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Effect of Pseudoexfoliation Syndrome on Biochemical
Characteristics of Aqueous Humour

Akoz Humor’un Biyokimyasal Ozellikleri Uzerine Psodoeksfoliasyon
Sendromunun Etkisi

Emine ALYAMAC SUKGEN', Yusuf KOCLUK', Asim KAYIKLIK?, Aylin HAKLIGOR’

ABSTRACT

Purpose: The aim was to evaluate the effect of pseudoexfoliation (PEX) syndrome on the biochemical characteristics of aqueous humour.

Materials and Methods: This is a cross-sectional, single-center, comparative study. Aqueous humor was aspirated from consecutive
senile cataract cases with and without PEX. The levels of urea, creatinine, glucose, calcium, magnesium, phosphate, chlorine, sodium
and potassium were measured in the aqueous humor of both groups.

Results: Group-1 included 60 cases without PEX, and Group-2 included 48 cases with PEX. The calcium and chlorine levels were
significantly higher in the aqueous humor of the patients with PEX (Group-2) than in the control group (Group-1), whereas the glucose
levels were significantly lower in the PEX group than in the control group. The coexistence of nuclear cataracts and PEX in Group-2
was found to be statistically significant.

Conclusion: Between the PEX and non-PEX groups, a difference was found in the levels of the biochemical constituents in the aqueous
humor. The changes in biochemical features of aqueous humor may be the cause of ocular morbidity. In the future, the ocular compli-
cations can be controlled with medicines that regulate biochemical structure of aqueous humor in patients with PEX. The quantity of
aqueous humor obtained from the anterior chamber was very limited and thus, only a small number of parameters could be evaluated. In
patients with PEX, further studies are needed to analyze the aqueous humor.
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Amag: Bu ¢alismanin amaci, akdz humdr’un biyokimyasal 6zellikleri tizerine psddoeksfoliasyon sendromu’nun etkisini degerlendir-
mektir.

Gereg¢ ve Yontemler: Bu kesitsel, tek merkezli, karsilagtirmali bir ¢alismadir. Akéz humér, psddoeksfoliasyonu olan ve olmayan arka
arkaya senil katarakt vakalarindan aspire edildi. Ure, kreatinin, glukoz, kalsiyum, magnezyum, fosfat, klor, sodyum ve potasyum seviye-
leri, her iki grubun akéz humérlerinde 6l¢iildii.

Bulgular: Grup-1, psédoeksfoliasyonu olmayan 60 hasta igeriyordu, Grup-2, psddoeksfoliasyonlu 48 hasta igeriyordu. Kalsiyum ve klor
diizeyleri psddoeksfoliasyonlu hastalarin (Grup-2) ak6z humérlerinde kontrol grubuna gore istatiksel olarak anlamli bi¢imde yiiksek idi,
buna kargin glukoz diizeyleri psddoeksfoliasyonlu grupta kontrol grubundan anlamli bigimde diisiiktii. Grup-2’de psddoeksfoliasyonla
niikleer kataraktin birlikteligi istatiksel olarak anlamli bicimde yiiksekti.

Sonug: Psddoeksfoliasyonu olan ve olmayan gruplar arasinda; akéz humor’un biyokimyasal bilesenlerinin diizeylerinde bir farklilik
bulundu. Akéz humér’un biyokimyasal 6zelliklerindeki bu degisiklik okiiler morbiditeden sorumlu olabilir. Gelecekte bu okiiler kompli-
kasyonlar psddoeksfoliasyonlu hastalarda akéz humériin biyokimyasal yapisin diizenleyecek ilaglarla kontrol edilebilir. On kamaradan
elde edilen ak6z miktar1 ¢ok sinirliyd: ve bu yiizden, sadece belli sayida parametre degerlendirilebildi. Psddoeksfoliasyonlu hastalarda
akoz humorii analiz edecek baska ¢alismalara ihtiyag vardir.

Anahtar Sozciikler: Psdodoeksfoliasyon, akéz humor, biyokimyasal 6zellikler.
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INTRODUCTION

Pseudoexfoliation (PEX) is a generalized syndrome asso-
ciated with aging which affects the extracellular matrix of
the eye. This condition develops when glycoproteins and
cross-linked amyloid-like fibrils are secreted and form ex-
tracellular fibrillar aggregates which subsequently accumu-
late in the anterior region of the eye. "> Moreover, this PEX
material can also occur in elastic connective tissue of other
organs.’

