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1 | INTRODUCTION

Glaucoma is a disease which appears as irreversible loss of vi-
sion and is characterized by the degeneration in retinal ganglion

| Murat Atabey Ozer>

3

| Murat Tosun | Serkan Ozen?

Summary

One of the most important causes of visual loss (blindness) is glaucoma, which oc-
curs due to the degeneration of the ganglion cells in retina. It has been shown that
hydrogen sulphide (H,S) acts an antioxidant, neuroprotective and neuromodulator
and provides protection against oxidative stress and apoptosis. This study aims to ex-
amine through which apoptotic pathway H,S acts in experimental glaucoma model.
Twenty-two male wistar albino rats were used in this study. Group 1 (n = 6, control
group): Intravitreal saline was given in the third week without inducing ocular hy-
pertension (OHT) with laser photocoagulation. Group 2 (n = 8): After the induction
of OHT with laser photocoagulation, intravitreal saline was given in the third week.
Group 3 (n = 8): After the induction of OHT with laser photocoagulation, intravitreal
H,S’s donor sodium hydrosulphide (NaSH) 100 nmol/L was given in the third week.
At the end of the 6th week, the eyes of the rats were sacrified under anaesthesia and
extracted and then routine tissue follow-up was undertaken. Besides haematoxylin
& eosin (H&E) staining, Bax, Bcl-2, p53 and caspase-3 activation were examined
immunohistochemically in the retina and the cornea. This showed that ocular hyper-
tension caused apoptosis through the intrinsic pathway, due to Bax and caspase-3
activation, in both retina and cornea, and that this led to DNA damage due to p53
activation. Also, we found that H,S exposure in glaucoma distinctly suppressed Bax,
caspase-3 and p53 activations in retina but that it has a limited effect on the cornea.
According to these results, glaucoma caused apoptosis in the retina through intrinsic
pathway, and the damage to the retina could be compensated partially by H,S but
would have limited on the cornea.
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cells (RGCs) and optic nerve head (ONH) axons. It is observed
in 70 million people all over the world."* One of the most im-
portant factors of glaucoma is increased intraocular pressure
(IOP).’ Increased IOP can cause deformation, axonal damage
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and transport impairment especially in lamina cribrosa and
the surrounding tissues due to mechanical stress.’ Although
increased IOP is a major cause of glaucoma, the molecular re-
lationship between the deaths of ONHs and RGCs respectively
has not been resolved completely.4’6 The mechanism of RGC
degeneration is not clearly established but may implicate either
single or multiple mechanisms. Those that have been invoked
include axonal transport failure, activation of intrinsic and ex-
trinsic apoptotic signals, mitochondrial dysfunction, excitotoxic
damage and oxidative stress.>>? Apart from decreasing 10OP,
an increasing number of molecular studies have suggested the
significance of neuroprotective applications in preventing RGC
death in glaucoma.

Hydrogen sulphide is a gasotransmitter with growing im-
portance which is synthesized from L-cysteine by two en-
zymes [cystathionine beta synthase (CBS) and cystathionine
gamma-lyase (CSE)].1! Experimental studies report that
CBS enzyme is abundant in both the cornea and the retina of
mammals and that H,S is produced endogenously in bovine
ocular tissues.'*!3 H,S also regulates intracellular calcium
concentration in the nervous system and can be neuroprotec-
tive against neurodegenerative disorders due to its anti-oxi-
dant, anti-inflammatory and anti-apoptotic effect. Recently,
there have been questions whether any such effect of H,S
could be applicable in glaucoma. Therefore it has been tested
in some previous studies. %

