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Environmental Exposure to Lead as a Risk for Prostate Cancer
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    O川ective  T
prostate pathology in
(BPH). Methods

evaluate

patients

the possible role of environmental exposure to lead as a risk factor for
suffering from

Blood lead (BPb) level
prostate cancer
1as determined

PCA) and benign prostate hyperplasia
in PCA and BPH cases using a graphite

furnace Atomic Ab，二印Lion Spectrophotometer and compared with those in a control group living in
the similar socioeconomic environment.  Results  BPb was significantly higher in PCA and BPH
cases than in annuals (P<0.05). Blood levels of zinc and copper were significantly lower in PCA and
BPH cases when compared with controls (P<0.05). In all the three groups, a statistically significant
positive correlation between lead and thiobarbimric acid reactive substances (TBARS) measured as
malondialdehyde, and negative correlation between blood lead and antioxidant GSH level, indicative

of possible generation of reactive oxygen species, were also observed after adjusting for age as apossible confounders. However, positive association between blood lead and TBARS was relatively
higher in PCA patients (r-0.77, P<0.05) than in BPH (r--0.32, P<0.05) and normal (r--0.30, P<0.05).
Conchrsion  These results with limited Power seem to suggest for the first time that environmental
exposure of aging males to lead may be a risk factor for prostate cancer and/or benign prostate
hyperplasia possibly through generation of reactive oxygen species and/or reducing the level of zinc
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INTRODUCTION

Abnormal growth of the prostate gland in aging males is a common pa
cted in the incidence of benign prostate hyperplasia (BPH) and prostate

variety of growth factors, steroidal hormones, proteases and other factors are involved in

normal prostatic morphogenesis洲function,映their role in吧 酬PCA remains poorly
understoodunersoo _·Metallic lead and its compuunus~于严叨劣卜瞥ut价uhcn car吧。genwh义
m several animalussues like prostate, kidney anu lung 一naseu on occupational and
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environmental studies, investigators"'
human cancer. A number of studies

exposure"' but the evidence for direct

suggested a potential role of lead in the etiology of
have been carried out on genotoxic effects of lead
toxicity to the genetic material could not be observed

Nevertheless,
studies. Lead

ability to act

some supportive evidences for indirect mechanisms were available in these
induced inhibition of DNA repair"I, interactions with calcium"", and .the
as a promoter in the production of cancer' 121 are thought to be the most

important indirect mechanisms for genotoxic potential of lead compounds

as an indirect mec

to generate highly

      In some

evaluated
recent studies, generation of

h，”1叼rn

reactive

of lead
reactive oxygen specs月s
induced DNA damage' '

(ROSS) has also been
‘Since lead ions have

no ab
H2Oz'

hydroxyl radical (OH') from superoxide radical (W) or
on has been paid to the accumulation of 8-aminolevulinic acid (ALA) in lead

induced DNA damage. ALA, formed in the rate limiting step of heme bin
has been proposed to act as an endogenous pro-oxidant in lead poisoning
effect of both inorganic and organic
dehydrogenase (ALAD)l1S,I6J accounts for
oxidized to generate ROS leading to an

lead compounds on ii-aminolevulinic acid
an accumulation of ALA that can be fastly
oxidative DNA damage"". According to the

assumptions mentioned above, it is reasonable to investigate the environmental exposure of
aging males to lead as a possible risk factor for prostate enlargement.
    Since, oxidative stress damages the cellular structure and is linked to many diseases

including cancer, the present study was to determine the blood level in PCA, BPH and
normal males and to evaluate some possible relations of malondialdehyde and glutathione
status with lead exposure as an indirect measurement of lead induced generation of ROS
that enhances TBARS and reduces glutathione level causing oxidative stress. Blood zinc and
copper levels were also measured as part of their interaction with lead as possible way of
abnormal growth and development of the prostate.

MATERIALS AND METHODS

Subjects

    Blood (five mL) from 40 BPH and 17 PCA patients, admitted to a local hospital in
Lucknow for undergoing transurethal resection of the prostate, were collected in a
preheparinized vials for this study. Twenty normal men without any bladder outflow
obstructive (BOO) symptoms/signs and living in the same socioeconomic environment were
also taken for the collection of their blood. The report on pathological evaluation was
obtained for each subject in BPH and PCA group. Detailed case histories of the subjects as

givenunder
in Table 1, were recorded and blood samples, as coded numbers, were
ice cold conditions to the Department of Analytical Toxicology, Industrial

