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Abstract: Pseudoexfoliation syndrome (PEX) is a systemic disease that occurs as a result of
aggregation of extracellular matrix material in ocular tissues and visceral organs. The
etiopathogenesis of the PEX is not fully known. The purpose of our study is to examine the
enzyme activities in some metabolic pathways that may be associated with etiopathogenesis.
Carbonic anhydrase (CA), glutathione reductase (GR), aldose reductase (AR), paraoxonase
(PON) enzymes activity in aqueous and serum samples, also serum selenium levels were
investigated. According to the results, CA hydratase enzyme activity levels were higher in the
serum samples with PEX compared to the control samples (p < 0.05). Aqueous CA hydratase
and aqueous/serum PON, GR and AR activity levels did not differ significantly among the study
samples (p > 0.05). Based on the relationship of carbonic anhydrase with aqueous production
and glaucoma, increased serum CA hydratase activity may help to understand the PEX
etiopathogenesis and mechanism of conversion to glaucoma.

Psodoeksfoliasyon Sendromlu Katarakt Olgularimin Serum ve Humor Akéz Orneklerinde

Bazi1 Metabolik Enzim Aktivitelerinin Arastirilmasi

Anahtar Kelimeler
Psodoeksfoliasyon
sendromu,
Karbonik anhidraz,
Aldoz rediiktaz,
Glutatyon rediiktaz,
Paraoksonaz

Oz: Psodoeksfoliasyon sendromu (PEX), ektraseliiler matriks materyalinin okiiler dokular ve
visseral organlarda birikmesi sonucu ortaya c¢ikan sistemik bir hastaliktir. PEX'in
etiyopatogenezi tam olarak bilinmemektedir. Calismamizin amaci, etyopatogenez ile iliskili
olabilecek bazi metabolik yolaklarda gorev alan enzim aktivitelerinin degerlendirilmesidir. Bu
amacla; ako6z ve serum Orneklerinde karbonik anhidraz (CA), glutatyon rediiktaz (GR), aldoz
rediiktaz (AR), paraoksonaz (PON) enzim aktiviteleri, ayrica serum selenyum seviyeleri
aragtirtlmistir. Sonuglara gore PEX'li 6rneklerde serum CA hidrataz enzim aktivite diizeyleri
kontrol 6rneklerine gore daha yiiksek tespit edildi (p < 0.05). Akdz CA hidrataz ve akdz/serum
PON, GR ve AR aktivite seviyeleri, ¢alisma numuneleri arasinda anlamli farklilik géstermedi
(p > 0.05). Karbonik anhidrazin akdz tiretimi ve glokom ile iliskisine dayanarak, artmig serum
CA hidrataz aktivitesi, PEX'in etyopatogenezi ile glokoma doniisim mekanizmasinin
anlagilmasina yardimei1 olabilir.

1. INTRODUCTION

Although the cause of pathogenesis of PEX are unknown,
it is thought that its formation may be relevant to

Pseudoexfoliation syndrome (PEX) is a systemic disease environmental, genetic, viral infection, ischemia or
that known to occur with the aggregation of extracellular immunological conditions [1-4]. In addition, increased
fibrillar material in visceral organs and ocular tissues. oxidative damage and decreased cell protection
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mechanism are thought to be one of the important
pathogenetic factors [5]. It has been reported that
oxidative stress is increased in eyes with PEX and
decreased total antioxidant status in aqueous humor and
serum. Ascorbic acid levels, an antioxidant, have been
found to be decreased in aqueous samples of patients with
PEX. Also, the concentration of 8-iso prostaglandin F2
alpha, which is an indicator of oxidative stress have been
observed to increased in aqueous. All these studies have
shown that oxidative damage due to free radicals plays an
important role in the pathogenesis. [6, 7].

