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Abstract: The objective was to determine the changes in SOD and catalase activity, markers of oxidative stress/antioxidant balance in 
serum and tear of patients with hypertensive retinopathy and to identify whether there was a correlation between their levels and HR 
degree of hypertensive retinopathy (HR). 
Material and Methods — 90 hypertensive patients were divided in three groups, according to the Keith-Wagener classification: GI-36, GII-
35 and GIII-19. SOD was assessed using the Dubinina and Matyushin method and catalase according to Koroliuk, both in modification of 
Gudumac V. The results were presented by median and interquartile range. The groups were compared using Kruskal-Wallis and Mann-
Whitney nonparametric tests, and the Spearman correlation coefficient was calculated (SPSS 23.0). 
Results — Showed a statistically significant difference of SOD in serum (p=0.035) and tear (p=0.027) between groups. SOD decreased from 
GI until GIII in serum (-8%, p=0.032) and tear (-16%, p=0.031). In addition, it showed a weak significant negative correlation with the HR 
degree both in serum (r=-0.246, p=0.019) and tear (r=-0.284, p=0.007), while the correlation attested between serum and tear SOD levels 
was significant moderate and positive (r=0.336, p=0.001). It was noted a significant catalase elevation in the tear (p=0.033). In serum it was 
not correlated with HR degree, while in tear showed a significant weak strength, positive correlation (r=0.261, p=0.013). No correlations 
were found between serum and tear catalase levels. 
Conclusion — A progressive significant decrease in SOD levels and a tendency to increase of catalase activity was identified as HR advanced 
both in serum and in tear. The enhancement in the severity of HR was correlated with decreased SOD activity in tear and serum and 
increased catalase level in tear. 
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Introduction  

Systemic arterial hypertension (HTN) is a major public health 
issue that is associated with an elevated risk of cardiovascular, 
cerebrovascular, renal and retinal disorders [1]. WHO estimated 
that worldwide 1.13 billion people have HTN and less than 1 in 5 
from them have the condition under control [2]. 

Hypertensive retinopathy (HR) is a series of retinal 
microvascular changes caused by elevated uncontrolled blood 
pressure and is the most common ocular complication [1]. In a 
study by Erden et al. was proved that the severity and duration of 
HTN are directly proportional to the incidence of HR, which ranges 
from 66.3% to 83.6% out of the total hypertensive subjects [3-5]. 

The main danger of HTN and of HR itself, lies in the lack of 
prevenient symptoms. This is one of the reasons why an 
asymptomatic hypertensive patient can in many instances be 
primarily diagnosed with HR at a random visual check and only at 
that point referred to a general practitioner. Moreover, based on 
the high prevalence of uncontrolled HTN, hypertensive subjects 
must be aware of the fact that a successful treatment and an in-

time diagnosis of HTN reduces the risk of HR development and of 
vision disorders [6-8].  

An ophthalmological consultation relies on the eye specialist’s 
dexterity, being in many ways subjective. Along these lines, the 
biochemical markers are demanded as an extra help in the 
estimation of HR degree and a subsequent correct treatment 
approach. 

Oxidative stress (OS) and inflammation are regarded as HR 
prime reasons, but remained underexamined. The retina was 
always an attractive tissue for investigation, being a complex 
highly metabolic organ that works entirely by aerobic respiration, 
consuming the highest amount of oxygen in comparison with any 
other tissue. A consequence of this fact, will result in generation of 
reactive oxygen species (ROSs), like superoxide (O2

−●), hydroxyl 
radical (•OH), and hydrogen peroxide (H2O2) [9]. 

The pathogenetic role of only two markers of OS were 
investigated in HR: serum gamma-glutamyl transferase (GGT) and 
serum ferritin levels. Both of these markers demonstrated a 
notable enhancement in their levels in parallel with the HR 
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progression and also displayed a positive correlation with the 
grade of HR [9, 10].  

