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ABSTRACT

Background: Alkaline trauma of cornea often causesirreversible vision loss, even thoughitis quickly treated. The effectiveness
of anti-inflammatory therapy as a main treatment is still limited clinically, as well as has dangerous side effects. Platelet-rich
fibrin (PRF) is quite safe and effective in the treatment of descemetocele and also important in wound healing process. PRF
membrane also provides a mechanical function as a framework for cell proliferation, differentiation and migration which is
important for tissue regeneration. This study aimed to analyse the effectiveness of PRF grafts on expression of interleukin-1
(IL-1) and tumor necrosis factor-a (TNF-a) in cornea post NaOH exposure.

Methods: An experimental study was conducted on Oryctolagus cuniculus which was exposed to 1 N NAOH for 30 seconds.
The study subjects were 14 rabbits consisting of 7 PRF graft rabbits and 7 control rabbits. The rabbit’s right eye was then
irrigated, dripped with 1% levofloxacin 1 drop and a PRF graft was placed. The effectiveness of PRF graft was analysed by
percentage of expression of IL-1 and TNF-a in cornea post NaOH exposure

Results: No significant differences were found in expression of IL-1 (p>0.05) and expression of TNF-a (p>0.05) in cornea
post NaOH exposure. There was a decrease in the expression of IL-1 between control and PRF graft groups. The combination
of the mechanical and chemotactic functions of PRF membranes makes them suitable as an autologous biomaterial for
reconstruction, repair, and maintenance of ocular surfaces.

Conclusion: PRF plays a significant role in wound healing and preventing excessive fibrosis, therefore it has the enormous
potential to reduce the expression of IL-1 in corneal alkaline damage.

Keywords: Platelet-rich fibrin (PRF), IL-1, TNF-a, NaOH.
Cite This Article: Airlangga, M.S., Prastyani, R., Nurwasis., Plumeriastuti, H., Utomo, B. 2023. The effectiveness of platelet

rich fibrin (PRF) graft to expression of IL-1 and TNF-a in cornea post NaOH exposure: an experimental study. Bali Medical
Journal 12(2): 1347-1352. DOI: 10.15562/bmj.v12i2.4389

INTRODUCTION

Ocular alkaline trauma is a common and
severe complication in ophthalmology
emergency cases, because it often results
irreversible vision loss, even if treated
quickly."** The World Health Organization
(WHO) report states that the incidence of
ocular trauma due to chemicals is 11.5%
-22.1% and about 70% is alkaline trauma.
Only 15% of severely alkaline trauma
patients can experience good functional
rehabilitation.>*® The effectiveness of
anti-inflammatory therapy as a main
treatment is still limited clinically, as well
as has dangerous side effects.® Platelet-rich
fibrin (PRF) is quite safe and effective in
the treatment of descemetocele and also
importantin wound healing process.”* PRF
graft also provides a mechanical function

as a framework for cell proliferation,
differentiation and migration which
is important for tissue regeneration.”’
The combination of the mechanical and
chemotactic functions of PRF membranes
makes them suitable as an autologous
biomaterial for reconstruction, repair,
and maintenance of ocular surfaces.” This
study aimed to analyse the effectiveness
of platelet-rich PRF graft to expression of
interleukin-1 (IL-1) and tumor necrosis
factor-a (TNF-a) in cornea post NaOH
exposure.

Various study results were also obtained
in studies that focused on analysing the
effectiveness of PRF graft to expression
of IL-1 and TNF-a.*”*'" No available
studies about effectiveness of PRF graft to
expression of IL-1 and TNF-a in cornea
post NaOH exposure. Based on this

background, this study aims to analyse the
effectiveness of PRF grafts on expression
of IL-1 and TNF-a in cornea post NaOH
exposure.