Apoptosis is essential in normal development for the main-
tenance of tissue homeostasis.”*> The process of apoptosis
induction mechanism is initiated by several factors, including
decrease in growth factors and DNA damage. Apoptosis can
be documented through two pathways - intrinsic and extrin-
sic.”* The B-cell lymphoma 2 (Bcl-2) family regulates the in-
trinsic pathway of apoptosis (mitochondrial pathway). After
an apoptotic stimulus is received with intracellular signals, the
Bcl interacting domain [Bid (proapoptotic protein)] ensures the
oligomerization of Bcl-2 antagonist/ killer (Bak) and Bcl-2—as-
sociated X (Bax) proteins and inactivates Bcl-2. Subsequently,
activated Bax changes the mitochondrial membrane potential
and stimulates cytochrome c release from mitochondrial mem-
brane pores. Cytochrome c interacts with apoptotic protease
activating factor 1 (Apaf-1), adenosine triphosphate (ATP) and
procaspase-9 to form a structure known as an apoptosome. After
this caspase-9 transforms procaspase-3 into active caspase-3.
During the process following caspase-3 activation, apoptosis
takes place and is reflected in a series of identifiable changes
such as cytoplasmic shrinkage and nuclear condensation.”>*

The tumour suppressor protein, p53, encodes a transcrip-
tion factor which is activated as a response to stress signals.
Monitoring genetic integrity, p5S3 blocks cell cycle in the G1
phase according to the degree of damage. DNA damage may
occur and there is time for DNA repair, or it may suppress
Bcl-2 and Bcel-xL by increasing Bax, Apaf-1 and Fas forma-
tions thus contributing to apoptosis.25 26
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Although intravitreous or surgical applications are applied
in clinical practices in order to decrease IOP in glaucoma
treatment, neuroprotective factors are necessary in order to
protect RGC since IOP increase is not the only contributory
cause for glaucoma - glaucoma can arise even when there
is low IOP.® Our previous study (Ozer et al”) demonstrated
that H,S application decreased apoptosis and lowered IOP in
an experimental glaucoma model. The current study aims to
extend this by analysing immunohistochemically Bcl-2, p53,
Bax and caspase-3 activities in order to reveal though which
apoptotic pathway are affected by H,S.

2 | MATERIAL AND METHOD
Twenty-two male wistar albino rats (10-12 weeks old; 200-
250 g) were used in this study. The animals were maintained
under 12-hour light and 12-hour dark cycle at 20 + 2°C and
55%-60% humidity conditions. The rats were divided into
three groups. In the control group (n = 6), 10 pL saline was
injected intravitreously into the right eyes without laser co-
agulation. In the OHT group (n = 8), photocoagulation was
applied with argon laser to the limbal plexus, dorsal vein and
temporal episcleral vein of the right eyes. At the end of the
third week, 10 pL saline was injected intravitreously into the
right eyes. Finally, in the OHT+H,S group, photocoagulation
was applied with argon laser to the limbal plexus, dorsal vein
and temporal episcleral vein of the right eyes. At the end of
the third week, 10 pL of 100 nmol/L NaSH (H,S’s donor)
was injected intravitreously into the right eyes.

2.1 | Induction of ocular hypertension
Initially the rats were anaesthetized before the procedure of
IOP increase (50 mg/kg ketamine and 5 mg/kg intraperito-
neal xylazine). After anaesthesia, general frontal and poste-
rior segment examinations were made, and the IOPs of all the
eyes were measured. One temporal episcleral vein, two dor-
sal episcleral veins and limbal plexus were targeted in the su-
perior temporal areas of the eyes (the area between superior
rectus and lateral rectus) in order to increase IOP. These areas
were subjected to 50 shots of argon laser photocoagulation
(ARC Argon Laser, Nuremberg, Germany) with 1000 mW
power and 100 um diameter for 0.2 msec, and thermal burns
were avoided in this proc«:ss.27

2.2 | Ethical approval

This study has been carried out upon the approval of the Local
Research Ethics Committee for Lab Animals of Giresun
University (Ethics approval number: 2018/9).
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TIOP measurement

IOP was measured prior to and 10 minutes after photocoagu-
lation. This process was repeated every week for six weeks.
IOPs were measured two minutes after twilight anaesthe-
sia in order to eliminate the possible decreases in IOP val-
ues. Before IOP measurement, 0.5% proparacaine HCI was
dropped on to the eyes to prevent corneal reflex and pain.
All the measurements were taken between 12:00 and 14:00
in order that circadian IOP changes did not affect the results.
All the IOP measurements were evaluated under biomicro-
scope using Goldmann applanation tonometer.'”

