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relevant but understudied issue which requires a detailed study. Of particular
interest, in this regard, are free radical mechanisms which can be a trigger
for oxidative stress and cause damage to cell membranes in ocular tissues.
Purpose. To study the activity of antioxidant enzymes (glutathione peroxidase, superoxide
dismutase, and catalase) in uveal tissues and chamber aqueous humor in rabbits with
experimental non-infectious anterior uveitis with and without ocular hypertension.
Material and Methods. The experiment involved forty-one animals divided into 4 study
groups: Group 1 (n = 10), ocular hypertension (OH); Group 2 (n = 10), uveitis (U),
Group 3 (n = 12), (OH+U); Group 4 (n = 9), intact animals as control. Allergic uveitis
was simulated using our method through the administration of bull serum albumin with
a dose of 5 mg in previously sensibilized animals. To simulate ocular hypertension
in the experimental groups 1 and 3, the animals were made a single 0.1 ml injection
of 0.3% carbomer in the anterior chamber. Biochemical studies were conducted
spectrophotometrically for the tissues of the uvea (the iris and the ciliary body) and
the aqueous humour. The activity of antioxidant enzymes (glutathione peroxidase,
superoxide dismutase, and catalase) was determined. Parametric statistical tests
with Student's t-test using the Statistica package were used to process the data.
Results. Ocular hypertension in experimental non-infectious anterior uveitis resulted
in a more intensive decrease in the activity of the enzymatic antioxidant system (by 19.4
and 20.9% for superoxide dismutase; by 25.5 and 21.9% for glutathione peroxidase;
and by 14.3 and 19.6% for catalase) in the aqueous humor and uveal tissues,
respectively, compared to the rabbits with uveitis and normal intraocular pressure.
Conclusions. A decrease revealed in the activity of superoxide dismutase, catalase, and,
especially, glutathione peroxidase testifies to depletion of the enzymatic antioxidant
system in experimental conditions of increased peroxidation in the uveal tissues in
ocular hypertension. Our findings confirm the assumption that elevated intraocular
pressure can be a factor contributing to severe inflammation in the anterior eye. One
of the major cell mechanisms inducing such pathological conditions is oxidative stress.

© Mikheitseva I.M., Bondarenko N.V., Kolmiichuk S.G.,
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Background

Uveitis is one of the most severe eye conditions.
Secondary glaucoma, being one of the major uveitis
complications, develops in 10-60% and leads to visual
loss in people often of the working age. An increase of
intraocular pressure (IOP) in patients with chronic uveitis
causes the development of uveal ocular hypertension and
post-uveal glaucoma [1, 2, 3]. According to the literature,
secondary glaucoma is a common complication in patients
with anterior uveitis. Increased IOP is noted in patients
with chronic recurrent uveitis, Fuchs' dystrophy, and
herpes simplex virus-associated uveitis [4]. Elevated IOP
develops in approximately 12.0% at 3 months after acute
uveitis and in 27.0% in chronic uveitis [4, 5, 6].

A short-term IOP increase is not always an indicator of
glaucoma so it is of great importance to reveal risk factors
for secondary glaucoma in such patients. Glaucoma cannot
be revealed in most cases of uveitis despite the alterations
revealed in the anterior chamber angle [1].

Elevated IOP can be caused by many factors since
uveitis itself and uveitis treatments with corticosteroids
can affect IOP. In uveitis, a short-term IOP increase is
more often associated with inflammation in the trabecular
meshwork. Inflammation-related changes are a narrowing
of trabecular spaces between trabecular fibers and
endothelial cells due to swelling. In the development of
uveal ocular hypertension, of a certain value are an increase
in the permeability of blood vessels and an increase in the
amount of fluid, containing a great number of proteins, in
the eye [1, 5, 7].

