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Antioxidant defense system in prostate adenocarcinoma and benign prostate 
hyperplasia of elderly patients
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Prostate adenocarcinoma (PC) and benign prostate hyperplasia (BPH) are age-related diseases. The augmented oxidative 
stress is suggested to play an important role in the pathogenesis of both mentioned prostate disorders. In the presented study 
the antioxidant defense system in PC and BPH patients has been evaluated. The study was carried out on 30 PC patients 
(age 61±8 years) and 30 BPH patients (age 63±8 years). The control group consisted of 25 healthy men (age 61±14 years). 
The reduced glutathione (GSH) concentrations in the erythrocytes and the activities of plasma superoxide dismutase (EC-
SOD), plasma glutathione peroxidase (GPx-3), erythrocyte glutathione peroxidase (GPx-1) and erythrocyte glutathione 
S-transferase (GST) were measured in the examined groups. GSH concentrations in the erythrocytes and plasma GPx-3 
activities in the PC group (2.31±0.27 mmol/l and 186.2±39 U/l, respectively) were significantly lower (P<0.05) as compared 
with the control group (2.52±0.24 and 211.8±26, respectively) and the BPH group (2.45±0.27 and 206.6±48, respectively). 
Erythrocyte GPx-1 activities in the BPH patients (14.76±3.5 U/g Hb) were statistically decreased (P<0.05) than in the healthy 
people (16.94±3.7) and in the PC patients (16.82±3.7). There were no significant differences in the activities of GST and EC-
SOD between the PC group (2.72±1.34 nmol CDNB-GSH/mg Hb/min and 19.33±4.4 U/ml, respectively), the BPH group 
(2.53±1.00 and 19.22±4.8, respectively) and the controls (2.88±0.82 and 19.40±4.1, respectively). These results indicate that 
antioxidant defense system is decreased in the elderly patients with PC and BPH. The differences in the antioxidative system 
between examined groups of patients may suggest the different etiologies of both diseases.

Key words: antioxidative enzymes, antioxidant defense system, glutathione, benign prostate hyperplasia, prostate adeno-
carcinoma

Abbreviations: BPH, benign prostate hyperplasia; CAT, catalase; EC-SOD, 
extracellular superoxide dismutase; GPx-1, cytosolic glutathione peroxidase; 
GPx-3, extracellular glutathione peroxidase; GSH, reduced glutathione; 
GST, glutathione S-transferase; PC, prostate adenocarcinoma; ROS, reactive 
oxygen species

The constant increase of life expentance has been observed 
since the beginning of 20th century, especially in developed 
countries. As a result, the population of people over 65 has been 
constantly growing, and consequently, the morbidity of age-
related chronic diseases has been increasing during last decades. 
Prostate diseases, that affect urinary and sexual functions, are the 
common problem for men over 50. Age is a main risk factor in 
case of the most commonly reported two prostate problems: be-
nign prostate hyperplasia (BPH) and prostate adenocarcinoma 
(PC) [1, 2, 3]. BPH affects 20% of men in age of 40 and 70% of 

men over 60 [3]. PC is the third most common diagnosed cancer 
in men around the world – it gives 10.2% of new cancer cases 
every year, 16.6% of that in developed countries [4]. 78% of new 
PC cases affect men in age over 65 [4]. In Poland in 2010, PC was 
the second frequently registered type of cancer (13.2%) and the 
third cause of cancer death (7.6%) among males [5]. 

The impaired redox homeostasis leading to the augmenta-
tion of oxidative stress is related to ageing process. Reactive 
oxygen species (ROS) are considered to play an important 
role in the pathogenesis of age-related diseases, as well as the 
carcinogenesis [6, 7, 8]. ROS generated in excessive amounts 
react with protein, lipid and nucleic acid molecules. It leads to 
the irreversible cellular structure damage and the development 
of many pathological processes. 