Under physiological conditions, the harmful effects of ROSs 
can be kept under control by a series of antioxidant proteins. 
Superoxide dismutase (SOD), whose isoforms can be differentiated 
by their localization and metallic constituents, acts like a primary 
defense mechanism against free radicals by catalyzing the 
dismutation of the superoxide, into water and hydrogen peroxide. 
Ultimately, catalase, glutathione peroxidase and glutathione 
reductase dissociate hydrogen peroxide to oxygen and water [11]. 
Because of these enzymes action, the steady-state concentration 
of intracellular H2O2 under physiological circumstances is kept in 
the range of 1–10 nM. Pathologically, some extra enzymatic 
sources of superoxide are activated, which contribute to the 
formation of increased amount of H2O2 and in consequences other 
oxidative species, such as hydroxyl radicals, hypochlorous acid or 
peroxynitrite may be formed [12-14]. 

Catalase, the second main enzyme of antioxidant defense that 
is considered and the main regulator of hydrogen peroxide 
metabolism, is present in all aerobes and many aerotolerant 
anaerobes [15]. Recent studies pointed out that catalase may be 
involved in different other processes in the cell and is catalytically 
active in the absence of H2O2. In addition, it showed a low oxidase 
activity, which imply the fact it can catalyze oxidation of some 
highly reductive substrates, such as benzidine, using molecular 
oxygen [16]. 

Catalase in addition to peroxiredoxins and glutathione 
peroxidases, plays a pivotal role in maintaining reduced steady 
state of H2O2 concentration, which permits to keep the cell 
homeostasis and adapts it to stress. It is commonly admitted that 
peroxiredoxins and glutathione peroxidases are essentially 
responsible for the removal of H2O2 at low concentration, although 
catalase is decisive at higher H2O2 concentrations [17].  

The stated mechanisms imply the fact that both enzymes 
constitute an important defense mechanism against oxidative 
stress. There is insufficient information in literature regarding SOD 
and catalase assessment in retinal pathologies. Meanwhile, there 
are no data regarding the role of these markers and diagnostical 
value in HR.  

The objective of the study was to evaluate the role of SOD and 
catalase in the pathogenesis of HR and establish their diagnostic 
value. 

 

Material and Methods 

Study design 

The study was approved by the Research Ethics Committee 
(12.02.2018) of the Nicolae Testemitanu State University of 
Medicine and Pharmacy, Chisinau, Republic of Moldova. 

The patients included in the study, 38 (42.2%) males and 52 
(57.8%) females, with a mean age of 59.79±12.29 years (range: 
38―88) were divided in three groups according to the Keith-
Wagner-Barker classification of HR based on fundus examination, 
as follows: group 1 (GI): 36 patients with Ist grade of HR, i.e., with a 
slight constriction of retinal arterioles; group 2 (GII): 35 patients 
with 2nd grade of HR with the same manifestation as in GI plus 
focal narrowing of retinal arterioles and AV nicking; group 3 (GIII): 
19 patients with 3rd grade of HR with the same as in GII + flame-
shaped hemorrhages + cotton-wool spots + hard exudates. In the 
research were not included patients from the fourth group: the 

same as in GIII + optic disc swelling [2]. All the participants in the 
study signed an informed consent. 

 

Patient selection 

In the study, we enrolled hypertensive patients who came for 
a consultation at the Ovisus Medical Center in the period 2018-
2019 and who, for the first time, were diagnosed with HR, 
confirmed after a detailed specific ophthalmological investigation: 
determination of visual acuity, autorefracto-keratometry, 
perimetry, anterior and fundus biomicroscopy, ultrasonography, 
tonometry, gonioscopy, optical coherence tomography (OCT) of 
the macular area and the papilla of the optic nerve.  

Subjects that received antihypertensive or any other drug that 
can discredit the results of the research were excluded from the 
study. Also, the patients with metabolic disorders like diabetes and 
severe obesity, with renal and neurological pathologies, severe 
somatic comorbidities, antecedent ocular trauma, optic nerve 
atrophies of different genesis and ocular associated diseases: 
glaucoma, diabetic retinopathy, acute and chronic inflammatory 
processes, uveitis, were expelled. 

