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Introduction  Cancer is a major cause of mor-
tality worldwide, and in the United States, it is 
second only to heart disease.1 Prostate cancer 
(PCa) is the most common type of cancer among 
men, with an incidence rate of one in six men.2 
Furthermore, because androgens may play a role 
in smooth muscle proliferation associated with 
the development of PCa, men at an increased risk 
of PCa may also display heightened risk of car-
diac disease.3 As many as one in four men >60 
years old have symptoms of benign prostate 
enlargement, and therefore have an increased 
risk of  PCa.3,4 Moreover, although prostate 

specific-antigen (PSA) concentration of ≥4.0 ng/
ml (4.0 μg/l) is often used in screening for PCa, 
more than 20% of men diagnosed as having PCa 
have PSA levels below this cut‑off value.5 Thus, 
recent work has focused on using free PSA ex-
pressed as a percentage in combination with to-
tal PSA to improve the specificity of diagnosis 
and decrease false‑positives.5 Since PCa affects 
many men, there is a need for affordable and prac-
tical preventive options that target this disease. 
The exact cause of PCa is largely unknown.6 How-
ever, several risk factors that increase the risk 
of developing this disease have been identified. 
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Abstract

Introduction  Oxidative stress has been implicated in the etiology of several pathologies.
Objectives  The study was designed to investigate the levels of antioxidants and lipid peroxidation 
(LPO) in relation to prostate‑specific antigen (PSA) levels in blood of Nigerian prostate cancer (PCa) 
patients.
Patients and methods  One hundred twenty PCa patients were assigned to 3 groups; group 1 (low 
grade) with a PSA level of 5–10 ng/ml (n = 33), group 2 (medium grade) with PSA of 11–20 ng/ml 
(n = 45) and group 3 (high grade) with PSA >20 ng/ml (n = 42). The co+ntrol group comprised 50 
healthy subjects with PSA <3.0 ng/ml.
Results  Subjects with a PSA level of 11–20 ng/ml and PSA >20 ng/ml had significantly lower 
uric acid and reduced glutathione levels (p <0.05). A significant reduction (p <0.05) in plasma 
vitamin C and E levels was observed in these patients. The levels of vitamins C and E decreased by 
27% and 77% in subjects with PSA >20 ng/ml, and by 25% and 47% in subjects with a PSA level 
of 11–20 ng/ml, respectively. Serum total bilirubin, alkaline phosphatase (ALP) and LPO were significantly  
(p <0.05) elevated in subjects with PSA >11 ng/ml. More specifically, total bilirubin, ALP and LPO 
levels were elevated by 75%, 66% and 107% in subjects with PSA at 11–20 ng/ml, and by 167%, 105%, 
98% in subjects with PSA ≥20 ng/ml, respectively. Moreover, superoxide dismutase and catalase 
activities were lower (p <0.05) in all cancer patients.
Conclusions  The results confirmed the depletion of antioxidants in PCa patients, and an inverse 
relationship between antioxidants and PSA values in this group.
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(11–20 ng/ml) (n = 45), and high‑grade PSA 
(>20 ng/ml) (n = 42). Likewise, 50 apparent-
ly healthy subjects were recruited as controls 
and had a PSA concentration <3.0 ng/ml. Exclu-
sion criteria included abstinence from hormon-
al and/or radiation therapy, use of prescription 
and nonprescription preparations known to alter 
PSA (e.g., Saw Palmetto, Finesteride), hormone 
levels and blood pressure. Eligible subjects were 
invited, screened and their blood samples collect-
ed. Written informed consent was obtained from 
each participant, and the Human Ethical Com-
mittee at the Oyo State Ministry of Health, Iba-
dan, Nigeria, approved the study.

Sample collection  Blood samples were drawn 
from  antecubital veins of subjects into tubes 
containing EDTA and another portion into plain 
centrifuge tubes. All sample collection procedures 
were conducted with minimum light exposure. 
The samples in plastic centrifuge tubes were al-
lowed to clot, and spun at 3000 × g for 15 min 
in an MSC bench centrifuge to obtain serum 
which was used for the determination of PSA, al-
anine and aspartate aminotransferases (ALT and 
AST), alkaline phosphatase, LPO and total biliru-
bin. The blood samples in the EDTA tubes were di-
vided into two portions. One portion of the whole 
blood was used for the determination of antioxi-
dant profile (superoxide dismutase, catalase and 
glutathione levels). The second portion was cen-
trifuged at 3000 × g for 15 min to obtain plas-
ma which was used to estimate uric acid and vi-
tamins C and E.

