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Background: Glaucoma is a leading cause of visual disability and irreversible 
blindness worldwide, and significantly affects quality of life. An improvement in 
the early diagnosis and prevention of primary glaucoma has a special value due to 
increasing social significance of the disease.
Purpose: To investigate the value of the factors affecting vascular endothelium 
(oxidative stress, complement components and blood lipid profile) in patients with 
primary open-angle glaucoma (POAG).
Material and Methods: Ninety two patients (age, 65 to 80 years) with POAG and 30 
controls (somatically healthy individuals of a similar age and no known eye disease) 
were included in the study. They underwent an eye examination including visual 
acuity, Maklakoff tonometry, non-contact tonometry, biomicroscopy, gonioscopy, and 
pachymetry. Plasma lipid peroxidation and antioxidant activity levels, blood lipid 
composition and blood C3 and C5a levels were assessed.
Results: Blood malondialdehyde (MDA) levels in patients with POAG were 87% 
higher compared to controls. Blood C3 levels in patients with POAG were 18% higher 
compared to controls. The C5a complement is a multicomponent plasma enzyme system 
that exhibits lysis and opsonization functions during activation. Blood C5a levels were 
6 times higher in patients with POAG than in controls (13.86 ± 0.44 mg/scale division 
versus 2.33 ± 0.11 mg/scale division).
Conclusion: Increased C5a activity, hypersecretion of active oxygen species (in the 
presence of insufficiently efficacious antioxidant system of blood), and increased 
atherogenic plasma index (in the presence of low levels of high-density lipoproteins) 
are a mechanism of endothelial dysfunction in POAG. We found an imbalance between 
the prooxidant and antioxidant systems, abnormal composition of blood lipids (e.g., 
hypercholesterolemia and hypertriglyceridemia) and elevated C5a levels in patients 
with POAG.
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Introduction. Glaucoma is a major eye disease and a 
leading cause of visual disability and blindness worldwide, 
and has a high medical and social burden. Globally, more 
than 60 million people have been diagnosed as having 
glaucoma, with a further 105 million diagnosed as glau-
coma suspects [1-3]. From 2014 through 2019, there was a 
2.5-times increase in the incidence of visual disability due 
to glaucoma, and a 1.3 increase in the total incidence of 
disability in Uzbekistan [4-8]. It is noteworthy that the eti-
ology and pathogenesis of primary open-angle glaucoma 
(POAG) have been not fully elucidated despite numerous 
studies. Currently, vascular endothelial dysfunction leading 
to optic disc ischemia and compression of optic nerve ax-
ons is a major current theory for the development of POAG 
[9-13]. Inadequate blood supply to the retina and optic 
nerve due to poor ocular circulation are important factors 
of the development and progression of POAG [14-16].

It has been demonstrated in recent years that a healthy 
endothelium regulates vascular tone capacity, modulates 
homeostasis, impacts vascular permeability, and regulates 
vessel growth [10, 17-20]. Damaged or excessively acti-

vated endothelial cells can also secrete vasoconstrictor fac-
tors, the best known of which is endothelin-1 (ET-1), as 
well as factors that affect the differentiation and growth of 
vascular smooth muscle cells. Endothelial cells also inter-
act with cells in the bloodstream, ET-1 and other factors are 
released from endothelial cells into the bloodstream, where 
their chemotactic action can induce leucocytes and plate-
lets to migrate to the endothelial wall [6, 21, 22]. Endothe-
lial cells induce adhesion by expression of specific surface 
adhesion molecules (selectins, integrins and a supergene 
family of immunoglobulins) that can interact with ligands 
on the leucocytes and platelets. The disturbed permeability 
of the endothelial layer in patients with diabetes mellitus 
and/or hyperlipidaemia leads to an increased influx of sub-
stances from the circulation into the vessel wall. Therefore, 
endothelial dysfunction implies an imbalance between 
relaxation and contraction, between procoagulation and 
anticoagulation, and between proinflammatory and anti-
inflammatory mediators, and may play a substantial role in 
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the pathogenesis of POAG [23-25]. Because an increased 
production of superoxide anions in the vascular wall con-
tributes to endothelial dysfunction in POAG, it is important 
to investigate the factors contributing to increased endo-
thelial permeability in patients with POAG. The analysis 
of the literature on endothelial dysfunction demonstrated 
that the problem is still relevant and the mechanism of the 
development of endothelial dysfunction in POAG is still 
poorly understood [20, 26-29].