Patients with PEX are predisposed to develop ophthalmic
pathologies including glaucoma and intra-operative and
post-operative complications of cataract surgery.>* In ad-
dition, PEX patients are more commonly affected by late
intraocular lens dislocation.>®

The multifactorial, genetic nature of the PEX syndrome is
recognized, while the pathogenesis of the disorder is not
completely understood.” The suggestion that proteins in-
volved in inflammation, oxidative stress and coagulation
may contribute to PEX pathogenesis is based on the higher
levels of these proteins found in the eyes of PEX patients.’

In order to determine the important effective pathogenetic
factors of PEX, an examination of the components of the
aqueous humor of patients suffering from this disorder is
called for.?

Consequently, this study aimed to compare the biochemical
characteristics of the aqueous humor in patients with and
without PEX.

MATERIAL AND METHODS

This cross-sectional, single-center, comparative study was
conducted in the Departments of Ophthalmology and Bio-
chemistry at the Numune Training and Research Hospital
in Adana, Turkey. The study was approved by the Ethics
Committee of the hospital and was in compliance with the
tenets of the Declaration of Helsinki. Informed consent was
obtained from patients participating in the study.

Consecutive patients with senile cataract were evaluated for
the study between January and November 2015. Detailed
demographic and medical information was collected from
each patient. Patients with systemic disease and/or ocular
disorders and those with history of intraocular or laser sur-
gery were excluded from the study.

Best-corrected visual acuity (BCVA) was measured with
Snellen charts. The anterior segment was evaluated through
biomicroscopic examination, and intraocular pressure was
measured by using a Goldman applanation tonometer. After
pupil dilation, a fundus examination of each patient was per-
formed. In those with PEX syndrome, PEX material depos-
its were observed on the anterior segment during the exami-
nation. The patients were divided into two groups. Group-1
included 60 control patients with cataract only, and Group-2
included 48 patients diagnosed with both cataract and PEX.

Sample collection and analysis

The operation was conducted in an operation room under
sterile conditions, and the patients vital signs were moni-
tored throughout the operation. The eyes were dilated with
1% tropicamide (Tropamide; Bilim Ilag, Istanbul, Turkey)
and 2.5% phenylephrine (Mydfrin; Alcon, Fort Worth, Tex.,
USA) drops. Following topical anesthesia through propar-
acaine HCI 0.5%, 10% betadine was used to wipe the peri-
ocular area. Before the operation the inside of the eye was
cleaned with 5% betadine, and the surgeon waited for 3 min.

Upon commencement of the cataract surgery, aqueous hu-
mor specimens (~0.1-0.2 cc) were collected from the anteri-
or chamber through 30 gauge needle and each specimen was
taken to the laboratory.

The urea, creatinine, glucose, calcium, magnesium, sodium,
potassium, chlorine and phosphate levels in the samples
were determined using an analyzer (Cobas 6000 c-501,Ro-
che Diagnostics GmbH, Germany; Hitachi High-Technolo-
gies Corporation, Japan).

The hexokinase method was used to determine the glucose
levels, and the kinetic urease-glutamate dehydrogenase
method was employed for the urea measurements. Creati-
nine levels were assessed via the kinetic alkaline picrate
(Jafte) method. Other measurements were made using the
NM-BAPTA method for calcium, ammonium phosphomo-
lybdate for phosphate, the photometric method for magnesi-
um, and an ion-selective electrode measuring system (ISE)
for sodium, potassium and chloride.

Statistical analysis

The Statistical Package for Social Sciences for Windows
software (SPSS version 16.0, SPSS Inc., Chicago, USA)
was used for data analysis, the Kolmogorov—Smirnov test
for the normality distribution of the variables, the Student’s
t-test for comparison of the variables with normal distribu-
tion, and the Mann—Whitney U test for comparison of varia-
bles with abnormal distribution. The Chi-square and Fisher’s
exact tests were employed for the comparison of categori-
cal variables presented as frequency (%). The descriptive
statistics of normally distributed continuous variables were
expressed as mean + standard deviation. Differences with a
p value of < 0.05 were considered statistically significant.

RESULTS

The study included a total of 108 patients, 60 of whom were
in Group-1 and 48 in Group-2. The two groups were similar
in terms of demographic characteristics and baseline visual
acuity.

The demographic features of the patients with and without
PEX are presented in Table 1.
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Table 1. Demographic data of patients with and without
PEX.