Laboratory and clinical methods  We measured 
PSA in serum using electrochemiluminesence 
immunoassays from Roche Diagnostics in com-
bination with a  Roche/Hitachi MODULAR 
ANALYTICS device. Whole blood superoxide dis-
mutase (SOD), catalase (CAT) and reduced glu-
tathione (GSH) were determined by colorimet-
ric assays at wavelengths of 560 nm, 240 nm 
and 412 nm according to the laboratory meth-
ods described by McCord and Fridovich20, Aebi21, 
and Moron et al.22, respectively. Furthermore, 
serum ALT and AST activities were determined 
using combined methods of Mohun and Cook23 

These include age, racial differences, family his-
tory, dietary habits, lifestyle, and environmen-
tal factors.7‑11 Epidemiological studies suggest 
that a diet rich in fruit and vegetables is associ-
ated with a reduced risk of developing cancers, in-
cluding PCa.12 Because such diets are abundant 
sources of phytochemicals, it has been suggest-
ed that a relatively low risk of developing PCa 
among Asian men may be attributed in part to 
high phytochemical consumption.13,14 Likewise, 
several in vitro studies confirmed the role of ex-
ogenous antioxidants in inhibiting the prolifer-
ation and growth of different PCa cells. For ex-
ample, Hahm and Singh15 reported that Honok-
iol, a constituent of the oriental herb, Magnolia 
officinalis, caused G0‑G1 cell cycle arrest in human 
LNCaP PCa cells. Moreover, silibinin and mix-
tures of flavonolignans (isolated from the dried 
fruits of milk thistle, Silybum marianum), res-
veratrol and epigallocatechin‑3‑gallate obtained 
from red wine and green tea, respectively, and 
anthocyanins from potato extracts showed ben-
eficial effects on different PCa cells via induction 
of p21/Cip1 and p27/Kip1, G1 arrest, induction 
of apoptosis, and scavenging of reactive species 
in vitro.16‑18 In view of the above observations, it 
might be suggested that prostate carcinogenesis 
may promote free radical generation, underlying 
the effectiveness of antioxidant‑rich diet inter
vention 10,15, and exogenous antioxidants in inhib-
iting the growth of PCa cells.17,18 This statement 
was supported by Miyake et al.19, who report-
ed that oxidative stress may be involved in early 
events in PCa development, and androgen sup-
pression is capable of decreasing stress. In this 
study, we have investigated the pattern of anti-
oxidants (enzymatic and nonenzymatic) and lipid 
peroxidation (LPO) in the blood of PCa patients 
relative to their respective PSA values.

Patients and methods   Patients  A total 
of 170 participants, aged 24–73 years and res-
ident in south‑western Nigeria, were recruited 
from the Cancer Screening Unit, University Col-
lege Hospital, Ibadan. One hundred twenty par-
ticipants had PSA in the range of 5.0–43.8 ng/ml; 
specifically, they were grouped into low‑grade 
PSA (5–10 ng/ml) (n = 33), medium‑grade PSA 

TABLE  Changes in total bilirubin, uric acid and reduced glutathione levels in prostate cancer patients

Grouping Subjects

PSA

 <3 (normal) (n= 50) 5–10 (n = 33) 11–20 (n = 45) >20 (n = 42)

total bilirubin(mg/dl) 0.52 ±0.21 0.58 ±0.13 0.91 ±0.43a 1.39 ±0.50a

uric acid (mg/dl) 3.62 ±0.88 3.80 ±1.06 2.18 ±0.77a 2.33 ±0.41a

reduced (μg/ml) 
glutathione

3.79 ±0.75 3.38 ±0.58 1.39 ±0.81a 1.54 ±0.39a

Values are means ± standard deviation

a  Significantly different from normal at p <0.05

Abbreviations: PSA – prostate-specific antigen
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Statistical analysis  All values were expressed 
as the mean ± standard deviation (n >30 in all 
groups). Data was analyzed using one‑way ANOVA 
followed by the post‑hoc Duncan multiple range 
test for analysis of biochemical data using SPSS 
version 11 (SPSS Inc Chicago, IIinois). Values were 
considered statistically significant at p <0.05.

