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Introduction

Prostate cancer is the second most common type 
of cancer and the leading cause of cancer-related death 
among men in the United States and Western countries 
[1, 2]. Prostate cancer may not show symptoms in its 
early stages, and its course is often slow, requiring 
only active surveillance [2]. An imbalance between 
oxidants and reductants in vivo indicates oxidative stress 
(OS),which results from the increased production of highly 
reactive molecules known as reactive oxygen species 
(ROS). This imbalance can lead to DNA damage, and 
consequently, cancer development [3, 4].
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OS damages various cellular components, including 
lipids, proteins, and DNA, and has been implicated in 
Prostate cancer pathogenesis. ROS are produced as 
by-products of cellular metabolism, with superoxide 
anions (O₂⁻) and hydrogen peroxide (H₂O₂) being major 
endogenous sources [5]. Carcinogens partially exert their 
effects by generating ROS during metabolic processes 
[6]. Elevated ROS levels lead to a significant reduction 
in antioxidant defenses, resulting in oxidative damage to 
proteins, lipids, and DNA, as well as disruption of cellular 
functions [7].
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PSA is widely used as a Prostate cancer biomarker; 
however, it cannot reliably distinguish between prostate 
cancer and benign prostatic hyperplasia (BPH) unless 
cancer progresses, at which point serum PSA levels 
become significantly higher compared to BPH [8]. 
Elevated PSA levels correlate with Prostate cancer 
severity [9]. 

Serum MDA  levels, a marker of OS, may increase in 
various prostatic lesions and are often assessed alongside 
PSA [10, 11]. PON1 , ARE, and the HDL-bound enzyme 
system function as antioxidants. This enzyme system 
protects lipoproteins (LDL and HDL) from oxidation 
by hydrolyzing bioactive phospholipids and lipid 
peroxidation products,thereby preventing atherosclerosis 
[12, 13]. This study aimed to measure serum levels of PSA, 
MDA, and GGT, as well as PON1 and ARE activities, in 
newly diagnosed Prostate cancer patients. Additionally, 
we sought to evaluate the relationship between these 
markers and determine whether serum GGT could serve 
as a sensitive biomarker for Prostate cancer detection.

Materials and Methods

Study subjects
A case-control study was conducted involving 80 men 

diagnosed with Prostate cancer (ages 45-75 years) and 80 
apparently healthy control subjects. The study was carried 
out at the urology clinic of Al-Sadder Teaching Hospital 
in Najaf City, Iraq, from March 2024 to August 2024. The 
study was conducted after obtaining informed consent 
from each patient and healthy control. Patients undergoing 
Prostate cancer treatment were excluded from the study. 
All participants had no history of liver pathology, and 
their plasma alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (ALP), 
and GGT levels were within normal ranges. None of the 
participants were alcohol consumers.

Body mass index (BMI) was calculated as weight 
in kilograms divided by the square of height in meters. 
Five milliliters of venous blood were collected from 
each subject. Two milliliters were immediately placed in 
EDTA tubes and divided into two aliquots: one for MDA 
level determination and the other for plasma separation to 
measure uric acid levels. The remaining three milliliters 
of blood were allowed to clot, and serum was separated 
by centrifugation at 3,000 rpm for 15 minutes. The serum 
samples were stored at -20°C for subsequent analysis of 
PSA, ALT, AST, ALP, and total bilirubin (TB) levels. All 
serum markers were measured using ELISA.

Serum PON1 activity was determined using the 
method described by Eckerson et al. [14]. Serum ARE 
activity was measured using phenylacetate as a substrate 
according to the protocol established by Haagen and 
Brock [15].

Biochemical measurements
Serum AST and ALT activities were determined 

according to the method of Bergmeyer and Bernt [16]. 
Serum ALP activity was measured using the Walter and 
Schütt protocol [17]. Total bilirubin levels were assessed 

colorimetrically following the procedure by Rutkowski 
and DeBaare [18], while plasma uric acid levels were 
determined according to Bergman and Shabtay’s method 
[19]. 

Serum MDA levels were evaluated using the 
thiobarbituric acid reactive substances (TBARS) assay. 
Serum GGT activity was measured following the Odorsen 
and Strømme method [20] using a commercial kit (Agape 
Diagnostic Laboratory, UK). The absorbance at 412 nm 
was recorded, showing a direct correlation with GGT 
activity in the sample.