Today, major components of primary open-angle
glaucoma pathogenesis are considered to be 1) elevated
IOP which can be associated with local functional and
dystrophic changes in aqueous outflow; ii) damage to
hydrostatics and hydrodynamics of the eye; iii) secondary
vascular and dystrophic changes in ocular tissues and
the optic nerve; iv) optic nerve atrophy [8, 9, 10, 11].
According to the literature, disorders in the blood supply
in the eye is an important cause of progressive vision
loss in patients with elevated IOP. Several studies on
this subject have demonstrated that dynamic pressure in
the ophthalmic artery is maintained at the required level
due to contraction of the muscle layer in the vessel walls
and an increase of vascular tone. Due to severe sclerotic
alterations in the ophthalmic artery walls and intraocular
vessels (small arteries and arterioles), there is a vascular
dysregulation which affects ocular blood flow and
contributes to the pathological process [6, 9, 11].

Recently, the greatest attention in the pathogenesis of
hypertension and glaucoma is paid to primary or secondary
metabolic disorders [3, 7, 12]. The most important
component of glaucoma pathogenesis is an exogenous
and endogenous imbalance in free-radical oxidation of
biomolecules and potential of the antiradical system [3, 7,
11, 12, 13].

Primary metabolic changes independent on an IOP level
conform to metabolism and age-related and concomitant

conditions of an individual patient. Secondary metabolic
changes develop in a result of a direct action of elevated
IOP on intraocular structures and cause hypoxia, ischemia,
dystrophic changes in the drainage system, the retina, and
the optic nerve [8, 9, 10, 11].

Single publications are elucidating a possible role
of inflammation as a causal factor in the pathogenesis
of glaucoma [14]. Thus, autoimmune aggression was
revealed in various forms of glaucoma. Normal-tension
glaucoma affects retinal photoreceptors while in primary
open-angle glaucoma ganglion cells are affected. It is
quite possible that a difference revealed autoimmune
aggression in various forms of glaucoma is associated with
the character of hemodynamic disorders which induce
ischemia of retinal layers [15].

Slepova O.S. and colleagues (2016) have defined
disorders of the cytokine status at both local and systemic
levels while comparing the age-related changes with the
absence of ophthalmic pathology and in patients suspected
primary open-angle glaucoma. The data obtained testify
to the fact that disorders in cytokine regulation at early
stages of primary open-angle glaucoma occur even before
clinical manifestations of the disease [3, 15].

At the same time, determining the initial impact of
elevated IOP on intraocular inflammation, the formation
of uveitis signs, and uveitis course is an understudied
issue. In our opinion, it is important to determine not only
the presence of this impact but to study its pathogenic
mechanisms. Previously, we have found experimentally
that in a model of allergic uveitis against the background of
high IOP there are much more activated lipid peroxidation
(LPO) processes with toxic LPO products accumulated in
the anterior segment of the eye.

The purpose of the present paper was to study the effect
of elevated IOP (ocular hypertension) on the activity of
antioxidant enzymes in uveal tissues and chamber aqueous
humor in experimental non-infectious anterior allergic
uveitis.

Material and Methods

The experiment was conducted on Chinchilla rabbits,
weighed 3-3.5 kg. The animals were kept under standard
vivarium conditions and received food and water ad
libitum. The experiment followed the General Ethical
Principles of Animal Experiments (Third National
Congress on Bioethics, Ukraine, Kyiv, 2007) and European
Convention for the Protection of Vertebrate Animals
used for Experimental and other Scientific Purposes
(Strasbourg, 1986).

The experiment involved forty-one animals divided
into 4 study groups. Group 1 included 10 animals with
experimental ocular hypertension; group 2 included
10 animals with experimental allergic uveitis; group
3 included 12 animals with ocular hypertension and
allergic uveitis; and group 4 included 9 intact animals
serving as controls. To simulate ocular hypertension in
the experimental groups 1 and 3, the animals were made
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a single 0.1 ml injection of 0.3% carbomer in the anterior
chamber [16].

