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Abstract
Background: Prostate cancer is the most common type of cancer among men.
Objectives: To investigate the trace elements (Se, Zn, Cu and Cd) and vitamin E status of  some Nigerian prostate cancer
(PCa) patients relative to their prostate-specific antigen (PSA) values.
Methods: Prostate cancer patients were assigned into groups 1, 2 and 3 with PSA of 5-10 ng/ml, 11-20 ng/ml and > 20 ng/
ml, respectively.
Results: The results showed that the levels of whole blood superoxide dismutase (SOD) and serum Se and Zn were
significantly lower (p< 0.05) in the PCa patients. Specifically, levels of  SOD, Se and Zn decreased by 67%, 30% and 35%;
70%, 52% and 41%; 81%, 58% and 47%, in subjects with PSA of  5-10 ng/ml, 11-20 ng/ml and > 20 ng/ml, respectively.
There were no significant differences (p> 0.05) in levels of Cu and Cd. Serum Cu/ Zn ratio were significantly higher in PCa
patients. The Cu/ Zn ratios were 1: 1.2: 1.3 for subjects in groups 1, 2 and 3, respectively. Vitamin E levels in PCa patients
were significantly lower and followed the order; normal > PSA (5-10) > PSA (11-20) > PSA (> 20).
Conclusions: Deficiency of vitamin E, Zn and Se may be risk factors for development of PCa.
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Introduction
In the United States, prostate cancer is the most
commonly diagnosed cancer in men and the second
leading cause of  cancer deaths. It is estimated that
220,000 cases of  PCa may be diagnosed yearly, and
this is expected to increase with the expanding
geriatric population1. Despite the extensive clinical
and experimental studies over decades, the
pathogenesis of Prostate cancer remains unknown. The
biochemical and molecular mechanisms responsible
for and associated specifically with the development
and progression of Prostate cancer are largely
unidentified2. Coupled with this is the largely ignored
role of altered cellular metabolism as an essential
factor in Prostate cancer; although transformations of
metabolism are implicated in virtually all malignant
cells3. The combination of molecular/biochemical

relationships is required to identify critical events in
Prostate cancer process.
Interest in the essential trace elements as cancer
preventative agents was stimulated with the
observation that selenium supplementation (200 µg
per day) induced a 61% reduction in colorectal cancer
in the treatment arm of  the Nutritional Prevention
of  Cancer Trial, a randomized placebo controlled
trial for skin cancer prevention4. Further
epidemiologic evidence for the preventive role of
selenium in selenium-poor populations in Linxian,
China5 showed that combined intervention with
selenium, vitamin E, and â-carotene was related to
reduced incidence and mortality of gastric cancer
and total cancer. Also, vitamin E has been shown to
be a promising candidate for Prostate cancer
prevention in the á-tocopherol â-carotene cancer
prevention study, a controlled smoking trial where
á-tocopherol reduced Prostate cancer incidence by
32% and mortality by 41%6. The SUpplementation
en Vitamines et Mineraux AntioXidants
(SUVIMAX) study found a significant reduction in
Prostate cancer rates among men receiving a
multivitamin containing 30 mg vitamin E, although
the protective effect could not be attributed to any
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specific micronutrient 7. In vitro studies have
demonstrated that vitamin E can inhibit DNA
synthesis 8, reduce invasion 9, and induce apoptosis
10. Only a few studies have evaluated the mechanism
of the combination of vitamin E and selenium in
PCa 11. Because oxidative stress increases with
depletion of trace elements in diseased states as well
as androgen exposure in Prostate cancer 12, a putative
risk factor for Prostate cancer therefore is the elevated
level of malondialdehyde (an index of oxidative
stress). Futhermore, oxidative stress can ameliorate
the activities of several selenoenzymes and thereby
reduced the preventive efficiency of selenium and
zinc as well as their related proteins 13. Other trace
elements, such as zinc, copper and cadmium are also
necessary for the development and progression of
Prostate cancer. For example, the total zinc levels in
the prostate are ten times higher than those in other
soft tissues 14. Zn is an essential trace element required
for normal functions of  several enzyme systems such
as dehydrogenases, phosphatases, 5á-reductases,
carboxypeptidases and carbonic anhydrase 15. In
contrast, the Prostate cancer cells lose their ability to
amass Zn and thus the essential roles of Zn are
compromised in Prostate cancer cells 16.
In the present study, the extent of  lipid peroxidation,
serum concentrations of selenium, zinc, copper,
cadmium and vitamin E were determined relative
to the PSA values of  the subjects.
 
