUCTION

complications including long term immunosuppressant,
risk of causing limbal stem cell deficiency in the healthy
contralateral eye!!-],

Ocular chemical injuries are an emergency that needs
immediate and intensive evaluation and treatment. These
injuries are common among chemical laboratories and

construction workers. The damage resulting from chemical
injuries could be so severe leading to opacification,
neovascularization of the cornea and acute increase in
intraocular pressure due to shrinkage and contraction of
the corneal'l,

The corneal ulcer resulting from an alkali-burn is an
epithelial defect, with loss of stroma, stromal inflammation
or a combination. Alkali substances are lipophilic agents
that penetrate the eye more rapidly, thus they are even
more harmful than acids!"2.

After chemical injury, the aim of therapy is to restore
a normal ocular surface and corneal clarity. Limbal grafts
are the common choice in treatment of this severe disorder.
However, their applications are limited due to some potential
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Platelet-rich plasma (PRP) has become a common
treatment in the field of ophthalmological surgery, plastic
reconstructive surgery, trauma and skin burnst. PRP is a
nontoxic and nonimmunogenic blood component obtained
by centrifuging whole blood to get a cellular constitute
of platelet-enriched plasma. PRP contains several growth
factors, including insulin-like growth factors 1 and 2,
transforming growth factor, hepatocyte growth factor,
fibroblast growth factor, and vascular endothelial growth
factor. Besides, it includes bioactive factors or non-
growth factors; serotonin, histamine, dopamine, calcium,
adenosine, fibronectin, fibrin, and vitronectin. These
factors have been suggested to accelerate epithelial and
endothelial regeneration, provoke angiogenesis and cell
differentiation, enhance the hemostatic response, increase
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collagen synthesis and assist cell migration, thus stimulate
soft tissue healing™>,

It has been proposed that PRP can be used for
subconjunctival application revealing an acceleration and
improvement in corneal epithelial wound healing!®!.

The aim of this study was to evaluate and compare the
alleviating effect of a single-shot subconjunctival PRP
injection applied either after 2 hours or 48 hours on an
alkali-induced corneal burn.

MATERIAL AND METHODS

Thirty adult male albino rats weighing 150-180 grams
each were used in this study. They were kept on a standard
12h-light/12h-dark cycle before the experiment and
throughout the study period. The rats were kept in clean
properly ventilated cages with free access to a balanced
laboratory diet and water. They underwent acclimatization
for 2 weeks before the experiment. The experiment was
approved by the Local Ethics Committee of Faculty of
Medicine, Tanta University, Egypt.

The animals were randomly allocated into five equal
groups

Group I (control group): was subdivided into two equal
subgroups; subgroup (Ia) were left untreated, subgroup
(Ib) received a single subconjunctival injection of 0.5 ml
of phosphate buffered saline (PBS) then left untreated for
the rest of the experiment (10 days).

Group II (PRP-treated group): Rats of this group
received a single subconjunctival injection of 0.5 ml of
platelet-rich plasma (PRP) then were left untreated for
the rest of the experiment (10 days). PRP was prepared as
previously described; briefly, intra-cardiac blood sample
was aspirated from the rats on citrate dextrose anticoagulant
under general anesthesia. The whole blood was centrifuged
at 3000 rpm for 7 minutes at 20°C to sediment down red
blood cells (RBCs). The supernatant plasma was aspirated
and centrifuged for another round at 4000 rpm for 5
minutes at 20°C to pellet down the platelets (PRP)™.

Group III (Alkali burn group): Rats of this group
were anesthetized by intramuscular injection of 0.5mg/
kg ketamine, then a filter paper soaked in 1 M NaoH was
applied on the center of cornea of right eyes only for 25
seconds then was rinsed with 10 ml of distilled water’®.
The left eyes were left to enable the animals to move, eat
and drink. The animals were left untreated for the rest of
the experiment (10 days after the alkali burn). NaOH was
obtained from ElGomhoria chemicals company (Cairo,
Egypt) in the form of white powder.

Group IV (Alkali burn +PRP after 2 hours): Alkali burn
was inflected on the rats of this group as described in group
I11, then received a single subconjunctival injection of 0.5
ml of platelet-rich plasma (PRP) after 2 hours of the burn
and were left untreated for the rest of the experiment (10
days after the alkali burn).

Group V (Alkali burn +PRP after 48 hours): Alkali burn
was inflected on the rats of this group as described in group
I11, then received a single subconjunctival injection of 0.5
ml of platelet-rich plasma (PRP) after 48 hours of the burn
and were left untreated for the rest of the experiment (10
days after the alkali burn).

