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In this study, changes in the activities of serum total and prostatic acid phosphatase (TACP and PACP,
respectively), alkaline phosphatase (ALP), gamma( )-glutamyltransferase (GGT) and testosterone level were
assessed in male rats exposed wholly to 17.8+2.6cm” hr’ kg'lm'3 day'1 of gasoline vapours (8 hours daily, 6
days/week) for 20 weeks in exposure chambers. The results showed that exposure to gasoline vapours caused
a significant increase (P < 0.05) in serum TACP, PACP, ALP, GGT and testosterone levels, by 74.12 + 4.71, 74.00
+ 2.80, 53.00 + 3.6, 87.17 + 2.5 and 83.42 + 5.2 percents, respectively, in male rats. Increase in serum acid and
alkaline phosphatases, - glutamyltransferase and testosterone levels, observed in this study to be associated
with exposure of male rats to gasoline vapours, is known to be implicated in various prostatic clinical

conditions, including prostatic cancer.
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INTRODUCTION

It has been observed and reported that exposure to
gasoline vapours caused such clinical conditions related
to those that are caused by smoking, including
haematotoxicity, hepatotoxicity, nephrotoxicity, and
alterations in some biochemical activities associated with
lipid metabolism in rats (Uboh et al.,2005; Uboh et
al.,2007a,b,c; Uboh et al.,2008) . Also, our earlier studies
showed that gasoline vapours increased serum follicle
stimulating hormones (FSH), luteinizing hormones (LH)
and testosterone in male rats ; and decreased serum
FSH, LH, oestadiol and progesterone in female rats(Uboh
et al.,2007c). On the basis of the various clinical
conditions observed to be associated with gasoline
vapours, it was suspected that exposure to gasoline
vapours may also affect the activity / concentration of
total and prostatic acid phosphatase, hence the activity of
the prostate gland in male rats.

Acid phosphatase activity / concentration has been
reported to be elevated in the sera of males with
metastatic prostatic cancer (Fang et al.,2008; Saito et
al.,2006; Taira et al.,2007). This indicates that increased
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serum acid phosphatase levels is of great clinical
importance in the diagnosis of prostatic cancer. The acid
phosphatases are a group of enzymes capable of
hydrolyzing esters of orthophosphoric acid in an acid
medium. Acid phosphatase activity is widely distributed in
human tissues and acid phosphatases represent a
heterogeneous group of enzymes containing many
isoenzymes, each specific for one type of tissue. The
human prostate is particularly rich in this enzyme and
serum enzyme levels have been used as a tumor marker
of prostate cancer (Merick et al.,2005). Hence, the
enzyme is used as a one of the markers for prostatic
cancer. Also, higher levels of — glutamyl transferase
(GGT) are found in the prostate glands, suggesting that
high serum GGT level, in the presence of other
incriminating factors, may be related to prostatic cancer
(Strasak et al.,2008).

In recent years, studies on prostatic disorders, such as
benign prostatic hyperplasia (BPH), have focused more
attention on the metabolic syndrome and its major
endocrine aberration-hyperinsulinaemia (Hammarsten
and Hogstedt,2001; 2002; Nanadeesha et al.,2006;
Ozden et al.,2007). According to Laaksonen et al.(2003;
2004), a reduced testosterone level has been linked to
the metabolic syndrome. However, the prostate gland
tissue is known to be a testosterone-dependent organ



and, consequently, when the testosterone level
decreases as a result from an increasingly pronounced
metabolic syndrome, the growth-stimulating effect on the
prostate gland by other aberrations might possibly be
reduced. Ross et al.(1992) however, demonstrated that
young African-American men had serum testosterone
levels that were approximately 15% higher than their
white counterparts and have suggested that this
difference is enough to explain the increased risk for
prostate cancer in African- American men. The hormonal
hypothesis seems to be one of the most important
hypotheses in prostatic cancer etiology, and efforts are
continuing to improve the understanding of androgen
action in prostatic cancer (Imamoto et al.,2009). Although
evidence from epidemiological studies of an association
between circulating levels of androgens and prostatic
cancer risk has been inconsistent, the traditional view that
higher testosterone represents a risk factor for prostatic
cancer appears to have little evidentiary support
(Morgentaler,2007). However, epidemiological and
biological differences in prostatic cancer are generally
believed to exist between Western and Asian men.
Investigating the association between serum testosterone
levels and prostatic cancer in a Japanese population thus
seems important (Immamoto et al.,2008).