To simulate allergic uveitis, the animals underwent
general anesthesia through 50 mgkg ketamine
administration, following local eye drop instillations of
0.5% procaine hydrochloride, instilled into the conjunctival
sac Iminute earlier. Allergic uveitis was modeled using our
method through the administration of bull serum albumin
with a dose of 5 mg in previously sensibilized animals
[17].

IOP in the rabbits was measured using a contact
Maklakov tonometer with a 7.5 g plunger under local
anesthesia (0.5% proxymetacaine hydrochloride). IOP
levels were (13.5£0.6) mmHg in controls; (18.7+1.2)
mmHg in the ocular hypertension-only group; (15.3+1.4)
mmHg in the anterior uveitis-only group; and (23.4+1.3)
mmHg in the ocular hypertension and anterior uveitis
group.

The animals were taken out of the experiment under
deep anesthesia (10% thiopental sodium, 1ml/1kg) by air
embolism. The eyes were enucleated at the temperature of
0°C-5°C. Biological material for biochemical studies was
collected at 4 weeks on completion of ocular hypertension
and anterior uveitis simulation.

Biochemical studied were conducted for the tissues of
the uvea, i.e. the iris and the ciliary body used to prepare
homogenate using 0.9% sodium chloride with the ratio
of 1:9 (weight: volume), and the aqueous humour. The
obtained extracts were centrifuged with 1000 r.p.m at 5 °C
for 10 minutes.

The determination of superoxide dismutase is based on
determining the rate the enzyme inhibits by the reduction of
nitrosine tetrazolium by superoxide radicals. The variation
coefficient of the method is 6.2% [18]. The determination
of catalase is based on the ability of hydrogen peroxide
to form a stable colored complex with molybdenum salts.
The variation coefficient of the method is 8.7% [19].
The activity of glutathione peroxidase was determined
spectrophotometrically according to the rate of oxidized
glutathione formation through conjugated reactions with
the NADPN-dependent enzyme, glutathione reductase, by
recording the change of optical density during NADPN
oxidation at the wavelength of 340 nm. The variation
coefficient of the method is 1.8% [20].

Parametric statistical tests with Student's t-test using
the Statistica package were used to process the findings of
the experimental studies [21].

Results and Discussion

The activity of antioxidant enzymes, glutathione
peroxidase, superoxide dismutase and catalase, were
studied in the anterior segment of the eye in the experimental
rabbits with allergic uveitis-only, ocular hypertension-only,
and uveitis against ocular hypertension. The activity of the
enzymatic antioxidant system in the uveal and aqueous
humor tissues was decreased in the three experimental
groups as compared to the norm; however, the changes
were different for different groups.

The data on the activity of glutathione peroxidase
and superoxide dismutase in the aqueous humor of
the experimental rabbits are given in Table 1. The
glutathione peroxidase activity was increased in the ocular
hypertension-only and uveitis-only groups by 15.1%
(p>0.05) and 30.3% (p<0.01), respectively, as compared
with the intact animals serving as control. The glutathione
peroxidase activity in the aqueous humor of the animals
with ocular hypertension and uveitis was found to be
even more decreased: by 48.0% (p<0.001) as compared
to control and by 38.8% (p<0.001) and 25.5% (p<0.05)
as compared to ocular hypertension-only and uveitis-only,
respectively.

The superoxide dismutase activity in the aqueous
humor in the rabbits with ocular hypertension-only and
uveitis-only decreased, compared with control, by 21.5%
(p<0.05) and 29.8% (p<0.01), respectively. In the ocular
hypertension and uveitis rabbits, the superoxide dismutase
activity in the aqueous humor decreased significantly:
by 43.5% (p<0.001) compared with control and by 28%
(p<0.01) and 19.4% (p<0.05) compared with the rates with
ocular hypertension-only and uveitis-only, respectively.

