Evaluation of Antioxidant Enzymes in Keratoconus
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Studies performed in keratoconus have generally suggested the presence of a compromised antioxidant
system, but this is not always consistent with specific observed parameters, which on the whole showed
clear evidences of dysregulation. The aim of the present report is to evaluate the serum specific activity of
some peripheral antioxidant defenses like superoxide dismutase (SOD) and glutathione peroxidase (GPX)
in keratoconus patients, when compared with age and sex-matched healthy subjects. We found a very
significant decrease in both antioxidant enzymes (superoxide dismutase and glutathione peroxidase) in
keratoconus patients, as compared to the controls. However, further research is necessary in order to elucidate
the effects of this disorder on antioxidant enzymes or the possible interventions at the oxidative stress level
in keratoconus patients.
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Keratoconus is a significant ophthalmological disorder,
manifested most of the times as a protrusion and thinning
of the cornea [1]. It is considered a very serious and
progressive disorder, occurring during the teen years and
advancing even until the 4th decade of life [2, 3].
However, what is more important in the present context
is the fact that the molecular pathogenesis of keratoconus
is not completely understood up to this date.
Keratoconus is considered to be a multifactorial disease
with several different aspects contributing to its
pathogenesis and progression, such as biochemical,
genetic, environmental and biomechanical risk factors [35].
It also seems that in the manifestations of this very
complex disease, inflammation and oxidative stress could
play an important role [6-8].
Although there are very few studies in this area of
research, the few authors working in this area reported
various modifications for some oxidative stress markers
in keratoconus patients, suggesting that oxidative stress
might play an important role in the development and
progression of this severe disorder [2, 3, 9].
The importance of oxidative stress is also suggested by
the fact that the cornea absorbs approximately 80% of the
incident ultraviolet B light, which results in an increased
potential for generating significant amounts of free radicals
or reactive oxygen species [2]. Even more than that, it was
demonstrated that ultraviolet light, a light which is the main
component of solar UV, could actually induce oxidativelymodified clustered DNA lesions [3, 10].
It is known that the potential toxicity of free radicals is
counteracted by a number of cytoprotective enzymes and
antioxidants from the cornea, which could limit the
damage. Moreover, this protective mechanism functions
cooperatively in a chain reaction which includes various
antioxidant enzymes such as superoxide dismutase (SOD)
and glutathione peroxidase (GPX) [11, 12].
Still, there are many controversies regarding the
implications of the oxidative stress status in the

keratoconus pathology, as demonstrated in the few studies
involving this area of research. For example, a decreased
specific activity for the extracellular superoxide dismutase
(which catalyses the conversion of superoxide radicals to
hydrogen peroxide, which is then converted into water by
GPX and catalase) was reported several times in the
literature [12-15] in keratoconus patients. On the other side,
similarly designed studies by Nature group journals, such
as the one conducted by Toprak et al. [6] showed that,
when keratoconus and control groups are compared,
serum total antioxidant status is not significantly modified;
the same group found higher levels of serum oxidant status
in patients with keratoconus [6].
In a recent study performed by the Kilic et al. [16], the
authors did not observe any increase in any of the oxidative
stress markers that they determined in keratoconus
patients. Moreover, the same group failed to find any
significant relationship between keratoconus and serum
total antioxidant capacity and total oxidant status [16].
It seems that the implications of the oxidative stress
status in keratoconus are still not completely understood.
It is still not known if oxidative stress represents a
consequence of the disorder or a possible cause for it [3].
In this context, there is a serious need for further studies to
be conducted on the involvement of oxidative stress in the
pathogenesis of keratoconus.
The aim of the present paper is to evaluate the specific
activity of some serum enzymatic antioxidant defences
(superoxide dismutase and glutathione peroxidase) in
patients with keratoconus, as compared with a group of
age-matched healthy subjects.
Experimental part
Methods
The subjects of this study (n = 40) consisted of 20
patients (15 males and 5 females; age 27.1± 1.45 years)
with keratoconus, recruited from the Oftaprof Clinic of Iasi,
Romania, and 20 healthy control age- and gender-matched
subjects (15 males and 5 females; age 29.3 ± 1.09 years)
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with normal ophthalmological examination and enrolled
mainly from the hospital staff.
Demographic data of the controls were chosen in order
to match with the patients with keratoconus. The analysis
of covariance showed that patients with keratoconus did
not differ significantly from healthy control subjects with
respect to age, gender and smoking habits. The smoker
percent was also considered in the selection of the controls,
considering the relevance of nicotine in the oxidative stress
status [17, 18]. Four out of the 20 keratoconus patients
(20%) and 4 out of the 20 controls (20%) were smokers. In
addition, none of the subjects studied were taking
antioxidant or anti-inflammatory supplements. Also,
subjects with other corneal pathology or surgery or acute
comorbidities were excluded.
The study was conducted according to provisions of the
Helsinki Declaration and was also approved by the local
ethics committee.
All the patients signed the informed consent for the
participation in this study. Blood samples were collected
in the morning, before breakfast, and afterwards allowed
to clot and centrifuged immediately. Serum was aliquoted
into Eppendorf tubes and stored at -40oC until measurement.