Antioxidant defense system in humans, which prevents 
or neutralizes the negative effects of ROS action, comprises 
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of the antioxidative enzymes (mainly superoxide dismutases 
(SODs), catalase (CAT), glutathione peroxidases (GPxs) and 
glutathione S-transferases(GSTs)) and the low molecular 
weight antioxidants (such as reduced glutathione (GSH), 
ascorbic acid, tocopherols, β-carotene, melatonin). The activi-
ties of antioxidative enzymes, as well as the concentrations of 
the low molecular weight antioxidants may decrease during 
ageing, which favours the increase of oxidative stress [9]. 
Weakened antioxidant defense system has been observed in 
patients with cancer [10, 11].

Many studies indicate the important role of the aug-
mented oxidative stress in prostate carcinogenesis [12, 
13, 14]. Prostate gland is a hormone-dependent tissue; its 
development and proper functioning depend on high local 
levels of androgens [12, 15, 16]. The long-term exposure of 
prostate tissue to the excessive androgen levels is supposed 
to be associated with the development of BPH [3, 12, 16]. 
The high concentrations of androgens are also considered 
to increase the risk of PC incidence [12, 13, 17]. Andro-
gens belong to the factors that induce oxidative stress and 
modify the activities of antioxidative enzymes [13,14]. The 
augmentation of oxidative stress in prostatic cells may result 
in mutation in DNA sequence, leading to the dysregulation 
of cell growth and division, and consequently to the tumor 
development. 

Additional factor, that increases oxidative stress in prostate, 
is inflammation of the gland. This process involves the large 
number of stimulated leukocytes, which are a strong source 
of ROS [12]. 

The involvement of pro- and antioxidative processes in 
the pathogenesis of PC and BPH is not fully understood 
[18]. The comparison of the changes in the antioxidant 
defense system in case of PC and BPH may be useful for 
better understanding the etiologies of these disorders and 
the relationships between them. The aim of the study was 
to estimate the capacity of antioxidant defense system in 
patients with PC and BPH, by measurement of GSH con-
centrations and the antioxidative enzyme activities in the 
blood of examined patients.

Materials and methods

The study was carried out on 60 patients of Department 
of Urology in Collegium Medicum, Nicolaus Copernicus 
University, Bydgoszcz, Poland, scheduled for the radical 
prostatectomy: 30 patients with diagnosed PC (mean age 61 
± 8 yrs) and 30 patients with BPH (mean age 63 ± 8 yrs). The 
control group consisted of 25 healthy male volunteers (mean 
age 61 ± 14 yrs). The participants were evaluated by standard 
physical examination and routine clinical laboratory tests. 
People addicted to alcohol and/or tobacco, and patients with 
diabetes mellitus, ischaemic heart disease, a history of stroke, 
renal failure or other conditions of known free radical etiol-
ogy were excluded from the study. All participants provided 
written consent to participate in the experiment, which was 
approved by the local ethics committee.

The blood samples were taken early in the morning after 
overnight fasting from the patients just before surgery and 
from the healthy men. The blood samples were collected from 
the cubital vein into heparinized tubes (6 mL) and then centri-
fuged (2500 g for 10 minutes). Plasma was separated and stored 
at -80ºC, for further analysis. The hemolysate was prepared by 
three-fold freezing and thawing; the washed erythrocytes were 
suspended in bi-distilled water. 

The concentration of erythrocyte GSH was measured using 
the Beutler method [19]. The activities of extracellular super-
oxide dismutase (EC-SOD, E.C.1.15.1.1) and extracellular 
glutathione peroxidase (GPx-3; E.C.1.11.1.9) were determined 
in the plasma by the methods of Paoletti and Mocali [20], 
and Paglia and Valentine [21], respectively. The erythrocyte 
activities of cellular glutathione peroxidase (GPx-1) and 
glutathione S-transferase (GST, E.C.2.5.1.18) were assayed in 
the hemolysate according to the method of Paglia and Valen-
tine [21], and Habig et al. [22], respectively. The hemoglobin 
concentration in hemolysate was estimated after conversion 
into cyanmethemoglobin form using a commercial reagent 
(Biomed, Poland).