The purpose of this study was to investigate the value of 
the factors affecting vascular endothelium (oxidative stress, 
complement components and blood lipid profle) in patients 
with primary open-angle glaucoma.

Material and Methods
Ninety two patients (40 men and 22 women; age, 65 to 

80 years) with POAG and 30 controls (somatically healthy 
individuals of a similar age and no known eye disease) 
were included in the study.

 Exclusion criteria were the presence of any other eye 
disease (excepting mild cataract), refractive error (myopia, 
hyperopia exceeding 6.0 D, and astigmatism exceeding 3.0 
D), chronic autoimmune disease, diabetes mellitus, sys-
temic disease, history of acute circulatory disorder, cancer 
or infection disease.

Only patients on medication in the form of a single 
latanoprost dose and having no history of eye surgery were 
included in the analysis. All patients were seen regularly by 
a neurologist.

Doppler evaluation of brachycephalic vessels was per-
formed to exclude abnormality in these vessels. Patients 
had their systemic medications influencing platelet ho-
meostasis and blood pressure discontinued by the time of 
the study. Patients with history of symptoms of primary or 
secondary vascular dysregulation (migraine, Raynaud syn-
drome, vasospasm, or neurocirculatory dystonia) were ex-
cluded from the controls.

General clinical and special methods of examination 
were employed. Patients underwent an eye examination 
including visual acuity, Maklakoff tonometry, non-contact 
tonometry, biomicroscopy, gonioscopy, and pachymetry.

A fasting venous blood sample was collected from 
them, from the median cubital vein, and plasma was sep-
arated by centrifugation at 2000 rev/min for 15 minutes. 
Lipid peroxidation characteristics, particularly, malondial-
dehyde (MDA) levels, were measured to assess oxidative 
stress. Plasma MDA levels were determined using thiobar-
bituric acid colorimetry with TBK-AGAT assays (Agat-
Med, Russia). The activity of superoxide dismutase (SOD) 
was determined based on the inhibition of adrenaline au-
tooxidation in alkaline medium by the enzyme due to the 
dismutation of superoxide anion radicals. Catalase activity 
was determined spectrophotometrically, based on the abili-
ty of hydrogen peroxide to form the stable colored complex 
with molybdenum salts. Standard biochemical techniques 
were used to determine complete blood count, clinical uri-
nalysis, cholesterol, triglycerides, low-density lipoproteins 

(LDLs), and high-density lipoproteins (HDLs). Hypertri-
glyceridemia was defined as triglycerides ≥ 150 mg/dL (≥ 
1.7 mmol/L). Serum C3 and C5 levels were determined 
using assays produced by Human company (Wiesbaden, 
Germany).

Microsoft Excel 2010 and SPSS16.0 for Windows 
software and variation statistics were used for statistical 
analysis. Mean, standard error of mean (SEM), and stan-
dard deviation (SD) values were calculated. Student t test 
was employed to assess difference between the groups. The 
level of significance p < 0.05 was assumed.

Results
Table 1 shows plasma lipid peroxidation and antioxi-

dant activity characteristics in patients with POAG and 
controls. Plasma MDA levels were 87% higher in patients 
than in controls (Table 1). Plasma SOD activity levels were 
53.2% lower, and catalase activity levels, 240% higher in 
patients than in controls.

Table 2 shows plasma lipid metabolism levels in pa-
tients with POAG and controls. There was no significant 
difference (p>0.05) in plasma cholesterol or LDL levels 
between patients and controls. In addition, plasma triglyc-
erides levels were 1.5 times higher, atherogenic plasma in-
dex, 1.3 times higher, and plasma HDL levels, 11.4% lower 
(p<0.05) in patients with POAG than in controls (Table 2).

Table 3 shows blood C3 and C5a levels in patients with 
POAG and controls. Blood C3 levels were 1.9 times high-

Table 1. Plasma lipid peroxidation and antioxidant activity 
levels in patients with primary open-angle glaucoma (POAG) 
and controls

Indices POAG
n=92

Controls
n=30

MDA (µmol/L) 3.25 ± 0.29* 1.74 ± 0.15

SOD, units/min/L 276.14 ± 11.54* 578.32 ± 16.51

Catalase (µmol/min/l) 624.43 ± 16.78* 183.42 ± 12.43

Note: *, significant difference (p < 0.05) compared to con-
trols; n, number of patients; MDA, malondialdehyde; SOD, 
superoxide dismutase

Table 2. Lipid metabolism characteristics in patients with 
primary open-angle glaucoma (POAG) and controls