2.4 | Intravitreous injection

All the subjects were given intravitreous injection on the
nasal part of the eye under deep anaesthesia. In order to cor-
rectly adjust needle tip and fundus reflex prior to injection,
rat pupils were dilated with tropicamide, and the injections
were made from the nasal quadrant at 2 mm distance to lim-
bus. Intactness of lens and retina was checked by examina-
tion. A total of 33 gauge syringes (Hamilton, Bonaduz AG,
Bonaduz, Switzerland) were used for injection. At the end
of the third week, H,S donor was applied intravitreously to
NaSH and OHT group rats as 10 uL and 100 nmol/L. NaSH
(Sigma Chemical Co., Taufkirchen, Germany) and to control
group rats as 10 uL and 0.9% NaCl.

2.5 | Histopathology

At the end of the 6th week, the animals were sacrificed under
anaesthesia and the eyes were enucleated after. The ex-
tracted ocular tissues were fixed in 10% neutral formalin for
72 hours. Then, the tissues processed for histology using an
Automatic Tissue Processor (Leica TP1050) and embedded
in paraffin blocks. 5 um coronal cross-sections were taken
from the optic discs on to Poly-L-Lysine coated slides. In
addition to H&E staining, immunohistochemistry with anti-
Bax, anti-Bcl-2, anti-caspase-3 and anti-p53 antibodies (sig-
nalling pathways of cell death) was performed.

2.5.1 | Immunohistochemistry

The slides first deparaffined and then dehydrated, and antigen
retrieval was performed. For antigen retrieval, the slides were
boiled in microwave in 100 W through 20 minutes. Then, the
slides were cooled at room temperature for 20 minutes. After
two washes with PBS tissue peroxidase activity was blocked
using 3% hydrogen peroxide in methanol. Then, the slides
were washed again with PBS and the tissues encircled with

PAPPEN. Background staining was blocked with protein
block in secondary antibody for 5 minutes. After washing with
TBS, the primary antibodies, anti-Bax (1:50, sc20067 mouse
monoclonal antibody, Santa Cruz Biotechnology Inc, USA),
anti-Bcl-2 (1:50, ab196495 Rabbit polyclonal, Abcam, UK),
anti-caspase-3 (1:50 PA1 29 157, polyclonal, Invitrogen) and
anti-p53 (1:50, ab131442 Rabbit polyclonal, Abcam, UK),
were placed on the slides and they were kept at +4°C over-
night. After that, the slides were placed at room temperature for
10 minutes. From this point, all the processes were carried out
at room temperature. Biotinylated Goat Anti-Polyvalent solu-
tion in horseradish peroxidase (HRP) secondary kit was put
on to the tissues and the slide were incubated for 10 minutes.
After washing with TBS, Streptavidin Peroxidase solution in
the same secondary kit was put on to the slides and the tissues
were incubated it for 20 minutes. After washing with PBS,
the slides were stained with AEC chromogen (Thermo Fisher
Scientific) for seven minutes, and then, Mayers Hematoxylin
(ThermoFisher Scientific) was used for counterstaining for
one minute. At last, all the slides were mounted with water-
based mounting medium (Thermo Fisher Scientific).