Research Centre, Lucknow for metals analysis and other biochemical assays

Analysis of Lead

transported
Toxicology

Blood lead was

(Varian
was cat

dete卿fined using_ a graphite furnace atomic absorption spectrometer
u+, Varian Australia Pty Ltd., Victoria, Australia)"D，. The instrument

ibrated using aquous standards of 10, 20, 30 and 40
Fifty microlitres of blood were diluted 1:10 in the diItg/Lluent
autosampler
mol,飞、was

加忱.Tb七〔

prepared in
.The diluent(Triton X-100 0-1% w/v);

deionized water. The calibrationNH4Hblank

.Detection limit was 3 Ng几
in a 1.0 mL polystyrene
2PO4 0.2% (w/v); NH3 0.14
used was 0.2% nitric acid,

万方数据



SIDDIQIII, SRIVASTAVA, AND MEHROTRA

02% HZPO, solution and reagent blankwas diluent solution. Accuracy and precision of

the NH,}'thed were checked by spiking the samples
coefficients of variation were 6% and 4% at 10 and

with known amounts of standard. The

40 pg/L.

T八日LE 1

Characteristic of Cases

IR9t

((x1s)/ Percentage ((3F土s)/ Percentage)

        P(二A

((x+})/ Percentage)

    Age

    Smoke

  Non-smoker

  Vegetarian

Non-vegetarian

      Raral

      Urban

53.116.4(20)

  75%(15)

  25%(5)

  55%(11)

  45%(9)

  15%(3)

  85%(17)

70110刀(41)

48.8%(20)

51.2%(21)

70.7%(29)

29.3%(12)

46.0%(19)

54.0%(22)

71.017.5 (17)

  47.0%(8)

  52-9%(9)

  47%(8)

  53%(9)

  47刀%(8)

  53.0% (9)

Note. Data in parentheses indicates number of cases in the goup

Analysis of Zinc and Copper

    Zinc and copper were analysed in blood by flame atomic absorption spectrometer
(Varian Spear AA 250+) using hollow cathode lamps (213.9 tun, 324.7 ran for zinc and
copper respectively). The instrument was calibrated using aquous standards of 0.2, 0.4, 0.8, and
1.21tg/mL for zinc 0.5, 1.0, 1.5, and 2.0 pg/mL for copper. Detection limit was 0.01 gg/mL for
zinc and 0.05 gg/mL for copper. One millilitre of blood in 50 mL Erlenmayor flask was
added five mL deionized water, glass beads and two ml, of 1:1 mixture of concentrated HNO3
and HC104. The samples were digested at 120-150'C till a clear solution was obtained,
approximately in two hours, quantitatively transferred to a 10 ml, volumetric flask and made
up to volume with deionized water. A sample blank was always prepared with each set of
samples in order to control the possible metal contamination by external sources.

Estimation of Lipid Peroxidation

    The product of lipid peroxidation malondialdehyde was estimated in the blood by the
method of Stocks and Dotmandy"" by adding phosphate buffer (pH 7.4; 0.1 mol/L) in 0.5
n止blood and incubated for 30 min at 37'C and centrifuged to collect 3.0 ml, supernatant
and added 1.0 niL 1% TBA and then placed in boiling water bath for 15 min. Contents were
cooled in ice and centrifuged for 15 min at 2500 rpm. O.D. of the supernatant was taken
against a suitable blank at 532 mn and was converted to equivalent of MDA (nmol/mL)
using molar extinction coefficient of 1.56 X 105 mol/L-'cm一t.

Estimation of Glutathione

    For estimation of GSHtt", 0.4 mL of blood mixed with 1.6 mL of water was added in 2
oil, of 10% TCA and centrifuged at 2 000 rpm for 15 min. 1 mL of supernatant was added to
1.5 ml. of 0.3 mol/L NaZHPO4 solution and 0.25 mL of 0.04% DTNB. Colour was read at
412 nn
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Statistical analysis

blood of normal, BPH and
GSHIMDA was determined,

to compare the mean values of metals, GSH and MDA in the
PCA cases. Partial regression coefficient between lead and
after adjusting for age, in all the three groups i.e. normal men,

BPH and PCA cases

correlation cofficient

(r=-0.32, P<0.05) (Fig

The probability level determining significance was P<0.05
between blood lead and GSH level in PCA cases was signifiThecant
I (A)). The correlation cofficient between blood lead and Iv田A level

in PCA cases was also significant (r=0.77, P<0.05) (Fig. 1(B))
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Fio.I. Blood lead levels plotted against blood GSH (A) and blood NMA (maloodialdehyde) levels (B) in
prostate cancer cases indica山唱山e condition of oxidative stress.

