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Introduction
Pseudoexfoliation syndrome (PEXS), an age-related disor-
der, is the most prevalent cause of open-angle glaucoma. It 
is characterized by the deposition of fibrillar protein in the 
anterior segment of the eye and other ocular tissues (1,2). 
Although the exact pathogenesis of PEXS is unknown, ox-
idative damage is one of the most investigated mechanisms 
(3-5). Increased levels of the oxidative stress (OS) markers 
in the serum and aqueous humor, such as nitric oxide, tumor 
necrosis factor alpha, malondialdehyde, and 8-isoprostagland-
in-F2, have been reported in patients with PEXS (6,7). 

Pseudoexfoliation glaucoma (PEXG) is the most common 

form of secondary open-angle glaucoma worldwide, with a 
faster progression of neurodegeneration than that seen in 
primary open-angle glaucoma (8). Previous research has in-
dicated that OS causes conformational changes in the extra-
cellular matrix (ECM) of trabecular epithelial cells, leading to 
reduced aqueous outflow in PEXS and PEXG (9-14).

Thiol oxidoreductases are critical cellular molecules in 
the defense against reactive oxygen species (ROS) (15). Thi-
ol-containing proteins, such as cysteine, homocysteine, glu-
tathione and albumin, form the plasma thiol pool. Dynamic 
thiol-disulfide homeostasis plays an important role in detox-
ification of OS related substances, regulation of intracellular 
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signaling pathways, enzymatic reactions, and cell apoptosis. 
Abnormal thiol-disulfide concentrations have been reported 
in the pathogenesis of several systemic degenerative diseases 
(16-18). PEXG has similar clinical findings to other neurode-
generative disorders, such as Alzheimer’s disease (19). The 
aim of this study was to compare the systemic thiol-disulfide 
redox status in patients with PEXS and patients with PEXG.

Methods

This study was conducted in accordance with Helsinki 
Declaration and approved by the local ethics committee 
(#26379996-44; 02/22/2017). Informed consent was ob-
tained from all of the participants.

Thirty-one patients with PEXS, 43 patients with PEXG, 
and 38 control subjects were enrolled in this prospective 
study. The study was conducted in the glaucoma section of 
the Ophthalmology Department of Ankara Atatürk Training 
and Research Hospital.

Detailed ophthalmological examinations, including an 
evaluation of best corrected visual acuity, intraocular pres-
sure (IOP) with Goldmann applanation tonometry and slit 
lamp, gonioscopic, and fundoscopic examination of dilated 
pupils, as well as visual field defects using a Humphrey visual 
field analyzer, were performed on all of the subjects. PEXS 
was diagnosed in patients with an open iridocorneal angle 
and pseudoexfoliation material deposits on the anterior lens 
capsule or pupillary margin without glaucomatous optic neu-
ropathy. Patients with an open iridocorneal angle and pseu-
doexfoliation material deposits on the anterior lens capsule 
and pupillary margin with an IOP >21 mmHg without any 
treatment and typical optic nerve head changes and visual 
field defects of glaucoma were diagnosed with PEXG. In this 
study, the patients with PEXG were using at least 1 topical 
antiglaucomatous drug. Age and sex-matched subjects with-
out any ocular disorders were included as a control group.

Patients with ophthalmic diseases, such as age-related 
macular degeneration, retinal dystrophy, uveitis, grade 3 or 4 
cataract severity according to the Lens Opacities Classifica-
tion System III,  were excluded from the study. Patients with 

chronic systemic diseases, such as diabetes mellitus, cardio-
vascular, renal and liver diseases, were also excluded since 
these conditions may affect OS status. In addition, patients 
who were current smokers and taking antioxidant supple-
ments, such as vitamin C or vitamin E, were excluded.

Biochemical Analysis
Blood samples were collected after a 12-hour overnight fast. 
Venous blood samples were centrifuged in tubes including 
ethylenediaminetetraacetic acid at 1500 rpm for 10 minutes 
and the plasma was extracted for analysis.