Statistical Analysis
Statistical analysis was performed using SPSS software 

(version 20.0, IBM Corp., Armonk, NY, USA). Data were 
expressed as mean ± standard deviation(SD). Differences 
between means were assessed using independent samples 
t-test (for continuous variables) and chi-square test (for 
categorical variables). A p-value < 0.05 was considered 
statistically significant. Pearson’s correlation coefficient 
(r) was used to evaluate relationships between variables. 
The significance of correlations was tested using t-tests 
for correlation coefficients. Mean differences between 
prostate cancer patients and controls were calculated. 95% 
confidence intervals (95% CI) for the mean differences 
were determined using t-distribution.

Results

No significant differences were observed in mean 
age, weight, or BMI between prostate cancer patients and 
controls (Table 1). 

Biomarker profile of prostate cancer patients indicated 
a significant increase in PSA levels (mean difference: 
+79.67 ng/ml; 95% CI: 27.87-131.47; p≤0.001), a 
significant increase in MDA levels (+2.98 µmol/L; 95% 
CI: 0.96-5.00; p≤0.001),and a significant increase in 
PON1 activity (+48.45 U/L; 95% CI: -70.38-167.28; 
p≤0.001). While ARE activity were observed a significant 
decrease in patients (-6.01 kU/L; 95% CI: -157.85-145.83; 
p≤0.001). Serum GGT levels were quantitatively higher 
in prostate cancer patients (mean difference: 16.17 U/L), 
this difference did not reach statistical significance (95% 
CI: -2.65-34.99, p = 0.104) (Tables 2 and 3). 

No significant correlation was found between 
MDA and GGT (r = -0.18; p = 0.12). MDA showed 
a positive correlation with PSA, PON1, and ARE, 
but a non-significant negative correlation with GGT 
(r = -0.46; p = 0.740). No significant correlation was 
observed between PSA and GGT (r = 0.05; p = 0.867). 
In controls: All correlations between MDA and other 
markers were negative (Table 4).

Discussion

Prostate cancer remains the second most prevalent 
malignancy among men globally and the fifth leading 
cause of cancer-related mortality [2, 9]. Our analysis 
revealed no statistically significant differences in mean 
BMI, age, or weight between prostate cancer patients 
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elevation in patients (p ≤ 0.001) aligns with prior studies 
linking OS to prostate cancer pathogenesis [22, 24-26]. 
ROS-induced oxidation of polyunsaturated fatty acids 
leads to the formation of lipid peroxides and MDA-protein 
adducts, which can inactivate vital cellular components. 
Similar OS-induced MDA elevations have been reported 
in hepatic [27], colorectal [28], and lung [29] cancers, 
underscoring its broad involvement in carcinogenesis 
[30, 31]. These findings support the rationale for 
developing therapeutic strategies targeting oxidative 
damage in prostate cancer [32].

The significant elevation of PSA (p ≤ 0.001) reaffirms 
its established role as a diagnostic biomarker. Its association 
with decreased antioxidant levels [33, 34] suggests that 
PSA may also reflect OS severity, potentially enhancing 
its sensitivity in prostate cancer detection. ROS-induced 

and healthy controls (Table 1), indicating that these 
variables did not confound the biomarker outcomes. 
Prostate carcinogenesis is driven by progressive genetic 
alterations under OS, wherein an imbalance between 
the production of ROS and the cellular repair capacity 
initiates pathological cascades [21, 22]. ROS-mediated 
lipid peroxidation compromises membrane integrity, 
increases tissue permeability, and propagates oxidative 
damage [23].

Serum levels of PSA, MDA, and PON1 were 
significantly elevated in prostate cancer patients compared 
to controls (all p ≤ 0.001), while ARE activity was 
markedly reduced (p ≤ 0.001). In contrast, GGT levels 
showed a non-significant increase (p = 0.104) (Table 2). 
MDA, a stable end-product of lipid peroxidation, serves 
as a surrogate marker for ROS activity. Its significant 

Table 1. Demographic Characteristics and Clinical Parameters Across Study Groups

Parameters Patients (n=80) Control (n=80) P-value
(mean ± SD) (mean ± SD)

Age (yr) 65.60±6.11 63.28±6.30 NS
Weight (kg) 73.88±4.51 71.53±4.47 NS
BMI (kg/m2) 24.65±2.21 22.86±1.65 NS
Height (m) 1.59±00.06 1.68±0.05 <0.05
TB(mg/dl) 1.43 ±0.72 0.43 ±0.30 <0.05
Uric acid (mg/dl) 2.27 ±0.73 3.74 ±0.79 <0.05

NS, Non Significant; TB:Total Bilirubin; Significant if (p<0.05).

