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Abstract 
Prostate cancer (PCa) represents the most frequent urologic diagnosis in elderly males. We have 
previously shown that exposure of prostate to lipopolysaccharide (LPS) promotes cancer risk. We 
investigated the effect of non-selective cyclooxygenase (COX) inhibition on prostate inflamma-
tion-mediated cancer risk in vivo. The prostates of male rats were inoculated with E. coli as 
sources of inflammatory molecules (LPS) and were treated with COX inhibitor, aspirin 2 mg/Kg 
orally for 14 days or PBS. Oxidative stress was induced with two 2 mls of hydrogen peroxide orally 
twice daily or PBS for 14 days; they were either treated with COX inhibitor or PBS for another 14 
days. Blood was collected and analyzed for acid phosphatase and PSA. Data showed presences of 
LPS in the prostate of the rats resulted in gradual increase in PSA when compared to control (P < 
0.0001). However, COX inhibition resulted in statistically significant reduction in concentration of 

 

 

*Corresponding author. 

http://www.scirp.org/journal/jct
http://dx.doi.org/10.4236/jct.2016.71005
http://dx.doi.org/10.4236/jct.2016.71005
http://www.scirp.org
http://creativecommons.org/licenses/by/4.0/


M. Omabe et al. 
 

 
42 

PSA level compared to control group (P < 0.0001). To understand if oxidative stress mechanism 
was involved in the inflammation mediated increase in PSA, data showed that rats exposed to H2O2 
had 2.5 fold increase in acid phosphatase (ACP) compared control (P < 0.0001), and by inhiting COX 
activity, a statistically significant reduction in ACP from 11.2 IU/L ± 0.67 to 5.7 IU/L ± 0.347 (P < 
0.0034) was observed. Thus since increased in PSA was associated to cancer risk, our data suggested 
that inflammation mediated prostate cancer risk was reversible by Inhibition of COX Activity in rats. 
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1. Introduction 
Prostate cancer (PCa) is the most common cancer in the adult male, and benign prostatic hyperplasia (BPH) 
represents the most frequent urologic diagnosis in elderly males [1]. Recent data suggest that prostatic inflam-
mation is involved in the pathogenesis and progression of both conditions [2] [3]. The observation of chronic in-
flammation coexisting with BPH histologic changes in pathologic specimens leads to the suspicion that inflam-
mation may play a role in the development of prostate enlargement. Prostatic inflammation is associated with 
overall clinical progression [4].  

BPH and PCa form in different areas of the prostate [5]. The former is known to develop from the transitional 
zone (TZ) and central zone of the gland, while the latter develops from the peripheral zone (PZ). Only in about 
20% of cases do the conditions coexist in the same zone [5]. BPH and PCa are considered chronic diseases, with 
early initiation and slow progression [6]. BPH starts as a simple micronodular hyperplasia, evolving into a ma-
croscopic nodular enlargement that gradually translates into a clinical entity [7]. Similarly, PCa develops thro- 
ugh early and late precancerous histologic modifications [4]. Furthermore, although there is no clear molecular 
and genetic relationship between BPH and PCa, they present two distinct pathogenetic pathways, epidemiologic 
studies suggest that because their incidence and prevalence rise with increased age, both conditions are hormone 
dependent and are associated with prostatic inflammation, which can represent a common denominator [1] [8]. 

Local inflammation may be triggered by a viral or bacterial infection or other pathogen associated molecular 
pattern (PAMP), which will lead to the secretion of cytokines, chemokines, and growth factors involved in the 
inflammatory response with consequent growth or proliferation of epithelial and stromal prostatic cells [4] [6].  

The atypical chemokine receptor D6 is a decoy and scavenger receptor for most inflammatory CC chemo-
kines [9]. In fact, the appropriate control of the chemokine system involves several chemokine decoy receptors, 
with distinct specificity and tissue distribution, and controls most inflammatory CC chemokines [9]. In health, 
the D6, has been shown to abrogate CC chemokines which are known to mediate inflammatory response; by this 
shut off inflammation by making the chemokines unavailable [9] [10]. For example, evidence from experimental 
studies demonstrates that mice deficient of D6 has increased susceptibility to develop cancer induced by the in-
flammation-producing carcinogen, the phorbol ester [10]. In contrast, transgenic mice with lots of D6 are resis-
tant to tumor formation [10]. This strongly suggests that inflammation can be protumorigenic. We have pre-
viously shown that infection and inflammation are major confounding factors in the pathogenesis of prostate 
cancer [3]. We have recently shown that exposure of the prostate to molecules that trigger chronic inflammation 
promotes the risk for prostate carcinogenesis [11]. Here, we investigate the role of cyclooxygenase inhibitor on 
prostatic epithelium with inflammatory stimulus and an altered physiologic response due to a change in the 
prostatic microenvironment. We show that cyclooxygenase COX inhibition suppresses acid phosphatase (ACP) 
levels and results in decreased level of pre-treatment lipopolysaccharide (LPS) mediated increased in prostate 
specific antigen (PSA) in rats. 