Results  Plasma uric acid and whole blood GSH 
levels were significantly lower in known PCa pa-
tients (PSA >20 ng/ml) and subjects with PSA 
11–20 ng/ml (p <0.05). The levels of uric acid de-
creased by 36% and 40%, while GSH levels de-
creased by 59% and 63%, in subjects with PSA 
>20 ng/ml and PSA of 11–20 ng/ml, respectively 
(TABLE). Furthermore, serum total bilirubin levels 
were elevated by 167% and 75% in subjects with 
PSA >20 ng/ml and PSA of 11–20 ng/ml, respec-
tively. In FIGURE 1, there were no significant dif-
ferences (p >0.05) in the activities of serum ALT 
and AST of subjects with PSA <3.0 ng/ml when 
compared to other groups, except for ALT activi-
ty of known PCa patients (PSA >20 ng/ml) which 
was elevated by 56% when compared to subjects 
with PSA <3.0 ng/ml. FIGURES 2 and 3 revealed that 
the levels of serum ALP and LPO were significant-
ly higher in PCa patients with PSA >20 ng/ml 
and PSA of 11–20 ng/ml. ALP and LPO levels 
were elevated by 105% and 66% in subjects with 
PSA >20 ng/ml, and by 98% and 107% in subjects 
with PSA of 11–20 ng/ml, respectively. In FIGURE 4, 
plasma vitamin C and E levels showed an inverse 
relationship with PSA values of subjects. Vita-
min C and E levels were significantly reduced 
in known PCa patients (PSA >20 ng/ml) by 27% 
and 77%, and subjects with PSA of 11–20 ng/ml 
by 25% and 47%, respectively. The depletion of vi-
tamin E seems more pronounced than vitamin C, 
and could be observed in subjects with PSA of 
5–10 ng/ml. Enzymatic antioxidants (SOD and 
CAT) were significantly reduced (p <0.05) in sub-
jects with PSA 11–20 ng/ml and PSA >20 ng/ml. 
Furthermore, SOD activity decreased by 67%, 
71% and 81% in subjects with PSA of 5–10 ng/ml, 
PSA of 11–20 ng/ml and PSA >20 ng/ml, respec-
tively, while CAT activity also decreased by 55% 

as well as Reitman and Frankel24, respectively. 
Likewise, the estimation of serum alkaline phos-
phatase (ALP) activity was based on the William-
son spectrophotometric method.25 Serum protein 
levels were determined according to the labora-
tory procedure described by Lowry et al.26, using 
bovine serum albumin as standard, while the ex-
tent of LPO was estimated by spectrophotome-
try as described by Buege and Aust.27 Total bili-
rubin levels were determined colorimetrically us-
ing the assay by Rutkowski and DeBaare.28 Plas-
ma uric acid level was determined by the labora-
tory procedure of Kyaw29, while plasma vitamins 
C and E were estimated spectrophotometrically 
by the procedure of Sauberlich30, and Meshali 
et al.31, respectively.
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Figure 1  Changes 
in alanine and aspartate 
aminotransferases 
activities in prostate 
cancer patients 
a  significantly different 
from normal and other 
PSA groups at p <0.05 
Abbreviations: ALT – 
alanine aminotransferase, 
AST –  aspartate amino
transferaseprostate
‑specific antigen (ng/ml), 
PSA – prostate-specific 
antigen

Figure 2  Changes 
in serum alkaline 
phosphatase activities 
in prostate cancer 
patients 
a  significantly different 
from normal and PSA 
5–10 at p <0.05 
Abbreviations: see 
FIGURE 1

Figure 3  Changes 
in the levels of lipid 
peroxidation products 
in prostate cancer 
patients 
a  significantly different 
from normal at p <0.05 
Abbreviations: LPO – 
lipid peroxidation, 
others – see FIGURE 1
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antioxidant enzymes (glutathione reductase 
and glucose-6‑phosphate dehydrogenase), and 
the glutathione37, glutaredoxin and thioredoxin 
systems38. Protein and DNA repair enzymes may 
be considered part of the antioxidant system.39 
In the present study, the activities of the antiox-
idant enzymes (SOD and CAT) decreased signif-
icantly in known PCa patients (PSA >20 ng/ml) 
when compared to normal (PSA <3.0 ng/ml). This 
observation is consistent with most in vivo and 
in vitro studies which demonstrated that the lev-
els of antioxidant enzymes are altered in can-
cer.40 The most consistent findings in biochemical 
studies have been that of SOD which is lowered 
in most types of primary cancers and cancer cell 
lines.41 Studies on antioxidant enzymes in human 
lung, renal and prostate cancers42‑44 confirmed 
the reduced levels of this enzyme in various can-
cers. Furthermore, immunoperoxidase studies 
demonstrated low levels of antioxidant enzymes 
in primary tumors, although small groups of can-
cer cells, often on the invading edge of the tumor, 
did occasionally show strong positivity. These 
results agree with the well‑developed paradigm 
from numerous biochemical studies that SOD 
levels are low in PCa.45 In contrast, some stud-
ies have shown that significantly elevated levels 
of SOD are possible in metastatic PCa.46 In all 
cases, after comparison with normal tissue con-
trols, SOD has been shown to be altered (elevat-
ed or depressed) in primary cancers. One pos-
sible explanation of this fluctuation is that pri-
mary PCa cells undergo a selection process, with 
those cells destined for metastasis having high 
levels of SOD.46 Furthermore, polymorphisms 

and 58% in subjects with PSA of 11–20 ng/ml and 
PSA >20 ng/ml, respectively.