On the 10th day of the alkali burn, all animals were
euthanized under intraperitoneal injection of pentobarbital
(40 mg/kg)P!. Corneas were dissected out and processed
for light microscopy.

For light microscopic examination

Specimens were immersed in 10% neutral-buffered
formalin, washed, dehydrated, cleared and embedded
in paraffin. Sections of S5um thickness were stained with
hematoxylin and eosin (H&E) and Periodic Acid Schiff
reagent (PAS) for detection of mucopolysaccharides!'?.

For immunohistochemistry

Five um thick sections were dewaxed, rehydrated, and
washed with phosphate buffered saline (PBS). The sections
were then incubated overnight in a humid chamber with
the primary antibody at 4°C; rabbit polyclonal anti-P53
(ab131442; Abcam, Massachusetts, USA) for detection
of apoptosis, rabbit polyclonal anti-Ki67 (ab15580;
Abcam, Massachusetts, USA) for detection of cell
proliferation, rabbit polyclonal anti-MMP1 (ab137332;
Abcam, Massachusetts, USA) and rabbit monoclonal
anti-MMP9 (ab76003; Abcam, Massachusetts, USA),
both for detection of matrix alterations. The sections
were then rinsed three times in PBS and incubated with
the corresponding biotinylated secondary antibody for
one hour at room temperature. Streptavidin peroxidase
was then added for 10 minutes and rinsed again three
times in PBS. Immunoreactivity was visualized using
3,3'diaminobenzidine (DAB)-hydrogen peroxide as a
chromogen. Sections were counterstained with Mayer's
hematoxylin. The negative control sections were prepared
by excluding the primary antibodies!!l. The positive
controls of the primary antibodies were rat colon tissue,
mouse spleen tissue, mouse prostate tissue and human
spleen tissue respectively.

Morphometric study

The images were analyzed using Leica Qwin 500 C
Image analyzer computer system (Leica Imaging System
LTD., Cambridge, England) at (Central Research Lab,
Faculty of Medicine, Tanta University, Egypt). Ten
different non-overlapping randomly-selected fields from
each slide at a magnification of 400 were quantified for:

1. Mean corneal epithelial thickness in H&E-stained
sections.

2. Mean Descemet’s membrane thickness (um) in
PAS-stained sections.

3. Mean color intensity of P53-immunohistochemical
positive reaction in DAB-stained sections.
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4. Mean percentage (%) of Ki67-
immunohistochemical positive cells in DAB-
stained sections.

5. Mean area percentage (%) of MMP1 and MMP9-
immunohistochemical positive reaction in DAB-
stained sections.

Statistical analysis

The data were analyzed by using one-way analysis
of variance (ANOVA) followed by Tukey’s test for
comparison between the groups using statistical package
for social sciences statistical analysis software (IBM SPSS
Statistics for Windows, IBM Corp, Version 22.0. Armonk,
NY, USA). All values were expressed as mean + standard
deviation. Differences were regarded as significant
if probability value p<0.05 and highly significant
if p<0.0011"2,

RESULTS

Histological findings

H&E staining

Group I (Control) and PRP-treated rats (Group II)

Corneal sections from control rats (Group I) and
PRP-treated rats (Group II) revealed the characteristic
histological structure of cornea, where it was composed
of three distinct layers; the outer epithelium, the inner
endothelium, and the intermediate stroma. The corneal
epithelium was a non-keratinized Sstratified squamous
epithelium consisting of a single basal layer of columnar
cells and 2-3 layers of intermediate polygonal (wing) cells
covered with 1-2 layers of superficial flattened squamous
cells. The epithelium was supported by Bowman’s
membrane. The stroma was composed of parallel lamellae
of regular dense acidophilic collagenous fibres forming
the main bulk of the cornea. Keratocytes were flattened
cells scattered in the ground substance between the
stromal lamellae. The inner endothelium of the cornea was
composed of single layer of flattened cells supported by a
thick homogenous Descemet’s membrane (Figure 1).