Methods
Subjects
Total of  170 participants were recruited from the
Cancer Screening Unit (CSU), University College
Hospital (UCH), Ibadan, between 24 and 73 years
of  age who resided in the South-Western part of
Nigeria. 120 participants 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 (11-20 ng/ml) (n=45) and high-grade PSA (>
20 ng/ml) (n= 42). Likewise, 50 apparently normal
subjects were recruited as control and had PSA value
< 3.0 ng/ml. Exclusion criteria included abstinence
from hormonal and/ radiation therapy, use of
prescription and non-prescription preparations
known to alter PSA (e.g. Saw Palmetto, Finesteride),
hormone levels and blood pressure. Those who were
eligible were invited and screened during which their
blood samples were collected. Written informed
consent was obtained from each participant, and the
Human Ethical Committee at the Oyo State Ministry of
Health, Ibadan, Nigeria, approved the study.

Sample collection
Blood samples were drawn from an antecubital vein
of subjects into containers containing EDTA and
another portion in plain centrifuge tubes. All sample
collection procedures were conducted with a minimal
light exposure. The samples in plain centrifuge tubes
were allowed to clot, and spun at 3,000 g for 15
minutes in an MSC bench centrifuge to obtain serum
which was used for the estimation of total protein,
PSA, lipid peroxidation and trace elements (Se, Zn,
Cu and Cd). The blood samples in EDTA tubes
were spun at 3,000 g for 15 minutes to obtain plasma
which was used for the estimation vitamin E, while
portion of the whole blood was used for
determination of  superoxide dismutase level. 

Laboratory and clinical methods
We measured PSA in serum using
electrochemiluminesence immunoassays (ECLIAs)
from Roche Diagnostics in combination with a
Roche/Hitachi MODULAR ANALYTICS device.
The sera total protein levels were determined
according to the method of Lowry et al.17 using
bovine serum albumin as standard, while the extent
of lipid peroxidation was estimated by the method
of Buege and Aust18. The plasma vitamin E levels
were estimated according to the method described
by Meshali and Nightingale 19. Whole blood
superoxide dismutase level was assayed by the
method of McCord and Fridovich.20 Standard
precautions for trace element determination were
taken, samples with signs of hemolysis were
discarded. The serum trace elements levels were
determined by direct method using atomic
absorption spectroscopy (AAS), Shimadzu model
AA-580 fitted with a Shimadzu PR-5 graphic printer
following the manufacturer�s analytical techniques at
the International Institute of  Tropical Agriculture
(IITA), Ibadan, Nigeria. The determination of
selenium concentration was done by digesting the
serum with a mixture of nitric and perchloric acid.
After hydride generation and using a sodium
borohydride method, the selenium concentration was
determined (AAS Model AA-580). To monitor the
reproducibility and accuracy of the analytical
techniques, reagent blanks and known samples were
interspersed with the test samples.

Statistical analysis
All values were expressed as the mean S.D. (n > 30
in all the groups). Data were analyzed using one-
way ANOVA followed by the post-hoc
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Duncanmultiple 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
Table 1 reveals some changes in the levels of  total
protein, superoxide dismutase, vitamin E and Cu/
Zn ratio among prostate cancer patients studied.
Plasma vitamin E levels were significantly (p< 0.05)
decreased in PCa subjects when compared to
normal. Precisely, vitamin E levels were decreased
by 30%, 47% and 77% in subjects with PSA (5-10
ng/ml), PSA (11-20 ng/ml) and PSA (>20 ng/ml),
respectively.  Furthermore, there were no significant
differences (p> 0.05) in the levels of serum total

Table 1: Changes in total protein, superoxide dismutase, vitamin E and Cu/Zn ratio among
prostate cancer patients

  
 Subjects

 Grouping                      Normal           PSA               PSA                    PSA                              
        (PSA <3)          (5-10)           (11-20)                  (>20)                        .

