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Oxidative stress parameters and serum magnesium levels in patients

with seasonal allergic conjunctivitis
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'Department of Ophthalmology, Meviana (Rumi) University School of Medicine, Konya, Turkey and *Department of Clinical Biochemistry,
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Abstract

Objective: To evaluate oxidative stress parameters and serum magnesium (Mg) levels in patients
with seasonal allergic conjunctivitis (SAC) during the pollen season.

Methods: This observational cross-sectional study involved 35 patients with SAC without any
other ocular and systemic diseases, and 38 consecutive, age- and sex-matched healthy subjects.
Serum malondialdehyde (MDA), adjusted ischemia modified albumin (IMA), and Mg levels were
quantified, and the results were compared between the groups.

Results: No significant differences were found between the groups with respect to age
(p=0.416) and sex (p=0.362). Serum MDA and adjusted IMA levels of the subjects with SAC
(69.54+7.71 uM and 0.74+0.39 ABSU) were significantly higher than the control group
(64.61+£5.89 UM and 0.57 +0.19 ABSU) (p=0.002 and p =0.025, respectively). There was no
significant difference for serum Mg levels between the groups (p =0.177).

Conclusion: We demonstrated higher levels of oxidative stress parameters in patients with SAC
compared to the control group, which imply a possible role of oxidative stress in the
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pathogenesis of SAC.

Introduction

The prevalence of allergic diseases is increasing worldwide'.
Seasonal allergic conjunctivitis (SAC), besides its being the
most common ocular allergy, is also among the most common
allergic diseases encountered worldwide?. The main signs and
symptoms are itching, conjunctival hyperemia, tearing,
chemosis, and lid edema which cause discomfort and lead
to a decline in quality of life. SAC usually has a chronic
course with relapsing-remitting intervals and is associated
with other allergies in most of the cases™>.

Ocular surface is among the organs that are frequently
exposed to environmental insults. In SAC, environmental
allergens (usually pollens) induce an allergic inflammation
which is a type 1 hypersensitivity reaction mediated by
immunoglobulin E (IgE)®. Mast cells play a pivotal role in
type 1 hypersensitivity reactions. In susceptible individuals,
airborne environmental allergens trigger a series of reactions
resulting in degranulation of sensitized mast cells and release
of a considerable number of mediators, particularly hista-
mine’. Also, mast cells are known to play role in a variety of
diseases other than allergies, such as atherosclerosis, cardiac
and cerebral ischemia, and autoimmune diseases*. Mast cells
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release mediators depending on local tissue conditions’.
Ischemia and products related with oxidative stress, such as
oxidized low-density lipoprotein®, are supposed to trigger
degranulation of mast cells in most of these diseases.

Oxidative substances (reactive oxygen species, free rad-
icals) are continually produced and destroyed in living
organisms. Shifting this balance toward oxidants is called
oxidative stress’. In recent years, there are several reports
demonstrating the role of oxidative stress in the pathophysi-
ology of various diseases including allergies®. Generally, the
end products generated by modification of lipids, proteins,
and DNA by oxidants are used as markers of oxidative stress,
because oxidants have much shorter half-lives (only sec-
onds)’. Malondialdehyde (MDA), a lipid peroxidation prod-
uct, and ischemia modified albumin (IMA), a marker of
protein modification related to oxidative stress, are both
sensitive and well-known biomarkers for assessing oxidative
stress’”.

Several factors such as industrialization, dietary intake,
and exposure to environmental factors are blamed for the rise
in the incidence of allergic diseaseslo, which might be
through induction of oxidative stress. In studies investigating
the relationship between dietary intake and allergic diseases,
high serum magnesium (Mg) levels were found protect-
ive!"'2. Mg, which has a role as a cofactor in more than 300
enzymatic reactions, is one of the most abundant cations in
the intracellular environment and its deficiency is associated
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with a wide variety of ocular diseases through several
mechanisms including oxidative stress'>.