Table 2. Serum Levels of MDA, PON1, ARE, PSA, and GGT in Prostate Cancer Patients and Controls
Parameters Patients (n=80) Control (n=80) P-value

(mean ± SE) (mean ± SE)
MDA (µmol/l) 3.07±1.03 0.09±0.10 P ≤ 0.001
PON1 (U/L) 123.66±40.22 75.21±45.33 P ≤ 0.001
ARE (kU/L) 150.22±52.32 156.23±57.11 P ≤ 0.001
PSA (ng/ml) 80.35±26.43 0.68±0.44 P ≤ 0.001
GGT(U/L) 43.83±7.12 27.66±6.44 0.104

Table 3. Mean Differences and 95% CI of Studied Parameters between Prostate Cancer Patients and Controls

Parameter Mean Difference 95% CI(Confidence Interval) Statistical Significance (p-value)
MDA (μmol/L) 2.98 (0.96, 5.00) P ≤ 0.001
PON1 (U/L) 48.45 (-70.38, 167.28) P ≤ 0.001
ARE (kU/L) -6.01 (-157.85, 145.83) P ≤ 0.001
PSA (ng/mL) 79.67 (27.87, 131.47) P ≤ 0.001
GGT (U/L) 16.17 (-2.65, 34.99) 0.104

Table 4. Correlation between Biochemical Parameters in the Study Groups
Parameters Patients (n=80) Control (n=80)

r p-value r p-value
MDA Vs GGT -0.46 0.74 -0.02 0.876
MDA Vs PSA 0.08 0.756 -0.33 0.36
MDA Vs  PON1 0.07 0.627 -0.31 0.338
MDA Vs ARE 0.06 0.622 -0.22 0.276
PSA Vs GGT 0.05 0.867 0.21 0.442
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DNA damage, as evidenced by elevated levels of 
8-hydroxy-2’-deoxyguanosine (8-OHdG) in smokers 
and patients with renal failure [2, 24, 25, 30, 35], further 
emphasizes the role of oxidative insults in carcinogenesis. 

The significant reduction in PON1 activity 
(p ≤ 0.001) [13, 36-38] may reflect its consumption 
during ROS neutralization or its structural denaturation 
by superoxide anions. Likewise, diminished ARE 
activity (p ≤ 0.001) [39-41] correlates with the severity 
of OS and may be exacerbated by HDL dysfunction. 
This inverse relationship between PON1/ARE and 
oxidative damage highlights their importance in the 
body’s antioxidant defense mechanisms. Despite a higher 
mean GGT level observed in patients (mean difference: 
16.17 U/L; 95% CI: −2.65 to 34.99; p = 0.104), the lack 
of statistical significance and the weak correlation with 
MDA (r = −0.46, p = 0.740) [22, 24, 33, 42, 43] limit its 
applicability as an independent biomarker. Conversely, the 
strong discriminatory capacity of PSA (mean difference: 
79.67 ng/mL; 95% CI: 27.87 to 131.47; p ≤ 0.001) 
reaffirms its clinical relevance (Tables 3 & 4). While OS 
biomarkers (MDA, PON1, ARE) and PSA demonstrate 
substantial diagnostic potential, the nonspecific nature of 
GGT restricts its clinical utility.These results are consistent 
with previous studies [2, 24, 33, 42, 44]. Collectively, 
these results position OS markers (MDA, PON1, ARE) 
as potentially valuable adjuncts to PSA in prostate 
cancer diagnostics, while underscoring GGT’s restricted 
standalone diagnostic value. The notable reduction in 
ARE activity particularly merits further investigation 
into its pathophysiological role in carcinogenesis. These 
results establish OS markers as promising additions to 
PSA, although further large-scale studies are needed to 
improve their clinical applications, particularly in Iraqi 
populations, to establish optimal biomarker combinations.

In conclusion, while serum PSA remains the gold 
standard for prostate cancer detection, OS markers (MDA, 
PON1, ARE) show promise as complementary biomarkers 
for early-stage identification. Although serum GGT levels 
are elevated in patients, its poor specificity and sensitivity 
limit its diagnostic utility as a standalone marker. Our 
findings suggest that PSA combined with OS markers 
may improve diagnostic accuracy.
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