METHODS

The study was an experimental study
with post-test only control group design.
The study was carried out at the Central
Laboratory of Research and Development
in the Faculty of Veterinary Medicine,
Universitas Airlangga, Surabaya, Indonesia
in February 2023. Total of 14 rabbits were
submitted in study by random allocation.
The samples were divided into a test group
that have been PRF graft placement and
a control group that haven’t. The study
subject was male New Zealand white
rabbits (Oryctolagus cuniculus) aged 4-6
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months and weighing 2,500-3,500 grams.

Ocular alkaline trauma was induced
by NaOH exposure to the right eye of
Oryctolagus cuniculus. NaOH exposure
was carried out by soaking 7 mm diameter
filter paper in NaOH 1IN solution for 2
minutes. Filter paper containing NaOH 1IN
solution was placed on the central corneal
area for 30 seconds. Corneal surface
then has been irrigated by balanced salt
solution (BSS) 20 ml for 30 seconds as well
as dropped by levofloxacin 1% 1 drop for
minimising secondary infection risk. The
test group has been PRF graft placement.

The production of PRF was carried out
accordingto the procedure of Choukrounet
al, 2006, which did not require the addition
of anticoagulants.” Blood specimens were
taken from the auricular vein of the rabbit
as much as 5 mL and stored in a glass
tube. Furthermore, the blood specimen
underwent a centrifugation process at
2700 rpm for 12 minutes until three
separate layers were formed. The bottom
dark red layer was erythrocyte, the middle
layer contains fibrin clots, and the top
yellow layer was the platelet-poor plasma
(PPP) layer. The PPP layer was taken
first using a pipette, then the fibrin clot
was separated from the erythrocyte layer
using scissors and then the fibrin layer
was taken by forceps and compressed by a
PRF box. PRF box is a membrane-shaped
device made specifically to drain excess
fluid from the PRE The PRF membrane
was cut to suit the needs of the application
on the cornea and then positioned in an
overlay covering the entire surface of the
cornea. The animals were nucleated on
the 4" day for histopathology examination
by hematoxylin and eosin staining and
immunohistochemical technique with
anti-IL-1 and anti TNF-a antibodies.

The enucleated rabbit eyes were fixed
in 10% buffered formalin to prevent
autolysis and decay for 24 hours at room
temperature and embedded in paraffin.
The isolated corneal tissue was fixed in
10% neutral buffered formalin (NBF)
solution for 48 hours at room temperature.
The fixed tissue is 20 mm x 30 mm with a
thickness of 2-4 mm in size and every 100
mg of tissue is given 2 ml of formalin so
that the fixation process is effective. The
paraffin block was cut with a microtome
with a thickness of 4pm.

The stained tissue was observed using
a light microscope with a magnification
of 100x as well as documented. The
expression levels of IL-1 and TNF-a were
analysed using the modified Remmele
Scale (Immuno Reactive Score / IRS)
(Table 1)."* It is the multiplying the
percentage score of cells or areas that are
immunoreactive positive for chromogen
brown with the colour intensity score on
the cells. The data for each sample is the
IRS value average that is observed in 5
(five) fields of view at 400x magnification.

RESULTS

The examination of the ocular anterior
segment before study was carried out
using a biomicroscope and conditions
were found to be within normal limits.
During the observation period, each

rabbit received the same treatment. The
food provided is in the form of pallets and
drinks in the form of mineral water which
have been adjusted to the same portion.
Levofloxacin was given postoperatively
to each rabbit daily for 4 days to prevent
secondary  infection. Postoperative
evaluation using biomicroscope to
determine the condition of anterior
segment and cornea after exposure to
NaOH. Prior to surgery, 5 cc of blood was
taken from all rabbits to be processed into
PRF membranes. The PRF membrane
formed is transparent, not brittle, slightly
thicker than the conjunctiva and stable
during suturing to the cornea.