All results were expressed as mean ± S.E.M. The one-way 
analysis of the variance followed by the Tukey post hoc test was 
performed to determine the statistical significance of differ-
ences. The level of significance was set at P < 0.05.

Results

All results of the measured oxidative stress parameters are 
shown in Table 1. There were no significant differences in 
the erythrocyte GSH levels and the plasma GPx-3 activities 
between the BPH and control groups. Both the GSH concen-
trations and the plasma GPx-3 activities were significantly 
lower in the PC patients when compared with the healthy 
persons (P<0.05), as well as with the BPH patients (P<0.05). 
However, the erythrocyte GPx-1 activities were similar in the 
PC and control groups, but decreased statistically in the BPH 
group (P<0.05). There were no significant differences in the 

Table 1. The selected parameters of antioxidative defense system in the 
blood of prostate adenocarcinoma (PC) and benign prostate hyperplasia 
(BPH) patients and in the control group.

parameter control group
n=25

PC 
n=30

BPH
n=30

GSH [mM] 2.52 ± 0.24 2.31 ± 0.27 *, # 2.45 ± 0.27
GPx-1 [U/g Hb] 16.94 ± 3.7 16.82 ± 3.7 # 14.76 ±3.5 *

GPx-3 [U/L] 211.8 ± 26 186.2 ± 39 * 206.6 ± 48
GST [nmol CDNB-
GSH/mg Hb/min.] 2.88 ± 0.82 2.72 ± 1.34 2.53 ± 1,00

EC-SOD [U/mL] 19.40 ± 4.1 19.33 ± 4.4 19.22 ± 4.8
* P<0.05 (PC or BPH patients vs control group)
# P<0.05 (PC vs BPH patients)
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activities of erythrocyte GST and plasma EC-SOD between 
the PC, BPH and control groups.

Discussion

The weakened activity of antioxidative system in the blood 
of elderly BPH an PC patients was demonstrated in the pre-
sented study . The impaired antioxidant defense system in 
ageing organism may not be able to counteract the intensi-
fied ROS synthesis, leading to the oxidative-induced damage 
of cellular structures and the pathological changes. It was 
found that the significant augmentation of oxidative stress 
accompanied the ageing process within the prostate tissue 
[17, 23]. The adverse changes in the pro- and antioxidative 
system in the blood of patients with prostate diseases were 
also observed [24, 25]. The augmented oxidative stress may 
be due to the overproduction of free radicals or the decrease 
in the activities of antioxidative enzymes, as well as the low-
molecular antioxidant levels. 

In the presented study the significant lower GSH concen-
trations in the erythrocytes of the PC patients in comparison 
with the healthy men and the BPH patients were observed. 
GSH is an intracellular tripeptide, that exerts many biological 
functions, including the cell protection against the free radical 
action. GSH serves as a main electron donor in the reactions 
catalyzed by glutathione peroxidases. The concentration of 
GSH in erythrocytes, which are especially exposed on the 
free radical effects, is supposed to be an appropriate indicator 
of GSH level in the organism [26, 27]. The decreased con-
centrations of GSH during ageing of human organism were 
observed [27]. Interestingly, the inhibitory effect of dietary 
glutathione supplementation on the oral cancerogenesis in 
rats was demonstrated [28]. Similarly to the presented study, 
Doğru-Abbasoğru et al. [24] also observed the decreased 
content of sulfhydryl groups in plasma of PC patients when 
compared with BPH patients. The observed GSH depletion in 
the PC patients may reflect its intracellular oxidation in the 
augmented oxidative stress condition. 

