
Introduction

Cataract formation is a major problem in health systems
due to an increasing demand for cataract surgery, and
still today cataract is the most common cause of blind-
ness. The crystalline lens is a unique organ in many re-
gards. It is avascular, it has a high cellular protein con-
centration, despite the high protein concentration still
transparent for visible light, and it has an extremely low
protein turnover. Since the lens is avascular i.e. pos-
sesses no direct blood supply, and is surrounded by the
lens capsule, it represents a unique, relatively closed
system. As a consequence of the low protein turnover,
the physico-chemical effects from the inner and outer
environment on the lens cumulate and lead to the devel-
opment of opacification with age [1–7].

Nowadays, despite the extensive literature
[1–3, 8–11], the lens is still of great interest in the
pathologic and physiologic researches. The biochem-
ical analysis of tissue culture, animal and human sam-
ples deal with the ethiopathogenesis of cataract with
special regard to proteins [3, 12–14].

The metabolic disturbances such as hyperglycae-
mia affect the composition of lens proteins, this way
they contribute to cataract formation. The high glu-
cose concentration evokes oxidative stress among
others due to the damaged intracellular metabolism,

the polyol-pathway and non-enzymatic glycation re-
actions [1, 11]. In non-diabetic subjects free radicals
formed during ageing processes may also contribute
to age-related cataract formation.

Previous DSC examinations were performed
[12–15] on manually extracted human cataractous
lens materials, however to the best of our knowledge,
this is the first study, in which DSC examinations
were performed on lens materials obtained by the
phacoemulsification technique, which gained accep-
tance world-wide in the last decade.

In our paper – based on the experience of Bio-
physical Department in the field of biological macro-
molecules [16–19] – we present novel results of our
studies of the DSC examinations on cataractous lens
proteins. In our article we include the results of previ-
ous electrophoresis studies [20] of the soluble and in-
soluble protein fractions in one hand, and we present
post-transactional modifications of amino acid resi-
dues on the other hand. Changes due to oxidative
stress were also investigated by high performance liq-
uid chromatographic (HPLC) technique for measure-
ment of the levels of amino acids formed by the
oxidative modification of phenylalanine.
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Modifications of lens proteins play a crucial role in the formation of cataract, which is among the leading causes of world blindness
in the ageing population. Although modern cataract surgery by phacoemulsification is a very successful and safe procedure, the pre-
vention of cataract formation would be a real breakthrough in this field of ophthalmology.

The aim of our study was to analyse the thermal denaturation of the cataractous lens proteins by the method of differential
scanning calorimetry (DSC), to understand cataract formation and to work on its prevention possibilities. Samples were obtained
from cataract patients of different age, sex, patients with and without diabetes mellitus. Samples were obtained from lenses of ma-
ture degree and progredient degree of cataract as well.

Previous DSC examinations were performed on manually extracted human cataractous lens materials, however to the best of
our knowledge, this is the first study, in which DSC examinations were performed on lens materials obtained by the phaco-
emulsification technique, which gained acceptance world-wide in the last decade.
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Experimental

Materials and methods

Cataractous lens preparation

We examined cataractous human lenses that were re-
moved during extracapsular cataract extraction sur-
gery by phacoemulsification, upon informed consent.
All cataractous lenses (from 17 eyes of 17 patients)
were removed under the same circumstances by the
same surgeon. The Ethical Board of the Medical Fac-
ulty of the University of Pécs approved the study on
lens proteins after cataract extraction.

Lens materials were examined and compared be-
tween diabetic (n=1) and non-diabetic (n=16) patients,
younger (n=2, less than 60 years) and older (n=15, older
than 70 years) patients and between males and females.
An important factor was the degree of cataract. Most of
the samples were from progredient cataract, while one
sample was from a mature cataract. Main clinical char-
acteristics of the patients are shown in Table 1.

