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Abstract

Purpose Protein oxidation is an oxidative

stress marker and the oxidation of proteins is

analysed by measuring the carbonyl groups.

Protein oxidation can have a role in the

physiopathology of pseudoexfoliation (PEX)

syndrome. The aim of this study was to

investigate the protein oxidation in the

aqueous humour and serum of cataract

patients with and without PEX.

Methods A multicenter study was carried out.

Aqueous humour and serum samples were

collected from patients who underwent routine

cataract surgery. Patients were divided into PEX

(n¼ 29) and control (n¼ 27) groups. Patients had

no elevated intraocular pressure or glaucoma.

Spectrophotometer was used to measure protein

carbonyl (PC) levels in the samples.

Results Mean PC concentration in the PEX

aqueous (2.1871.51nmol/l) and serum

(119.62713.2nmol/l) samples was significantly

higher than that measured in the control

aqueous (1.3170.47nmol/l) and serum (105.857
11.76nmol/l) samples, respectively (Po 0.001).

Conclusion The increased PC levels in the

aqueous humour and serum of PEX patients

suggest that protein oxidation may play a role

in the physiopathology of PEX.
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Introduction

Pseudoexfoliation (PEX) syndrome is a

clinically significant systemic disorder of the

extracellular matrix, which represents the most

common identifiable cause of open angle

glaucoma.1,2 Also, PEX is associated with

accelerated cataract progression and a clearly

increased number of surgical complications

such as high IOP, zonular and posterior capsule

rupture, and weak pupil dilatation during

cataract surgery. Therefore, it is clinically

important. PEX is age-related and characterized

by production and progressive accumulation of

a fibrillar material in ocular and systemic tissues

and affects the entire anterior segment structure

of the eye. The precise biochemical nature of the

exfoliative material, the pathogenetic

mechanism responsible for the development,

and pathophysiology causing to elevate

intraocular pressure in PEX remain unclear.

The eye is an exceptional organ because of its

continuous exposure to environmental

chemicals, radiation, and atmospheric oxygen.

Those oxidative stress mechanisms in ocular

tissues have been hypothesized to play a role in

diseases such as cataract, glaucoma, uveitis, and

age-related macular degeneration.3 Recent

studies on aqueous humour composition in PEX

have provided evidence that oxidative stress

may play a major role in the pathogenesis

of PEX.4,5

Protein oxidation is a useful marker to

evaluate oxidative stress in vivo. Protein

carbonyl (PC) content is the most general and

well-used biomarker of severe oxidative protein

damage. PC has a major advantage over lipid

peroxidation products as markers of oxidative

stress: oxidized proteins are generally more

stable. PC form early and circulate in the blood

for longer periods, compared with other

parameters of oxidative stress, such as

glutathione disulphide and malondialdehyde.

In fact, elevated levels of PC are generally a sign
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of oxidative stress and moreover a sign of disease-

derived protein dysfunction.6,7

Our study was designed to compare PC levels in the

aqueous humour and serum of patients undergoing

cataract surgery with and without PEX and investigate

the possible role of protein oxidation in the development

of PEX.

Materials and methods

Multicentre study was undertaken. A total of 56 aqueous

and serum samples were collected: 29 from cataract

patients with PEX (mean age, 66.978.3) years) and 27

from cataract patients without PEX (mean age, 63.978.1)

years). All patients underwent a complete ophthalmic

examination and were examined before surgery after

pupillary dilatation for the presence of exfoliation

material. Only patients who exhibited exfoliation

material upon the lens or pupil were included. Patients

with glaucoma or elevated intraocular pressure (defined

as intraocular pressure higher than 20 mm Hg), using

topical medication and any ophthalmic pathology other

than PEX or senile cataract were excluded from the study.

Informed consent was obtained from patients. The study

was approved by the locally ethic committee and

followed the Declaration of Helsinki for research

involving human subjects.

Aqueous humour samples were collected from

patients who underwent routine cataract surgery. A

small amount of aqueous humour (100–200ml) was

aspirated at the beginning of phacoemulsification

cataract surgery by limbal paracentesis. A 30-gauge

needle attached to a tuberculin microsyringe was used to

aspirate the aqueous humour from the central pupillary

area. The samples were immediately stored at �801C

until analysed. Serum specimens were also collected

from patients before surgery for measurement of PC

levels.

Oxidative damage to proteins was assessed by the

determination of carbonyl groups based on the reaction

with dinitrophenylhydrazine (DNPH), as previously

described.8 Briefly, proteins were precipitated by the

addition of 20% trichloroacetic acid and redissolved in

10 mM DNPH, and the absorbance was read at 370 nm.

The results were calculated using the extinction

coefficient of 22 000 for aliphatic hydrazone. Results are

given as nmol/l.

All statistical analyses were carried out using SPSS

statistical software (SPSS for windows, version 11.0). All

data were presented in mean (7) SDs. Differences in

measured parameters between two groups were

analysed by independent samples t-test. The differences

were considered significant when the probability was

less than 0.05.

