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Summary 

In 40 cataract patients and in 51 patients without pseudo exfoliation (PES) we determined serum concentrations 
of neopterin, kynurenine, and selenium a"]d concentrations of neopterin in aqueous humour from the anterior 
chamber of the eye. In addition, selenium content in lenses was determined. Significantly increased kynurenine 
and neopterin concentrations in serum and neopterin concentrations in aqueous humour were observed in mature 
cataract patients with PES compared to those without. These patients also presented with the lowest content of 
selenium in serum and lens, compared with cataract patients without PES. Increased concentrations of neopterin 
in serum and aqueous humour of the anterior chamber of eyes suggest an increased degree of oxidative stress in 
patients with PES. Thus, the results suppon the role of oxidative stress in the development of PES in cataract 
patients. The decreased content of selenium may elicit immune system activation via an increased oxidative 
stress as it is indicated by the increased forma tion of kynurenine and neopterin. 
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Introduction 

Cataract, opacity of the lens of any type and origin. 
aft1icts more than 50 million persons worldwide (1). It 
impedes penetration of the light rays into the eye and 
their focusing on the retina, in that way decreasing 
visual acuity. Research on the mechanisms of lens 
opacification during last years has revealed a number 
of individual cataractogenic stressors in man. They 
include formation of osmotic cataracts (diabetic, 
galactosemic and hypoglycemic cataracts), radiation 
cataracts (X-ray irradiation, near ultraviolet irradiation 
and microwave radiation) and conversion of soluble 
low molecular weight cytoplasmatic proteins to 
soluble high molecular weight aggregates, insoluble 
phases, and insoluble membrane-protein matrices in 
senile cataract (2). 
The basic method of the cataract treatment is surgery: 
evacuation of the opaque lens and replacement of it by 
an artificial intraocular lens. During surgery the 
central part of the lens anterior capsule is removed, 
the lens nucleus is evacuated and the remaining lens 
mass is irrigated. The lens capsular bag, the posterior 
capsule and the peripheral part of the anterior capsule 

remains in the cye. Thc artificial lens is placed into the 
capsular bag. Complications during surgery, e.g. 
aCCIdental ruptures of the capsular bag, occur more 
often in case of pseudoexfoliation. 

The pseudoexfoliation syndrome (PES) clinically is 
characterized by the precipitation of specific material 
in the anterior parts of the eye (3). For a long period it 
was considered to be the lens capsule particles 
detached locally where the iris is moving on the 
anterior surface of the lens. In tum, this specific 
material was found in the posterior parts of the eye, 
extraoculary and even in other organs, e.g. lien, aorta 
(3). From the data it was hypothesized that PES is a 
symptom of an underlying general disease. The 
question of the origin of this material and its 
connection with other ophthalmic and general diseases 
is still to be discussed (4). PES is often found in 
Scandinavian and Baltic countries (5), but is very rare 
in Africans and Americans, In PES amorphous flakes 
blocking the aqueous outlets inside the eye can lead to 
the development of increased intraocular pressure and 
glaucoma. 

Some evidence has emerged that imbalances of 
tryptophan and other aminoacids, deficiences of 
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calcium or selenium, or excessive intake of selenium 
may play some role in human senile cataract (6). 
Increased urinary excretion of tryptophan metabolites 
like kynurenine has been reported in patients affected 
by senile cataract, but no sigHificant differences were 
found in the serum tryptophan levels between healthy 
subjects and cataract patients (6, 7). Oxidative stress 
has emerged as a common denominator for many 
changes in seni.le cataract, e .g. oxidative events with a 
decrease of free radical scavangers are involved in the 
onset of development of catalact in diabetes mellitus 
(8). 

In vitro, large amounts of neopterin are produced by 
human monocytes/macrophages upon stinmlation with 
interferon-gamma. In vivo, increased neopterin 
concentrations in human serurf' and urine indicate 
activation of cell-mediated (ThI-type) immune 
response, e.g., during virus infections, autoimmune 
diseases, allograft rejection and in certain types of 
malignancy (9). The amount of neopterin produced by 
activated monocytes/macrophage~ correlates with 
their capacity to release reactive o;cygen species and 
more recently neopterin was found itself to be capable 
of enhancing toxic effects induced b y reactive oxygen 
species (10) . With this background, neopterin 
concentrations in body fluids can b\~ regarded as an 
indirect estimate of the degree of oxidative stress 
emerging during cell-mediated immune response (11). 