Group III (Non-treated Alkali burned Cornea, 10 days
after the alkali burn)

Corneal sections from alkali-burn group depicted
corneal epithelium with focal discontinuity and denudation,
while other parts revealed focal disorganization and
stratification. Moreover, the corneal epithelium showed
vacuolated cytoplasm and some hyperchromatic, pyknotic
and karyolytic nuclei. The Bowman’s membrane appeared
irregular with focal disruption in some areas. The
underlying stroma showed extensive separation of collagen
lamellae with wide spaces in between. keratocytes were
large and irregularly dispersed in between the lamellae.
The Descemet’s membrane was apparently thinned out and
disrupted in some areas. Mononuclear cellular infiltration
and invasion with small blood vessels could be observed
in between the irregularly dispersed collagen fibers of the
stroma (Figures 2, 3, 4).

Group 1V (Alkali burn+PRP after 2 hours)

Corneal specimens revealed a near normal corneal
histological structure with intact epithelium, yet some
epithelial cells with vacuolated cytoplasm could be
detected. The Bowman’s membrane appeared intact. The
stroma showed organized collagenous fibers with few
spaces in between. Organized flattened keratocytes were
scattered in the stroma. The Descemet’s membrane and
the endothelium were apparently regular and continuous
(Figure 5).

Group V (Alkali burn+PRP after 48 hours)

Corneal specimens revealed a disturbed corneal
histological structure with vacuolated epithelium and some
nuclear changes in the form of hyperchromatic, pyknotic
and karyolytic nuclei. A focal discontinuity and irregularity
of the outer surface could be observed. The Bowman’s
membrane was undistinguished from the underlying stroma
which showed some disorganized keratocytes. The stroma
depicted some unorganized collagenous fibers with some
spaces in between. The Descemet’s membrane was intact,
but the endothelium showed some disruption (Figure 6).

PAS histochemical staining

PAS-stained corneal sections from control group
revealed a strong positive PAS reaction in the Descemet’s
membrane with a characteristic magenta red coloration
(Figure 7). While sections from alkali burn (group III)
showed a weak positive PAS reaction in the Descemet’s
membrane which appeared thinned out with focal disruption
(Figure 8). On the other hand, sections from group IV
showed an apparently strong positive PAS reaction in the
Descemet’s membrane (Figure 9). Whereas sections from
group V depicted a moderate positive PAS reaction in the
Descemet’s membrane (Figure 10).

Morphometrical analysis of the mean color intensity
of PAS positive reaction and the mean thickness of the
Descemet’s membrane revealed a highly significant
decrease in the group II (12.98+1.76, 3.78+1.01
respectively) compared to the control (20.98+2.22,
6.09+0.98 respectively), while a non-significant difference
was recorded between group IV (17.98+3.99, 5.49+0.99
respectively) and control group. On the other hand,
group V showed a significant decrease (15.90+3.97,
4.04+1.81 respectively) compared to the control
(Table 1, Histogram 1A, B).

Immunohistochemical staining
Immunohistochemical results for P53

Sections from control group revealed a faint positive
cytoplasmic immunoreaction for p53 strictly in corneal
epithelial cells in the form of a brownish coloration
(Figurell). While sections from alkali burn [group III]
showed a strong positive immunoreaction (Figure 12). On
the other hand, sections from group IV showed a moderate
positive immunoreaction in the corneal epithelial cells
(Figure 13). Yet sections from group V depicted a moderate
to strong positive immunoreaction (Figure 14).
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Morphometrical analysis of the mean color intensity
of p53 immunohistochemical reaction revealed a highly
significant increase in the group III (46.89+3.88) compared
to the control (21.47£1.9), while a non-significant
difference was recorded between group IV (23.98+3.54)
and control group. On the other hand, group V showed a
significant increase (28.33£6.11) compared to the control
(Table 1, Histogram 1C).

Immunohistochemical results for Ki67

Sections from control group showed few cells with
positive nuclear Ki67 immunoexpression in the basal
layer of the corneal epithelium in the form of a brownish
coloration (Figure 15). While sections from alkali burn
group III depicted numerous Ki67-immunopositive cells in
the basal and supra-basal layers of the corneal epithelium
(Figure 16). On the other hand, sections from group IV
revealed some Ki67-immunopositive cells in the basal and
supra-basal layers of the corneal epithelium (Figure 17).
Nevertheless, sections from group V showed many Ki67-
immunopositive cells in the basal and supra-basal layers of
the corneal epithelium (Figure 18).

Morphometrical analysis of the mean percentage of
Ki67-immunopositive cells revealed a highly significant
increase in the group III (19.9141.31) compared to the
control (6.96+0.93), while a non-significant difference
was recorded between group IV (8.21£2.48) and
control group. On the other hand, group V showed a
significant increase (10.23+2.88) compared to the control
(Table 1, Histogram 1D).