Although PEX occurs all over the world, its prevalence
differs between countries and geographic regions [8].
PEX can present unilaterally or bilaterally. It is associated
with the formation of cataracts and glaucomas. It is
thought that the aqueous composition may be affected by
changes in the iris vascular system and the blood-aqueous
barrier, thus affecting lens metabolism and leading to
earlier cataract formation [9].

Humor aqueous is bicarbonate-rich fluid that fills the
space between the lens and cornea. The balance between
the release and outflow of aqueous humor is closely
related to intraocular pressure [10]. Decreased aqueous
flow was observed in PEX positive eyes and it was
concluded that aqueous humor production and
composition were affected in PEX. Various studies have
shown that the total aqueous protein quantity in the eyes
is increased as a result of influencing the blood-aqueous
barrier in PEX [11, 12]. Similarly, changes in the aqueous
level of acid phosphatase [13], as-lipoprotein and
ceruloplasmin [14], az-antitrypsin [15], transferrin [16],
cellularplasma fibronectin [17] and growth factors [18-
20] have been reported.

CA is a metalloenzyme that contains Zn?* ions in its active
site. CA is an important enzyme that reversibly catalyzes
the reactions of hydration of carbon dioxide and
dehydration of bicarbonate ion in the living. CA enzyme
functions as a pH regulating enzyme in many tissues
including erythrocytes [21, 22].

CA carries out bicarbonate transport through a rapid
conversion pathway between HCO3 and CO; across the
ciliary epithelium. It affects liquid transport through
optimum active transport of Na* by regulating pH with
bicarbonate formation. Thus, it is directly related to
aqueous production [23].

PON is a calcium-mediated esterase with antioxidant
properties. It has been reported that there is a relationship
between decreased activity of PON and increased
oxidative stress in serum [24] [8] [9].

GR is a dimeric disulfide oxidoreductase that catalyzes
the reduction of one molar equivalent of glutathione
disulfide (GSSG) to two molar equivalents of reduced
glutathione (GSH). It is known that GSH plays a critical
role in maintaining the reducing environment of the cell
and resisting oxidative stress by detoxifying some
xenobiotics and heavy metals [25]. GR uses a FAD
prosthetic assembly and NADPH to reduce GSSG to GSH
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[26]. Therefore, GR is essential in maintaining the
GSH/GSSG intracellular ratio in the cell [27].

AR reduces various aldehydes using NADPH as the
reductant. It is responsible for catalyzing the conversion
of glucose to sorbitol in metabolism [28].

Selenium is an essential element that participates in the
structure of many enzymes and acts as a cofactor. It is
involved in many metabolic events such as antioxidant
enzyme system, regulation of immune system and thyroid
hormone system. Selenoproteins are proteins containing
selenium in the form of selenocysteine in their active sites
and play an important role in antioxidant defence [29].

In this study, aqueous and serum samples were examined
from the cases cataract with PEX and the control group
was selected from the cataract group without PEX. The
aim of this study is to investigate the activities of CA, GR,
AR, PON enzyme in patients and control groups. In
addition, it was aimed to investigate the selenium levels
in serum samples and to compare them with the control

group.
2. MATERIAL AND METHOD

2.1. Materials

Paraoxon (diethyl p-nitrophenyl phosphate), NADPH (j3-
Nicotinamide adenine dinucleotide 2’-phosphate reduced

tetrasodium salt hydrate), D,L-glyceraldehyde, 4-
Nitrophenyl acetate, L-Glutathione oxidized and other

chemicals were obtained from  Sigma-Aldrich
(Taufkirchen, Germany).
2.2. Sample Collection
Ethics committee report numbered

B.30.2.ATA.0.01.00/176 was received for the conduct of
the study. Patients who applied to Atatiirk University
Faculty of Medicine, Department of Ophthalmology with
the complaint of low vision and were diagnosed with
cataract were included in the study. The study population
comprised 66 individuals, including 33 patients with
cataract with PEX, 33 patients with age-related cataracts
without PEX. Each participant underwent a full
ophthalmologic examination. Individuals with ocular
diseases such as glaucoma, corneal trauma, uveitis,
diabetic retinopathy were excluded from the study. Also
systemic, cronic and inflammatory diseases such as
diabetes mellitus, liver-kidney failure, rheumatological
diseases were excluded from the study.

