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Abstract 

Objective: The aim of this study was to investigate the effects of chemohormonal therapy on catalase (CAT), superoxide 

dismutase (SOD), glutathione (GSH), glutathione peroxidase (GPx), arylesterase (ARE), paraoxonase (PON), myeloperoxidase 

(MPO), malondialdehyde (MDA), total antioxidant status (TAS), total oxidant status (TOS) in patients with metastatic 

castration-resistant prostate cancer (MCCRPC).  The aim of this study was to investigate the effect of chemohormonal treatment 

and treatment resistance on oxidant and antioxidant system in cancer and prostate cancer through oxidative stress index (OSI) 

parameters and to show that it may have a predictive value in the diagnosis, prognosis and treatment of the disease. Material 

and method: This study included 112 patients diagnosed with prostate cancer and 30 healthy individuals (control group) who 

were admitted to the Departments of Medical Oncology and Radiation Oncology of Atatürk University Medical Faculty 

Hospital. Patients were divided into four groups according to the treatment protocol. Patients received androgen suppression 

therapy, secondary hormone therapy and non-hormone therapy (chemoteropathic drugs) respectively (as resistance 

developed). The first group was sensitive to androgen suppression therapy (ADT), the second group was resistant to androgen 

suppression therapy and sensitive to chemotherapeutic agents. The third group was the group that developed resistance to 

chemotherapeutics. The fourth group was patients who were diagnosed with prostate cancer and did not receive treatment. 

CAT, SOD, tGSH, GPx, GPx, ARE, PON, MPO and MDA levels were analyzed by manual antioxidant methods in patient and 

control serum samples, while TAS, TOS and OSI levels were analyzed by commercially purchased kits and according to the Erel 

method. Results: CAT, ARE, MPO, TAS, TOS and OSI parameters showed significant differences between the groups (p<0.05), 

while SOD, tGSH, GPx, MDA and PON parameters showed no significant differences between the groups. Conclusion: This is 

a research study that will shed light on the effects of chemohormonal therapy and treatment resistance on oxidant and 

antioxidant systems in cancer and prostate cancer and will fill the gap in the literature.  
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Introduction 

Uncontrolled proliferation of secreting alveolar cells in 

the prostate gland due to genetic or environmental 

conditions is called prostate cancer (1). It is the second 

most common type of cancer in men and the leading 

cause of death, and ranks first in the world, accounting 

for 7% of newly diagnosed cancers in men worldwide. 

The top five most common cancers in men in Turkey in 

2020 are: lung cancer, prostate cancer, colorectal 

cancer, bladder cancer and stomach cancer. Prostate 

cancer ranks first in Turkey with 19444 new cases and 

a rate of 14.6%. It is estimated that at least 40% of 

cancers seen in men are related to smoking (2). 

Castration is stopping the production or blocking the 

effects of androgens (testosterone, dihydrotestosterone 

and androstenedione) by hormonal therapy. Metastatic 

prostate cancer is when cancer cells appear in tissues, 

organs or lymph systems outside the prostate.  

Castration-resistant prostate cancer (CRPC) is when 

metastases continue to grow even if there are no 

androgens in the body. These cancer cells are called 

castration-resistant because they do not respond to 

hormonal castration treatment (3). These are patients 

with high serum prostate-specific antigen levels (PSA) 

that progress progress progressively even though 

serum testosterone levels are at castration levels. The 

serum castration level of testosterone is considered to 

be <50 ng/dL (<1.7 nmol/L). The main treatment 

approach for metastatic prostate cancer is androgen 

suppression. Simultaneous chemohormonal therapy 

and radiotherapy have a positive effect on patient 

survival in prostate cancer. Antiandrogens affecting 

androgen receptor (AR)-mediated signaling pathways 

are among the important treatment modalities today 

(4, 5). 

The gold standard in Androgen Deprivation Therapy 

(ADT) for CSPC is bilateral orchiectomy if the patient's 

compliance with the treatment is problematic. 