Understanding the influence of oxidative stress and
environmental factors, such as Mg deficiency, in the patho-
genesis of allergic diseases could modify our dealing of these
diseases. Therefore, we aimed to investigate oxidative stress
parameters and serum Mg levels of patients with SAC and
compare with healthy controls without any allergies. We are
unaware of any previous reports evaluating these parameters

in patients with SAC.

Methods
Study population

This observational, case—control study comprised 73 subjects
(35 patients with SAC and 38 control subjects). All patients
were recruited in the study between April and June 2014, the
peak spring allergy season in Turkey'* and evaluated at the
outpatient ophthalmology clinic of Mevlana University.
Patients with a history of SAC for >2 years’ duration, with
signs and symptoms of clinically active allergic conjunctivitis
(conjunctival hyperemia and/or chemosis, itching, tearing or
lid edema) were included in the SAC group. We graded the
signs and symptoms as mild, moderate, and severe, and
included the subjects in the moderate and severe group. All
subjects in the SAC group had a positive skin prick test to at
least one antigen common in the geographical area (mixed
grass pollens were the most common allergen). SAC patients
with allergic rhinitis (allergic rhinoconjunctivitis) were also
included. Control group was composed of 38 consecutive
subjects of similar age (aged 14-40 years) and gender with
normal ocular examination except refractive disorders
within + 3.0 diopters, without any history of allergic dis-
orders, systemic diseases, or drug consumption (both systemic
and topical), and with negative skin prick test results. Ethics
committee approval (2014/016) was obtained before the
initiation of the study. The study was performed in compli-
ance with good clinical practice guidelines and in accordance
with the principles of the Declaration of Helsinki. Written
informed consent was obtained from each patient prior to
enrollment in the study.

Pregnant or breast-feeding women were not included in the
study. Subjects with an active ocular infection or with ocular
pathology other than allergy, such as dry eye syndrome,
blepharitis, uveitis, and glaucoma were excluded. Subjects
who are smokers (both current and previous) and who have a
known systemic disease or history of consumption of any
drugs, including antibiotics, antihistamines, and corticoster-
oids, vitamin supplements, or alcohol during the 4 weeks
prior to the study were excluded. We also excluded obese
subjects, as defined by body mass index and weight under the
95th percentile of age- and gender-specific centile curves,
because obesity is related with an oxidative stress status'.

Biochemical analysis

Venous blood samples were driven into serum separator tubes
without any anticoagulants. After centrifugation at 1500 x g
for 10-min serum samples were stored at—80°C until
analysis. Serum MDA levels were determined by the
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method of Draper and Hadley'® based on the reaction of
MDA with thiobarbituric acid. In this reaction, MDA and
TBA react and form a colored pigment and results are
obtained by analyzing the color of pigment at 532 nm using
UV1601 spectrophotometer (Shimadzu, Sydney, Australia)
and the results are reported as pM MDA. Mg concentrations
were determined using Cobas Integra 400 analyzer (Roche,
Mannheim, Germany) with colorimetric method and results
were expressed as milligrams per deciliter. IMA levels were
determined by using colorimetric method described by Bar-
Or et al.'’. The colorimetric test is based on decreased
binding of exogenous cobalt to albumin and spectrophoto-
metric measurement at 470 nm. Results were reported in
absorbance units (ABSU). Serum albumin concentrations
were measured with BCG method by using Cobas Integra 400
analyzer (Roche, Mannheim, Germany). Results were
expressed as milligrams per deciliter. Adjusted IMA levels
were calculated with the formula defined by Lippi et al:
albumin adjusted IMA = [(individual serum albumin concen-
tration/median albumin concentration of the group) X indi-
vidual IMA value]'®.

Statistical analysis

Statistical analyses were performed using SPSS V.15.0 (SPSS
Sciences, Chicago, IL). The distribution of normality was
tested with Kolmogorov—Smirnov. Mann—Whitney U test was
used for the data that were not normally distributed and
independent-samples #-test was used for normally distributed
data. Mann—Whitney U test was used for testing the difference
between MDA levels for patient and control groups. Mean
age, adjusted IMA, and Mg levels between groups were
compared by independent-samples z-test and distribution of
sex was compared by Pearson chi-square test. p Values <0.05
were considered as statistically significant. Data are reported
as mean =+ standard deviation.