In this study we compared conc~ntrations of 
neopterin, kynurenine and selenium in cataract 
patients, to further evaluate the pathogenetic role of 
immune activation and oxidative stress i l~ the 
development of cataract with and without PES. 

Patients and methods 

We examined 40 patients with various types of 
cataract with PES and 51 patients without PES. 
Patients, aged 69 to 82, were divided into 3 groups 
depending on the stage of disease: 18 with 
subcapsular cataract, 19 with central cataract, and 14 
with mature cataract. Patients with other ophthalmic 
diseases (e.g., glaucoma) were not included into this 
study. All patients have been operated at the 
P.Stradins Hospital, Department of Ophthalmology, 
Riga, Latvia, and informed consent was obtained from 
the patients to particpate in this study. The lens was 
obtained intraoperatively during the cataract surgery 
using a special forceps . In the part of the lens we 
examined the concentration of selenium (12) . During 
the eye surgery we collected the aqueous humour 
from anterior chamber of the eye, and determined the 
concentration ofneopterin by radioimmunoassay (13). 
In serum of all our patients the concentrations of 
selenium (12), neopterin (13), tryptophan and 
kynurenine (14) have been examined, and the kynltrp 

ratio (= kynurenineitryplopru.:. '. .' .". :;;!::~ ~: 
calculated as an estimate for IDO a.:-tl ·.: :-:. " 

For statistical comparisons of groups . SL:'=--"':. ' : 

test was used, p-values <0.05 were c o n5:':~!: :.: 
indicate statistically significant ditTere:1~e; 

Correlations between parameters have been calculate j 
using Spearman's rank correlation coefficients. 

Results 

The concentrations of all examined parameters were 
similar in all groups of our patients without PES, 
except the concentration of selenium in lenses of 
patients with central and mature cataract was lower 
compared with subcapsular cataract (Table 1). The 
concentrations of neopterin in aqueous humour of 
anterior chamber of the eye were on average < 1 
nmollL which is approximately 10 - 15% of 
corresponding serum concentrations (Table 1). 
However, there was no difference of neopterin 
concentrations between the different groups of 
patients without PES. 

Table 1. Serum neopterin, tryptophan, kynurenine, 
and selenium concentrations, and k.ynure
nine/tryptophan (=kynltrp) ratio * 1000 in serum, and 
neopterin in aqueous humour and selenium in lenses 
in 3 groups of cataract patients without 
pseudoexfoliation (mean values ± S.D. are shown; 
·p<O.OOl for all comparisons: A vs. B , A vs. C, B vs. 
C) 

Serum: 
Neopterin 
(nmollL) 

I Subcapsular Central Mature 

Tryptophan 75.35 ± 5.82 78 .39 ± 5.88 72.65 ± 5.93 
(jlmoI/L) 
Kynurenine 2.85 ± 0.67 2.32 ± 0.76 3.11 ± 0.85 
(JlmollL) 
Kyn/trp 47.73±3 .97 42.53±4.21 51.63±486 
ratio 
(* 1000) 
Selenium 
(mg/L) 
Lens: 
Selenium 
(mg/L) 
Acqeous 
humour: 
Neopterin 
(nmoUL) 

0.091 ± 0.087 ± 0.081 ± 
0.018 0.012 0.011 
0.523 ± 0.02" 0.389 ± 0.02" 0.289 ± 0.02# 