RESULTS

    BPb levels in normal, BPH and PCA groups are given in Table 2, indicating a boundary
between three groups. It is clear that BPb was about three times higher (P<0.05) in PCA
group (28.241tg/dL) than in normals (10.19 gg/dL). Similarly, the level was twice as higher
in BPH group as in normals (23.39 gg/dL vs 10.191tg/dL) with statistically significant
differences (P<0.05). Interestingly, both zinc and copper levels in the blood were lower in
BPH and PCA gro叩s when compared with those in normal group, as controls (P<0.05)
(Table 2)
    Antioxidant GSH status showed a statistically significant decline in the blood of PCA

『。叩in comparison with controls (P<0.05). However, GSH status in BPH group was not
very different from controls (Table 2). Similarly, lipid peroxides in the blood, as determined
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by malondialehyde levels,were significantly higher only in PCA group (P <0.05) and not in

BPH group when comparedwith those of normals (Table 2)

TARLE 2

Blood Levels of Lead, Zinc, Copper GSH and Malondialdehyde (MDA) in Normal Men. BPH and PCA Patients

Blood
Lead Range
  (r七)

  1.2-43.1

  10.2土10.0

1.47-96.12

23.4士19.6"

  7.2-79.3

28.2土22.0'*

Zinc Range
  (x上，)

Copper Range     GSH Range
    (x土，) (S土引

MDAFange
    (x红 )

Normal(n=20) 3.5-10.46.911.7 0.2-5.11.011.1
50.2-255.3

121.8356.1

3.08-11.77

  6742.9

0.5-16.84.613.2} 0.1-1.00.S1i1.2*
36.4307.7       2.3120.5

116.7土58.0'        7914.8

0.8-9.24.4+2.5 0.1-1.20.51(1.3
48.2-156.9

845生335.

3.3-18.0

87+4.0,.

    Note. Level of lead in pg/dL; Levels of zinc copper and GSH in gWmL; Levels of MDA in M-11-L;
'Significantly lower in blood o# BPH/PCA than normal~ (P<0.05) but differences between BPH and PCA not
significant, **Significantly higher in blood of BPH/PCA than normal men (P<0.05) but differences between BPH
and PCA not significant; 'Significantly higher in blood of BPH than PCA(尸<〔05) however, difference between
BPH and normal men not significant.

    Partial regression coefficients as determined between lead and GSH and between lead and
malondialdehyde levels in the blood (after adjusting for age) showed a negative association
between lead and GSH status and a positive association between lead and malondialdehyde
levels in all the three groups (Table 3). However, positive association between blood lead
and malondialdehyde levels was much higher in PCA group than in other two groups (Table
3).

TABLE3

Partial Regression Coefficient Between Blood Lead and GSH and Blood Lead MDA Levels in Normal Men
                            BPH and PCA (After Adjusting for Age)

Normal Men

《iSH

M DA

BPH
1户nd

-0.20'

0.32

PCAt Pay
州1.32

077'

Note.' Statistically significaot(P<0.05)

    The correlation between blood lead and GSH levels in PCA group, as shown in Fig.
1(A), indicated a negative relationship between the two variables. However, a positive
relationship was noticed between blood lead and malondialdehyde levels (Fig. 1(13)). These
relationships suggested a state of oxidative stress caused by lead

DISCUSSION

    The deleterious effects of lead are associated with either acute exposure to high levels
of the element or chronic exposure to low levels of the metal. The present study points out
the chronic exposure of aging males to lead was through environmental contamination as
none of the subjects reported any occupational or accidental exposure to lead during their
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examination by the doctor. The etiology and pathogenesis of BPH still present unresolved
questions and are regarded as the result of hormonal imbalance (altered oestrogen/testosterone

or
of

ratio) or testosterone, dihydrotestosterone or estrogen stimulation either perinatal
presenescent""Prostate appears androgen dependent during th stages

oncogenests韶 m
    Several lines

involved in some

malondialdehyde

itialofstimulation of prostaf c growth is mediated by anevidence suggest that cellular damage mediated
of the pathogenesis associated with lead intoxication'

may be
levels of

ap-duct of I xidation were strongly correlated with blood lead
concentrations in lead exposed In the present study, a three times higher blood
lead level in PCA group and two times higher in BPH group than in controls (Table 2) might
be expected to generate ROS leading to lipid peroxidation as statistically significant higher
levels of malondialdehyde in the blood of PCA group was observed in the present study
(Table 2). Malondialdehyde level was higher than in controls, but in the BPH group it was
not statistically significant (Table 2). Apparently, quantitatively significant generation of
ROS/lipid peroxide in PCA may differentiate it from that of BPH. Our findines are further