Biochemical estimations
Determination of superoxide dismutase
Superoxide dismutase (SOD) activity was measured by
the percentage reaction inhibition rate of enzyme with
WST-1 substrate (a water soluble tetrazolium dye) and
xanthine oxidase using a SOD Assay Kit (FLUKA, 19160)
according to the manufacturer’s instructions. Each
endpoint assay was monitored by absorbance at 450 nm
(the absorbance wavelength for the colored product of
WST-1 reaction with superoxide anions) after 20 min of
reaction time at 37°C. The percent inhibition was
normalized by mg protein and presented as SOD activity
units.
Determination of glutathione peroxidase
The activity of glutathione peroxidase (GPX) was
measured using the GPX cellular activity assay kit CGP-1
(SIGMA). This kit uses an indirect method, based on the
oxidation of glutathione (GSH) to oxidized glutathione
(GSSG) catalyzed by GPX, which is then coupled with
recycling GSSG back to GSH utilizing glutathione reductase
(GR) and NADPH. The decrease in NADPH at 340 nm during
oxidation of NADPH to NADP is an indicator of GPX activity
[17-21].

Data analysis
The levels of superoxide dismutase and glutathione
peroxidase were statistically analyzed by using one-way
analysis of variance (ANOVA). All results are expressed as
mean ± SEM. F values for which p<0.05 were regarded as
statistically significant.
Results and discussions
The first enzyme that we determined was superoxid
dismutase, which is the first enzymatic antioxidant in the
way of the free radical cascade and transforms superoxide
radicals to hydrogen peroxide. We observed a very
significant decrease (F(1,38) = 53, p < 0.0001) of its
enzymatic activity in the serum of patients with
keratocnus, as compared to the age and sex-matched
control group (fig. 1), suggesting an increase in the
oxidative stress status.
When we determined the enzymatic activity of the
second enzyme from our study, glutathione peroxidase,
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Fig. 1. Superoxide dismutase activity in the serum of control
subjects and keratoconus patients. The values are mean±SEM.
(n = 20 in control, and n=20 in keratoconus group)
***p < 0.0001

Fig. 2. Gluathione peroxidase activity in the serum of control
subjects and keratoconus patients. The values are mean±SEM.
(n = 20 in control, and n=20 in keratoconus group).
***p < 0.0001