Docetaxel used in treatment shows antimitotic effect by 

affecting cell division through microtubule 

stabilization. Enzalutamide blocks the 

dihydrotestosterone receptor in the membrane and 

nucleus. Abiraterone androgen biosynthesis inhibitor 

blocks 17α hydroxylase and lyase enzymes via 

cytochrome p450. Sipuleucel-T is an antibody response 

therapy in which a vaccine derived from dendritic cells 

of the patient's peripheral blood is given to the patient. 

Kabazitaxel is an antimitotic treatment applied to 

docetaxel-resistant patients (6). Reactive oxygen 

species (ROS) including nitrogen dioxide, hydroxyl 

radicals, nitric oxide, peroxynitrite and superoxide play 

an important role in the regulation of blood pressure, 

neurotransmission, cell movement, immune control, 

smooth muscle relaxation and protection against 

microorganisms. Antioxidants that keep ROS under 

control are catalase, superoxide dismutase, coenzyme 

Q10, albumin, uric acid, ascorbic acid, glutathione, 

vitamin E and vitamin A. Overproduction of ROS 

causes oxidative stress and increasing levels of ROS 

damage macromolecules such as carbohydrates, 

proteins, lipids and DNA. High levels of oxidative stress 

underlie various diseases that cause cell damage, such 

as stroke, Alzheimer's, Parkinson's, diabetes, 

rheumatoid arthritis, cardiovascular diseases and 

cancer (7). 

Free radicals, which are continuously produced in the 

cell, are inhibited by antioxidant defense systems 

produced during normal metabolism in the body. 

Antioxidants basically prevent or delay cell damage by 

destroying free radicals in the cell. Antioxidants can be 

produced endogenously in the body or can be taken 

exogenously through food. Antioxidant defense 

systems have enzymatic and nonenzymatic complex 

systems. Therefore, we can talk about the first, second 

and third antioxidant defense mechanisms in the cell. 

The first defense mechanism is superoxide dismutase 

(SOD) which suppresses the formation of free radicals, 

catalase (CAT) in peroxisomes, glutathione peroxidase 

(GPx) which breaks down hydrogen peroxide into 
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water in mitochondria and sometimes in the cytosol are 

the main antioxidant defense systems (8). Glutathione 

(GSH) is a powerful, natural antioxidant molecule 

involved in cell differentiation, proliferation and 

apoptosis. Myeloperoxidase (MPO) is found at high 

levels in neutrophils and macrophages. MPO is the 

antioxidant that catalyzes the reaction between 

hydrogen peroxide and chlorine to produce 

hypochlorous acid (HOCl-), a potent antimicrobial 

oxidant agent that damages proteins, DNA and lipids 

(9). Malondialdehyde (MDA) is the end product of lipid 

peroxidation resulting from the reaction of fatty acids 

with free radicals and its level is expected to increase in 

prostate cancer (8). 

Paraoxonase (PON) is an endogenous antioxidant anti-

inflammatory enzyme in the structure of glycoprotein 

released from the liver into the circulation due to high 

density lipoprotein (HDL). This antioxidant role of 

PON stems from its protective effect on low-density 

lipoprotein (LDL) from oxidation (10). Arylesterase 

(ARE) is an esterase group antioxidant enzyme 

encoded by the same gene as PON1 and has similar 

active centers. The ratio of total oxidant status (TOS) 

and total antioxidant status (TAS) is accepted as 

oxidative stress index (OSI). Oxidative stress, which is 

an inevitable consequence of aerobic life, plays an 

important role in the mechanism of many diseases 

including cancer (11). The aim of this study was to 

investigate the effect of chemohormonal treatment and 

treatment resistance on oxidant and antioxidant 

system in cancer and prostate cancer, chemohormonal 

treatment and treatment resistance on oxidant and 

antioxidant system through CAT, SOD, GSH, GPx, 

ARE, PON, MPO, MDA, TAS, TOS and OSI parameters 

in patients with metastatic castration-resistant 

prostate cancer and to show that these parameters may 

have a predictive value in the diagnosis, prognosis and 

treatment of the disease. 