Group I, n=60 | Group II, n=48 | p values
Age 67.919.0 71.9+48.2 0.465
Gender: Female | 45.7 % 41.7 % 0.190
Male 54.3 % 58.3 %
Smoking:Yes 343 % 333 % 0.958
No 65.7 % 66.7 %
VA (Snellen) 0.11+0.12 0.13+0.13 0.718
IOP (mmHg) 12.5+2,3 13.2+2.4 0.691

VA: Visual acuity, [OP: Intraocular pressure

The mean values of calcium and chlorine in the aqueous hu-
mor were higher in the PEX group than in the control group,
while the mean glucose levels were significantly lower in
the PEX group compared to the control group (p<0.05).

The urea, creatinine, phosphate, magnesium, sodium and
potassium levels were similar in both groups. The results of
the biochemical analysis of the aqueous humor samples in
Group-1 and Group-2 are presented in Table 2.

In addition, the co-existence of nuclear cataract and PEX in
Group-2 was found to be statistically significant (Figure 1).

Table 2. Results of biochemical analysis of aqueous hu-
mor in both groups.

Group I Group I1 P values
Sodium 148,1+3,7 149,8+4.8 0,186
Potassium 4,1+0,2 4,11+0,2 0,240
Chlorine 120,8+3.,9 124,2+45,6 0,029
Calcium 4,8+1,3 6,0+0,6 0,007
Phosphorus 2,0+0,3 2,4+1,0 0,162
Magnesium 1,6+0,1 1,6+0,2 0,320
Glucose 92,7+56,0 60,0+11,4 0,000
Urea 31,548,7 40,7+29,2 0,169
Creatinine 0,2+0,1 0,3+0,2 0,168
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Figure 1. Distribution of cataract types in both groups.
PSC: Posterior subcapsular cataract, NC: Nuclear cataract,
CNC+PSC: Corticonuclear and posterior subcapsular cataract.

DISCUSSION

Pseudoexfoliation syndrome is a complex disorder involv-
ing many factors, both genetic and non-genetic.” The patho-
genesis of PEX along with the precise makeup of the associ-
ated PEX material have yet to be determined. The secretion
of PEX material is strongly associated with the circulation
of the aqueous humor and consequently, is affected by its
composition.'”

The analysis of the aqueous humor in PEX syndrome has
been reported in studies around the world and possible caus-
es for PEX have been suggested, with some indicating that
oxidative stress mechanisms may be important contributing
factors to PEX pathogenesis.!!"?

Tissue damage is caused by oxidative stress, as the ocular
tissues are affected by oxygen radicals and lipid peroxida-
tion.'” Moreover, oxidative damage has been found to be
a contributing factor in cataract development.'*!* Nuclear
cataract, in particular, was associated with PEX in the Aus-
tralian Blue Mountains eye study.'® Consistent with the lit-
erature, this study demonstrated the relationship between
nuclear cataract and PEX syndrome.

Electron microscopy studies have shown that PEX fibrils
accumulate when the levels of calcium are high.'” The pres-
ent study found significantly higher calcium levels in the
aqueous humor of the Group-2 eyes (with PEX) compared
to those of Group-1 (control). The explanation for the high
concentration of calcium in the aqueous humor maybe found
in the results of several studies. In one study, for example,
a new genetic locus associated with calcium metabolism
(CACNI1AL) was proposed as a risk factor associated with
the PEX syndrome.'® Additionally , oxidation is a major fac-
tor in pseudoexfoliation development. The oxidation may
lead to impairment in the calcium metabolism of the lens, as
the Ca2*-ATPase pumps of the lens are highly sensitive to
oxidation."”?'Elevated Ca2*levels contribute significantly to
cortical cataract development.?>?*In this study, cortical cata-
racts are the second most frequently occurring type in eyes
with PEX. Consequently, the cortical cataract seen in PEX
syndrome may be due to the disrupted calcium metabolism.

The study show that the eyes with PEX had lower glucose
concentrations in the aqueous humor compared to the con-
trols. It is a challenge to explain this result because there is
no information about such a finding in the literature. Pre-
vious studies have indicated that both oxidative stress and
pro inflammatory cytokine levels are higher in the anterior
chamber in PEX.” In the cerebrospinal fluid of patients with
cerebral infarction, the glucose levels decrease as the glu-
cose is consumed due to peroxidation and inflammation.?
A similar mechanism may be responsible for the aforemen-
tioned finding in PEX.