A number of studies have found that cigarette smoking
may be a risk factor for the development of prostate
cancer (Hsing et al.,1990). This report demonstrated a
relative risk of 1.8 and 2.1 for cigarette smoking and
chewing tobacco, respectively. A case—control study of
382 men by Fincham et al.(1990), however, did not find a
link between smoking and prostate cancer. Smoking is
known to cause serious health hazards, some of which
may be similar to those caused by various environmental
pollutants.  Gasoline  vapours contribute  various
ubiquitous pollutants, which may pose threat to health,
into the environments. Human health risks from
intermetent, low- dose exposure to gasoline vapour is not
quite consistent. To identify the potential health risk of
chronic exposure to unleaded gasoline (UG), American
Petroleum Institute sponsored a cancer bioassay, in
which B6C3F1 mice and F-344 rats were exposed to UG
vapour for 6 hrs/day, 5days/week for 2 years. The results
indicated that the carcinogenic effects detected were the
induction of male rat kidney tumours and female mouse
liver tumours. The kidney tumours were believed to result
from the interaction of the metabolites of certain
isoparaffinic components of UG with a male rat-specific
renal protein, 2pu- globulin (Chun et al.,1992; Hard et
al.,1993). The accumulation of this protein in proximal
tubule cells may lead to cytolethality, regenerative cell
proliferation and ultimately, renal cancer (Borghoff et
al.,1992). Other reports also indicate that UG vapours
stimulate the growth of diethyl nitrosamine-induced
hepatic preneoplastic lesions in mice, and induce an
enzyme activity associated with cytochrome Pg50 2B
(Standeven and Goldsworthy,1994; Staneven et
al.,1994). This study assessed the effect of exposure to

gasoline vapours on the functionality of the prostate gland
using serum serum total and prostatic acid phosphatase,
alkaline phosphatase, gamma( ) - glutamyl transferase
and testosterone levels in male rats.

MATERIALS AND METHODS

Animals and animal handling

Fourteen male albino Wistar rats weighing 100-150g were obtained
from the animal house of the Department of Biochemistry,
University of Calabar, Calabar, Nigeria and used for this study. The
animals were allowed one week of acclimatization to laboratory
conditions and handling, after which they were distributed,
according to weight into two groups ( Control and Test groups) of
seven rats each. The animals were housed individually in cages
with plastic bottom and wire mesh top (North Kent Co. Ltd) and fed
with normal rat chow (Guinea Feeds Product) purchased from the
High Quality Livestock Feeds stores, Calabar, Nigeria. They were
supplied with tap water ad libitum throughout the experimental
period. The animals in the control group were maintained in the
gasoline vapours-free section of the animal room adequately
ventilated under standard conditions (ambient temperature, 28 +

2°C, and relative humidity, 46%, with a light/dark cycle of 12/12h).
While animals in the test group were kept in the exposure chambers
(vapours cupboards) previously saturated with premium motor spirit
(PMS) blend of gasoline vapours during the exposure periods. The
liquid gasoline (PMS blend) was obtained from the Mobil Refueling
station, Marian Road, Calabar, Nigeria.

All animal experiments were carried out in accordance with the
guidelines of the Institutional Animal Ethics Committee.

Exposure to gasoline vapours

The animals in the test group were wholly exposed to 17.8cm3htm

3kg'l(target concentration) of vapourized Premium Motor Spirit
(PMS) blend of unleaded gasoline (UG) vapours for 8 hr/day,
6days/week, for 20 weeks in a glass exposure chambers(1.5m x
0.9m x 2.1m). Exposure conditions were chosen to reproduce those
used in our previous studies (Uboh et al.,2007a; Uboh et al.,2007b;
Uboh et al .,2008). The exposures were routinely conducted from
9.00am to 5.00pm on week days, including holidays to mimic
workplace exposure. The chamber design, exposure generation
system, and monitoring system were the same as those previously
described (Uboh et al.,2007a; Uboh et al.,2007b; Uboh et al.,2008),
with chamber concentrations of the UG determined daily. The
average daily chamber concentrations of UG during exposure

periods were 17.8+2.6cm° h'lm'?’kg'l (about 85 .4 percent of target
concentration) . At the end of each day's exposure period, the
animals were transferred to gasoline vapours- free section of the
experimental animal house and maintained under the same
standard conditions as the animals in control groups until the next
day. During the exposure period, the initial and final volumes of
liquid gasoline were respectively recorded before and after daily
exposure. The daily differences in volume were used to estimate
the relative concentrations of vapours used in this exposure
method.