Material and Method 

Ethical Statement: The ethics committee approval of 

this study was obtained from Atatürk University 

Clinical Research Ethics Committee (Date:27.12.2024, 

No:2024/B.30.2.ATA.0.01.00/718).  

Determination of Study and Control Groups: 

The patient group of this study consisted of 112 patients 

diagnosed with prostate cancer and receiving 

chemohormonal therapy at the Department of Medical 

Oncology and Radiation Oncology of Atatürk 

University Health Research and Application Center. 

The patients were divided into four groups according to 

the treatment protocol: Group I (n=41): ADT-sensitive 

patients. These patients received androgen deprivation 

therapy (ADT) (LHRH analog → Luprolid, Goserelin, 

Bicalutamide) as well as Docetaxel, Enzalutamide, 

Abiraterone. Patients who developed resistance while 

receiving any of the treatments in this group were 

included in group II. Group II (n=16): Patients who 

developed resistance while receiving Docetaxel, 

Enzalutamide, Abiraterone were included in this 

group. In summary, patients in this group were those 

who developed resistance to ADT. Group III (n=18): 

Cabazitaxel, Enzalutamide, Abiraterone treatment is 

started for patients who develop resistance to ADT. 

Group III included patients who developed resistance 

to this treatment protocol. Group IV (n=37): Patients 

who were diagnosed with prostate cancer and did not 

receive treatment.  

The healthy control group (Group V, n=30), which was 

demographically similar to the patient group, was 

composed of people who came to the Central 

Laboratory, Blood Collection Unit of our hospital for 

routine control or among the relatives of the patients 

without any systemic disease. All volunteer 

participants were asked to complete and sign the 

“Informed Consent Form for Adult Patients”. 

Inclusion criteria: 1)Patients with no previous 

history of chemotherapy or radiotherapy, 2) male 

patients between the ages of 45-75, 3) Patients with no 
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systemic and chronic diseases, 4) Patients who have not 

been diagnosed with any other cancer other than 

prostate cancer, 5) Patients with no acute or chronic 

inflammation, 6) Patients who do not smoke or drink 

alcohol 

Exclusion criteria: 1) Patients who have previously 

received chemotherapy or radiotherapy 

2) Patients with systemic diseases such as diabetes, 

heart failure, hypertension 3) Presence of chronic or 

active infection. 

Collection and Preparation of Samples: Blood 

samples taken from patients and healthy individuals in 

biochemistry tubes were kept at room temperature for 

10-20 minutes and then centrifuged at +4°C, 4000 rpm 

for 10 minutes. The supernatants (sera) obtained after 

centrifugation were aliquoted and stored at -80˚Ϲ. 

Immediately before analysis on the study day, the 

frozen samples were thawed in stages. Repeated 

freezing and thawing was avoided. All standards, 

controls, kits and sera were brought to room 

temperature (18-26 °C) before use. Serum samples 

were analyzed on the same day and according to 

standard laboratory methods. CAT, SOD, tGSH, GPx, 

ARE, PON, MPO and MDA levels were analyzed by 

manual antioxidant methods, while TAS, TOS and OSI 

levels were analyzed by commercially purchased kits 

and according to the Erel method. Oxidant and 

antioxidant parameters of the samples were measured 

spectrophotometrically. 

Measurement of Biochemical Parameters: 

Determination of catalase (CAT) activity: Campo et al. 