Immunohistochemical results for MMP-1

Sections from control group showed a weak positive
cytoplasmic expression for MMP-1 in the form of a
brownish coloration in the interstitial space of the basal
epithelial cells restricted to the basal region of the corneal
epithelium (Figure 19). Whereas sections from alkali
burn group III revealed an extensive strong positive
expression for MMP-1 both in the interstitial space of the
basal and supra-basal epithelial cells and in the corneal
stroma (Figure 20). On the other hand, sections from
group IV depicted a moderate MMP-1 immunopositive
reaction in the interstitial space of the basal epithelial cells
(Figure 21). Yet, section from group V showed a strong
MMP-1 immunopositive reaction in the interstitial space
of basal and some supra-basal epithelial cells of the corneal
epithelium (Figure 22).

Morphometrical analysis of the mean area percentage
of MMPI-immunopositive reaction revealed a highly
significant increase in the group III (15.65+3.66) compared
to the control (5.87+0.51), while a non-significant

difference was recorded between group IV (7.02+1.88)
and control group. On the other hand, group V showed a
significant increase (9.0943.03) compared to the control
(Table 1, Histogram 1E).

Immunohistochemical results for MMP-9

Sections from control group revealed a weak
cytoplasmic localization of MMP-9 immunopositive
expression in the basal and supra-basal epithelial cells in
the form of a brownish coloration (Figure 23). Whereas
sections from alkali burn group III revealed an extensive
strong positive expression for MMP-9 in the basal and
supra-basal epithelial cells (Figure 24). On the other
hand, sections from group IV depicted a moderate MMP-
9 immunopositive reaction in the basal and some supra-
basal epithelial cells (Figure 25). Additionally, section
from group V showed a moderate to strong MMP-9
immunopositive reaction in basal and some supra-basal
epithelial cells of the corneal epithelium (Figure 26).

Morphometrical analysis of the mean area percentage
of MMP-9 immunopositive reaction revealed a highly
significant increase in the group III (13.96+2.11) compared
to the control (7.22+1.83), while a non-significant
difference was recorded between group IV (7.88+1.65)
and control group. On the other hand, group V showed a
significant increase (9.06+1.01) compared to the control
(Table 1, Histogram 1F).

Fig. 1: A photomicrograph from the rat cornea of the control group
showing the corneal epithelium composed of a single basal layer of
columnar cells (1) and intermediate polygonal cells (2) covered with
superficial flattened cells (3). The epithelium is supported by Bowman’s
membrane (arrow). The stroma contains parallel lamellae of regular dense
acidophilic collagenous fibres (C) with keratocytes (arrow head) scattered
in between the stromal lamellae. The inner endothelium is a single layer of
flattened cells (thick arrow) supported by Descemet’s membrane (double

arrow). (H&E X400, scale bar= 50pm, inset X1000)
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Fig. 2: A photomicrograph from the rat cornea of the alkali burn group
showing corneal epithelium with focal discontinuity and denudation
(thick arrow). The Bowman’s membrane appears irregular with focal
disruption in some areas (thin arrow). The underlying stroma shows
extensive separation of collagen lamellae with wide spaces in between
(C). Notice large irregularly dispersed keratocytes (arrow heads) in
between the lamellac. The Descemet’s membrane appears thinned out

(double thin arrows). (H&E x400, scale bar= 50um)

¥ i
Fig. 3: A higher magnification photomicrograph from the rat cornea of
the alkali burn group showing vacuolated cytoplasm (notched arrow)
and some hyperchromatic (wavy arrow), pyknotic (thick arrow) and
karyolytic (angular arrow) nuclei. Notice large irregularly dispersed
keratocytes (arrow head) in between the widely separated lamellae (C).

(H&E x1000, scale bar=20um)

Fig. 4: A photomicrograph from the rat cornea of the alkali burn group
showing corneal epithelium with focal disorganization and stratification
(thick arrow). The Bowman’s membrane appears irregular with focal
disruption in some areas (thin arrow). The underlying stroma shows
mononuclear cellular infiltration (notched arrows) and invasion with small
blood vessels (V) in between the irregularly dispersed collagen fibers.
Notice large irregularly dispersed keratocytes (arrow heads) in between
the lamellae. The Descemet’s membrane appears thinned out and disrupted

in some areas (double thin arrows). (H&E x400, scale bar= 50um)