 Characteristics POAG
n = 92

Controls
n = 30

Cholesterol (mmol/L) 4.54 ± 0.33 4.02 ± 0.31

Triglycerides (mmol/L) 2.34 ± 0.16* 1.58 ± 0.12

LDLs (mmol/L) 2.82 ± 0.21 2.35 ± 0.24

HDLs (mmol/L) 1.09 ± 0.12 1.23 ± 0.13

Atherogenic plasma index 3.18 ± 0.28* 2.4 ± 0.22

Note: *, significant difference (p < 0.05) compared to controls; 
n, number of patients; LDLs, low-density lipoproteins; HDLs, 
high-density lipoproteins
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er, and blood C5a levels, 6 times higher in patients with 
POAG than in controls (Table 3).

C5a function is enabled by the fixation of C3b. When 
C3b is initialized, the entire complement activation path-
way progresses through any of the pathways, resulting in 
the formation of anaphylactic C5a and the terminal mem-
brane-attacking complex C5B-9. Accordingly, high C5a 
levels found in the plasma of patients with POAG are a 
predisposing factor for the formation of autoaggression to 
the vascular endothelium. Consequently, an increase in the 
levels of this sub-component potentiates the damaging ef-
fect of membrane-attacking complexes, leading to vascular 
endothelial dysfunction.

Discussion
The results obtained indicate increased lipid peroxi-

dation (namely, the presence of apparent oxidative stress 
in plasma) in patients with POAG. In our opinion, lipo-
proteins and nonesterified fatty acids are the major targets 
of lipid peroxidation in plasma. Our findings of increased 
lipid peroxidation in plasma of patients with POAG are in 
agreement with the reports of others that oxidative stress 
is an important factor of risk for endothelial dysfunction 
[14, 19, 30]. Lipid peroxidation is a physiological process 
continuously running in living cells. However, an exces-
sive amount of active oxygen species triggers a cascade 
of reactions that results in destabilization and abnormal 
barrier functions in biological membranes. These biologi-
cally active species affect not only vascular tonicity, but 
also vascular structure and permeability. Oxidative stress 
as a mechanism of injury leading to degeneration of the 
subcellular components in retinal ganglion cells can act 
through signaling mechanisms, resulting in retinal cell 
death. In addition, MDA produced by lipid peroxidation 
can cause cross-linking and polymerization of membrane 
components. This can alter intrinsic membrane properties 
such as deformability, ion transport, enzyme and receptor 
activity, the aggregation state of cell surface determinants, 
etc. The function of numerous plasma proteins can be also 
affected by lipid peroxidation [12].

Of note that an increased plasma catalase activity is 
likely to be caused by catalase release from cells due to 
cell damage or destruction in the presence of oxidative 
stress. Consequently, while preserving its activity, cata-

lase may in some way contribute to the compensation of 
oxidative stress in plasma. However, as we have reported 
previously, patients with POAG demonstrated intensive 
lipid peroxidation processes in spite of increased activity 
of catalase [27, 28].

Kovacevic and colleagues [2] concluded that higher 
values of total cholesterol, particularly atherogenic LDL 
fraction, may have certain influence in glaucoma. Serum 
lipid values were similar in both groups for triglycer-
ides, HDL and LDL lipoproteins but cholesterol values 
were significantly higher in the POAG group. In a study 
by Egorov and colleagues [3], biochemical analysis of 
plasma lipids in patients with POAG showed atherogenic 
hyperlipidemia with decreased antioxidant activity. Davari 
and colleagues [12] found a positive association between 
POAG and dyslipidemia (OR=7.14 [95% CI: 2.3-22.2] for 
hypercholesterolemia and OR=16.9 [95% CI: 2.1-14.8] for 
hypertriglyceridemia. They concluded that hyperlipidemia 
can be a risk factor for POAG.

In a similar study in 2009, by Pavljasevic and Asceric 
[31] in Bosnia and Herzegovina, the researchers tested 50 
patients with open-angle glaucoma and 50 healthy indi-
viduals with respect to their serum lipids. The cholesterol 
mean value in the test group was 6.14 mol/dm whereas 
in the control group it was 5.96 mol/dm. The triglyceride 
mean value in the test group was 2.38 mol/dm and in the 
control group it was 2.04 mol/dm. High density cholesterol 
was average in the test group with 1.45 mol/dm and in the 
control group 1.40 mol/dm. Low density cholesterol in the 
test group was 3,98 mol/m and in the control group 4.08 
mol/m. This means that blood cholesterol levels for pa-
tients in the test group were higher compared to those of the 
control group and could suggest that hypercholesterolemia 
could be one of predictable factor in POAG diagnosis [31].