Discussion  The major finding of this study was 
that antioxidant levels, both enzymatic and non-
enzymatic, were significantly reduced in subjects 
with high PSA values. The inverse relationship 
points to the fact that oxidative stress in subjects 
correlates positively with PSA values.

Free radicals, oxidative stress and antioxidants 
have become common terms in modern research 
on pathologic mechanisms.32 Nonetheless, free 
radical production occurs as a consequence of nor-
mal endogenous reactions and plays an impor-
tant role in physiological cell function. It is im-
portant to note that the ingestion of exogenous 
substances and environmental factors can also 
promote free radical formation, thereby leading 
to the depletion of cellular antioxidants.33 Reac-
tive oxygen species (ROS) have physiological func-
tions, including activation and modulation of sig-
nal transduction pathways34, alteration of activi-
ties of redox‑sensitive transcription factors35, and 
regulation of mitochondrial enzyme activities.36 
Levels of ROS are reduced by antioxidant defense, 
but increased by transition metals such as iron 
or copper and by exogenous agents such as ion-
izing radiation or ozone. To protect against tox-
ic effects of ROS and to modulate physiological 
effects of ROS, the cell has developed an intri-
cately regulated and a very complex antioxidant 
defense system. It is composed of small molec-
ular weight antioxidant compounds (vitamins 
E, C, A, uric acid, and so forth), primary (SOD, 
catalase, glutathione peroxidase) and secondary 
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the elevation of MDA (higher lipid peroxidation) 
observed in this study. It is obvious that a notable 
decrease in antioxidant status occurred as the PSA 
values of the subjects increased. Similarly, the low 
levels of antioxidants in PCa patients could result 
from increased oxidative damage or it could be 
that low values of these antioxidants aggravat-
ed free radical damage and increased the chance 
of developing PCa in study subjects, indicating 
the essential role of antioxidants in disease pre-
vention. The limitations of this study are due to 
the fact that our data did not reflect the dietary 
habits and lifestyles of the subjects which may 
affect the prostate.

In summary, our results may contribute to cur-
rent knowledge on the relationship between an-
tioxidant status and PSA values of PCa patients, 
which may help to design a more efficacious ther-
apeutic treatment.
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STRESZCZENIE

WPROWADZENIE  Stres oksydacyjny uczestniczy w powstawaniu szeregu patologii u człowieka.
CELE  Badanie zaplanowano w celu oceny stężenia antyoksydantów i peroksydacji lipidów (lipid 
peroxidation – LPO) w zależności od poziomu we krwi antygenu swoistego dla prostaty (prostate­

‑specific antigen – PSA) u pochodzących z Nigerii pacjentów z rakiem gruczołu krokowego (prostate 
cancer – PCa).
PACJENCI I METODY  120 pacjentów z PCa podzielono na 3 grupy – grupa 1 (niski poziom) ze stężeniem 
PSA wynoszącym 5–10 ng/ml (n = 33), grupa 2 (pośredni poziom) z PSA wynoszącym 11–20 ng/ml 
(n = 45) oraz grupa 3 (wysoki poziom) z PSA >20 ng/ml (n = 42). Grupa kontrolna składała się z 50 
zdrowych osób z PSA <3,0 ng/ml.
WYNIKI  U pacjentów z poziomem PSA wynoszącym 11–20 ng/ml i PSA >20 ng/ml stwierdzono 
istotnie statystycznie mniejsze stężenia kwasu moczowego i zredukowanego glutationu (p <0,05). 
U tych pacjentów zaobserwowano również znamienne zmniejszenie (p <0,05) poziomów witaminy C 
i E w surowicy. Stężenie witamin C i E zmniejszyło się odpowiednio o 27% i 77% u pacjentów z PSA 
>20 ng/ml oraz o 25% i 47% u pacjentów z poziomem PSA 11–20 ng/ml. Poziomy bilirubiny całkowitej, 
fosfatazy alkalicznej (alkaline phosphatase – ALP) oraz LPO w surowicy były większe u pacjentów 
z PSA >11 ng/ml (p <0,05). Poziomy bilirubiny całkowitej, ALP i LPO były zwiększone odpowiednio 
o 75%, 66% i 107% u pacjentów ze stężeniami PSA wynoszącymi 11–20 ng/ml, oraz o 167%, 105% 
i 98% u pacjentów z PSA >20 ng/ml. Także aktywność dysmutazy ponadtlenkowej i katalazy była 
mniejsza u wszystkich chorych pacjentów (p <0,05).
WNIOSKI  Wyniki potwierdziły niedobór przeciwutleniaczy u pacjentów z PCa, a  także odwrotną 
zależność pomiędzy poziomami przeciwutleniaczy a stężeniami PSA.
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