Fig. 5: A photomicrograph from the rat cornea of the alkali burn and PRP
after 2 hours group showing a near normal corneal histological structure
with intact epithelium with few epithelial cells showing vacuolated
cytoplasm (notched arrows). The Bowman’s membrane appears intact
(thin arrows). The stroma shows organized collagenous fibers with few
spaces in between (C). Organized flattened keratocytes (arrow head) are
scattered in the stroma. The Descemet’s membrane and the endothelium
appears regular and continuous (double thin arrows). (H&E x400, scale

bar= 50um, inset x1000)

Fig. 6: A photomicrograph from the rat cornea of the alkali burn and
PRP after 48 hours group showing a disturbed corneal histological
structure with vacuolated epithelium (notched arrow) and many nuclear
changes in the form of hyperchromatic (wavy arrow), pyknotic (curved
arrow) and karyolytic (angular arrow) nuclei. A focal discontinuity and
irregularity of the outer surface is observed (thick arrow). The Bowman’s
membrane is undistinguished from the underlying stroma which shows
some disorganized keratocytes (arrow heads). The stroma shows some
unorganized collagenous fibers with some spaces inbetween (C). The
Descemet’s membrane is continuous but the endothelium shows some

disruption (double thin arrows). (H&E x400, scale bar= 50pum, inset x1000)

Fig. 7: A photomicrograph from the rat cornea of control group showing
a strong positive PAS reaction in the Descemet’s membrane (thick arrow)

50 um

with a characteristic magenta red coloration (PAS x400, scale bar= 50pm)
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Fig. 8: A photomicrograph from the rat cornea of alkali burn group
showing a weak positive PAS reaction in the Descemet’s membrane (thick

arrow) with focal disruption (thin arrow) (PAS x400, scale bar= 50pm)

50 ym

Fig. 9: A photomicrograph from the rat cornea of alkali burn and PRP after
2 hours group showing a strong positive PAS reaction in the Descemet’s

membrane (thick arrow) (PAS x400, scale bar= 50pum)

50 um

Fig. 10: A photomicrograph from the rat cornea of alkali burn and PRP
after 48 hours group showing a moderate positive PAS reaction in the

Descemet’s membrane (thick arrow) (PAS x400, scale bar= 50um)

Fig. 11: A photomicrograph from the rat cornea of control group I
showing a faint positive cytoplasmic immunoreaction for p53 strictly in
corneal epithelial cells in the form of brownish coloration (arrow) (P53

x400. scale bar= 50um)

Fig. 12: A photomicrograph from the rat cornea of group III showing a
strong positive immunoreaction for pS3 in corneal epithelial cells (arrow)

(P53 x400, scale bar= 50pm)

P A
Fig. 13: A photomicrograph from the rat cornea of group IV showing

a moderate positive immunoreaction for p53 in corneal epithelial cells
(arrow) (P53 x400, scale bar= 50um)
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Fig. 14: A photomicrograph from the rat cornea of group V showing a
strong positive immunoreaction for p53 in corneal epithelial cells (arrow)

(P53 %400, scale bar= 50pum)

50 pm

Fig. 15: A photomicrograph from the rat cornea of control group I

showing few nuclear Ki67-immunopositive cells (arrow) with a brownish
nuclear coloration (Ki67 x400, scale bar= 50pum)

Fig. 16: A photomicrograph from the rat cornea of group III showing
numerous Ki67-immunopositive cells (arrows) (Ki67 x400, scale bar=

50um)

Fig. 17: A photomicrograph from the rat cornea of group IV showing
some Ki67-immunopositive cells (arrow) (Ki67 x400, scale bar= 50pum)

Fig. 18: A photomicrograph from the rat cornea of group V showing

many Ki67-immunopositive cells (arrow) (Ki67 x400, scale bar= 50um)

%

o ‘J; ¥ :
) ¢
/AT T
Fig. 19: A photomicrograph from the rat cornea of control group I
showing weak cytoplasmic positive MMP-1 immunoreaction in the
interstitial space of the basal epithelial cells restricted to the basal region
of the corneal epithelium in the form of brownish nuclear coloration

(arrows) (MMP-1 x400, scale bar= 50pum)
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Fig. 20: A photomicrograph from the rat cornea of group III showing
extensive strong positive MMP-1 immunoreaction in the interstitial space
of the basal and supra-basal epithelial cells (thin arrow) and the corneal

stroma (thick arrow) (MMP-1 x400, scale bar= 50um)

moderate positive MMP-1 immunoreaction in the interstitial space of the
basal epithelial cells (arrows) (MMP-1 x400, scale bar= 50um)