In the Beijing eye study [25], about 3251 individuals 
(age > 45 years) had their complete ophthalmic examina-
tion. Blood serum lipids were also measured. The effect of 
dyslipidemia on the incidence of ophthalmic diseases was 
studied after adjustment for various factors (such as age, 
sex, residence, income level, body mass index, cigarette 
smoking, diastolic blood pressure, and blood sugar). Re-
sults showed that IOP was significantly increased in dys-
lipidemic patients.

Recent studies have noted that high-density lipopro-
teins (a major anti- atherogenic lipoprotein fraction) pro-
tect endothelial cells from apoptosis. HDLs also block the 
mitochondrial pathway of apoptosis by inhibiting dissi-
pation of mitochondrial potential, generation of reactive 
oxygen species, and release of cytochrome c into the cy-
toplasm. As a consequence, HDLs prevent activation of 
caspases 9 and 3 and apoptotic alterations of the plasma 
membrane such as increase of permeability and translo-
cation of phosphatidylserine. Studies identified HDL as 
a carrier of endogenous endothelial survival factors, thus 
confirming previous findings [15, 20, 32].

Three major components are recognized as the major 
contributing factors in endothelial reperfusion injury. These 

Table 3. Blood C3 and C5a levels in patients with primary 
open-angle glaucoma (POAG) and controls

Characteristics Controls
n = 30

POAG
n = 92

Blood C3 levels, 
mg/scale division 95.4 ± 7.81 176.1 ± 9.24*

Blood C5a levels, 
mg/scale division 2.23 ± 0.11 13.86 ± 0.44*

Note: *, significant difference (p < 0.05) compared 
to controls; n, number of patients
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are: (1) molecular oxygen; (2) cellular blood elements (es-
pecially the neutrophils); and (3) components of the acti-
vated complement system, notably C5a, which are potent 
stimulators of neutrophil superoxide production [11]. 

Complement fragments such as the anaphylatoxins C3a 
and C5a, are produced both locally and systematically, and 
the membrane attack complex is deposited on cell mem-
branes and subsequent release of mediators such as hista-
mine, thereby causing an increase in vascular permeability 
with concomitant manifestation of cellular edema. Proteo-
lytic complement fragments (C3a, C4a, and C5a) induce 
acute inflammation by activating mast cells, neutrophils 
and endothelial cells, and are a cause of endothelial dys-
function. All three peptides bind to mast cells and induce 
degranulation, with the release of vasoactive mediators 
such as histamine. In neutrophils, C5a stimulates motil-
ity, firm adhesion to endothelial cells, and, at high doses, 
stimulation of the respiratory burst and production of re-
active oxygen species. In addition, C5a may act directly 
on vascular endothelial cells and induce increased vascu-
lar permeability and the expression of P-selection, which 
promotes neutrophil binding. This combination of C5a 
actions on mast cells, neutrophils, and endothelial cells 
contributes to inflammation at sites of complement activa-
tion. C5a is the most potent anaphylatoxin. In addition, it 
is a chemotactic factor for neutrophils and stimulates the 
respiratory burst in them and it stimulates inflammatory 
cytokine production by macrophages. It causes induction 
of adhesion molecules on endothelial cells, resulting in in-
creased vascular permeability and contraction of smooth 
muscle cells [10]. C3a and C5a bind to mast cells and 
cause degranulation, with the release of vasoactive me-
diators such as histamine, thereby causing an increase in 
vascular permeability with concomitant manifestation of 
cellular edema. In our opinion, the elevated C5a levels we 
found in the plasma of patients with POAG are a predis-
posing factor to the formation of autoaggression against 
the vascular endothelium, increased vascular endothelial 
permeability and eventual death of retinal cells.

Conclusion
First, blood MDA levels in patients with POAG were 

87% higher compared to controls. In addition, plasma SOD 
activity levels were 53.2% lower, and catalase activity lev-
els, 240% higher in patients compared to controls. More-
over, C3 and C5 levels in the blood were 1.9 times and 6 
times, respectively, higher in patients with POAG than in 
controls.

Second, we found an imbalance between the prooxidant 
and antioxidant systems, abnormal composition of blood 
lipids (e.g., hypercholesterolemia and hypertriglyceride-
mia) and elevated C5a levels in patients with POAG.
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