Aqueous samples were obtained at the beginning of
cataract surgery. About 100—-150 pl of the aqueous humor
was aspirated by utilizing a 30- gauge needle attached to
a micro syringe under an operating microscope. Particular
attention was paid to avoid touching the iris, lens, and
corneal endothelium and to prevent the contamination of
the aqueous sample by the irrigation fluid and blood from
the conjunctiva. Venous blood samples (5 mL) were
drawn from the participants. The blood samples were
centrifuged for 15 min. The centrifuged serum samples
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were distributed to Eppendorf tubes. The Eppendorf tubes
containing both serum and aqueous samples were placed
at4 °C for 1 h. Then all samples were stored in the freezer
at — 80 °C until the enzyme activity measurement [30].

2.3. Biochemical Analyses

For biochemical analysis, both hydratase and esterase
activity of CA enzyme were investigated in serum and
aqueous. Other enzyme activities were also examined in
serum and agqueous.

2.3.1. Principle of CA hydratase activity measurement
method

Hydratase activity of CA was determined with the
Wilbur-Anderson method [31]. In the method; the time
taken for the pH to decrease from 8.2 to 6.3 due to the H*
released as a result of the hydration of CO; is calculated
using the bromine thymol blue indicator.

According to this method, an enzyme unit (EU) for CA
activity is calculated by determining the CO; hydration
time that occurs without the enzyme and the CO;
hydration time with the enzyme. The formula EU= ((to-
tc)/tc) was used to calculate the enzyme unit.

2.3.2. Principle of CA esterase activity measurement
method

It is the method that shows that it also has CA esterase
activity. In principle, CA hydrolyzes p-nitro phenyl
acetate, which is used as a substrate, to p-nitro phenol or
p-nitro phenolate, which gives absorption at 348 nm [32].
The esterase activity of the CA was calculated in EU mL-
! by applying the following formula:

cur JB0D Ve
=——X—X
fml = ==X x Dy

EU mL: enzyme unit in 1 mL, AOD: absorbance change
per minute, extinction coefficient (M1.cm): 5,
V1= total cuvette volume, Ve = the volume of enzyme
sample Ds=dilution factor.

2.3.3. Principle of PON enzyme activity measurement
method

The activity measurement of PON is determined by
measuring the absorbance change at 412 nm caused by p
nitrophenol formed as a result of hydrolysis of paraoxon
[33]. The activities of PON in EU mL* were calculated by
applying the following formula:

EU/mL AOD  Vr 1000
= X — X
/ml = 1829 %V,

EU mL: Enzyme unit in 1 mL, AOD: absorbance change
per minute, extinction coefficient (M1.cm?):
18.290, Vr: total cuvette volume, VEe: the volume of the
enzyme sample, 1000: Enzyme unit conversion factor.
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2.3.4. Principle of AR enzyme activity measurement
method

The AR enzyme activities were determined with a
modified procedure used by Cerelli et al [28]. Activity
measurement was carried out by considering the decrease
in absorbance at 340 nm of the amount of NADPH spent
in the reaction medium where DL-glyceraldehyde was
used as the substrate. The activity of the enzyme was
calculated in EU mL* by applying the following formula:

= 80D Vr
= — X —
/ml =52 %v,

X D¢

EU mL: enzyme unit in 1 mL, AOD: absorbance change
per minute, extinction coefficient (M=1.cm?):6.22, V1=
total cuvette volume, Ve = volume of enzyme sample
Ds=dilution factor.