Fig. 22: A photomicrograph from the rat cornea of group V showing
strong positive MMP-1 immunoreaction in the interstitial space of the
basal and some supra-basal epithelial cells (arrows) (MMP-1 x400, scale

bar= 50pm)

Fig. 23: A photomicrograph from the rat cornea of control group I showing
weak cytoplasmic positive MMP-9 immunoreaction in cytoplasm of the
basal and supra-basal epithelial cells in the form of brownish nuclear

coloration (arrows) (MMP-9 x400, scale bar= 50um)

Fig. 24: A photomicrograph from the rat cornea of group III showing
extensive strong positive MMP-9 immunoreaction in the basal and supra-

basal epithelial cells (arrows) (MMP-9 x400, scale bar= 50um)

moderate positive MMP-9 immunoreaction in the basal and supra-basal
epithelial cells (arrows) (MMP-9 x400, scale bar= 50um)
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Fig. 26: A photomicrograph from the rat cornea of group V showing moderate to strong positive MMP-9 immunoreaction in the basal and some supra-basal
epithelial cells (arrow) (MMP-9 x400, scale bar= 50um)

Table 1: Morphometric and statistical analysis of different morphometric parameters of all groups

Parameters Group 1 Group 11 Group 111 Group IV Group V

Mean color intensity of PAS positive reaction 20.98+2.22 21.90+1.76 12.98+1.76™ 17.98+3.99 15.90+£3.97"
Mean thickness of Descemet’s membrane (pm) 6.09+0.98 6.79+0.81 3.78+1.01™ 5.49+0.99 4.04+1.81"
Mean color intensity of p53-immunopositive reaction 21.47£1.9 21.06+1.2 46.89+3.88™ 23.98+3.54 28.33+6.11"
Mean percentage of Ki67-immunopositive cells 6.96+0.93 6.01+0.27 19.91+1.31" 8.2142.48 10.23+2.88"
Mean area percentage of MMP-1 immunopositive reaction 5.87+0.51 5.01+0.63 15.65+3.66™ 7.02+1.88 9.09+3.03"
Mean area percentage of MMP-9 immunopositive reaction 7.22+1.83 7.09+1.09 13.96+2.11™ 7.88+1.65 9.06+1.01"

Data is expressed as mean + standard deviation. *indicates significant versus control, **indicates highly significant versus control
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Histogram 1: Morphometrical and statistical analysis of the different study groups; A] Mean color intensity of PAS histochemical reaction, B] Mean thickness
of Descemet’s membrane(um), C] Mean color intensity of P53-immunopositive reaction, D] Mean percentage of Ki-67 immunopositive cells, E] Mean area
percentage of MMP-1 immunopositive reaction, F] Mean area percentage of MMP-9 immunopositive reaction. ** indicates highly significant vs control, *
indicates significant vs control.
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DISCUSSION

Corneal alkali burns are one of the most frequent
traumas of the eye and have been considered as a true
ocular emergency that requires immediate and intensive
evaluation and treatment. The sequelae of corneal burn
can be severe and challenging to manage, resulting in
permanent visual impairment!"'*. Therefore, the current
study was designed to evaluate and compare the alleviating
effect of a single-shot subconjunctival PRP injection
applied either after 2 hours or 2 days of an alkali-induced
corneal burn.

In the present work, focal epithelial discontinuity
and denudation were noticed 2 days after application of
NaOH on the center of rats’ corneas, while other parts
revealed focal disorganization and stratification. In
addition, vacuolated epithelial cells with hyperchromatic,
pyknotic and karyolytic nuclei were detected. Irregular
focal disrupted Bowman’s membranes were observed.
Moreover, extensive separation of collagen lamellae with
large irregularly dispersed keratocytes were observed
in the underlying stroma. Additionally, mononuclear
cellular infiltration and invasion with small blood vessels
were observed in the stroma. The Descemet’s membranes
were apparently thinned out and disrupted in some areas.
These findings coincided with those of a previous study!!¥,
who reported conjunctival congestion, corneal epithelial
defects, edema and neovascularization upon inducing
corneal alkali burn grade II in a mouse model.

Researchers have related the burning effect of NaOH
to the anion (hydroxyl) group that causes saponification of
the fat and lipids, resulting in tissue softening, followed by
increasing the penetration ability of the cation chemicals!'®!.
While other researchers!'®! " attributed the deleterious effect
of alkali on cornea to its strong inflammatory reaction
which is characterized by cell infiltration and production of
proteolytic enzymes, cytokines oxidative derivatives that
could cause severe loss of the extracellular matrix.