 

Sample collection  

Venous blood samples (5 ml) were collected and centrifuged, 
with a further separation of serum. Tear samples were collected 
from the tear lake inside the lateral conjunctival sac of the inferior 
fornix with microcapillary tubes. Serum and tear were dispensed 
into Eppendorf microtubes and frozen ( ‒40ºC) until b   

 

Biochemical analysis  

Serum and tear SOD levels were assessed using the Dubinina E. 
E. and Matyushin B. N. method in the modification of Gudumac V. 
et al. [18-20], based on SOD capacity to inhibit the nitro blue 
tetrazolium salt (NBT) reduction in the system that contains 
phenazine methosulfate and NADH. Following the reduction of 
NBT, blue-colored nitroformazan is formed, the intensity of which 
coloration is proportional to the amount of reduced NBT. The 
degree of inhibition of this process depends on the SOD activity. 
Enzyme activity is reported in u/mL for both serum and tear 
samples. 

Catalase activity in serum and tear was determined according 
to Koroliuk M. in the modification of Gudumac V., et al. [18] and 
was based on the property of the enzyme to catalyze the cleavage 
of H2O2 to H2O and O2. Hydrogen peroxide forms a yellow 
compound with ammonium molybdate. In the reaction process, as 
the H2O2 decomposes, the mixture discolors. The degree of 
discoloration over a period correlates with the activity of the 
enzyme and is estimated spectrophotometrically. The results for 
catalase activity were expressed in μM/L. 

 

Statistical analysis  

The obtained data were processed using SPSS 23.0 Software. 
Descriptive statistical methods were used in order to calculate the 
median and lower and upper quartiles – Me (LQ, UQ), 
interquartiles range (IQR). Kolmogorov-Smirnov and Shapiro-Wilk 
normality tests were used to analyse data distribution. The 
homogeneity of variance was determined by Levene’s test. The 
groups were compared using the non-parametric Kruskal-Wallis 
and Mann-Whitney tests. Correlation analysis was performed 
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using Spearman correlation test. A p<0.05 was considered 
statistically significant. 

 

Results 

Tear activity of SOD was statistically significantly lower than in 
serum in all studied groups by 25%. A significant weak positive 
correlation was attested between tear and serum SOD levels 
(r=0.336, p=0.001). 

Was established a statistically significant difference of SOD in 
serum (p=0.035) and tear (p=0.027) between groups, the values 
decreasing in both cases as the HR progressed (Table 1). 

In paired group comparisons, the serum SOD level in GII 
diminished compared to GI (-1%; 1451.40 u/ml (IQR 199.73) vs. 
1467.37 u/ml (IQR 187.37), p=1.0), along with the numbers in GIII 
compared to GII (-7%; 1352.86 u/ml (IQR 218.37) vs. 1451.40 u/ml 
(IQR 199.73), p=0.137). Statistically significant differences were 
observed between groups I and III (1467.37 u/ml (IQR 187.37) 
vs.1352.86 u/ml (IQR 218.37), p=0.032) (Figure 1). 

The SOD levels in tear showed similar tendency, being 
alleviated in GII in comparison with GI (-6%; 1057.52 u/ml (IQR 
230.09) vs. 1123.89 u/ml (IQR 219.03), p=0.228), as well as in GIII 
compared to GII (-10%; 942.48 u/ml (IQR 223.0) vs. 1057.52 u/ml 
(IQR 230.09), p=0.848). Statistically significant differences were 
attested between groups III and I (942.48 u/ml (IQR 223.0) vs 
1123.89 u/ml (IQR 219.03), p=0.031). 

In both researched fluids, the SOD activity showed a 
significant, weak strength, negative correlation with the degree of 
HR (r=-0.246, p=0.019 in serum/r=-0.284, p=0.007 in tear). 