Native thiol, total thiol, and disulfide levels were mea-
sured as novel OS parameters. Dynamic disulfide bonds (-S-
S-) in the serum sample were reduced to native thiol groups 
(-SH) using sodium borohydride. Total thiol was measured 
with modified Ellman reagent. The native thiol value was sub-
tracted from the total thiol, and half of the difference pro-
duced the disulfide bond quantification. Measurements were 
performed with a spectrophotometer (UV-1800; Shimadzu 
Corp., Kyoto, Japan) and an automated analyzer (Cobas c 
501 Roche Diagnostics, Basel, Switzerland), as described in 
the study published by Erel and Neselioglu (20). After mea-
suring the native thiol and disulfide concentrations, the na-
tive thiol/disulfide ratio (-SH/-S-S-) was calculated. 

Statistical Analysis
Statistical analysis was performed by using IBM SPSS Statis-
tics for Windows, Version 20.0 (IBM Corp., Armonk, NY, 
USA). Normal distribution of the continuous variables was 
assessed using the Kolmogorov-Smirnov test. One-way anal-
ysis of variance and the Tukey test for post hoc analysis were 
used to compare the mean data of the 3 study groups. The p 
value accepted for statistical significance was <0.05.

Results
The demographic and clinical data of the patients and con-
trol subjects are shown in Table 1. There was no statistical-
ly significant difference between the groups in terms of age 
or  gender (p=0.12, p=0.23, respectively). The mean plasma 
native thiol, disulfide and native thiol/disulfide ratio of the 
groups are shown in Table 2. The mean plasma native thiol 

Table 1. Comparison of demographic data

  PEXS (n=31) PEXG (n=43) Control (n=38) p*

Age (years) 70.13±6.32 (62-88) 69.09±8.72 (50-84) 68.42±8.03 (52-81) 0.12

Gender (female/male) 14/17 20/23 19/19 0.23

Visual acuity 0.59±0.08 (0.50-0.8)** 0.58±0.77 (0.4-0.7)** 0.89±0.10 (0.7-1.0) p=0.02

Baseline IOP 17.83±1.24 (15-20) 16.09±1.63 (12-19) 16.28±1.45 (14-19) p=0.79

IOP: Intraocular pressure; PEXG: Pseudoexfoliation glaucoma; PEXS: Pseudoexfoliation syndrome; * The p value was calculated using one-way analysis of 
variance; ** p <0.001, comparison of PEXS, PEXG groups with control group, post hoc Tukey test.
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value was 437.9±47.7 µmol/L in the PEXS group, 437.6±48.7 
µmol/L in the PEXG group, and 437.2±41.7 µmol/L in the 
control group. The results were statistically similar between 
groups (p=0.99). 

There was a statistically significant difference between 
the groups in the mean plasma disulfide level (p=0.03). The 
plasma disulfide level was significantly higher in the PEXG 
group (21.6±7.3 µmol/L) compared with the control group 
(17.4±6.8 µmol/L) (p=0.03). 

In addition, the plasma native thiol/disulfide ratio was 
significantly lower in the PEXG group (22.9±9.1) compared 
with the control group (29.9±14.7) (p=0.02).

Discussion
PEXS is a known risk factor for several ocular complications, 
including cataract, zonular instability and PEXG. Although 
the exact etiopathogenesis is unknown, several factors, such 
as age, genetic variations, high IOP, and OS burden, have 
been reported in the progression from PEXS to PEXG (7). 

Following the establishment of a relationship between 
aging and OS, the role of OS has been investigated in the 
sera and aqueous humors of patients with PEXS and PEXG, 
like many other age-related eye diseases (3-6,21,22). OS-in-
duced retinal ganglion cell death was found to be consistent 
with high IOP and visual field defects in glaucoma (2,23-26). 
Further, several studies have reported a correlation between 
lower systemic antioxidant capacity and insufficient local oc-
ular oxidative defense capacity (27,28). 