In the current work, corneal specimens treated by PRP
after 2 hours of induction of the alkali burn showed a near
normal histological structure. The epithelium became intact,
but some cells had vacuolated cytoplasm. The Bowman’s
membrane appeared intact. Moreover, collagenous fibers
of stroma were organized with few spaces in between. In
addition, keratocytes appeared organized, flattened and
scattered in the stroma. The Descemet’s membranes and
the endothelium were apparently regular and continuous.

Researchers have reported similar findings after using a
single-dose of subconjunctival PRP injection to investigate
its effect on corneal epithelial wound healing in a rabbit
model®. They recorded epithelial regeneration after 10
days of treatment with minimal inflammation and typical
fibroblast structure. Additionally, they related the repairing
effect of PRP on corneal tissue to its content of a great
number of platelets. They added that platelets could attach
to the ocular surfaces and accelerate biochemical and
biological mechanisms of healing.

Moreover, a previous report!'® argued that the platelets
alpha-granules contained storage of growth factors,
including platelet-derived growth factors, transforming
growth factor B (TGF-B), epithelial growth factors,
fibroblast growth factors, insulin-like growth factor I, and
vascular endothelial growth factors, as well as cytokines,
chemokines, and newly synthesized active metabolites.
These products are involved in migration, differentiation
and proliferation of corneal epithelial cells, thus helping
to heal and maintain the proper condition of the ocular
surface.

In this study, animal group treated by PRP after 48
hours from induction of alkali burn showed a disturbed
histological structure with vacuolated epithelium and
hyperchromatic, pyknotic and karyolytic nuclei. The outer
surface revealed a focal discontinuity and irregularity. The
Bowman’s membranes appeared undistinguished from
the underlying stroma. Moreover, some of the stromal
collagenous fibers were unorganized with some spaces
and disorganized keratocytes in between. The Descemet’s
membranes were intact but the endothelium showed some
disruption. These findings were in line with a previous
study!™, who tested the early and late phase (2 weeks
post injury) effects of PRP injection into and around the
damaged intervertebral disc. They reported that earlier
intervention in severely degenerated discs would be more
beneficial than delayed PRP treatment. They found that
immediate PRP-treated discs maintenance had a better
structure, cellularity, and hydration. In contrast to other
researchers??”, who found no significant difference between
immediate or delayed administration of PRP in contusion-
injured gastrocnemius muscle.

Current results strongly suggested that early PRP
intervention in alkali-injured cornea was more effective
in alleviating corneal damage rather than delayed PRP
treatment. It could be explained by PRP strong anti-
inflammatory effect that could early antagonize the
inflammatory effect of NaOH on corneal tissue. This was
supported by the work of other researchers who suggested
that PRP was not only a rich source of growth factors, but
also contained antibacterial and fungicidal proteins, matrix
metalloproteinases (MMPs), coagulation factors and
membrane glycoproteins that modify inflammation through
inducing the synthesis of other integrins, interleukins,
chemokines, and cytokines®?!. Moreover, another study
reported that PRP had reduced cellular inflammation
markers like E-selectin, vascular cell adhesion molecule
and human leukocyte antigen DR (HLA-DR). They also
reported that PRP could act as an anti-inflammatory agent
by producing endogenous anti-inflammatory factors and
by affecting monocyte cytokine releasel?.

In the present work, a highly significant decrease in
PAS positive reaction in group III compared to the control
was reported, while a non-significant difference was
recorded between group IV and control group. On the other
hand, group V showed a significant decrease compared to
the control. These results were opposed by the finding of
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a previous study®!, who reported an apparent increase in
the thickness of the PAS positive Descemet’s membrane
of the cornea of rabbits of alkali burn subgroups compared
to control group. The authors attributed the increase in the
thickness of Descemet’s membrane to the change in pH
of the corneal endothelium leading to a decrease in the
barrier effectiveness together with a decrease in the pump
function.

P53 gene is a tumor-suppressor gene that plays a role
in abnormal types of cell proliferation and apoptosis where
it prevents the replication of genomes that have suffered
from DNA damage!®. P53 is synthesized in the cytoplasm
and transported into the nucleus where it acts as a nuclear
transcription factor that transactivates genes involved in
apoptosis?. On the other hand, P53 induces apoptosis via
a mitochondrial pathway in which p53 binds to the outer
mitochondrial membrane, induces its permeabilization,
and forms complexes with the protective Becl XL and Bcl-
2 proteins. The binding of p53 to these factors triggers
cytochrome c release and caspase activation!®!.