Tear activity of catalase was statistically significantly lower 
than in serum by 30% in all studied groups (p=0.033). There were 
no differences in catalase content in serum (p>0.05) between the 
groups. We noted a trend of catalase activity increase in the serum 
of patients as HR progressed. Catalase level in GII (+3%; 33.03 
µM/L (IQR 10.81) increased vs. GI (32.20 µM/L (IQR 11.30)), as well 
as in patients in GIII compared vs. GII (+3%; 34.23 µM/L (IQR 
15.16) vs. 33.03 µM/L (IQR 10.81)). Catalase activity in serum did 
not show a correlation with HR degree (r = 0.143; p=0.177). 

In the tear, the catalase values were 22.07 µM/L (IQR 10.40) in 
the Ist group, 24.77 µM/L (IQR 6.61) (+12%, p=0.023) in the IInd 
group and 26.13 µM/L (IQR 7.06) (+6%, p=0.839) in the IIIrd group 
of patients with HR. Also, we established a significant difference 
between the Ist and IIIrd groups, p=0.035. 

No correlations were found between serum and tear catalase 
levels (r=0.125, p=0.239), while tear catalase showed a significant 
medium strength, positive correlation with the degree of HR 
(r=0.261*, p=0.013) (Table 2).  

 

Discussion 

HR is considered a multifaceted disorder associated with HTN. 
It is caused by a complex range of factors from lifestyle choice to 
genetic predisposition. Aside from essential and secondary HTN, 
because only the elevation of blood pressure does not fully reflect 
the extent of retinopathy, there are other factors which play a 
relevant role in the development of HR. The scientists linked the 
signs of HR with biochemical markers, such as of inflammation (an 
augmented high-sensitivity C-reactive protein amount), 
endothelial dysfunction (high von Willebrand factor (vWF) level), 
oxidative stress (increased serum ferritin and gamma-glutamyl 

transferase levels), angiogenesis (decreased adiponectin level and 
elevated leptin level), low birth weight, high body mass index and 
even alcohol consumption [5-7, 9, 21-24].  

The retinal vessels are the only blood vessels detectable on 
routine examination, so the presence of HR will indicate also the 
vascular modifications occurring in other systems. But 
ophthalmological interpretation cannot be transposed in 
measurable indicators, and novel markers would substantially 
improve the diagnostic and guarantee a more superior 
stratification of the patients in groups. 

Tissue damage, produced by the OS along with the inadequate 
antioxidant defense, is regarded as a prime cause and the most 
plausible mechanism of HR development in HTN. Thus, evaluation 
of the antioxidant enzymes in patients with HR is essential for the 
establishment of oxidative stress/antioxidant defense disbalance 
role in the pathogenesis of HR. 

The retina was always an attractive tissue for investigation, 
being a complex highly metabolic organ, which has 10 distinct 
layers of cells and works entirely by aerobic respiration, consuming 
the highest amount of oxygen in comparison with any other tissue. 
A consequence of this fact, will result in generation of reactive 
species of oxygen (ROSs), like superoxide (O2

−●), hydroxyl radical 
(•OH), and hydrogen peroxide (H2O2). What makes these 
molecules so harmful and reactive, are the unpaired electrons in 
O2

−● and •OH that would consequently damage the cell 
membranes and produce modification of amino acid residues and 
oxidation of sulfhydryl groups in proteins, breakage of peptide 
bonds, loss of metals in metalloproteins, depolymerization of 
nucleic acids, point mutations, and also would atypically oxidize 
polysaccharides and polyunsaturated fatty acids. H2O2 is less 
reactive, but it can interact with intracellular iron and other metal-
containing molecules, due to their capacity to easily pass the cell 
membrane, further generating more •OH [15, 25].  

The retinal OS can be triggered both by endogenous and 
exogenous factors. The largest contribution of superoxide to the 
intracellular space is due to mitochondrial respiration. Hypoxia or 
any other disbalances in mitochondrial function, caused by HTN or 
that lead to it, may disrupt oxidative phosphorylation and 
generate superoxide anions. Another source of superoxide is 
NADPH oxidase, which markedly reinforces the oxidant capacity of 
the retina in the extracellular space [26]. Also, due to radiation 
damage caused by the light, a series of amino acids, such as 
tyrosine, histidine, cysteine and methionine can generate oxidative 
intermediates.  