2.3.5. Principle of GR enzyme activity measurement
method

Spectrophotometric method was used to measure the
activity of GR enzyme. The method described by
Carlberg and Mannervik is based on the absorbance of
NADPH, which decreases due to the oxidation of
NADPH at 340 nm in the presence of GSSG [26].
Absorbance decrease was recorded at 1-minute time
intervals. The GR activities were calculated in EU mL™
by applying the following formula:

sy = 80D Vr
= — X —
/ml=e23%V,

X D¢

EU mL: enzyme unit in 1 mL, AOD: absorbance change
per minute, extinction coefficient (Mt.cm™): 6.22, V1=
total cuvette volume, Ve = volume of enzyme sample
Ds=dilution factor.

2.4, Determination of Selenium in Serum

Selenium levels analyzes of serum samples taken from the
control group and patients with PEX were studied in the
infrastructure of the Research Hospital Biochemistry
laboratory.

2.5. Statistical Analysis

SPSS 20.0 software was used to analyze the data (SPSS
Inc., Chicago, Illinois, USA). Each group was tested for
normality. According to normality tests, only the groups
of CA esterase aqueous sample, selenium serum sample
are normally distributed (p>0.05, Table 1). Independent
Samples t Test was used for group comparison of these
two variables. Mann-Whitney U test was used for all other
variables.
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Table 1. Test of normality and homogeneity of variances
Shapiro-Wilk F-test

testi
Variant Samp Grou W p-value F p-
les ps value
SC 0920 001856
2 135
Serum  p 0959 02515 g7 03906
CA 58
Esterase AC 0.945 0.1005
Agque 83 0.89
ous AP 0944 00901 875 07646
21
SC 0905 0.00731
Serum 26 2 036 0.0052
A SP 0883 000199 245 58
12 9
eHydrataS AC 0956 02054
Aque 5 051 0.0624
ous AP 0929 003418 173 4
64
SC 0904 000717
94 3 0.99
Serumop 0974 0608 g4 0994
32
PON AC 0658 16le-
Aque 21 07 1.41
ous AP 0791 2217e- 46 03316
35 05
SC 0926 0.02861
92 0.61
AR Seum o5 0ggs 000418 508 01747
93 5
SC 0957 02245
85 0.76
Serum - gp 0022 002114 814 0499
23
AC 0898 0.00473
GR o 2
Aque AP 0966 03876 104 .00
ous 4 91
AP 0304 2.254e-
99 1
SC 0955 0.1978
. 93 1.00
Selenium  Serum sp 0951 01478 13 0.9971
56

SC: serum control group, SP: serum patient group, AC: aqueous
control group, AP: agueous patient group

3. RESULTS

Enzyme activities were studied in aqueous and serum
samples of 66 individuals. The demographic data of the
our study were previously given by Caligkan et al. in the
study that included same sample [30].

The test results of the group comparisons for each variant
of the serum samples are presented in Table 2. When the
table is examined, there is a statistically significant
difference between PEX group and control patients
regarding only the variables named CA hydratase
(p<0.05).

The test results of group comparisons for each variable of
aqueous samples are presented in Table 3. No statistically
significant difference was observed between the groups in
the test results (p>0.05).

Tr. J. Nature Sci. Volume 12, Issue 1, Page 163-170, 2023

Table 2. Enzyme activities comparisons in serum of patients with
cataract with PEX and control subjects (cataracts without PEX).

Group Comparison

Variant ~ Groups Median Test p-value
statistics
(u)
CA sC 0.72 R
Esterase  SP 0.77 631 0.267
CA sC 20.39 X
Hydratase  SP 4161 815 0.0003967
sC 30.23 )
PON sp 4060 0303 0.270
sC 014 X
AR sp 01z 5125 0.680
sC 027 .
GR Sp 0.5 587 0.584
sC ;
Seleni T 0033443"
elenium sp 75 0.9734

*: Mann-Whitney U test, ™: Independent Samples t-test
SC: serum control group, SP: serum patient group, AC: agueous
control group, AP: agueous patient group

Table 3. Enzyme activities comparisons in aqueous samples of
patients with cataract with PEX and control subjects (cataracts
without PEX).