In this research, there was a significant up-regulation
of p53 immunohistochemical cytoplasmic expression
in alkali burn group III compared to the control, while a
non-significant difference was recorded between group IV
and control group. On the other hand, group V showed a
significant increase compared to the control. The alkali-
burn group p53 immune staining findings agreed with
the results of other researchers!'®), who observed corneal
stromal melting after exposure to NaOH and recorded that
stromal cells staining with TUNEL revealed apoptosis.
Moreover, group IV p53 immune staining results were
concordant with another study who found that immediate
post-traumatic intra-articular injection of PRP had reduced
impact-induced chondrocyte apoptosis in rabbitsi®.
Additionally, researchers had previously reported a
significant decrease in the number of apoptotic cells after
co-culturing osteoarthritic chondrocytes with increasing
concentrations of PRP?”!. They related that to PRP ability
to induce a significant decrease in the expression of caspase
3 and Bad while significantly increasing Bel2 expression.
Another study®® added that apoptosis could be inhibited
by the epithelial growth factor (EGF).

Ki-67 is a nuclear protein expressed in all proliferating
cells, and it is a widely used biomarker to estimate the
proportion of dividing cells in grading of tumors®!. In this
work, immunohistochemical staining for Ki-67 was used
to confirm the observed epithelial proliferation. A highly
significant increase in Ki-67 expression was reported in
group III compared to the control, while a non-significant
difference was recorded between group IV and control
group. On the other hand, group V showed a significant
increase compared to the control. This came in agreement
with the results of other researchers who reported a higher
number of Ki-67 positive cells in the basal epithelial layers
of cornea burned with silver nitrate!'®. They suggested
that the epithelial cell renewal was dependent on basal
cell mitotic activity. They added that these proliferating

cells were initially derived from quiescent stem cells in
the limbal periphery, which were activated by injury to
become proliferative.

On the other hand, results from both PRP-treated
groups could be explained by the findings of another study
which suggested that TGF-B1 and PDGF in PRP stimulated
proliferation of mesenchymal cellsP?. Other researchers*!
indicated that PRP inhibited excessive collagen deposition,
suggesting that treatment with PRP may decrease the
progression of fibrosis in damaged endometrium. Moreover,
another work had reported prevention of contusion-injured
skeletal muscle fibrosis treated by combination of PRP
injection and oral losartan®?. They claimed that this
combination could enhance muscle healing by stimulating
muscle regeneration and angiogenesis.

MMPs are calcium-dependent  zinc-containing
endopeptidases, secreted by keratocytes, epithelial cells.
MMPs participate in and promote corneal inflammation.
MMP-1 is associated with corneal destruction after injury
and alkali-induced burns. While, MMP-9 digests denatured
collagen, gelatin, and native type IV, V, and VII collagens as
well as other extracellular components. Moreover, MMP-9
might be an important enhancing factor for inflammation
preventing re-epithelialization of the cornea following
thermal injury. However, the mechanism is still not well
understood*-34331,

Inthe current study, MMP | and MMP-9 immunopositive
reactions showed a highly significant increase in the group
IIT compared to the control group, while a non-significant
difference was recorded between group IV and control
group. On the other hand, group V showed a significant
increase compared to the control group. This came in
accordance with the work of other researchers in which
MMP-1 and MMP-9 were detected in the basal membrane
and superficial stroma after lamellar keratectomy®!.
The authors reported that the overexpression of MMP-
1 and MMP-9 occurred in corneal ulcers and led to a
rapid degradation of corneal extracellular matrix. On the
other hand, current findings of PRP-treated groups were
in accordance with the findings of another study which
recorded MMP-1 downregulation in post-burn skin tissue
after its treatment with mesenchymal stem cells pretreated
with PRP®®. This could be explained by the work of other
researchers who found that MMP-9 was totally inhibited
by endogenous MMP inhibitor present in PRP which binds
MMPs and led to their clearance by endocytosist”.

Taken altogether, it could be concluded from
the findings of the current s$tudy that a single-shot
subconjunctival PRP injection had an effective alleviating
effect on alkali-induced corneal burn, yet the PRP injection
after 2 hours of the burn was more efficient in restoring
the corneal healthy surface rather than its application after
48 hours judging by different histological, histochemical,
immunohistochemical and morphometrical techniques.
Therefore, it is recommended to apply PRP as soon as the
corneal burn happens, and that PRP application after 48
hours is not as promising as the earlier application.
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