2. Material and Method  
2.1. Animal Experiment 
Adult male rat weighing between 130 - 220 g were used for the study, the animals were obtained from animal 
house at Enugu State University, department of animal science. On arrival, the animals were placed at random 
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and allocated for treatment in a wire gauze cage with paddy husk as bedding. Animals were housed at a temper-
ature of 24˚C ± 3˚C in Ebonyi State University research laboratory where all the animals were allowed to free 
access to fed and water (with standard commercial polluted rat chaw) without any treatment for 2 weeks, this is 
to allow them to acclimatize. All chemicals and reagents purchased and used for these studies were analytical 
grade (Sigma, Nigeria) and ABL Nigeria. 

2.2. Experimental Prostatitis with Lipopolysaccharide  
The weight of the animals was measured for both test and control. The method De Marzo et al. 2007 was used. 
In detail, pure colonies of E. coli measuring 1 × 105 (obtained from Federal teaching hospital Abakaliki) was 
emulsified to a concentration of 1 × 104 of PBS in a plain container and was allowed to completely dissolve. A 2 
ml syringe (ABL, Nigeria) was used to inject directly into the prostate of the rat 0.2 ml of the bacteria solution. 
The animals were allowed free access to food and water both test and control. The control animals were treated 
same as the test but with normal saline only for control group. The animals were closely observed on daily bases 
and were carefully monitored for at least 6 days. The animals’ weights were measured and recorded. All animals 
were handled as specified by ethical committee for animal right. At least 2 ml of blood was collected from each 
rat by cardiac puncture for both the test and control into a plain (anticoagulant free) container and allowed to 
clot following a standard protocol. Then those samples were centrifuged at 3000 g per minute at room tempera-
ture. The serum was separated and stored in the freezer at −20˚C till when required for analysis. 

2.3. Treatment with Hydrogen Peroxide  
Oxidative stress was induced in the rats by oral administration of 3% hydrogen peroxide according to published 
protocol [11]. In detail, the rats were randomized into 2 groups and were treated with 2 mls of hydrogen perox-
ide orally twice daily or PBS for 14 days. Another group had similar treatment as the later, but was treated with 
aspirin (COX) 2 mg/Kg or PBS twice daily for 14 days, while their weights were also measured daily. The two 
groups were monitored for at least 14 days. The blood samples were collected and biochemical studies were un-
dertaken for ACP and PSA. 

2.4. Treatment with COX Inhibitor 
The rats previously exposed to local prostatic inflammatory stimulus through exposure with LPS from E. coli.. 
They were then divided into 2 groups. The test group was treated with 2 mg/kg of aspirin orally 2 times daily for 
8 days, while the control group received vehicle of PBS for the same duration, and blood samples were collected 
and assessed. 

2.5. Laboratory Analysis  
Prior to the time of analysis, the samples were allowed to return to room temperature by removing the samples 
from the refrigerator. Each serum sample from the two separate experiments was analyzed for “prostate specific 
antigen (PSA) using enzyme immunoassay with microtitre wells (Dako, USA). The principle of the ELISA test 
was based on solid phase enzyme linked immunosorbent assay technique. The assay system utilizes a goat anti- 
PSA antibody directed against PSA for solid phase immobilization (using the microtiter plate). A monoclonal 
anti-PSA antibody directed against PSA antigen. A monoclonal anti-PSA antibody conjugated to horseradish 
peroxidase (HRP) was in the antibody-enzyme conjugate solution. The test was performed according to the 
manufacturer’s instruction.  

The test samples were allowed to react first with the immobilized goat antibody at room temperature for 60 
minutes. The wells were washed to remove any unbounded antigen. The monoclonal anti-PSA-HRP conjugate 
was reacted with the immobilized antigen for 60 minutes at room temperature, resulting in the PSA molecules 
being sandwiched between the solid phase and enzyme linked antibodies. The wells were washed with water to 
remove unbound labeled antibodies. A solution of TMB reagent was added and incubated at room temperature 
for 20 minutes, resulting in development of a blue color. Color development is stopped with the addition of stop 
solution changing the color to yellow. The concentration of PSA is directly proportional to the color intensity of 
the test sample. Absorbance is measured spectrophotometrically at 450 nm wavelength. 
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2.6. Measurement of Prostate Specific Acid Phosphatase 
Serum level of acid phosphotase was measured in accordance with published method [12]. In brief, total and 
prostate specific acid phosphotase which were determined according to established protocol. P-Nitrophenyl 
phosphate is hydrolyzed in acid pH medium by the action of acid phosphatase present in serum. The liberated 
p-Nitrophenol was quantified spectrophotometrically. The tartaric acid acts as inhibitor of the prostatic acid 
phosphatase. This tartaric-sensitive fraction was measured by the difference in activity observed when the assay 
was carried out in the absence and presence of tartaric acid.  