Group Comparison

Variant ~ Groups Median Test p-value
statistics
()
CA AC 0.06
Esterase AP 0.05 0.80197 0.4255
CA AC 29.04
Hydratase AP 34.60 650 0.176
AC 11.37
AP
PON 11.41 8335 0.272
AC 0.45
GR AP os 5875 0.580

SC: serum control group, SP: serum patient group, AC: aqueous
control group, AP: agueous patient group

Hydratase activity of CA was found to be 46.5 EU mL*
in the PEX group and 27.3 EU mL* in the control group
in serum samples. According to the results, serum CA
hydratase enzyme activity levels were significantly higher
in the PEX group compared to the control group.
(p=0.013).

Hydratase activity of CA was found to be 34.8 EU mL*
in the group of cataract cases with PEX and 29.1 EU mL"
Yin the group of cataract cases without PEX in aqueous
samples.

Despite an increase in aqueous CA hydratase levels of the
PEX group compared to control group, this increase did
not create a statistically significant difference. (p=0.176).

(Fig.1).
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Figure 1. Carbonic anhydrase enzyme hydratase activities in serum
and aqueous humor of patients with cataract with PEX and control
subjects (cataracts without PEX). # Significantly elevated carbonic
anhydrase enzyme hydratase activities in the serum of patients (Mann-
Whitney U; p=0.013) compared with control subjects. (SC: Serum
Control, SP: Serum PEX, AC: Aqueous Control, AP: Aqueous PEX)

AR activities were not detected in the study performed in
aqueous samples of both groups.

4. DISCUSSION AND CONCLUSION

PEX, a systemic disease, occurs as a result of the
aggregation of extracellular matrix material in the ocular
and extraocular tissues in the body. Many ocular problems
(corneal endotheliopathy, glaucoma, cataract, zonular
instability, central retinal vein occlusion, decreased
dilatation, and increased cataract surgery complication
risk) are associated with PEX [34].

The pathogenesis and etiology of PEX are not yet fully
known. It is argued that various factors have played a role
in the etiology and pathogenesis of PEX, and it has been
demonstrated by many studies that the aqueous content of
patients with PEX is altered [35, 36]. A total of 269
protein groups were defined in the proteomic study
conducted in patients with and without PEX, among
patients with eye diseases such as cataracts and glaucoma.
As a result of label-free protein quantification, no
significant difference was observed between the aqueous
humor proteomes of glaucoma and cataract. In the study,
protein amounts were determined as 4.6+1.7 pg/mL in
cases with cataract, 2.5+1.6 pg/mL in cases with
pseudoexfoliative cataract, 4.3+1.8 pg/mL in cases with
primary open angle glaucoma, and 2.7+0.7 pg/mL in
cases with pseudoexfoliative glaucoma [37].