Mean age (years)           31.55 ±5.25      49.75 ± 8.84*     64.30 ± 12.05*  68.50 ± 10.20*
Total protein   (mg/dL) 0.81 ± 0.21      0.78 ± 0.33         0.75 ± 0.45        0.43 ± 0.11*
Vitamin E   (mg/dL)     5.65 ± 0.97       3.93 ± 0.81*       2.97 ± 0.67*      1.30 ± 0.56*
Cu/Zn ratio                  0.59 ± 0.06       0.88 ± 0.08*      1.08 ± 0.23*       1.15 ± 0.28*
SOD (U/mg protein)    0.85 ± 0.08        0.28 ± 0.05*      0.25 ± 0.07*      0.16 ± 0.05*
 
Values are Means ± S.D * Significantly different from normal at p< 0.05
Unit of PSA = ng/ml  SOD = Superoxide Dismutase

protein in PCa subjects with PSA (5-10 ng/ml) and
PSA (11-20 ng/ml) when compared to normal (PSA
< 3.0 ng/ml). However, the serum total protein levels
were significantly (p< 0.05) reduced in PCa subjects
with PSA > 20 ng/ml. There was a positive
correlation between the mean age of the patients
and their PSA values, i.e. PSA values increased with
increase in the mean age of  the patients. In addition,
the ratios of serum Cu/Zn increased with increase
in PSA values of  the subjects. Concisely, the serum
Cu/Zn ratios were 1: 1.2: 1.3 in subjects with PSA
(5-10 ng/ml), PSA (11-20 ng/ml) and PSA (> 20
ng/ml), respectively (Table 1). Also, the whole blood
superoxide dismutase levels decreased significantly
(p<0.05) in PCa patients when compared to normal.

Figure 1 depicts the levels of serum selenium and
zinc in PCa subjects. The serum selenium and zinc
levels were significantly lower (p< 0.05) in all
categories of  patients studied. Specifically, the levels

of serum selenium decreased by 30%, 52% and 58%,
while the levels of serum zinc decreased by 35%,
41% and 47%, in subjects with PSA of 5-10 ng/ml,
11-20 ng/ml and > 20 ng/ml, respectively.

Figure 1: Changes in serum zinc and selenium levels among prostatic cancer patients

* Significantly different from Normal at p<0.05
PSA = Prostate specific antigen, Unit of PSA= ng/ml.
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Figure 2 shows the extent of accumulation of lipid
peroxidation products in sera of the subjects studied.
The levels of serum lipid peroxidation products were
significantly (p< 0.05) higher in Prostate cancer  patients
when compared to normal. Furthermore, the levels
of lipid peroxidation products were elevated by
80%, 107% and 98% in subjects with PSA of 5-10
ng/ml, 11-20 ng/ml and >20 ng/ml, respectively.
 In figure 3, there were no significant differences
(p>0.05) in the levels of serum copper and cadmium
of the subjects with Prostate cancer when compared
to normal.

Figure 2: Changes in the levels of lipid peroxidation
products among prostatic cancer patients
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Discussion
We conducted a fairly large study consisting of  120
suspected Prostate cancer subjects, and 50 apparently
normal subjects as control. Overall, lower levels of
plasma vitamin E, serum selenium and zinc were
observed in these subjects. These parameters were
inversely associated with the PSA values of the
subjects. This inverse association between serum trace
elements and PSA values points to a higher risk of
Prostate cancer among the subjects.

Selenium has been hypothesized to play a role
in preventing cancers21. Epidemiologic studies have
demonstrated an inverse association between
circulating selenium levels and cancers of the
prostate, lung and colorectum 22. This observation
was confirmed in the present study. In contrast, with
respect to skin cancer hypothesis, recent analyses
suggest that selenium supplementation actually
increases the risk of non-melanoma skin cancer,
particularly squamous cell carcinoma, among
participants with higher baseline serum selenium
levels23. However, secondary analyses showed
reductions in risk of other cancers, especially prostate
cancer; after approximately 4.5 years of treatment
and 7.5 years of  follow-up, prostate cancer incidence
among persons receiving selenium supplements was
half that experienced by the placebo group24. The
mechanisms by which selenium may decrease cancer
risk were summarized by Rayman25. The mechanisms
include among others the role of selenium in cell
cycle arrest, decreasing cells proliferation, inducing
apoptosis, facilitating DNA repair by activation of
p53, disruption of androgen receptor signaling, and
being a key component of selenoenzymes26, 27, which
incorporate selenium as selenocysteine, an infrequently
occurring amino acid, into their active center28. The
unique redox characteristics of selenocysteine confer
important antioxidant properties to these
selenoenzymes, such as glutathione peroxidases,
selenoprotein P, and thioredoxin reductase, which
are all expressed in the prostate29. Because of the
low levels of  selenium in this study, the essential
functions of this element will be hindered in the
Prostate cancer patients studied. However, selenium
supplementation in Prostate cancer patients may be
greatly influenced by genetic variation in the
antioxidant enzyme, superoxide dismutase (SOD)
genes. Chan et al,30 conducted a cross-sectional
epidemiologic study of plasma selenium, an SOD2
variant and aggressive prostate cancer in men. They
observed an unexpected positive association between
plasma selenium and aggressive disease. Also, an