The data on the activity of catalase in the aqueous
humor of the experimental rabbits with ocular hypertension
and uveitis are given in Table 2. The catalase activity
in the aqueous humor tended to decrease, however, not
significantly, in ocular hypertension-only and decreased
significantly, by 25.6% (p<0.01), in uveitis-only as
compared with control. The decreased catalase activity
was noted in the experimental rabbits with both ocular
hypertension and uveitis as compared to control, ocular
hypertension-only, and uveitis-only: by 36.2% (p<0.001),
29.7% (p<0.001), and14.3% (p>0.05), respectively.

Tables 3 and 4 present the data on the effect of ocular
hypertension on the activity of glutathione peroxidase,
superoxide dismutase and catalase in the uveal tissues in
allergic uveitis, revealing more pronounced changes in
the antioxidant enzyme activity compared to those in the
aqueous tissues. The glutathione peroxidase activity was
decreased in ocular hypertension-only, uveitis-only, and
ocular hypertension+uveitis, compared with control, by
26.5% (p<0.01), 35.6% (p<0.001), and 49.7% (p<0.001),
respectively.

Comparing the glutathione peroxidase activity in the
ocular hypertension+uveitis rabbits with that in the ocular
hypertension-only and uveitis-only rabbits revealed a
statistically significant decrease by 31.6 (p<0.01) and
21.9% (p<0.05), respectively.

Table 3 demonstrates the superoxide dismutase activity
in the uveal tissues which was significantly decreased,
compared with control, in the ocular hypertension-only,
uveitis-only, and ocular hypertensiont+uveitis rabbits by
34.5% (p<0.001), 42.2% (p<0.001), and 54.3% (p<0.001),
respectively. The superoxide dismutase activity in the
experimental rabbits with both ocular hypertension and
uveitis was lower by 30.3% (p<0.0land 20.9% (p<0.05)
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as compared, respectively, with the ocular hypertension-
only and uveitis-only rabbits.

The data on the catalase activity in the uveal tissues
in the experimental rabbits with ocular hypertension and
uveitis are given in Table 4.

The catalase activity in the uveal tissues decreased
in ocular hypertension-only and uveitis-only compared
with control: by 21.7% (p<0.05) and 31.4% (p<0.001),
respectively. In the ocular hypertensiont+uveitis rabbits,
the catalase activity was significantly lower: by 44.8%
(p<0.001) comparing with control and by 29.5% (p<0.01)
and 19.6% (p<0.05) comparing with ocular hypertension-
only and uveitis-only, respectively.

Evaluating the activity of the antioxidant enzymes in
the uveal and aqueous humor tissues showed the most
pronounced changes, especially in the uveal tissues,
were in experimental ocular hypertension against the
background of uveitis. At the same time, the changes in
the catalase activity were less pronounced compared with
other enzymes and the activity of superoxide dismutase
was lower than that of glutathione peroxidase in all tissues
studied in all experimental groups.

A significant decrease in the superoxide dismutase
activity can contribute to the accumulation of chemically
aggressive superoxide radicals of oxygen and indicate
that the tissues of the anterior eye are under conditions
of oxidative stress. In addition, a significant decrease in
the glutathione peroxidase and catalase activity in the
aqueous humor and uveal tissues in experimental uveitis
in the presence of elevated IOP enhances the damaging
effect of organic and inorganic peroxides on the structural
and functional properties of enzymes and the membrane
structures of eye tissues. In this regard, the existing
oxidative stress can be a trigger for those processes
that initiate the progression of both degenerative and
inflammatory pathological changes [3, 7, 11, 12, 14].

In conclusion, elevated intraocular pressure (ocular
hypertension) in the rabbits with anterior non-infectious
allergic uveitis contributed to a more pronounced depletion
of the enzymatic antioxidant system in the uveal and
aqueous humor tissues, which evidenced in the decreased
activity of the main antioxidant enzymes, glutathione
peroxidase, superoxide dismutase and catalase.
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Table 1. The effect of ocular hypertension on the activity of g lutathione peroxidase and superoxide dismutase in the aqueous
humor in the rabbits with experimental uveitis

Study groups
Parameters Statistical Ocular
studied indices Control h e Uveitis-only hypertension +
ypertension-only o
Uveitis
n 9 10 10 12