 
Table 1. SOD and catalase levels in serum and tear per grade of HR 

Kruskal-
Wallis 

SOD, Me (LQ, UQ) Catalase, Me (LQ, UQ) 
serum (u/ml) tear (u/ml) serum (μM/L) tear (μM/L) 

p=0.035 p=0.027 p=0.362 p=0.033 

GI 
1467.37 

(1343.54, 1530.62) 
100% 

1123.89 
(974.55, 1193.58) 

100% 

32.20 
(27.25, 38.55) 

100% 

22.07 
(15.35, 25.75) 

100% 

GII 
1451.40 

(1315.58, 1515.31) 
99% 

1057.52 
(933.63, 1163.72) 

94% 

33.03 
(29.58, 40.39) 

103% 

24.77 
(21.47, 28.08) 

112% 

GIII 
1352.86 

(1212.92, 1431.29) 
92% 

942.48 
(898.23, 1121.24) 

84% 

34.23 
(29.43, 44.59) 

106% 

26.13 
(20.57, 27.63) 

118% 
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Figure 1. Serum and tear levels of SOD and catalase in patients with different grade of HR. 

 
Table 2. Correlation of SOD and catalase levels in serum and tear with the 
grade of HR 
 SOD Catalase 
 in serum in tear in serum in tear 

Retinopathy 
Correlation coefficient -0.246* -0.284** 0.143 0,261* 

Statistical significance, 2-
tailed (p) 

0.019 0.007 0.177 0.013 

Differences between groups and p value: *<0.05; **<0.01. 

 

Some up-to-date studies remarked that a respiratory 
mechanism in photoreceptor outer segments could contribute to 
extracellular ROSs. The rod outer segments of the retina that are 
phagocytized by retinal pigment epithelial (RPE) cells are highly 
susceptible to free radical damage by lipid peroxidation because of 
their high content of polyunsaturated fatty acids as 
docosahexaenoic acid (DHA). Enhanced ROSs levels are harmful 
and may lead to phototransduction impairment and disruption to 
cellular function of the retina and the RPE. The antioxidative 
enzymes, that will be discussed later  ̶  superoxide dismutase and 
catalase, minimized damage to the RPE [26]. 

ROSs also come from exogenous sources as a result of our 
lifestyle and environment. Can be mentioned as contributing 
factors – pollution, alcohol, tobacco smoke, heavy metals, 
transition metals, industrial solvents, pesticides, certain drugs like 
halothane, paracetamol, and radiation [26,27]. 

Disregarding of how HTN evolves, ROSs are still a major and 
fundamental element in the pathogenesis of HR. Persistently 
enhanced levels of HTN generate an elevation in ROSs and disturb 
the frail stability in the retina, favoring cytotoxicity and tissue 
damage, that are noticed via fundoscopy, which allows to classify 
the extent and progression of HR [26, 27]. 

 Our results have shown a decreased antioxidant activity of 
SOD and an increased one of catalase, that might be interpreted as 
a cell defense mechanism against a higher OS. Possibly, the 
decrease of SOD activity, established by us, conditioned the 
increase of ROS production and subsequently of hydrogen 
peroxide. As a result, the need for detoxification of H2O2 induced 

the increase of catalase activity. In this order we might stipulate 
that the impact of OS upon the development of HR onset was 
proved.  

During time, multiple types of SOD have been mentioned and 
all of them provide an essential defense system for the cells. 
SOD3, an extracellular SOD, that can be detected also unbound in 
serum and intracellularly, catalyzes the dismutation of superoxide 
in the extracellular matrix and can be found in almost all tissue at 
varying degrees. It also has and a regulatory role by influencing the 
proliferation, survival and apoptosis, by modulating the 
membrane-bound receptors, as tyrosine kinases receptors (RTKs), 
that are involved in the production of proangiogenic factors. In this 
situation, SOD3 acts like a protective shield, preventing the ROSs 
harmful effects on these receptors. SOD1 and SOD2 are localized 
in the cytosol and mitochondria [11]. 