2.7. Statistical Analysis 
The statistical analyses was performed using Prism software. For analysis of PSA, the values were multiplied by 
10 in other to get whole numbers. The results are expressed as mean ± SEM, (N = 3). Test of statistical signif- 
icance was determined by one-way analysis of variance with P < 0.05 considered significant. Statistical analysis 
of the result obtained was done using mean ± standard error of mean (S.E.M.). 

3. Result 
3.1. Effect of Chronic Local E. coli and Lipopolysaccharide (LPS) on the Prostate 
Figure 1 shows the PSA level of test rat with or without exposure of the prostate to LPS and development of 
experimental prostatitis compared to the control group. There was a gradual increase in serum PSA when com-
pared to the control; resulting in increase in level of PSA which was statistically significant at 95% confidence 
interval (P < 0.0001); suggesting that infection of the prostate epithelium and exposure to the highly inflamma-
tory molecule, LPS may mediate state of local epithelial inflammatory which interfere with the epithelial cell 
physiology and result in increased PSA secretion in rat. 

3.2. Oxidative Stress Results in Increase in Tartrate Sensitive Prostate Acid Phosphatase 
(ACP) Concentration 

Abundantly published studies have shown that inflammation sustained by infection, produces simple epithelial 
hyperplasia, increased epithelial cell proliferation, through an oxidative stress. To investigate this, animals were 
induced to have oxidative stress from generated reactive oxygen species after treatment with hydrogen peroxide. 
The prostate specific acid phosphatase levels were determined. Data showed a 2.5 fold increase in acid phospha-
tase in the rats that were treated with hydrogen peroxide compared to the control group (P < 0.0001) (Figure 2).  
 

 
Figure 1. Illustrates the gradual increase in serum PSA levels in experimentally induced prostate infection in immunocom-
petent mice when compare to the control group. PSA level were determined as described in the materials and method and 
transformed by multiplying with 10. Data were compared with the untreated group. The experiment was repeated 3 times and 
the SEM determined. n = 3. Error bar represent standard error of mean. *** = P < 0.0001. 
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Figure 2. Adult male rats were experimentally induced to hypoxic stress by daily treatment with hydro-
gen peroxide and the control group received only PBS for 7 days. Data showed that exposure oxidative 
stress resulted in m 2.5 folds increase in prostate specific acid phosphatase compared to the control, de-
monstrating a statistically significant (P < 0.0001). Data represents mean and error bar = SEM. 

3.3. Inhibition of COX Activity Reversed Inflammation Mediated Increase in PSA or ACP 
A feature of oxidative stress reactions is the production of arachidonic acid from membranes, a process asso- 
ciated with the generation of reactive oxygen radicals, causing oxidative damage, as well as being converted by 
the cyclo-oxygenase (COXs) to various eicosanoids and prostaglandins, which are important factors in the regu-
lation of cell proliferation (Alessandro et al. 2008). To test this COX activity was inhibited in the rats previously 
exposed to LPS or oxidative stress using hydrogen peroxide, and ACP and PSA were determined. Data showed 
that treatment with non selective COX inhibitor for 14 days caused statistically significant decrease in PSA ele-
vation (P < 0.0001) compared to the control group (Figure 3), and resulted in statistically significant reduction 
in ACP level from 11.2 IU/L ± 0.67 to 5.7 IU/L ± 0.347 (P < 0.0034), and a negative correlation of R2 = 0.73 
(Figure 3 and Figure 4). 

3.4. Oxidative Stress Results in Insignificant Increase in Weight 
Figure 5 shows the relationship in weight of rats that received daily doses of hydrogen peroxide and the group 
that received PBS as vehicle. Data show that there was no significant difference in the weight of the rats that 
were exposed to oxidative stress.  

4. Discussion  
Data from this study confirm previous reports from our laboratory [3] [11], and others [13]-[15]; which earlier 
suggest that prostatitic infection or inflammation may be associated with disease progression and more risk for 
prostate tumour initiation. A common feature of this form of cancer is prostate pathology with characteristic in-
creased PSA level.  