0.76±0.17 0.83 ± 0.20 0.75±0.21 

In the case of subcapsular and central cataract with 
PES we found normal concentrations of tryptophan, 
kynurenine and neopterin in serum (Table 2) . In the 
group of patients with mature cataract with PES we 
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observed an increase in serum concentrations of 
kynurenine and neopterin, as well as an increase of 
neopterin concentrations in the aqueous humour of the 
anterior chamber, compared with patients with 
subcapsular cataract. There was a tendency of 
tryptophan concentrations to decrease with progressed 
disease. However, the differences between groups did 
not reach statistical significance (Table 2). The 
concentration of selenium in serum was decreased, 
and in all groups of patients with PES we detected a 
very low content of selenium in lenses. There was a 
trend towards 100ver concentrations in patients with 
more advanced di!iease, but no significant difference 
between the groups was observed. Selenium was 
however statisticall r lower in patients with mature 
cataract with PES ccmpared with the same form of 
cataract without PES (Table I VS. Table 2; p<0.05). 
Also the difference betv!een selenium concentrations 
in serum in these groups was statistically significant 
(p<O.05). Neopterin content in aqueous humour of eye 
in mature cataract patients with PES was higher than 
in patients without PES (p<O.05). 

Table 2. Serum neopterin, tryptoph,L.1, kynurenine, 
and selenium concentrations, and kynure
nine/tryptophan (= kyn/trp) ratio in serum, neopterin 
in aqueous humour and selenium in lenses in 3 groups 
of cataract patients with pseudoexfoliation (mean 
values ± S.D. are shown; #p<0.05 when comparing A 
with C) 

Serum: 
Neopterin 
(nmoIlL) 
Tryptophan 
(~molll) 
Kynurenine 
(~moIlL) 
Kyn/trp 
ratio 
(* I 000) 
Selenium 
(mg/l) 
Lens: 
Selenium 
(mg/L) 
Acqeous 
humour: 
Neopterin 
(nmolll) 

Subcapsular 

78.15±6.12 

2.72 ± 0.62 

46.77 ± 3.87 

0.085 ± 
0.015 
0.277 ± 0.02 

0.8±0.15 

Central 

76.37 ± 5.88 

2.92 ± 0.73 

49.56 ± 4.01 

0.063 ± 
0.018 
0.286 ± 0.02 

0.98 ± 0.23 

I Mature cataract 
(n=14) 

8.49 ± 0.59# 

71.99 ± 6.23 

4.79 ± 0.77# 

59.65 ± 4.56# 

0.041 ± 0.012" 

0.203 ± 0.04 

1.33 ± 0.22# 

There existed a posll1ve correlation (p<O.002) 
between serum neopterin and the kyn/trp ratio (Fig.l), 
as well as serum kynurenine and neopterin (p<O.Ol) in 
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all patients with PES .-\nQ there was a negative 
correlation of kynurer.r. ::' \\;th selenium in serum 
(p<O.Ol) in mature ca:ar~c t patients with PES (Fig.2). 
A similar relationship s::emd to exist for neopterin, 
but the correlation was no: significant (Fig.2). The 
neopterin concentrations in aqueous humour of the 
anterior chamber of eye correlated with the neopterin 
concentration in serum (p<O.05: Fig.3) , but we did not 
fmd a correlation between neopterin concentrations in 
aqueous humour and selenium in serum. 

Fig.l: Correlation between serum neopterin and the 
kynurenine/tryptophan (kyn trp) ratio * 1000 in 
cataract patients with pseudoexfoliation (rs=0.59; 
p<O.002) 
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Fig.2: Correlation of serum kynurenine (squares) and 
neopterin (rhombs) concentrations with serum 
selenium content (neopterin: rs=0.45, not significant; 
kynurenine: rs =0.78, p<O.Ol) 
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Discussion 

Our study demonstrates increased concentrations of 
neopterin and kynurenine in patients with mature 
cataract with PES. We detected increased 
concentrations of neopterin in aqueous humour of the 
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Fig.3 : Correlation between neopterin in serum and in 
the aqueous humour of the eye in patients with mature 
cataract and pseudoexfoliation (rs=0.67; p<0.05) 
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anterior chamber of the eye in these patients. The 
concentration of neopterin in the aqueous humour 
wasrelated to the corresponding plasma levels. In the 
same group of patients we observed a decreased 
concentration of selenium in serum. In our patients 
with mature cataract without PES we detected a 
decreased content of selenium in lenses when 
compared with other groups, but there were no 
differences in concentrations of other metabolites. 