Figure 3: Changes in serum cooper and calcium
levels among prostatic cancer patients

* Significantly different from Normal at p<0.05
PSA = Prostate specific antigen, Unit of PSA= ng/ml.
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SOD2 variant, a substitution of alanine for valine at
amino acid 16 in the antioxidant enzyme SOD, was
not statistically significantly associated with aggressive
disease, although the relative risks (RRs) for one or
two alanine alleles were above 1.0. Two patterns
emerged in the analysis of the plasma selenium and
SOD2: men with low selenium and two alanine alleles
had a higher risk of  aggressive disease (compared
with low selenium and none or one alanine alleles);
high selenium seemingly protected men with two
alanine alleles; and men with high selenium and none
or one alanine allele had a higher risk of  aggressive
disease (compared with low selenium and none or
one alanine allele). In light of these findings, they
concluded that the data �indicate caution against
broad use of selenium supplementation for men
with prostate cancer� and that �complete
interpretation of results should depend on
assessment of  SOD2 genotype in trial participants.�

Our interest was to explore interactions of
vitamin E and trace elements in Prostate cancer patients
since evidence from animal and human studies
showed an association between trace elements and
antioxidative nutrients in cancers (including á- and â-
carotenes and vitamin E)31.

In the present study, a significant decrease in
plasma vitamin E levels in Prostate cancer patients was
observed. The mean level of  plasma vitamin E in
subjects with PSA (5-10 ng/ml), PSA (11-20 ng/
ml) and PSA (> 20 ng/ml) differs significantly from
the normal (PSA < 3.0 ng/ml). The results are in
agreement with other workers32. Decreasein vitamin
E in these patients could be due to the possibility
that vitamin E reacts very rapidly with molecular
oxygen and free radicals generated during prostate
carcinogenesis. This argument was supported by the
fact that lipid peroxidation products were
significantly higher in the Prostate cancer subjects relative
to normal. The role of  reactive oxygen species in
the etiology of  different cancers is well known,33.

It is therefore suggested that vitamin E acts
as a free radical scavenger protecting polyunsaturated
fatty acids from peroxidation reactions in the Prostate
cancer subjects32.

Many laboratory studies have shown that the
loss of a unique capability to retain high levels of
zinc is an important factor in the development and
progression of  malignant prostate cells. In this study,
we found that serum zinc levels in the Prostate cancer
group were significantly lower than the control. The
cancer group showed the lowest zinc level, whereas
the control group consisting mostly of subjects with

PSA < 3.0 ng/ml showed the highest zinc level. This
observation is consistent with the findings of  Whelan
et al.34 and Lekili et al.35, which found that the plasma
zinc levels were significantly lower in Prostate cancer
than benign prostate hyperplasia (BPH) patients. They
also found remarkable differences in the plasma
concentrations of zinc in patients with Prostate cancer
before and after therapy34. Other researchers also
found that the level of zinc in tissues from Prostate
cancer was significantly lower than that in BPH or
normal tissues36. Zinc plays some unique biochemical
functions in the body; it can induce G2/M cell cycle
phase arrest and apoptosis which can be
accompanied by increased mRNA expression of p21
37. Apart from cell cycle arrests, Zn is an important
component of several metalloproteins required for
DNA synthesis, immune function and antioxidant
activity1. In order to avoid unnecessary delay and
facilitate early detection of PCa when the PSA value
ranged from 4.1 ng/mL to 10.0 ng/mL, serum zinc
or better put serum Cu/Zn ratio (since the level of
serum Cu and Cd remain unchanged in this study)
could be a better marker (or complementary index)
than free/total PSA ratio for the detection of Prostate
cancer.

Conclusion
In the studied subjects, lowered vitamin E, selenium
and zinc levels were associated with higher lipid
peroxidation and increased risk of Prostate cancer,
which seems more prominent in subjects with PSA
values > 5.0 ng/ml. The decrease in serum selenium
and zinc in the Prostate cancer patients may be indicative
of an inter-relationship of these elements and/or
their respective metalloenzymes. This study may
therefore serves as a basis for recommending
supplementation with vitamin E, selenium and zinc
in the long-term management of  prostate health.
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