We have shown that the presence of highly inflammatory molecule LPS in the prostate results in statistically 
significant increase in PSA level in rats (Figure 1). To assess if the inflammation mediated increase in PSA is 
associated with signaling through oxidative or hypoxia pathways, Figure 2 shows that whenever the rats are in-
duced to hypoxic stress to generate increasing level of reactive oxygen species, it is found that there is a  
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Figure 3. Rats previously exposed to local prostatic LPS received non selective 
COX inhibior 2 mg per body weight twice daily for 14 days, while the control 
group received PBS only for same number of days. The experiment was re-
peated 3 times and the SEM determined. n = 3. Error bar represent standard er-
ror of mean. *** = P < 0.0001. 

 

 
Figure 4. Treatment with non selective COX inhibitor statistically reduced ACP 
level from. The experiment was repeated 3 times and the SEM determined. n = 3. 
Error bar represent standard error of mean. ** = P < 0.0035 

 
corresponding increase in the concentration of serum tartrate sensitive prostate specific acid phosphatase (P < 
0.0001). In tandem, the weight of the animals surprisingly does not decrease, however, the marginal but statisti-
cally insignificant increase in the weight (Figure 5) of the hypoxia exposed animals can be attributed to endo-
crine response to hypoxic stressor. Although we do not understand why weight is not altered, however, it is gen-
erally accepted that stress can cause metabolic alterations resulting in initial insulin resistance and increase in 
some acute phase proteins levels; the extend and duration of which determines if weight will be altered. Evidence  
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Figure 5. Represents the mean weight after day 7 the animals were treated with hydro-
gen peroxide 2 drops twice daily for 14 days and the controls received PBS 2 drops 
twice daily. The experiment was repeated 3 times and the SEM determined. n = 3. Error 
bar represent standard error of mean. 

 
has shown that cortisol which is a known response hormone to both inflammation and stress functions to induce 
perturbation of carbohydrate metabolism and cause insulin resistance [16]. This may in part explain the marginal 
increase in weight found in the hypoxia treated animals.  

These data confirm a possible association between inflammation and the development of prostate disease and 
prostate cancer risk. In line with the current study, Dennis et al. [17] examined the consistency of the associa-
tions between prostatitis and PC; using a meta-analysis, the author found that the association between prostatitis 
and PC was significant among the population-based, case control studies (OR = 1.8) and overall (OR = 1.6).  

To investigate the role of oxidative stress in this process, oxidative stress is induced, after treatment with hy-
drogen peroxide. Figure 3 demonstrate that reactive oxygen species and oxidative stress promote increase in 
tartrate sensitive prostate specific acid phosphatase significantly. Our data confirms a previous report and sug-
gests that inflammation and oxidative stress or hypoxia can produce result in epithelial hyperplasia, increase ep-
ithelial cell proliferation [18]; marked by increased in both PSA and tatrate sensitive acid phosphatase level in 
rat. 

It is known that a characteristic feature of oxidative stress reactions is the production of arachidonic acid from 
membranes; a process associated with the generation of reactive oxygen radicals and converted by the cyclo- 
oxygenase (COXs) to various eicosanoids [19], in particular prostaglandins, important factors in the regulation 
of cell proliferation [20]. We investigate whether this process also contributes to abnormal high level of ACP or 
PSA recorded in this study. We show that inhibition with non-selective COX activity but not with PBS signifi-
cantly represses, reverses and returns the concentration of ACP (P < 0.0035) or PSA level, allowing it to drop to 
near baseline (P < 0.0001) when compared with the control group. In fact there is a strong correlation between 
non selective inhibition of COX and serum concentration of tartrate sensitive prostate specific ACP (R2 = 0.73).  

The findings from this study suggest that prostatic oxidative stress [21]-[23], and LPS mediated inflammation 
[11], can elicit biochemical increase in biochemical indicators of prostate hyperplasia [24] and risk of prostate 
cancer [25]. COX activity has been shown to play an important role in the association between inflammation 
and prostate growth leading to generation of reactive oxygen species (ROS) and genomic damage [18]. There-
fore, we have shown that by inhibiting COX activity, inflammation and oxidative stress mediated or ROS me-
diated increased in biochemical markers of prostate hyperplasia and prostate pathology [26] [27] including PSA 
and ACP are repressed in rat models. Concisely, pathogen associated molecular pattern including LPS are potent 
inducers of inflammatory mediated prostate cancer risk, we have shown that non selective inhibition of COX ac-
tivity abrogated prostatic cell malignant-like behavior in murine model. COX inhibitors act downstream the 
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arachnidonic acid metabolism; hence by inhibiting the cyclooxygenase pathway, the increased secretion of ACP 
or PSA was dramatically shutdown, confirming that inflammation and ROS generation contribute in part to 
promote transformation to prostate cancer. Data also confirmed that inflammation mediated changes in the phy-
siology and prostate microenvironment, is reversible and preventable by blocking of the Cox signaling pathway 
production. The implication of these finding is that prostate disease may be preventable. 
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