(2004) method was used for determining the catalyze 

activity in the sera samples. Briefly, 20 µL of 

supernatant was incubated with 100 µL of substrate (65 

mmol/L hydrogen peroxide in 60 mmol/L phosphate 

buffer solution, pH= 7.4) at 37 °C for 1 minute. Then, 

the enzymatic reaction was stopped with 100 µL of 

ammonium molybdate (32.4 mmol/L). The reaction is 

determined by measuring at 405 nm in the 

spectrophotometer (12). Standards were prepared from 

pure catalase enzyme as 16150 U/mL-126 U/mL. By 

drawing a standard graph, the catalase activity in the 

samples was calculated according to the equation of 

this curve. Results were expressed as U/mL for sera 

samples. 

Determination of superoxide dismutase (SOD) 

enzyme activity measurement: The method is 

based on the principle of inhibiting the free radicals of 

the superoxide dismutase enzyme during the reduction 

of the free oxygen radicals released by the enzymatic 

reaction in the presence of nitro blue tetrazolium 

(NBT) in the sample. The color change observed as a 

result of the reaction is measured at 560 nm by a 

spectrophotometer (13). 

Determination of total GSH (tGSH): The Sedlak 

and Lindsay (1965) method was used for tGSH 

measurement. After 30 min incubation at 37 °C, 

absorbance measurement was made at 412 nm. 2 mM, 

1 mM, 0.5 mM, 0.250 mM, 0.125 mM, 0.0625 mM and 

0.031 mM reduced glutathione were used as standards. 

A standard graph was plotted using standard 

concentrations and standard absorbance values. tGSH 

concentrations in the samples were calculated 

according to the equation of this curve. Results are 

expressed as mM for serum samples (14).  

Determination of glutathione peroxidase (GPx) 

activity: The reduced glutathione (GSH) is oxidized by 

GPx to oxidized glutathione (GSSG). Then, in the 

opposite direction, NAPDH (nicotinamide adenine 

dinucleotide phosphate) is used during the reduction of 

oxidized GSSG by the enzyme glutathione reductase. 

GPx activity is calculated by measuring the decrease in 

absorbance during the oxidation of NADPH to NADP+ 

at 340 nm (15).  

Determination of arylesterase (ARE): 

Phenylacetate (Sigma Co, UK), is used as a substrate for 
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determining arylesterase activity. ARE activity was 

determined by measuring the absorbance of the phenol 

formed at 270 nm (16). In the calculation of ARE 

activities, 1310 M−1 cm−1 molar absorption coefficient 

was used.  

Determination of paraoxonase (PON): The 

absorbance alteration of p-nitrophenol formation with 

paraoxon was taken into account at 37 °C, 412 nm 

spectrophotometrically (16, 17). In the calculation of 

PON activity, 17 100 M−1 cm−1 was used as molar 

absorption coefficient. 

Determination of myeloperoxidase (MPO): It is 

based on the kinetic measurement of the absorbance of 

the yellowish-orange colored complex resulting from 

the oxidation of o-dianisidine with MPO in the 

presence of hydrogen peroxide at the wavelength of 

460 nm (18). 

Determination of lipid peroxidation (MDA): It 

is based on the spectrophotometric measurement of 

the absorbance of the pink colored complex formed by 

thiobarbituric acid and MDA at a wavelength of 532 nm 

after an incubation period of 60 minutes at 95°C (19). 

A stock standard solution was prepared with 1.1.3.3 

tetraethoxypropane at a concentration of 200 μM. 

Standard solutions of different concentrations (100-

1.56 μM) were obtained by serial dilution from the 

stock standard. A standard graph was drawn by using 

the concentration and absorbance values of the 

standard solutions. MDA concentrations in the 

samples were calculated according to the equation of 

this curve. Results were expressed in micromolar (μM) 

for serum samples. 

Total antioxidant status (TAS) measurement: 

Total antioxidant level (TAS) was studied by Erel 

method (20). Serum TAS level was measured by 

spectrophotometry using Rel Assay Diagnostics 

commercial kit (Catalog no: RL0017, Gaziantep, 

Turkey). The principle of the test is based on the fact 

that antioxidants in the sample reduce the dark blue-

green ABTS (2,2-azino-bis 3-ethylbenzothiazolin6-

sulfonic acid) radical to the colorless reduced ABTS 

form. The change in absorbance at 660 nm, which can 

be measured spectrophotometrically, correlates with 

the total antioxidant level of the sample. The assay is 

calibrated with a balanced antioxidant standard 

solution called Trolox Equivalent, a vitamin E analog. 