2.5.2 | Image analysis
The immunostained slides were evaluated using a light mi-
croscope (Nikon, E600). During evaluation, the immuno-
positive cells were counted one by one under 40x objective
magnification in four different randomly selected areas on
each slide. As known, rats’ eyes are small in structure, and
so, their corneas are only approximately 5-6 mm in length.
Also, the cornea is a thin structure which has only 2-4 epithe-
lial cell layers and an almost acellular matrix under the epi-
thelium. Because of this limitation, during immunopositive
cell counting, we could not count enough cells for statistical
analysis. We counted the immunopositive cells in 24 areas
for each group but the number of immunopositive cells was
still very small. The number of immunopositive cells in the
retina was also very low, although higher than in the cor-
nea. Therefore we used classical semiquantitative evaluation
methods for tissue evaluation, instead of HSCORE scoring
system which we had aimed to use in the preparation of study.
According to the semiquantitative evaluation method, the
same parameters were used for both cornea and retina evalu-
ation. We scored the slides according to the mean number of
Bax, Bcl-2, caspase-3 and p53 expression in each tissue. For
this the scoring method described below was used.

e If no immunopositive cells were present it was scored as 0.

o If the total number of immunopositive cells were between
1% and 10%, it was scored as 1.

o If the total number of immunopositive cells were between
11% and 30%, it was scored as 2.
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TABLE 1 Anti-Bax, anti-Bcl-2, anti-caspase-3 and anti-p53 TABLE 2  Anti-Bax, anti-Bcl-2, anti-caspase-3 and anti-p 53
positive cell numbers in cornea positive cell numbers in retina
Bax Bcl-2 Caspase-3 P53 Total Bax Bcl-2 Caspase-3 P53 Total
Control 0 - - - 0 Control - - - - 0
OHT-+H,S 3 - - 1 4 OHT+H,S 2 - 1 - 3
OHT 2 - 2 1 5 OHT 3 - 2 1 6
e If the total number of immunopositive cells were between 4 | DISCUSSION

31% and 50%, it was scored as 3.
o If the total number of immunopositive cells were higher
than 51%, it was scored as 4.

This scale was used for each protein. We also combined all
these data to get better and safer results reflecting cell death
in tissues. The scoring method was used for four parameters
calculated as a total score.

3 | RESULTS

Bax, Bcl-2, caspase-3 and p53 cell distributions and apopto-
sis scorings resulting from the immunohistochemical stain-
ing in the cornea and retina are given in the following tables
(Tables 1 and 2):

In the general tissue evaluation, in the OHT group, the
cornea was very destroyed as a histological structure. On
the other hand, interestingly Bax expression was denser
especially in the retina in the same group. In these cases,
H,S application increases Bax expression in the cornea. On
the other hand, H,S application decreases cell destruction
in the retina with glaucoma. Bax-mediated apoptotic cell
death can be distinguished during the cell death process
by caspase-3 activation. Furthermore, p53 expression can
also be distinctly seen in both corneal and retinal cells of
the glaucoma cases. This indicates that OHT produces a
negative effect on the DNA structure of these cells. These
results show that glaucoma leads to apoptosis through in-
trinsic pathway and that H,S is also effective in the retina
through the same pathway (Figures 1, 2 and 3).

FIGURE 1 H&E stained retina
cornea and retina cross-section of control,
glaucoma and glaucoma + H,S groups, x40

Cornea

Retina

Control

Glaucoma is a common neurodegenerative disease which re-
sults in blindness.® It causes optic nerve degeneration in as-
sociation with the death of retinal ganglion cells.?® Although
it is important to decrease IOP in glaucoma treatment with
topical and surgical interventions, the presence of degenera-
tion in patients with low IOP highlights the significance of
neuroprote:ction.zg'30

Hydrogen sulphide (H,S) is a gasotransmitter.31 It is
suggested that H,S, which is reported to be endogenously
produced in ocular tissue, regulates intracellular calcium
concentration in the nervous system and can be neuroprotec-
tive due to anti-apoptotic effects against neurodegenerative
disorders,'*133%33

In our previous study, we revealed that intravitreous H,S
application lowered IOP and decreased apoptosis in an ex-
perimental glaucoma model.'” In the current study which we
carried out to determine through which apoptotic pathway
H,S has it's effect, we found that it was associated with dis-
tinctive cell death activation both in the cornea and in the ret-
ina due to p53, Bax and caspase-3 positivity through intrinsic
pathway. Also H,S application caused distinctive apoptosis
in the cornea on associated with Bax and p53 even though it
prominently compensated apoptosis in the retina.