There were the significant lower activities of plasma 
GPx-3 in the PC group and the statistically decreased 
activities of erythrocyte GPx-1 in the BPH patients in the 
presented study. GPxs catalyze the reduction of hydrogen 
peroxide and other organic hydroperoxides to water and 
corresponding alcohols, and thus take a part in the de-
fense of organism against ROS action. GPx-1 seems to be 
involved in the antioxidative protection of organism in the 
condition of oxidative stress, when the additional factors 
increasing the stress are present [29]. The highest activity of 
this enzyme is observed in the liver and erythrocytes [30]. 
However, GPx-3 acts as a main reductor of hydroperoxides 
in plasma [31]. Some authors demonstrated the decreases of 
GPx activities in plasma or erythrocytes of cancer patients 
[25], whereas the others did not observe any significant 
differences in GPx-3 activities between patients with cancer 
and healthy people [32]. Yilmaz et al. [25] and Ahmed et 

al. [33] observed the most decreased activities of GPx-1 in 
the erythrocytes of BPH patients. In the study performed 
by Yilmaz et al. [25] the erythrocyte GPx-1 activities in PC 
patients were also lower than in healthy men. There were 
no differences in the erythrocyte and plasma GPx activities 
between PC and BPH patients in some other studies [24, 
34]. GPxs are selenoenzymes. The observed decreases of 
GPxs might be associated with Se deficit in the diet of the 
elderly subjects. The other possible explanation may be the 
oxidative modification of proteins caused by ROS [35]. 

A very intringuing experiment was performed by Luchman 
et al. [36] to explicate the possible role of selenoproteins in the 
prostate carcinogenesis. In this experiment, the expression of 
the selenoproteins in mouse prostatic epithelium was reduced 
by deletion of a selenocysteine-tRNA gene. That resulted in the 
development of the prostatic intraepithelial neoplasia lesion. 
Moreover, the increases in lipid peroxidation markers in the 
gene-deficient epithelial cells were also found. 

There were no differences in the EC-SOD and GST activi-
ties between the PC, BPH and control groups in the presented 
study. SODs act as the first step of antioxidative defense of 
organism, catalyzing the dismutation of superoxide anion 
into molecular oxygen and hydrogen peroxide, which is less 
harmful for cells. GSTs are a family of isoenzymes involved 
in the metabolism of xenobiotics including cancerogens [37]. 
GSTs catalyze the reactions of GSH conjugation to many 
electrophilic substrates for the purpose of their detoxifica-
tion. Doğru-Abbasoğru et al. [24] noticed no differences in 
the plasma SOD activities between PC and BPH patients. 
However, Yilmaz et al. [25] observed the decreased activities 
of SOD in the erythrocytes of PC and BPH patients when 
compared with healthy men. Similarly, Ahmed et al. [33] 
found the decreased plasma activities of SOD and GST in BPH 
group. The observed lack of alterations in the EC-SOD and 
GST activities in the PC and the BPH patients may suggest 
that the increased ROS generation plays a more important 
role in the prostate pathogenic processes than weakened 
antixidant defense system.

BPH is known as a factor increasing the risk of PC [38], 
nevertheless the relations between these conditions are still 
controversial. According to some authors BPH may represent 
the precancerous condition [39]. However, it should be taken 
into account, that BPH develops in the transition zone of the 
prostate, whereas PC arises predominantly in the peripheral 
zone of the gland. Considering the different origin, some other 
authors suggest that there is not causal relationship between 
BPH and PC, but that they occur in parallel during the ageing 
of prostate tissue [40]. The differences in the GSH concen-
trations and the GPx activities of the PC and BPH patients 
observed in the presented study does not support the causal 
link between both prostate disorders.

Undoubtedly, the weakened antioxidant defense system 
observed in the blood of elderly patients with PC or BPH 
points that the augmented oxidative stress is involved in 
the development of both pathological prostate conditions. 
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However, the distinct patterns of these changes found in the 
examined groups of patients suggest the different etiologies 
and lack of causal relationship between PC and BPH.
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