Recently, the thiol-disulfide balance was introduced as a 
novel biochemical parameter to assess systemic OS. Normally, 
native thiol, disulfide, and total thiol molecules are balanced. 
The thiol molecule, containing sulfhydryl functional group 
(SH), forms disulfide bonds (-S-S) with ROS under OS (29). 
The resulting disulfide bonds can be reduced again to the 
thiol molecule with the help of the anti-oxidant system. Di-
sulfide bonds have an important function in the stabilization 
of protein structure, signal transduction, and thiol and redox 
enzyme protection (30). Therefore, a highly dynamic thiol di-
sulfide balance plays an important role in cell defenses against 
OS and the regulation of total plasma enzymatic activity (29).

In this study, we analyzed the native thiol/disulfide ho-
meostasis in patients with PEXS and PEXG using a novel, 
easy, and practical automated method developed by Erel and 
Neselioglu (20). We found a significant difference in the plas-
ma disulfide level and the native thiol/disulfide ratio between 
the PEXG group and the control group. The results of this 
study corroborate previous observations of Tetikoglu et al. 
(31). In the current study, we included patients with PEXS 
(n=31) and PEXG (n=43), while Tetikoglu et al. divided PEXS 
(n=35) into 2 subgroups of PEXS without glaucoma (n=19) 
and with glaucoma (n=16). Similar to the present study, they 
found no significant difference in the plasma total or native 
thiol or disulfide levels, or the native thiol/disulfide ratio 
between the PEXS and PEXG subgroups (31). Other stud-
ies have also evaluated systemic redox status in glaucoma. 
Demirdogen et al. (32) used the Ellman method for serum 
thiol analysis and found similar thiol levels in PEXS and PEXG 
patients. Tanito et al. (33) reported lower plasma total thiol 
levels in PEXS and PEXG than controls using a modified Ell-
man method.

In contrast to literature findings, we observed a similar 
plasma native thiol level between groups, in spite of the di-
sulfide and native thiol/disulfide levels. Significantly higher 
levels of disulfides in PEXG indicate that the thiol disulfide 
balance can be shifted to the disulfide bond formation. Ne-
seloglu et al. (34) also reported significantly decreased na-
tive total thiol and disulfide levels in ulcerative colitis groups, 
contrary to much of the literature. They linked these results 
to inflammation causing a decrease in thiol-containing pro-
tein synthesis. The authors suggested that thiol-containing 
molecules in plasma may be reduced in inflammation, leading 
to a weakened thiol disulfide system.

There are several limitations to the present study. PEXS 
and PEXG are complex neurodegenerative disorders, how-
ever, our results were based on the difference in several 
plasma oxidative markers. Another limitation is the small 
number of patients.

In conclusion, we observed a significant difference in the 
plasma disulfide level and the native thiol/disulfide ratio be-
tween the PEXG patients and the controls. Collectively, this 

Table 2. Comparison of thiol-disulfide balance

  PEXS (n=31) PEXG (n=43) Controls (n=38) p*

Native thiol (µmol/L) 437.9±47.7 437.6±48.7 437.2±41.7 0.99

Disulfide (µmol/L) 21.2±8.4*** 21.6±7.3** 17.4±6.8 0.01

Native thiol/disulfide 24.2±1.3***** 22.9±9.1**** 29.9±14.7 0.01

PEXG: Pseudoexfoliation glaucoma; PEXS: Pseudoexfoliation syndrome; * The p value was calculated using one-way analysis of variance; ** p=0.03, comparison of 
PEXG group with control group, post hoc Tukey test; *** p= 0.09, comparison of PEXS group with control group, post hoc Tukey test; **** p=0.02, comparison 
of PEXG group with control group, post hoc Tukey test; ***** p=0.11, comparison of PEXS group with control group, post hoc Tukey test.
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novel assay demonstrated that patients with PEXG had a 
lower systemic antioxidant capacity. Further understanding 
of the thiol-disulfide circuits is still needed to develop new 
treatment options and the understanding of the complex 
etiopathogenesis of age-related ocular diseases.
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