Oxidative stTess is one initiating factor for the 
development of cataract (8). A significant proportion 
of lenses and aqueous humour taken from cataract 
patients have elevated H 20 2 levels, which can cause 
lens opacification (5) . It is known that selenium as 
antioxidant works against the development of cataract. 
In Baltic countries there exists a biogeochemical 
deficit of selenium. The question about the role of 
selenium in the development of cataract is still open: 
there are some more positive studies, confirming the 
role of decreased concentration of selenium in the 
development of cataract (16), but not all authors agree 
with this opinion (17,18). The available data suggest 
that decreased selenium in aqueous humour and serum 
of patients with senile cataract may reflect defective 
anti oxidative defence systems which may lead to the 
formation of cataract (16). 

Indoleamine 2,3-dioxygenase (IDO) is the first 
enzyme of the extrahepatic tryptophan degradation 
pathway. IDO has been demonstrated to be able to 
scavenge 02'and therefore has the potential to act as a 
protective enzyme (19). IDO may work as an 
antioxidant also in the eye (20). Enzyme activity can 
be expressed as the quantity of kynurenine formed 
from the substrate tryptophan (kynurenine/ tryptophan 
ratio; Ref. 21). The increase of serum kynurenine and 
kyn/trp ratio in the mature cataract patients with PES 
reflects this activity of IDO. The induction of active 
IDO formation is usually paralled by neopterin 
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biosynthesis by activated monocytes/macrophages 
(21 , 22) . In these cells, the neopterin level correlates 
to the ability of these cells to produce oxygen radicals 
and therefore allows to estimate the expression of 
oxidative stress during cell-mediated immune 
activation (11) . It has been reported that the activities 
of the pteridine synthesizing enzymes and 
tetrahydropteridine content were decreased in human 
senile cataract as compared with age-matched clear 
hunan lenses. The loss of tetrahydropteridine may 
result in lenticular proteins more susceptible to 
oxidation and contribute to high molecular weight 
prot~in formation in cataracts (23). 

Higfl serum levels of kynurenine and neopterin 
could leaJ to higher levels of these compounds in the 
aqueous humoUl :!!10 then in the lens; once inside the 
lens it can be transformed into other compounds 
contributing to the fom1ation of the yellow-brown 
pigments, that are one of the major features of senile 
cataracts. 
Primate lenses are unique in that they convert 
tryptophan into 3-hydroxykynurenine glucoside, 
probably via the intermediate kynurenine. 3-
hydroxykynurenine glucoside is the major short-wave 
absorbing pigment present in human lenses and may 
playa role in protecting the eye from UV-induced 
photodamage (24). It has been also shown that low 
micromolar concentrations of 5-hydroxytryptophan, 
3-hydroxykynurenine, or 3-hydroxyanthranilic acid, 
but not their corresponding non-hydroxylated 
metabolic precursors. scavanged peroxyl radicals with 
high efficiency (25) . Experimental studies have 
indicated that elevated content of 3-
hydroxy kynurenine can accumulate in the lens (26) , 
or via transamination it can lead to the formation of 
xanthurenic acid and its derivatives, which are 
responsible for the increase of lens fluorescence 
during cataract development (27) . It is also possible 
that increased neopterin content in serum and aqueous 
humour of anterior chamber of eye reflects the activity 
of cell-mediated immunity against the specific 
material, which forms in the case of PES (e.g., 
melanin, amyloid P ; ref. 28) . Interestingly the 
neopterin concentrations in the acqueous humour of 
the eye were much lower than that obesreved in the 
serum of the same patients. This aspect would favour 
the view that the increase of neopterin concentrations 
with disease progression merely stems from an 
immune activation process going on in the blood and 
from there neopterin is leaking into the eye. As a 
consequence from the systemic immune activation 
process, the antioxidant pools including selenium are 
diminished. A similar situation was only recently 
described in the cerebrospinal fluid of patients with 
dementias, in whom higher neopterin concentrations 
have been found to correlate inversely with 
antioxidant a-tocopherol (29) . 
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We suggest that in our cataract patients with PES the 
activation of IDO with increased formation of 
kynurenine could be considered as a cefensive 
mechanism against massive oxidative stres1 due to 
decreased content of selenium or other antioxidative 
factors . The degree of oxidative stress can be 
estimated by the concentration of neopterin in serum 
and aqueous humour in patients with mature cataract 
with PES. Oxidative stress seems to playa certain role 
in the development of PES in catl ract patients. 
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