Some recent studies have underlined constantly reduced levels 
of SOD3 in diabetic retinopathy, of SOD2 in chronic renal failure 
and acute ischemic stroke [28-30]. At the same time the reports of 
SOD activity evaluation in HTN are contradictory, yielding various 
results from increased to decreased levels [20, 29]. On the other 
hand, increased catalase expression was determined in HTN, 
various types of cancer, also a polymorphism in the promoter 
region of catalase is associated with high blood pressure levels [12, 
13, 31]. Catalase deficiency was identified in diabetes, anemia, 
Wilson disease, bipolar disorder and schizophrenia [32]. 

Experimental evidence highlighted that ROSs, and more 
specifically the superoxide anion (O2

−●), play a decisive role in the 
genesis of HTN through mechanisms that are not fully understood. 

Usually, generation of ROSs is tightly regulated and they are 
preserved at low concentration. They serve as signaling molecules, 
that provide the integrity of the vessels, as a result of their 
involvement in the modulation of endothelial function and 
vascular contraction-relaxation balance. Pathologically, 
augmented amount of the ROS induces endothelial dysfunction, 
that is considered to be an essential pathological mechanism in 
the evolution of HTN. Furthermore, elevated ROSs levels stimulate 
vascular smooth muscular cells growth, increased contractility, 
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invasion of the monocytes, lipid peroxidation, inflammation and 
increased deposition of extracellular matrix proteins, all of which 
are crucial factors in hypertensive vascular damage and causes of 
the clinical signs of HR appearance [33-35].  

Lob et al., in order to clarify the mechanism by which O2
.- 

contributes to HTN, used Cre-lox technology to create mice with a 
target deletion of SOD3. The study results showed that SOD3 in 
the vascular smooth muscle, regardless of enhanced vascular O2

−∙ 
levels, had no effect on blood pressure, neither at baseline nor as 
a result to angiotensin II (AngII) stimulation, and also did not 
increase the inflammatory response to AngII. Also, the depletion of 
SOD3 in both circumventricular organs (CVOs) and in the vascular 
smooth muscle showed similar effect to depletion in CVOs alone. 
The results underlined the fact that SOD3 in the CNS presumably 
have a more significant role in modulation of blood pressure than 
SOD3 in the vasculature [28].  

Gomez-Marcos et al. detected in their study that HTN was 
linked with a decrease of serum SOD [36]. This decline suggests a 
deficit in antioxidant defense mechanisms, that subsequently 
would affect the ability of the hypertensive patients to eliminate 
the circulating superoxide anion and determine an elevation in 
vascular damage, induced by ROS. They concluded that a 
decreased level of SOD in serum is associated with enhanced 
vascular damage. This research is sustained by the results of 
Kumar et al. who highlighted in their study that the concentrations 
of both catalase and glutathione peroxidase in red blood cells 
were low in uncontrolled hypertensives but did not reach 
statistically significant levels, however there was a significant 
decrease in SOD concentration [37]. 

Contrary to previous results, Labios et al. observed an increase 
in SOD and catalase activities in leucocyte lysates from 
hypertensive patients. They supposed the general idea of a ‘vicious 
circle’ among HTN and ROS, that could be explained by the fact 
that an elevation of ROS does not only play a crucial role in the 
development of HTN, but it can be generated by HTN itself [13]. 
So, long-term HTN would ultimately produce an irreversible 
endothelial dysfunction mostly due to self-sustaining ROS 
production. 