During the observation period, on
the 12th postoperative day, the condition
of rabbits during the treatment period
was very good, active movements and
stable body weight. The examination by

Table 1. Modified Remmele scale (Immuno Reactive Score / IRS)."”
Percentage ] .
of positiee Score (eI |n.ten5|ty Score IRS(0-12)
cell reaction
None 0 No colour reaction 0 0 - 1 = Negative

< 10% 1 Weak colour intensity 1 2 - 3 = Weak positive

11-50% 2 Moderate colour intensity 2 4 - 8 = Moderate positive

51-80% 3 Strong colour intensity 3 9 - 12 = Strong positive

> 80% 4

Data was recorded and analysed by ANOVA test and continued by post hoc test. The results were
considered statistically significant if the p-value <0.05.

IL-1 control, 400x

IL-1 PRF, 400x

Figure 1. The expression of IL-1 in corneal alkaline trauma.
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biomicroscope was found in the PRF graft
group, nylon thread sutures were still
visible on the 12th day. There is a smooth,
non-jagged transition at the edges of the
PRF membrane. In both groups, smooth
tissue appeared in the defect area which
almost resembling corneal tissue. During
the observation period, there was no
secondary infection.

The IL-1 and TNF-a expression was
calculated based on the number of cells
expressing IL-1 from 100 corneal cells
around the corneal defect with a light
microscope magnification of 400 times.
The results of immunohistochemical
examination with hematoxylin and
eosin staining labelled with anti-IL-1
and anti-TNF-a antibodies showed
that the comparison of IL-1 and TNF-a
expression in the corneal alkaline trauma
area between the PRF graft group and the
control group. Cells that express IL-1 and

INF-o. control 100x

TNF-c. control 400x

TNF-a have brown cytoplasm (Figure 1
and 2).

The mean of IL-1 expression score in
control group was 4.86+3.01 (the highest
and lowest IL-1 expression scores were 9.6
and 1.8 respectively), while in with PRF
graft group it was 5.46+3.05 (the highest
and lowest IL-1 expression scores were
10.2 and 2.0 respectively). When compared
between control and PRF graft groups,
there was a decrease in the expression
of IL-1. The results of the Independent
T-test showed that there was no significant
difference between control group and
PRF graft group P>0.05 (P= 0.718). Mean
of TNF-a expression score in control
group was 5.37+ 2.81, while in PRF graft
group was 6.80+ 1.08. The mean TNF-a
expression score in the PRF membrane
group was lower than the control group.
The Independent T-Test test showed no
significant difference between control

TNF-o. PRF, 100x

- L
P

- ——

g

Figure 2. The expression of TNF-a in corneal alkaline trauma.

group and PRF graft group P> 0.05 (p =
0.234).

DISCUSSION

Corneal alkaline trauma is an emergency
ophthalmology problem because alkaline
substances are more damaging than acidic
substances due to their inherent ability to
penetrate ocular structures due to their
hydrophilic and lipophilic properties."
The adverse caustic effect depend on the
nature and type of substance involved, as
well as the length of time in contact with
the eyes. The degree of damage to the
ocular surface is one of the most important
prognostic factors for visual outcomes."*
Previous studies have shown the
expression of IL-la, IL-1b, IL-6, IL-
10, and TNF-a mRNA in the corneas
of experimental animals after NaOH
exposure. The levels of IL-la and IL-6
correlate with the severity of alkaline burn,
and the cellular sources of IL-1a and IL-6
are largely derived from the cornea itself,
not from infiltrating inflammatory cells."”
It happens because the wound healing
process on the cornea is a unique and
complicated process. Unlike other organs,
the cornea is an avascular and transparent
organ according to its function. This
transparency is a status that is maintained
as much as possible in wound healing and
against excessive fibrotic processes.'*"’
PRF has been known as the agent for
wound healing process.® PRF is also useful
in the process of healing soft tissue and
hard tissue and helps the body’s immunity
because the fibrin matrix can be properly
organized in the process of healing and
migration of stem cells directly.’® PRE, a
second-generation platelet concentrate,
was created to address the shortcomings
of platelet-rich plasma (PRP). PRF has
the ability to produce a greater cumulative
release of growth factors than PRP.
Furthermore, PRF release is slow and