Collection and handling of blood serum for Analyses

Twenty-four hours after last exposure, the animals were
anaesthetized with chloroform vapour and dissected. Whole blood
from each animal was collected by cardiac puncture into well-
labeled non-heparinized sample tubes and allowed to clot for 3 hrs



Table 1. Effect of gasoline vapours on some serum prostatic cancer markers in rats

Group TACP (U/L) PACP (U/L)
Control 10.88+1.02 3.46+0.74
Test 18.95+2.18* 6.02+1.82*

ALP (U/L) GGT (U/L) Testosterone(ng/ml)
203.15+12.86 46.30+3.44 3.74+1.20
310.79+14.33* 84.81+9.95* 6.86+2.16*

Data are presented as mean + SEM, n = 7, *P < 0.05 compared with control.

TACP = Total acid phosphatase, PACP = Prostatic acid phosphatase, ALP = Alkaline phosphatase, GGT = - glutamyl transferase.

in iced water. The serum was separated from the clots after
centrifuging at 10,000 rpm for 5 min, using bench top centrifuge(
MSE Minor, England), into well-labeled plain sample bottles, and
used for assays.

Biochemical assays

Biochemical analyses carried out included measurement of the
concentration of gamma-glutamyltransferase (GGT), alkaline
phosphatase (ALP), total and prostatic acid phosphatase (TACP
and PACP, respectively) and testosterone in the serum. The
measurements of the activities / concentrations of serum ALP,
PACP and TACP were done by spectrophotometric determination
of their absorbances, using analytical grade laboratory reagent kits
obtained from Biosystems Laboratories (S. A. Costa Brava,
Barcelonia, Spain) . While reagent kits from Randox Laboratories
(United Kingdom) were used to assess the concentration of serum
GGT. All absorbance readings were taken with DREL3000 HACH
model spectrophotometer. Also, the serum was assayed for
testosterone using enzyme immunoassay methods. The
immunoassay reagent kits were obtained from Diagnostic
Automation Inc., 23961 Craftman Road, Suite E / E, Calabasas, CA
91302. Microplate reader (Dialab Instruments Ltd.) was used in
taking the absorbance readings. Calculations of the concentration
of the hormone was done according to the method described in the
kits manual.

Statistical analysis

Students’ t-test was used to evaluate the significance of the
difference between the mean value of the measured parameters in
the test and control groups. A significant difference was accepted at
P< 0.05.

RESULTS

This study assessed the effect of exposure to gasoline
vapours on serum total and prostatic acid phosphatase
(TACP and PACP, respectively), alkaline phosphatase
(ALP), gamma( ) - glutamyl transferase (GGT) and
testosterone levels in male rats. The results of this study
are summarized in Table 1. From the results obtained in
this present study, it was observed that exposure to
gasoline vapours caused a 74.12 + 4.71, 74.00 + 2.80,
53.00 + 3.6, 87.17 £ 2.5 and 83.42 + 5.2 percent increase
in serum TACP, PACP, ALP, GGT and testosterone
levels, respectively, in male rats. These results gave a
clear indication that exposure to gasoline vapours

produced in a significant increase (P < 0.05) in serum
TACP, PACP, ALP,GGT and testosterone levels in male
rats (Table 1).

From these results, it is evidenced that exposure to
gasoline vapours may results in clinical conditions
associated with increased serum acid and alkaline
phosphatase, gamma glutamyl transferase and
testosterone, such as prostatic disorders.

DISCUSSION

The epidemiologic and screening studies performed in
the past years have raised several important questions
about the causative factors and pathogenesis of this
disease, but a definitive cause for various prostate
disorders, such as prostate cancer, has not been well
established. It has been apparent for several years that
the age-related incidence rates as well as death rates
from clinical prostate disorders vary dramatically from
country to country. It is now generally accepted that the
development of a fully malignant cancer cell requires
multiple malignant genetic events, including those that
initiate cell transformation as well as those that promote
or encourage the transformation process (Pienta et
al.,1989). Generally, prostate cancer for instance, as
most other cancers, develops as the result of an interplay
of genetic and epigenetic events, both of which may be
affected by environmental risk factors (Carter and
Coffey,1990; Carter et al.,1990a; Carter et al.,1990b;
Pienta and Esper,1993).