Surgery was carried out under topical anaesthesia
through a 3.2 mm long ‘clear corneal’ incision after di-
lation of the pupil. Capsulorhexis was performed under
viscoelastic material and was followed by hydro-
dissection and rotation of the lens nucleus. The lens
nucleus was removed by a ‘divide and conquer’ phaco-
emulsification technique, the cortex by irrigation-aspi-
ration. The posterior capsule was polished and vac-
uum-cleaned when needed, and a foldable artificial len
was implanted into the capsular bag under viscoelastic
material, after wound enlargement. Viscoelastic mate-
rial was then washed out thorougly and operation was
finished by giving subconjunctival gentamycine and
dexamethasone injection.

The specimen from the surgical medium was ex-
tracted immediately after surgery by centrifugation
for 30 min by 3 000 rpm.

Gel-electrophoresis

Lens proteins were separated by gel electrophoresis
according to Laemmli [21]. Detection of protein frac-
tions was performed by silver identification, and the
dyed gels were assessed by direct densitometry.

High performance liquid chromatography (HPLC)

Measurement of amino acid composition of lens pro-
teins was carried out by HPLC analysis by the
method, described by Ishimitsu [22]. Quantitative
analysis of the amino acids was carried out using the
Licrospher-C18 silica column (Merk) Tyr (tyrosine)
isoforms and DOPA (3,4-dihydroxy-phenylalanine)
were measured at 258 nm excitation and 305 nm
emission, while Phe (phenylalanine) at 258 excitation
and 288 nm emission using a Shimadzu RF-10AXL

fluorescent detector. The areas under the curve were
determined for the amino acids. The amino acid con-
centrations were corrected for protein content or Phe
concentrations as well.

Differential scanning calorimetry (DSC)

Thermal unfolding of lens proteins in different states
of cataract and patients was monitored by a Setaram
Micro DSC-II calorimeter. All experiments were con-
ducted between 0 and 100°C. The heating rate was
0.3 K min–1 in all cases. Conventional Hastelloy batch
vessels were used during the denaturation experi-
ments with 850 µL sample volume (phacoemul-
sificated lens proteins suspension) in average. Phaco-
emulsification infusion was used as a reference
sample. The sample and reference vessels were equil-
ibrated with a precision of �0.1 mg. There was no
need to do any correction between the heat capacity
of sample and reference vessels during the evaluation
of DSC scans. The repeated scan of denatured sample
was used as baseline reference, which was subtracted
from the original DSC curve. Calorimetric enthalpy
change was calculated from the area under the heat
absorption curve by using two-point setting Setaram
peak integration.

Results and discussion

Gel-electrophoresis studies

In our previous study [20] lens fragments were de-
rived from the surgical medium by centrifugation.
Samples were homogenized in a buffered medium
containing protease inhibitor. Soluble and insoluble
protein fractions were separated by centrifugation.
The electrophoresis studies were performed accord-
ing to Laemmli [21] on equal amounts of proteins and
were followed by silver intensification (Fig. 1).
Among lens proteins, the presence of proteins in the
range between 20–30 kDa was characteristic for each
sample (Fig. 1). According to densitometry measure-
ments, this group represented 30% of the electro-
phoretised proteins.
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Table 1 The amount of the hydroxyl free radical markers (area
under the HPLC curves) in non-diabetic patients cor-
rected for phenylanine

Non-diabetic lenses

Control
Progredient

cataract
Matur

cataract

DOPA/Phe 1.637 2.129 1.843

m-Tyr/Phe 0 0.426 1.247

o-Tyr/Phe 1.037 1.077 2.999



High performance liquid chromatographic (HPLC)
studies

Using the HPLC methods with fluorescein detection
and wavelength change, the amount of the hydroxyl
free radical markers m-Tyr (meta-tyrosine), o-Tyr
(ortho-tyrosine) and DOPA could be well detected in
the total lens homogenates (oxidized amino acid con-
tent of the samples was also analysed by HPLC fol-
lowing HCl hydrolysis of proteins). A representative
chromatogram is shown on Fig. 2.