The secretion of chlorine (Cl") may inhibit the rate at which
the aqueous humor is produced, thus making Cl-a crucially
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important anion.”® Electroneutral transporters transfer the CI-
from the stroma to the pigment epithelium (PE) cells, where,
via the gap junctions, it is disseminated to the non-pigment-
ed epithelium (NPE) cells. The CI is then released, chiefly
through the CI channels of the Na" - K*-2Cl- co-transporter
and the C1/HCO3- and Na'/H" exchangers.?

The present study revealed higher Cllevels in the aqueous
humor of Group-2 (with PEX) than in Group-1 (control),
while the K" and Na* concentrations were similar in both
groups.

It is possible that none of the mentioned mechanisms are
the reason for the increased Cllevels. It has been suggested
that A3 adenosine receptors (A3ARs) may contribute to the
defense mechanisms or the pathogenesis of PEX.?® These
receptors may be one of the chief causes of open-angle glau-
coma because they are overexpressed by the NPE in certain
types of glaucoma and by outflow pathway cells in PEX
syndrome.?® As expected, intraocular pressure (IOP) was
seen to be increased by A3AR-selective agonists and de-
creased by A3AR-selective antagonists, in addition to their
significantly inhibiting the resultant reaction to adenosine.”’
Some studies have reported that whole-cell CI- currents of
cultured human NPE cells are triggered by the A3AR-se-
lective agonists.”® Thus, there may be a relationship between
A3ARs and the increased Cl levels in PEX.

CONCLUSION

Different biochemical characteristics were found in the
aqueous humor of the PEX and non-PEX groups. The in-
creased levels of calcium and chlorine or the decreased lev-
els of glucose may be responsible for the ocular morbidity of
PEX syndrome. Changes in biochemical features of aqueous
humor may be the cause of this damage. In the future, the
ocular complications can be controlled with medicines that
regulate biochemical structure of aqueous humor in patients
with PEX. However, in the present study, the quantity of
aqueous humor obtained from the anterior chamber was
very small and only a limited number of parameters could
be evaluated. Further studies are warranted for the analysis
of the aqueous humor in PEX patients.

REFERENCES / KAYNAKLAR

1. Tarkkanen A, Kiveld T, John G. Lindberg and the discovery of
exfoliation syndrome. Acta OphthalmolScand 2002; 80: 151-4.

2. Schlotzer-Schrehardt U, Dérfler S, Naumann GO. Immunohisto-
chemical localization of basement membrane components in pseu-
doexfoliation material of the lens capsule. Curr Eye Res 1992;
11(4): 343-55.

3. Schlotzer-Schrehardt U, Naumann GO. Ocular and systemic pseu-
doexfoliation syndrome. Am J Ophthalmol 2006 ; 141: 921-37.

4. Shingleton BJ, Heltzer J, O’Donoghue MW. Outcomes of
phacoemulsification in patients with and without pseudoexfolia-
tion syndrome. J. Cataract Refract Surg 2003; 29: 1080-6.

5. Monestam E I. Incidence of Dislocation of Intraocular Lenses and
Pseudophakodonesis 10 Years after Cataract Surgery. Ophthal-
mology 2009; 116: 2315-20.

6. Jakobsson G, Zetterberg M, Lundstrom M, et al. Late dislocation
of in-the-bag and out-of-the bag intraocular lenses: Ocular and
surgical characteristics and time to lens repositioning. J Cataract
Refract Surg 2010; 36: 1637-44.

7. Plateroti P, Plateroti AM, Abdolrahimzadeh S, et al. Pseudoexfo-
liation Syndrome and Pseudoexfoliation Glaucoma: A Review of
the Literature with Updates on Surgical Management. J Ophthal-
mol 2015; 2015: 370-1.

8. Borazan M, Karalezli A, Kucukerdonmez C, et al. Aqueous humor
and plasma levels of vascular endothelial growth factor and nitric
oxide in patients with pseudoexfoliation syndrome and pseudoex-
foliation glaucoma. J Glaucoma 2010; 19: 207-11.

9. Dubey SK, Hejtmancik JF, Krishnadas SR, et al. Evaluation of ge-
netic polymorphisms in clusterin and tumor necrosis factor-alpha
genes in South Indian individuals with pseudoexfoliation syn-
drome. Curr Eye Res 2015; 40: 1218-24.