Results

The mean concentration of PC in the aqueous humour

of PEX group (2.1871.51 nmol/l) was found to be

significantly higher than that of control patients

(1.3170.47 nmol/l, Po0.001; Figure 1). The mean

concentration of PC in the serum of PEX

(119.62713.2 nmol/l) significantly increased compared

to controls (105.85711.76 nmol/l, Po0.001; Figure 2).

Discussion

In the present study, the human aqueous humour and

serum PC levels were measured in patients with PEX. We

documented a significantly higher concentration of PC in

the aqueous humour and serum of patients with PEX

compared to control.

One of the greatest challenges in oxidation research

today is the determination of oxidative stress in vivo.

Because proteins are ubiquitous in all cells and tissues

and are susceptible to oxidative modification, they can

serve as useful markers of oxidative stress. Oxidized

proteins have been detected in numerous disease

conditions. Compared to measuring products of lipid

peroxidation and DNA oxidative base modifications,

proteins offer some advantages as markers of oxidative

stress. Proteins have unique biological functions, so there
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Figure 1 PC concentration in the aqueous humour of patients
with and without PEX syndrome. The mean7SD concentration
of PC in the aqueous humour from patients with PEX
(2.1871.51 nmol/l) was significantly higher than that of control
patients (1.3170.47 nmol/l; Po0.001) (PC: protein carbonyl,
PEX: pseudoexfoliation, SD: standard deviation).
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are unique functional consequences resulting from their

modification. For example, oxidative modification of

enzymes has been shown to inhibit a wide array of

enzyme activities.9,10 Modification of structural proteins

can also lead to a loss of function. Products of protein

oxidative modification are relatively stable and there are

sensitive assays available for their detection; thus, from a

purely technical perspective, they serve as suitable

markers for oxidative stress.6,7

PC content is the most general indicator and by far the

most commonly used marker of protein oxidation.

Carbonyls are relatively difficult to induce compared

with methionine sulphoxide and cysteinyl derivatives,

and might therefore indicate a more severe oxidative

stress. Indeed, elevated levels of PC are generally a sign

not only of oxidative stress but also of disease-derived

protein dysfunction.6,7,11,12

There are several reports on relation between oxidative

stress and PEX.4,5,13,14 The aqueous level of 8-

isoprostaglandin F2a (8-IsoPGF2a), a marker of oxidative

stress, was found to be five times higher in PEX than in

control samples and its increased concentration

correlated well with the reduction in ascorbic acid

concentration in the same sample.5 Yilmaz et al13

indicated that antioxidant, serum vitamin C

concentrations were much lower and malondialdehyde

concentrations were much higher in PEX subjects,

reflecting free radical damage to lipid peroxides.

Moreover, in our previous study, we had detected

increased protein oxidation in the serum of patients with

PEX.15 In the present study, we showed increased

oxidative stress in both aqueous and serum of patients

with PEX.

Growth factors,16 metalloproteinases,17 and endothelin

1 (ET-1)18,19 can be activated by free radicals.

Furthermore, growth factors, metalloproteinases, and

ET-1 have been shown to be involved in the pathobiology

of PEX.20–22 Some studies have suggested that ET-1

promotes synthesis and/or turnover of extracellular

matrix that has a role in the pathogenesis of PEX.23,24 In

addition, increased concentrations of transforming

growth factor beta 1 (TGF-b1), a powerful modulator of

extracellular matrix formation,25 have been identified in

the aqueous humour of patients with PEX26 and

increased TGF-b1 synthesis has been related with

increased levels of reactive oxygen species.27 Therefore,

increased oxidative stress might take part in the PEX

pathobiology by increasing growth factors,

metalloproteinases, ET-1, and TGF-b1. We have showed

that protein oxidation, a useful oxidative stress marker,

increased in PEX. Furthermore, oxidative alteration of

enzymes can change their activities9,10 and increased

levels of PC indicate that protein dysfunction.11,12 As

a result of these changes, synthesis and composition of

extracellular matrix may alter and abnormal extracellular

material that is the characteristic of PEX accumulates

in the eye.

There is experimental evidence demonstrating the

protective effects of antioxidants in in vitro models

(e.g., neurodegeneration) and in some animal models.

The potential involvement of reactive oxygen species

in the pathogenesis of several diseases suggests that

free-radical scavengers and antioxidants might have

therapeutic uses.7 Antioxidant therapy may offer

potential therapeutic avenues for controlling PEX-related

ocular morbidity.

In conclusion, we have documented significantly

increased aqueous humour and serum PC concentrations

in patients with PEX compared with that of control

patients without PEX. The findings suggest a

pathophysiologic role for protein oxidation in PEX.

Further research is required to clarify the role of protein

oxidation and oxidative stress in the development PEX,

the progression to pseudoexfoliative glaucoma.
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