Results

Thirty-five patients with SAC (12 male, 23 female) and 38
control subjects (17 male, 21 female) were enrolled in our
study. The mean ages of patients with SAC and control
subjects were 23.80+9.55 years (range 13-42 years) and
25.45+7.61 years (range 14-40 years), respectively. No
significant differences were found between the groups with
respect to age (p =0.416) and sex (p =0.362). Serum MDA
and adjusted IMA levels of the subjects with SAC were
significantly higher than the control group (p=0.002 and
p=0.025, respectively), but there was no significant differ-
ence for serum Mg levels between the groups (p =0.177)
(Table 1). Serum MDA and adjusted IMA levels of the SAC
and control groups are shown in Figures 1 and 2, respectively.

Discussion

This is a novel study evaluating the relationship between SAC
and oxidative stress. MDA and adjusted IMA levels were
significantly higher in patients with SAC compared to the
control group. This finding implicates for the first time that
oxidative stress may play a role in the pathogenesis of SAC.
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Oxidants are produced as a by-product of normal aerobic
cellular metabolism'®. Although oxidants are used as signal-
ing molecules and a basal level of oxidative stress is necessary
for cell functions such as controlling cell division, migration,
and mediator productionzo, increased levels of oxidative stress
is linked with aging®' and a considerable number of diseases
including atherosclerosis, diabetes®”, neurodegenerative dis-
eases, cancer>, and also allergiess’24.

SAC is an antibody-mediated immune reaction against
antigenic stimuli®. Helper T (Th) cells regulate the antigen-
specific immune responses. Differentiation of naive helper
T cells into effector T cells (Th; or Th,) or regulatory T cells
is dependent on the microenvironment to which they are
exposed®’. The differentiated Th, and Th, cells regulate cell-
mediated and humoral immune responses, respectively. There
should be a balance between these two subtypes of helper T
cells for a normal immune response. The deviation of balance
in helper T cell responses toward Th, phenotype is associated
with allergic diseases®. Oxidative stress may provide a
microenvironment that enhance deviation to Th, cells*>*%. In
a previous study in which the effects of oxidative stress on
human T cell differentiation was investigated, the presence of
oxidative stress was shown to promote phenotypic deviation
of purified naive helper T cells to Th, cells*®. In an animal

Table 1. Serum malondialdehyde (MDA), adjusted ischemia modified
albumin (IMA), and magnesium (mg) levels in patients with seasonal
allergic conjunctivitis (SAC) and controls.

SAC group Control group
(n=35) (n=238) p Values
MDA (uM) 69.54 +7.71 64.61 +5.89 0.002%*
Adjusted IMA (ABSU) 0.74 +£0.39 0.57+0.19 0.0257
Mg (mg/dl) 1.82+0.12 1.78 +0.13 0.177¢

Data presented as mean =+ standard deviation.
*Mann—Whitney U test.
tIndependent-samples 7-test.
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Figure 1. Comparison of serum malondialdehyde (MDA) (uM) levels of
patients with seasonal allergic conjunctivitis and control subjects. Serum
MDA levels of patients with SAC were significantly higher when
compared to the control group (p =0.002). The central box covers the
interquartile range, and the horizontal line indicates the median. The end
of whiskers corresponds to the most extreme observations and O
indicates outliers.
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study, the antioxidant desferrioxamine was shown to inhibit
Th, cell responses. The authors propose that this inhibition is
either due to a direct effect of antioxidants on Th, cells, or an
indirect effect via the inhibition of mast cell driven activa-
tion’. The higher levels of oxidative stress markers in
patients with SAC in the present study may imply the role of
oxidative stress in the pathogenesis of allergy which might be
through inducing deviation of immune response or activation
of mast cells.