10. Sorkhabi R, Ghorbanihaghjo A, Ahoor M. Oxidative Stress in
Pseudoexfoliation Syndrome. Iranian Journal of Ophthalmology
2011; 23: 27-32.

11. Ohia SE, Opere CA, LedayAM. Pharmacological consequences of
oxidative stress in ocular tissues. MutatRes 2005; 579: 22-36.

12. Koliakos GC, Konstas AG, Schldtzer-Schrehardt U et al. Ascor-
bic acid concentration is reduced in the aqueous humor of patients
with exfoliation syndrome. Am J Ophthalmol 2002; 134: 879-83.

13. Koliakos GG, Konstas AG, Schlotzer-Schrehardt U et al. 8-Iso-
prostaglandin F2a and ascorbic acid concentration in the aqueous
humor of patients with exfoliation syndrome. Br J Ophthalmol
2003; 87: 353-6.

14. Boscia F, Grattagliano I, Vendemiale G, Micelli-Ferrari T , Al-
tomare E. Protein oxidation and lens opacity in humans. Investi-
gOphthalmol VisSci 2000; 41: 2461-5.

15. Varma SD, Hegde KR, Kovtun S. Oxidative damage to lens in
culture: Reversibility by pyruvate and ethyl pyruvate. Ophthalmo-
logica 2005; 220: 52--7.

16. Kanthan GL, Mitchell P, Burlutsky G, et al. Pseudoexfoliation
syndrome and the long-term incidence of cataract and cataract sur-
gery: The Blue Mountains eye study. Am JOphthalmol 2013; 155:
83-8.

17. Schlotzer-Schrehardt U, Kortje KH, Erb C. Energy-filtering trans-
mission electron microscopy (EFTEM) in the elemental analysis
of pseudoexfoliative material. Curr Eye Res 2001; 22:154-62.

18. Aung T, Ozaki M, Mizoguchi T, et al. A common variant mapping
to CACNAIA is associated with susceptibility to Exfoliation syn-
drome. Nat Genet 2015; 47: 387-92.

19. Borchman D, Paterson CA, Delamere N. Selective inhibition of
membrane ATPases by hydrogen peroxide in the lens of the eye.
Basic Life Sci 1988; 49: 1029-33.

20. Borchman D, Paterson CA, Delamere NA .Oxidative inhibition of
Ca2+-ATPase in the rabbit lens. Invest Ophthalmol Vis Sci 1989;
30: 1633-7.

21. Ahuja RP, Borchman D, Dean WL, et al. Effect of oxidation on
Ca2+ -ATPase activity and membrane lipids in lens epithelialmi-
crosomes. Free Rad Biol Med 1999; 27: 177-85.

22. Rhodes JD, Sanderson J. The mechanisms of calcium homeostasis
and signaling in the lens: a review. Exp Eye Res 2009; 88: 226-34.

23. Sanderson J, MarcantonioJM, Duncan G. A human lens model of

cortical cataract: Ca2+ induced protein loss, vimentin cleavage
and opacification. Invest Ophthalmol Vis Sci 2000; 41: 2255-61.



270

Effect of Pseudoexfoliation Syndrome on Biochemical Characteristics of Aqueous Humour

24.

25.

26.

Tang D, Borchman D, Yappert MC, Vrensen GF, Rasi V. Influ-
ence of age, diabetes, and cataract on calcium, lipid-calcium, and
protein-calcium relationships in human lenses. Invest Ophthalmol
Vis Sci 2003; 44: 2059-66.

Selakovi¢ V, Jovanovi¢ MD, Jovici¢ A, et al. Index of lipid perox-
idation and glucose utilization in the cerebrospinal fluid in patients
with cerebral infarction. Vojnosanit Pregl 2000; 57: 375-9.

Do CW, Civan MM. Basis of chloride transport in ciliary epitheli-
um.J MembrBiol 2004; 200: 1-13.

27.

28.

Avila MY, Stone RA, Civan MM.A (1)-, A(2A)- and A(3)-subtype
adenosine receptors modulate intraocular pressure in the mouse.
Br J Pharmacol 2001; 13: 241-5.

Carré¢ DA, Mitchell CH, Peterson-Yantorno K, et al. Similarity
of A (3)-adenosine and swelling-activated ClI (-) channels in non-
pigmentedciliary epithelial cells. Am J Physiol Cell Physiol 2000;
279: C440-51.