The results of this study showed that exposure to
gasoline vapours caused increase in serum total and
prostatic acid phosphatase, alkaline phosphatase,
gamma glutamyl transferase, and testosterone male rats.
These results gave an indication that exposure to
gasoline vapours may adversely affect the functionality of
the prostate glands. The elevation of serum level of these
bio-indices have been reported to be associated with
prostatic cancer (Fang et al.,2008; Ross et al.,1992; Saito
et al.,2006; Taira et al.,2007). This indicates that these
enzymes and the androgen can be used as biomarkers
for the assessment of prostatic cancer. Particularly,
prostatic acid phosphatase is reported to have emerged
as the world's first clinically useful tumor marker (Taira et
al.,2007). The observations made from the result of this



present study therefore gave an indication that exposure
to gasoline vapours may be considered to be one of the
predisposing environmental risk factors for prostatic
disorders. Although the specific mechanism(s) through
which exposure to gasoline vapours causes increase in
serum total and prostatic acid phosphatase, alkaline
phosphatase, gamma glutamyl transferase, and
testosterone male rats is not understood, several
intriguing reports, especially the report by Ross et
al.(1992), suggest that the endogenous level of
androgenic  hormones, either  testosterone, or
dihydrotestosterone, may play a pivotal role in the cause
of prostate cancer. Generally, the androgens are
believed to be important in the aetiology of prostate
cancer. And several studies have identified relationships
between pretreatment serum levels of testosterone and
both clinical stage of prostate cancer and patient survival,
suggesting that pretreatment serum testosterone level
has potential as a prognostic factor for prostatic cancer
(Chen et al.,2002; Freedland et al.,2005).The
involvement of these hormones would explain, at least in
part, why discerning risk factors for prostate disorders
have been so difficult because androgen levels in an
individual would result from the interplay of several
different genes, including those for testosterone, 5-c-
reductase, sex hormone binding globulin, and estrogen,
as well as the environmental influence on these gene
products, such as zinc intake, smoking, vitamin A, and
dietary fat.

The results of this study suggested a probable increase
risk for the development of prostatic disorders to be
associated with exposure to gasoline vapours in rats
model. The observations made in this study therefore
increase the list of potential risk factors for prostatic
disorders. However further study, using PSA (Prostatic
specific Antigen) and histopathologic examination of the
prostate tissue, to confirm and identify the specific
probable risk of prostatic disorders observed to be
associated with exposure to gasoline vapours in rats
model is in progress. Occupation and smoking have been
to be among the risk factors for prostatic cancer (Pienta
and Esper, 1993). However, several studies examining
the risk for prostate cancer and occupation and physical
activity have had mixed results (Elghany et al., 1990).
Checkoway et al.(1987), in a case—control study, found
that 75% of 40 patients with prostate cancer had a history
of farming compared with 37.5% of control men with
benign prostatic hyperplasia. Also, other industries or
occupations that have been associated with a higher
incidence of prostate cancer include mechanics,
newspaper workers, plumbers, and men in rubber
manufacturing industries, but these reports have not been
confirmed conclusively7. Industries that have received the
closest scrutiny as increasing the risk for prostate cancer
have been those in which workers are exposed to
cadmium. Several studies, with varying results, have
been done to determine whether cadmium exposure
places an individual at greater risk for prostate cancer

(Elghany et al.,1990). Most of these studies tend to
support the hypothesis that cadmium exposure weakly
increases the risk for prostate cancer. And it has been
suggested that cadmium increases the risk for prostate
cancer by interacting with zinc (Elghany et al.,1990).
Also, a number of studies have found that cigarette
smoking may be a risk factor for the development of
prostate cancer (Giovannucci et al.,1999) . Moreso, Hsing
et al.(1990) earlier reported the relative risks of 1.8 and
2.1 for cigarette smoking and chewing tobacco,
respectively. The results of this present study identified a
significant risk of prostate dysfunction to be associated
with exposure to gasoline vapours in rat model. Hence , it
may be concluded that exposure to gasoline vapours is
likely to be one of the potential risk factors for prostatic
disorders.
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