Mast cells play role in various diseases most known of
which are allergies. A series of reactions triggered by antigen
exposure causes sensitization of mast cells, and allergen
linkage to membrane-bound IgE induces degranulation of
pre-sensitized mast cells and the release of various mediators
results in the signs and symptoms of allergy’. Besides the
immunologic stimuli, non-immunologic stimuli may also lead
to mediator release from mast cells’. In a rat model of
ischemia-reperfusion injury, reactive oxygen species are
reported to contribute to mast cell degranulation in lungs®.
Oxidative stress may also contribute to the development of
allergic reactions by facilitating degranulation of mast cells in
response to allergens. In fact, there are some reports in the
literature demonstrating a link between oxidative stress and
various types of allergic diseases®?*. Patella et al. reported
that in patients with hymenoptera venom allergy levels of
advanced oxidation protein products were significantly higher
than the healthy controls which did not change during
immunotherapy. They suggested that, although hymenoptera
venom allergy is not included among chronic inflammatory
diseases, an oxidative stress status occurs in patients with this
kind of allergy**. Supportively, we observed higher levels of
oxidative stress markers in patients with SAC, which has a
course of exacerbations and remissions.

Measurement of stable by-products generated by the effect
of oxidants is a widely used method of determining oxidative
stress status’. Lipids contain multiple double bonds which
make them susceptible targets of oxidants and lipid
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Figure 2. Comparison of serum-adjusted ischemia modified albumin
(IMA) (ABSU) levels of patients with seasonal allergic conjunctivitis
and control subjects. Serum-adjusted IMA levels of patients with SAC
were significantly higher when compared to the control group
(p=0.025). The central box covers the interquartile range, and the
horizontal line indicates the median. The end of whiskers corresponds to
the most extreme observations.
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peroxidation products, especially MDA, are among the most
frequently used markers of oxidation’. Oxidants can also
modify proteins such as albumin. IMA was suggested as a
novel, rapid, and simple marker for detection of myocardial
ischemia in patients with acute symptoms such as chest
pain'’. In intact human albumin, N-terminal region with the
amino acid sequence N-Asp-Ala-His-Lys has been shown to
be a strong binding site for transition metals such as Co, Cu,
and Ni. Histidine at position 3 in human albumin is essential
for copper binding'’. The colorimetric test performed on
serum is based on decreased binding of exogenous cobalt to
albumin which occurs in hypoxia, acidosis, sodium, and
calcium pump malfunctions, and tissue damage caused by
free radicals®. This issue was supported by the reports
suggesting that IMA is strongly related with oxidative stress
rather than being a myocardial ischemia marker’*3",
Albumin adjusted IMA index has been reported to be more
sensitive than IMA because albumin level interferes with the
IMA estimation®!. So, we used adjusted IMA levels for
assessing oxidative stress in our study.

Oxidative stress may be related with either overproduction
of oxidant agents or reduced plasma antioxidant capacity. The
demonstration of the protective effect of antioxidant intake,
including Mg, on allergic diseases'"'? supports the hypoth-
esis that oxidative stress is related with allergies. Mg is also
reported to exert antioxidant activity and influence the
glutathione redox system in asthmatic children®?. Increased
oxidative stress may be related with decreased antioxidant
intake, such as Mg which is reported to be related with
allergic diseases, so we decided to investigate Mg levels in
our study. But, we were unable to demonstrate a significant
difference between the serum Mg levels of the patients with
SAC and control subjects. Still, intracellular Mg deficiency
may be present in patients with allergy and further studies
with larger number of participants are necessary to conclude a
relationship between SAC and Mg deficiency.

In conclusion, we demonstrated higher serum oxidative
stress markers in patients with SAC compared to the control
group. Our demonstration of increased oxidative stress
markers in patients with SAC may indicate that oxidative
stress leads enhancement of allergic reactions, which might be
through the deviation of immune system toward Th, cells and/
or the activation of mast cells. Another explanation of our
results may be that the increase in oxidative stress markers
detected in our study may result from a generalized allergy-
related inflammation, as most patients with SAC also have
other allergies. Although further research is necessary to
define the role of oxidative stress in the pathogenesis of SAC,
our preliminary study still generates valuable hypotheses and
provides a basis for future studies.
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