P53, a tumour suppressor protein, plays a significant role
in the apoptosis in RGC.*** According to some studies, the
action of p53 upregulates the expression of the pro-apoptotic
gene Bax.* Thus, it results in cytochrome c release by chang-
ing mitochondrial membrane permeability and in apoptosis
by cytochrome c activating caspases.34 In the current study,
there was an increase in p53 expression in the retinal and

Glaucoma

Glaucoma+H,S
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Control Glaucoma Glaucoma+H2S FIGURE 2 Immunohistochemically
stained retina cross-sections of control,

glaucoma and glaucoma + H,S groups, x40

Control Glaucoma Glaucoma+H2S FIGURE 3 Immunohistochemically

stained cornea cross-sections of control,
glaucoma and glaucoma + H,S groups, x40

Bax

- - -
Caspase 3

p53
corneal cells of the OHT group. It H,S application decreased The significant role of Bax which is a pro-apoptotic pro-
pS3 expression, and there was also a decrease in the expres- tein for glaucoma formation was reported in previous stud-

sion of Bax and caspase-3. ies.”?36 Libby et al’ carried out a study on mice with DBA/2J
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Bax ablation and revealed that Bax was a significant factor in
RGC death, that Bax ablation prevented apoptosis in RGC,
and that Bax ablation decelerated axonal death even though
there is no Bax-associated apoptosis.ﬁ’9 In our study apop-
tosis increases both in retina and in cornea through Bax, a
pro-apoptotic protein, in glaucoma. This indicates that the
treatment mechanisms using the Bax pathway could be im-
portant for the treatment of glaucoma. The research carried
out by Libby et al’ demonstrated that Bax ablation prevented
RGC death. Our study also suggests that H,S application,
used as a neuroprotective agent, prevents Bax-associated
apoptosis especially in retina. However, it H,S application
against glaucoma increases Bax-associated apoptosis in the
cornea.

Huang et al®® reported that H,S application against glau-
coma decreases RGC apoptosis. The research pointed out that
Bax and caspase-3 expressions increased in RGC in glaucoma
and that H,S application decreased the activity of the intrin-
sic apoptotic pathway. Similar to the foregoing, our study
found that the expression of Bax and caspase-3 increased
in glaucoma while they were decreased in retinal cells with
H,S application. However, in contradistinction to the above
research, our study examined p53 and Bcl-2 expressions both
in retina and in cornea in addition to Bax and caspase-3. We
did not observe any activation on Bcl-2. Nevertheless, there
have been doubts that H,S may cause Bax-mediated apopto-
sis in cornea.

Considering that retinal neurons have common charac-
teristics with CNS neurons, Gao et al’” showed in their
study on the neuroprotective role of H,S on Alzheimer's
disease that 200 umol/I sodium hydrosulphide (NaHS)
blocked the upregulation of caspase-3 and the downregu-
lation of Bcl-2 expression. They further revealed that H,S
had anti-oxidant and anti-apoptotic effects that suppressed
reactive oxidative stress. Even though we inferred that
H,S did not cause any change in Bcl-2, it was seen that it
decreased the upregulation of caspase-3 in support of the
aforementioned study.

5 | CONCLUSION

In the experimental glaucoma model, it was concluded that
H,S application distinctly decreased apoptosis in the retina
and that this was mediated through the intrinsic pathway but
that it was not effective as regard to the apoptotic compensa-
tion in cornea.
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