supported by the recent report of Dursun et aLI 41 who found significantly higher differences
in the blood levels of lead exposed workers, with 15-+10 pg/dL as compared to controls,
2.37士6.28 Wg/dL plasma (2.67士0.69 ltmol/L) and erythrocyte (27.53士6.28 nmot/gHb); lipid
peroxide levels in workers with occupational exposure to lead were significantly higher than
in controls, with 1.23士0.61阵mol/L and 14.35士2.08 nmot/glfb, respectively. Lead could bind
to the membrane and act to stimulate lipid oxidation by causing change in membrane
physical properties. Through this mechanism, lead would favour the propagation of lipid

oxidation cabe cytotoxic瞬nge lateral pmembrane黯separation,5 and by increasing lipid oxidation rates,ed processes"'. “could
the黑默滥岌黯oneof篙弗ns of hema. Under so竿篡ins andditions,嘿hionegene篇留黯
events may not be neutralized and thereby the likelihood of oxidative damage to DNA may
be increased"". S-aminolevulinic acid (ALA) whose levels are increased by Pb can generate

ROS and cause oxidative damage to DNA in Chinese hamster ovary cells in vitro)"'l. In the
present study, glutathione level in blood of the PCA group was significantly lower than in
controls (84.5133 vs
different from that of

122=56)
controls

  Again
(117=58

GSH blood level in BPH

vs 122156). 1t is therefore, iwasntere
both reduction in blood GSH and increase in malondialdehyde level, i.e

not significantly
sting to note that
state of oxidative

stress were statistically significant in PCA group when compared with controls. However, it
was not different in

lead (only in PCA)
case of BPH Thus, it may be possible that environmental
is toxicologically significant to generate ROS leading

，which may increase the risk ofprostate cancer. Oxidative stress in thedanlage，whichlllaymere asetheriskofpdamage
could be due to direct participation of lead

lexposure to
to oxidative

present study
in free radical mediated reactions. or to an

associated accumulation of 8-ALA, a metabolite that
with the generation of ROS. Douki et al!2r' reported
and 4,5-dioxovaleric acid (the final oxidation produc
agent of the guanine moieties in DNA.玩PCA grog

can undergo iron-catalysed oxidation
some mutagenic properties of ALA,

expected to cause elevation of blood ALA and thereby 4,5-dioxovaleric acid as ALAD
activity was reported to be markedly inhibited in lead exposed persons, with a negligible

effect level perhaps as low as 10 llg/dL[2s1. Antilla et aLI91 in a nested case control study of
16 male glioma cases found an odd ratio of 11.0 (1.0-6.3) for those with blood lead >28 pg/dL
vs those with less than 14 gg/dL (P for trend=0.03). Fleshner and KlotzPot reported that
oxidative stress was higher in benign epithelium of prostate cancer patients than in men
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without the disease.
    There were statistically significant correlations betweenblood lead and blood GSH and

malondialdehyde levels
between blood lead and

in normal men, BPH and PCA (Table
GSH and malondialdehyde levels were

3)一However, correlation
relatively higher in PCA

than in other two groups. This higher correlation might be evaluated as a supportive
evidence of an indirect mechanism for lead induced carcinogenecity

，_孙‘ ”“eel吵 growth pro梦etor, me一叫吵growth“气，neoplastic cells, and涂
oenclency was uemonsuatea o be involved m several su堪es of mangnam transformations ·

it is also suggested that Zn protects against Cd induced prostate cancer, the mechanism of
which is not clear"'I. Results of this study indicated the possibility of Pb-Zn interaction, both
in PCA and BPH, as the blood Zn levels were brought down from 6.911.7 to 4.412.5 gg/mL in
PCA and to 4.613.2 4g/mL in BPH. Bush et al. El" reported a reduction in Zn level to about
one third of normal in malignant prostate and an inverse relationship between Zn
concentration and prostate pathology. The reduced level of blood Zn and Cu in BPH and
PCA than in normals in this study may also be related to some pathology of prostate.
    There are potential confounders which may play a role in prostate cancer, such as diet,

age and ethnicity. We also found age as a potential confounder and therefore, adjusted the
data for age in partial regression coefficient determination. Still, a strong positive
association between blood lead and malondialdehyde level in PCA (Table 3) was detected
However, this case-control study could only provide evidences on correlations between lead
exposure and the occurrence of prostate cancer and BPH, but not on causal relationship.
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