which transforms hydrogen peroxide into water together
with the catalase, we could additionally observe a very
significant decrease (F (1,38) = 20, p < 0.0001) of its
activity in the keratoconus group, as compared to the
healthy controls (fig. 2), suggesting again an increased in
the oxidative stress status in keratoconus.
Our results provide additional evidence for increased
oxidative stress in keratoconus pathology, as expressed
by altered antioxidant enzyme activity for both the
antioxidant enzymes that we determined in our study
(superoxide dismutase and glutathione peroxidase) in
patients with keratoconus, as compared to a control group.
Three decades ago, keratoconus was considered to be
a non-inflammatory disease [22] but recent studies clearly
demonstrated that inflammation and oxidative stress might
be quite important in the pathology of this disorder [23,
24].
One of the possible explanations for the implications of
the oxidative stress in keratoconus is represented by the
fact that the eye is in direct contact with various stressful
external agents such as UV, ionizing radiations or air
pollution, as we already mentioned before. This could also
explain the increased relevance for the oxidative stress
modifications in various other ophthalmological disorders
such as macular degeneration, cataract, uveitis,
keratoconus and Fuchs endothelial corneal dystrophy [3].
Mechanistically speaking, the depleted antioxidant
systems fail to protect against the oxidative damage and,
in a vicious cycle, the patients with keratoconus could have
an inadequate antioxidant enzymatic activity that is
incapable of responding to a very possible increase of free
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radical production, which could lead to the development
of the pathological alterations observed in this disease.
It is considered that, besides the antioxidants decrease,
in keratoconus patients we could find elevated level of
lipid peroxidation markers, such as malondialdehyde and
4-hydroxy-2-nonenal. These aldehydes are quite important,
especially considering that lipid peroxidation processes are
occurring in response to elevated levels of reactive oxygen
species, while also generating serious damages in the
membranes of lysosomes, which in turn release proteolytic
enzymes [2].
In fact, MDA represents the most frequently used way
to asses the thiobarbituric acid reactive substances and
has been very widely employed for the indication of the
oxidative stress status in clinical studies [25]. Another very
important product of lipid oxidation is 4-HNE, which is a
highly cytotoxic reactive α,β-aldehyde that is generated
during various physiological and pathophysiological
conditions based on the production of ROS [26].
The group of Arnal et al. [2], referring to the relations
between keratoconus and oxidative stress status showed
that HNE can modify proteins on cysteine, lysine, and
histidine residues and such modifications can impair
protein function and promote protein aggregation [2]. They
stated that these aldehydes are highly reactive and can
covalently interact with proteins and DNA to form adducts
that alter signal transduction, gene expression and
proliferation.
It also seems that the reactive nitrogen species,
especially those containing oxygen, might contribute to
the aforementioned stressful effects in cornea [3].
In fact is it known that corneal cells are capable of
expressing isoforms of the nitric oxide synthase, especially
since the nitric oxide is produced physiologically in the
cornea [2].
This could be quite important, since our group have
previously demonstrated that oxidative stress, together
with nitrosative and carbonilic stress, may constitute a
central process where other factors of vulnerability meet,
while their interactions could have an important impact in
many modern disorders [27, 28].
All these aspects could be also relevant on both the
metabolic and the functional level. It was shown that
physiological concentration of nitric oxide contributes to
the neutralization of the superoxide and derived reactive
species, while increased pathological concentrations are
generating the alteration of cell membranes, structural
proteins and active phospholipids, by also triggering the
degradation of the nuclear DNA, mitochondria, and
lysosomes [28]. Nitric oxide has multiple bimodal effects,
depending on concentration, since in low concentrations
it contributes to the regulation of local vasodilatation, for
example, and has additional antiproliferative and
antibacterial effects. Increased concentrations of nitric
oxide become toxic mainly due to the activation of protein
nitration and nitrosation that form nitrosothiols, which
oxidize essential amino acids, such as tyrosine, cysteine,
methionine and glutathione [29].
In their referential paper, the aforementioned group of
Arnal et al. [2] demonstrated more or less similar effects
at the cornea level, since very increased concentrations of
nitric oxide synthase and nitrotyrosine were found in the
cornea of keratoconus patients, as compared to healthy
controls. The relevance of nitric oxide in the cornea is also
increased considering its implications inflammation,
angiogenesis or in preventing corneal edema and
maintaining normal thickness, which is affected in
keratoconus [2].
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In this way, it seems that various elements of the
oxidative stress status such as the activity of the main
antioxidant enzymes, lipid peroxidation markers or related
nitrosative stress are actually quite important for the corneal
thinning in keratoconus [30]. From a genetic point of view,
it was previously shown that there is actually a decrease in
SOD 1 expression (the gene encoding the enzyme which
catalyses the conversion of superoxide radicals to hydrogen
peroxide) in keratoconus corneas [31]. However, there are
also some controversial results in this genetic field, since
other studies did not find any keratoconus-related mutations
in the SOD1 gene [32].
It was recently demonstrated by the group of Abu-Amero
et al. [33] that keratoconus is associated with an increased
copy number of mitochondrial DNA, the authors also stating
that this increased mitochondrial DNA may suggest some
connections with mitochondrial respiratory chain defects
and oxidative stress related-events.
Other groups recently searched for connections that
might appear between some metabolic defects and
modifications of the oxidative stress status in keratoconus.
In this way, they looked for the alterations of some
endogenous metabolites in the tears of keratoconus
patients and their relations with oxidative stress, founding
clear correlations between the metabolic alterations, the
specific treatment and oxidative processes in keratoconus
[34].
In addition, other authors demonstrated that the
relevance and the implications of the oxidative stress status
in the keratoconic pathology can be demonstrated also in
vitro. In this way, the American group lead by Karamichos
et al. [35] revealed in a recent study the increased oxidative
stress status in cell cultures of human corneal keratocytes,
fibroblasts, and keratoconus cells.
Conclusions
Our results provide additional evidences that oxidative
stress damage occurs in patients with keratoconus. This
was mainly demonstrated by observing a very significant
decreased activity of the main antioxidant enzymes that
we determined: superoxide dismutase and glutathione
peroxidase. However, further research is necessary in order
to better understand and elucidate the connections
between the pathology of keratoconus and the oxidative
stress status, as well as the possible use of antioxidant
supplementation as a therapeutic strategy against this
disorder.
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