Table 2. Comparison of IL-1 and TNF-a expression score.
Group N Median Mean SD Minimal Maximal p-value
IL-1 expression score 0.718
Control 7 5.60 4.86 3.01 1.8 9.6
PRF 7 4.20 5.46 3.05 2.0 10.2
TNF-a expression score 0.234
Control 7 4.80 5.37 2.81 2.2 9.2
PRF 7 7.20 6.80 1.08 5.2 8.0

IL-1: interleukin-1; TNF-a: tumor necrosis factor-a; PRF: platelet-rich fibrin
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prolonged, so that it is ideal for tissue
regeneration and growth stimulation.”
Separation of blood layers prior to
clotting in PRF requires a quick and brief
centrifugation procedure. A fibrin matrix
forms in the platelet-rich layer, encasing
platelets and leukocytes.” Platelet-rich
fibrin can release growth factors slowly
with high amounts including TGFp-
1, PDGF and VEGF within one to two
weeks. It happens because PRP undergoes
polymerization which will cause active
platelets not to get trapped in fibrin nets
so that most of the growth factors are
released in the first hours.” >

PRF membrane that was produced
in this study was stored in a glass tube
without anticoagulant. The absence of
anticoagulants, platelets would be activated
within minutes when the blood sample
contacts the tube wall and the coagulation
cascade is released. Fibrinogen is initially
concentrated in the upper part of the tube
before thrombin converts it to fibrin. In
theory, many platelets are trapped in the
fibrin network.**’

Platelet degradation results in the
release of cytokines that can stimulate cell
migration and proliferation in the fibrin
matrix, triggering the initial stages of the
healing process.”” Clinical studies have
shown that this biomaterial would be a
good matrix for healing without excessive
inflammation. This new biomaterial
is neither like fibrin glue nor classic
platelet concentrates.”'** The results
of the examination on the 8th day by
biomicroscope, in PRF graft group, re-
epithelialization was seen in the form of
a smooth transition area without jagged
between the edges of the PRF graft and
the glasses around it. This is in line with
the study of Guérin et al, 2021 that the
PRF membrane in rabbit eyes have re-
epithelialized in the first postoperative
week.” Examination on the 12th day
found in both soft tissue groups with
vascularization in the defect area that
almost resembled the surrounding re-
epithelialized tissue.

Effect of PRF graft on corneal IL-1
expression

Epithelial cell death because of alkaline
trauma will release IL-1 into keratocytes
and it will undergo apoptosis. The wider

the corneal damage, the wider the process
of apoptotic keratoses.”® The keratocyte
apoptosis occurs as a defence response to
reduce the spread of foreign substances.'
Keratocytes that do not undergo apoptosis
(depending on the concentration of IL-1
exposure) will be activated to become
fibroblasts. Fibroblasts help trigger cell
differentiation, migration and proliferation
to close wounds.” In addition to apoptosis
processes in keratocytes, tissue damage
also causes the release of inflammatory
cells that trigger corneal stromal necrosis
and corneal melting. Many cytokines
and chemokines are involved in healing
corneal scar tissue, one of the earliest
and most important is IL-1. IL-1 in the
cornea is produced by epithelial tissue
and corneal stroma, it is also produced
by macrophages and monocytes.” IL-1
will bind to the IL-1 receptor (IL-1R) and
produce biological activity, which mainly
play a role in the corneal ulcers.”

The histopathological results of study
showed IL-1 expression in the cornea
of the control group rabbits showing
an area around the corneal defect with
cells expressing IL-1 showing brown
cytoplasm, whereas in the PRF membrane
test group there was a reduced defect area
marked by reduced brown cytoplasmic
features. These results are in line with the
study of Sdnchez-Avila et al, 2021 which
stated that the control group had areas
infiltrated with inflammatory cells which
were characterized by the presence of
goblet cells. Abnormal epithelium with
multiple layers of epithelial cells, stromal
blood vessels, as well as inflammatory
cell infiltration was observed in all the
histopathological features of the control
group. The PRF graft group had normal
corneas with multilayered peripheral
and central epithelium with 3-5 layers
of epithelial cells, with slight infiltration
of inflammatory cells in the matrix and
limbal areas. It also has showed normal
morphology in the absence of goblet
cells.”