Oxidative stress (OS) results from excessive ROS
formation or insufficient antioxidant defense. ROS
production allows the presence of sufficient ROS to
perform cellular signaling tasks. "Redox control"
maintains the delicate balance between the advantageous
and harmful effects of ROS, which is essential for the
survival of living things. Redox control maintains
homeostasis and protects against OS in living things.
Overproduction of ROS damages cells by causing OS in
them. As a result, cells have antioxidant defense systems
to counteract excess ROS and maintain redox balance,
both of which are essential for cell survival [38-40].
Several active oxidative agents are known to exist in
aqueous humor, such as superoxide anions and hydrogen
peroxide [41]. Therefore, oxidative markers in aqueous
samples were frequently investigated in cases with PEX
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and/or glaucoma [42-44]. Until now, enzyme activities
such as superoxide dismutase [44, 45], catalase [5, 43,
46], glutathione peroxidase [43, 46] and biomarkers such
as malondialdehyde [44], glutathione [47, 48], nitric oxide
[44] have been examined as oxidative stress markers. In
addition, arylesterase and PON activities were measured
in the study, which aimed to investigate the oxidative
stress status of aqueous humor and serum in patients with
PEX and pseudoexfoliative glaucoma (PEG). It was
determined that total oxidative stress values were higher
(< 0.05) in patients with PEX and PEG, and total
antioxidant capacity, PON and ARE aqueous humor
levels did not differ significantly between PEX and PEG
groups [49]. In our study, the activities of PON and GR as
oxidative markers were determined in serum and aqueous
samples. The activities of PON and GR aqueous and
serum samples did not differ significantly between
cataract cases with PEX and control groups. In addition,
in our study, AR levels were investigated in serum and
aqueous samples, since both AR enzyme and oxidant-
antioxidant pathways work in a NADPH-dependent
manner [50]. There was no statistically significant
difference between the two groups in serum AR levels
(p=0.5235). AR enzyme activity was not detected in the
study performed in aqueous samples of both groups.
Aldose reductase (AR) is catalyzing the conversion of
glucose to sorbitol in metabolism. During hyperglycemia
the flux of glucose the polyol pathway increases
significantly, leading to excessive formation of sorbitol.
[51]. Since diabetic patients were excluded from the study
population, aldose reductase enzyme activity may not
have been detected under normoglycemic conditions in
aqueous.

Serum and aqueous levels of trace elements have been
evaluated by various studies in cases of cataract and PEX
[52-55]. Selenium; It is an essential element that plays the
role of a cofactor by participating in the structure of many
enzymes. Along with various enzyme groups, it is also an
engagement element for antioxidant enzymes [56]. In one
study, selenium was investigated in the aqueous humor
and serum of control groups and patients with PEX. The
mean selenium levels in the serum of patients with PEX
syndrome (115.25425.20 pg/L) were found to be lower
than the control group (124.25+14.40 pg/L), but no
statistically significant result was obtained (P <.325) [57].
In our study, serum selenium levels for each group were
found to be 80.2 ug/L in the control group and 80.5 pg/L
in the PEX group. There was no statistically significant
difference between the two groups in serum selenium
levels (p: 0.9734).

Human CAs are metalloenzymes known for their ability
to catalyze the hydration of CO, to bicarbonate anion and
proton, and an association between glaucoma and the CA
enzyme has been demonstrated [22, 58]. Inhibition of
human CA isozymes such as hCA-1, 11, 1V, and XII, which
reduces aqueous humor secretion and elevated intraocular
pressure, is the mechanism of action of well-known anti-
glaucoma agents [59]. Based on the relationship of
carbonic anhydrase with aqueous production and
glaucoma, in our study investigated the both activities of
esterase and hydratase of CA in aqueous and serum
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samples. According to the our results, a statistically
significant difference was found in terms of CA hydratase
activities in the serum samples of the patient group.
Although there is no statistically significant difference, an
increase in aqueous CA hydratase levels was also
observed in patients with PEX.

PEX is known to be one of the most common causes of
glaucoma. Progressive degeneration and obstruction
occur with the accumulation of PEM in trabecular
meshwork in PEX patients. Glaucoma can be seen in both
eyes in cases with unilateral PEX or no glaucoma can be
seen in all eyes with PEM suggests that the underlying
cause may be due to different reasons. One of these
reasons may be the increased activity of CA hydratase and
the fact that this triggers the production of more aqueous
in patients with PEX.

In conclusion, some oxidative markers and carbonic
anhydrase activities were investigated in aqueous humor
and serum samples of cataracts with PEX, in the control
group without PEX. In addition, serum selenium levels
were studied and compared with the control group. It is
thought that the parameters obtained in our study may be
related to the etiopathogenesis of pseudoexfoliation
csyndrome and contain important findings in this respect.
Especially, in the literature, we did not find a study on
CA enzyme activity in serum and aqueous samples in
patients with PEX. Therefore, we believe that this study
can be a reference.
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