Only a few up-to-date studies pointed out explicitly the 
involvement of OS in the development of HR. Up to now, only two 
markers of OS have been analyzed. Karaca et al. highlighted an 
elevated level of serum γ-glutamyl transferase (GGT) in HR, that is 
an enzyme with a pivotal role in glutathione homeostasis and is 
crucial in preserving sufficient concentrations of intracellular 
glutathione in order to defend the cells against oxidants [9]. The 
second study, conducted by Coban et al. emphasized the fact that 
there is a correlation between HR and high ferritin level in serum, 
that might be related to an augmented level of OS due to iron 
involvement in Fenton reaction [10]. 

Our results are quite similar to those mentioned above. 
Moreover, as far as we know, our research underlined for the first 
time the decrease of serum and tear SOD levels and the 
augmented levels of serum and tear catalase in HR. The study 
pointed out that in hypertensive patients with HR, in both 
researched fluids, SOD activity showed a significant weak strength, 
negative correlation with the degree of HR (r=-0.246, p=0.019 in 
serum/r=-0.284, p=0.007 in tear). Also, a significant weak positive 
correlation was attested between serum and tear SOD levels 
(r=0.336, p=0.001). However, even though no correlation with 
serum catalase was found, tear catalase showed a significant weak 

strength, positive correlation with the degree of HR (r=0.261, 
p=0.013) 

Hence, the low serum and tear SOD levels and high serum and 
tear catalase activity in HR and their correlation with the severity 
of HR implies that oxidative stress may be attributed to the 
mechanism of HR progress. The correlation between serum SOD 
and tear SOD implies the necessity for a more precise 
interpretation of the decrease of this biomarker in both of the 
fluids, and the fact that might and should be interpreted in the 
context of clinical manifestation of HR. 

We must also be aware of the evidence that the auto 
modulation of the retinal circulation is disrupted once the blood 
pressure (BP) increased. In addition, enhanced BP by itself does 
not explicitly clarify the stage of HR [6, 9, 38, 39]. It was even 
affirmed that in spite of the constancy of increased blood 
pressure, a resolution of the retinopathy was observed [40]. In our 
study, taking under the consideration the evidence that the BP 
levels in all three groups were mostly similar, SOD levels 
progressively decreased while catalase activity increased gradually 
with HR change, we can conclude that these enzymes can be used 
as a marker for the monitoring of HR progression. 

  

Conclusions  

This study expands on previous research on understanding 
how OS contributes to HR. Biochemical evidence suggests that 
oxidative damage of the retina is engaged in the origin of HR. The 
article examined a number of issues, such as the reason why retina 
research is essential, OS relation to HR, and in what manner retina 
defends itself from overloading the anti-oxidant defense system.  

A progressive significant decrease in both serum and tear SOD 
levels and a tendency to increase catalase activity were identified 
as HR advanced. The enhancement in the severity of HR correlates 
with decreased SOD activity in tear and serum and increased 
catalase level in tear and does not correlate with increased 
catalase in serum. The results are indicating that each of the 
studied enzymes could be used as a marker of HR progression and 
as a predictor of extensive retinal damage, considering the idea 
that they concomitantly change in both the eye and serum. 
Additional studies are necessary to finally identify the role of the 
oxidative stress and antioxidant system in the development of HR 
and also to determine more precisely the threshold values of SOD 
and catalase activities, that would permit their use for an easier 
stratification of patients in groups. 

 

Limitations 

This study has several limitations. SOD and catalase in our 
study are two markers, changes of which cannot fully be explained 
solely by HTN, HR or both of them simultaneously. Moreover, our 
results cannot clarify the issue whether the decreased SOD levels 
and increased catalase activity anticipate the development of 
retinopathy or contrarily is a repercussion.  

Also, it is quite challenging to detect the long-term natural 
history of HTN for the reason that antihypertensive medication is 
often administrated to prevent cardiovascular disease. In such 
cases, the true effect of different factors on natural modulation of 
blood pressure can be dissimulated by the effects of 
antihypertensive drugs. Nonetheless, our study was conducted on 
patients that were not taking any antihypertensive treatment at 
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that moment or any other treatment that could compromise the 
results. 

Finally, this research has been carried out at a single hospital. 
We must be precautious in generalizations made across different 
hospitals and countries. 
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