This study also showed that there was
a difference between the control group
and the PRF membrane test group, where
IL-1 expression in the PRF membrane
group was lower than the control
group, although the difference was not
statistically significant. These results are in

line with the study of Sdnchez-Avila et al,
2021 which stated that the fibrin- plasma
rich in growth factors (PRGF) membrane
repaired chemically induced lesions.
However only the fibrin-PRGF membrane
cultured with rabbit limbal epithelial
progenitor cells (LEPC) was able to restore
the corneal surface.”

Effect of PRF membrane on corneal
TNF-a expression

TNF-a, as a strong pro-inflammatory
cytokine plays an important role in the
immune system during inflammation,
cell proliferation, differentiation, and
apoptosis in alkaline trauma as well as
mediates the neovascularization and
scarring.’” TNF-a also has a role in the
inflammation that induces vasodilation,
edema and leukocyte extravasation.’’
Decreased expression of TNF-a will
indicate that the inflammatory process
can be suppressed so that it can reduce
the potential fibrosis and promote better
wound healing. TNF-a is usually produced
together with interleukins which have the
potential to change vascular and cellular
pro-inflammation.”* TNF-a inhibition is
required when neovascularization occurs
thereby reducing the possibility of corneal
fibrosis.*"**

A bidirectional interaction between
the epithelium and the corneal stroma will
occur and IL-1 and TNF-a will be released
by epithelial cells causing keratocyte
apoptosis. Apoptosis of keratocytes in
cells under the corneal injury appears a
few minutes after the injury occurs.'®*
The results of this study indicate that PRF
cannot reduce TNF-a expression. This
can be seen from the median and mean of
TNF-a value in the PRF graft group was
higher than the control group. The results
are not in line with the several studies
which stated that platelet rich plasma
(PRP) reduced TNF-a concentrations
when compared to the control group, so
that corneal ulcers significantly improved.
Platelet rich plasma also shows suppression
of inflammatory mediator concentrations
such as TNF-a gene expression and IL-1
synthesis that is mediated by TNF-a,
interferon (IFN) a, B, y, as well as bacterial
endotoxins. Its main activity stimulates
helper T lymphocytes and TNF-a.****

Pezzotta et al, 2012 suggested that

1350

Bali Medical Journal 2023; 12(2): 1347-1352 | doi: 10.15562/bmj.v12i2.4389


http://dx.doi.org/10.15562/ism.v9i1.155
http://dx.doi.org/10.15562/bmj.v12i2.4389

ORIGINAL ARTICLE

plasma rich growth factor (PRGF)
should not be used for large ulcers
where neovascularization (due to the
natural repair mechanisms of the corneal
stroma) has occurred, because it enhances
the formation of a new reservoir of
subsequent corneal opacities, so that
it increases the loss vision rates.” The
limitations of this study were that the
observation period was relatively short,
only 4 days, it was only done at one time,
and it was not carried out serially for a
longer time so that it was not possible
to evaluate the effect of the PRF graft on
each phase of corneal wound healing. In
addition, only IL-1 and TNF-a examined
immunohistochemical parameters, while
other pro-inflammatory cytokines that
played a role in the healing phase of the
cornea were not studied. Measurement
of IL-1 and TNF-a expression was not
carried out before surgery so that the
results of the examination could not be
known before PRF graft was given. Based
on statistics, the sample size is not much,
whereas the larger the number of samples,
the better able to represent the population.

CONCLUSION

PREF graft has the great potency to decrease
the expression of IL-1 in corneal alkaline
trauma, because it has an important role in
wound healing and preventing excessive
fibrosis. However, advanced study must
be done to get the optimal technique
preparation and setting-up of PRF graft,
so that they can give the better anti-
inflammatory effect
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