Our results showed that soluble proteins repre-
sented a significantly lower portion of the total pro-
tein content in cataractous lenses, and the crystal-
line-like proteins with low-molecular mass can be
found both in the soluble and insoluble fractions. In
our HPLC analysis, oxidatively modified derivatives
of phenylalanine were detected in cataractous sam-
ples. We found an accumulation of m-Tyr, o-Tyr and

DOPA in the total homogenates of cataractous sam-
ples compared to the supernatants. The accumulation
of m- and o-Tyr is an indicator of oxidative stress,
their amount is increasing as the stage of cataractous
lens is more serious (Table 1). Comparing the sam-
ples of non-diabetic and diabetic lenses (Fig. 3) in the
m- and o-Tyr compounds we can see an increase in di-
abetic case while the DOPA does not show a similar
tendency (Table 2).

DSC results

In the progredient group of eyes (n=16) the DSC (two
meltings at 68–85°C) showed difference in calorimet-
ric enthalpy between the female and the male groups
in the function of age as well as sex (Fig. 4). In one
mature cataract the difference was significant in the
lower melting temperature. The one lens material ob-
tained from a diabetic patient showed alteration in the
second melting. Both of them are indicating the dam-
age of the lens proteins. The incipient sample had two
low meltings (Fig. 5 and Table 3).

The dynamic, close interaction-taking place be-
tween lens components plays a crucial role in the
maintenance of lens transparency. During ageing, the
water, ion and protein content of the lens change even
under physiologic conditions. As long as the protect-
ing mechanisms are able to counterbalance the
physico-chemical influences of the environment on
the lens, it maintains its transparency. Development
of cataract always indicates that harmful influences
exhaust defending mechanisms of the organ.
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Fig. 1 SDS polyacrylamid-gel-electrophoretogram of the lens
homogenate and soluble protein. 12.5% gel, coomassie
brilliant blue colouring, silver intensification. Control
samples (1–2), diabetic cataract (3–6), non-diabetic
mature cataract (7–8), total homogenate (1, 3, 5, 7),
solubile fraction (2, 4, 6, 8); M – molecular mass

Fig. 2 HPLC analysis of control and non-diabetic cataractous
lenses. Symbols: DOPA: L-dihydroxy-phenylalanine,
p-Tyr: L-paratyrosin, m-Tyr: L-metatyrosin, o-Tyro
L-orthotyrosin, Phe: L-phenylalanine

Fig. 3 HPLC analysis of control, diabetic and non-diabetic
cataractous lenses. Symbols are the same as in Fig. 2

Table 2 The amount of the hydroxyl free radical markers
(area under the HPLC curves) in diabetic and
non-diabetic patients corrected for phenylalanine

Non-diabetic lenses Diabetic lenses

Control
Progredient

cataract
Progredient

cataract

DOPA/Phe 1.637 2.129 1.097

m-Tyr/Phe 0 0.426 0.597

o-Tyr/Phe 1.037 1.077 1.951



According to MRI studies, the majority of the
water content of the lens is so-called bound water, and
its ratio varies inside the lens as well. Changes in the
total water content and significant decrease of bound
water has been well proven in cataractous lens [23].

All the changes taking place in the soluble and insolu-
ble fractions of the lens proteins are simultaneously
reflected in a shift of the ratio of the bound fraction. In
such cases, the denatured proteins loose their close re-
lation with water; protein-protein associations alter
and form molecular aggregates [8–10, 24].

In our study, we investigated cataractous lenses
by DSC. This way we could compare the melting tem-
peratures of the lens proteins of diabetic and non-dia-
betic cataract, the characteristics of older and younger
patients, males and females. According to our find-
ings, sex, age and the stage of cataract have effect on
melting of lens proteins of cataractous lenses. Signifi-
cant differences were observed in the calorimetric
enthalpies in the function of sex, and in the melting
temperatures in case of incipient lens.

To the best of our knowledge, this is the first
study of DSC examinations performed on human
cataractous crystalline lens material obtained by the
modern surgical technique of phacoemulsification.
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