M 0.152 0.129 0.106 0.079

m 0.013 0.009 0.008 0.006

Glutathione p1 - >0.05 <0.01 <0.001

peroxidase %1 100.0 84.9 69.7 52.0
(ncat / mg protein p2 - - >0.05 <0.001

%2 - 100.0 82.2 61.2

p3 - - - <0.05

%3 - - 100.0 74.5

n 9 10 10 12

M 16.04 12.59 11.26 9.07

m 1.20 0.84 0.75 0.70

Superoxide p1 - <0.05 <0.01 <0.001

dismutase %1 100.0 78.5 70.2 56.5
(units / mg protein) p2 - - >0.05 <0.01

%2 - 100.0 89.4 72.0

p3 - - - <0.05

%3 - - 100.0 80.6

Notes: p1 — a level of significance of differences compared to control; p2- a level of significance of differences compared
to Ocular hypertension-only group; p3- a level of significance of differences compared to Uveitis-only group

Table 2. The effect of ocular hypertension on the activity of catalase in the aqueous humor in the rabbits with experimental
uveitis

Study groups
Parameters Statistical
. - Control Ocular
studied indices Ocular i .
hypertension-only Uveitis-only hyp%r:li?t?;on +
n 9 10 10 12
M 0.160 0.145 0.119 0.102
m 0.012 0.009 0.007 0.008
Catalase p1 - >0.05 <0.01 <0.001
(ncat / mg protein) %1 100.0 90.6 744 63.8
p2 - - >0.05 <0.01
%2 - 100.0 82.1 70.3
p3 - - - >0.05
%3 - - 100.0 85.7

Notes: p1 — a level of significance of differences compared to control; p2- a level of significance of differences compared to
Ocular hypertension-only group; p3- a level of significance of differences compared to Uveitis-only group
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Table 3. The effect of ocular hypertension on the activity of glutathione peroxidase and superoxide dismutase in the uveal

tissues in the rabbits with experimental uveitis

Study groups
Parameters Statistical Ocular
studied indices Control h Ocul_ar Uveitis-only hypertension +

ypertension-only Uveiti

veitis

n 9 10 10 12

M 0.780 0.573 0.502 0.392

m 0.052 0.040 0.038 0.032

Glutathione p1 - <0.01 <0.001 <0.001
peroxidase %1 100.0 73.5 64.4 50.3
(ncat / mg protein p2 - - >0.05 <0.01
%2 - 100.0 87.6 68.4

p3 - - - <0.05
%3 - - 100.0 78.1

n 9 10 10 12

M 232 1.52 1.34 1.06
m 0.16 0.12 0.10 0.07

Superoxide p1 - <0.001 <0.001 <0.001
dismutase %1 100.0 65.5 57.8 457
(units / mg protein) p2 - - >0.05 <0.01
%2 - 100.0 88.2 69.7

p3 - - - <0.05
%3 - - 100.0 79.1

Notes: p1 — a level of significance of differences compared to control; p2- a level of significance of differences compared to

Ocular hypertension-only group; p3- a level of significance of differences compared to Uveitis-only group

Table 4. The effect of ocular hypertension on the activity of catalase in the uveal tissues in the rabbits with experimental

uveitis
Study groups
Parameters Statistical Ocular
studied indices Control Oy Uveitis-only hypertension +
hypertension-only o
Uveitis
n 9 10 10 12
M 1.34 1.05 0.92 0.74
m 0.09 0.07 0.06 0.05
Catalase p1 - <0.05 <0.001 <0.001
(ncat / mg protein) %1 100.0 78.3 68.6 55.2
p2 - - >0.05 <0.01
%2 - 100.0 87.6 70.5
p3 - - - <0.05
%3 - - 100.0 80.4

Notes: p1 — a level of significance of differences compared to control; p2- a level of significance of differences compared to

Ocular hypertension-only group; p3- a level of significance of differences compared to Uveitis-only group
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