Assay results were calculated using a standard of 1 

mmol TroloxEquiv./L. The CV% values of the assay 

were reported by the manufacturer as ±10%, range 

1.20-1.50 mmol/L. Results are given in mmol/L for 

serum.  

Total oxidant status (TOS) measurement: Total 

oxidant levels of sera were measured using Rel Assay 

Diagnostics commercial kit (Catalog no: RL0024, 

Gaziantep, Turkey). Plasma TOS levels were 

determined using the automated measurement method 

developed by Erel (21). In this method, oxidants 

present in the sample oxidize the iron ion-o-dianisidine 

complex to ferric ion. The oxidation reaction is 

enhanced by the abundant glycerol molecules in the 

reaction medium. The ferric ion forms a colored 

complex with xylenol orange in an acidic medium. The 

color intensity, which can be measured 

spectrophotometrically, is related to the total amount 

of oxidant molecules present in the sample. The CV% 

values of the assay are reported by the manufacturer as 

±10%, range 4-6 umol/L. The assay was calibrated with 

hydrogen peroxide and results are given as µmol H2O2 

Eq./L for serum.  

Oxidative stress index (OSI): Calculated as total 

oxidant level divided by total antioxidant capacity 

(obtained by Erel method). For the calculation of the 

OSI value, the unit of TAS was converted to 50 µmol/l 

and the formula TOS (µmol H2O2 Eq/L) / (10*TAS 

(mmol/Trolox Eq/L) was used (22). 

Statistical Analysis: Data were analyzed using SPSS 

25.0 (Statistical Package for Social Science, IBM Corp 
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in Amonk, NY, USA) and GraphPad Prism software 

V.10.4.0 (Boston, MA, USA). The Shapiro Wilk test was 

used to determine whether the data fit the normal 

distribution. Descriptive statistics for numerical 

variables were expressed as mean ± standard error and 

median (Q1 and Q3 Quartiles) parameters. Comparison 

of means between two variables was evaluated by One 

Way Anova test in independent groups for normally 

distributed parameters and Kruskal Wallis test for non-

normally distributed parameters. Median values were 

used in drawing the graphs. When evaluating the 

results p<0.05 was considered statistically significant.  

Sample Calculation (G Power Analysis): The 

minimum number of participants required for the 

study was calculated in the G Power sample calculation 

program (version 3.1.9.4). The minimum sample size 

was calculated with Type I error (α) 0.05, Type II error 

(1-β) 0.95 and effect size 0.45 (23). Accordingly, the 

minimum sample size was calculated as 20 people for 

each group and 100 people in total (Cohen's f: 0.4) 

considering the independent groups (patient and 

control groups) (23). 

Results 

In this study, patients were divided into four groups 

according to the treatment protocol, and the sample 

number and average age of the groups were determined 

as follows: Group I (n=41; 70.73±10.69 years), Group 

II (n=16; 68.25±5.18 years), Group III (n=18; 

73.00±8.00 years), Group IV (n=37; 71.86±8.42 

years). The healthy control group (Group V, n=30; 

69.18±12.25 years) without any systemic disease was 

formed. There was no statistically significant difference 

between the patient groups and the control group 

(p>0.05). Shapiro-Wilk tests were performed to 

determine whether there was a significant difference 

between the groups in our study parameters. As a result 

of these tests, the mean, standard error (SE), median, 

first and third quartile (Q1-Q3), minimum, maximum 

and p value results of the groups according to the 

parameters are shown in Table 1. According to this 

table, significant differences were found between the 

groups in CAT, ARE, MPO, TAS, TOS and OSI values 

(p<0.05). No significant difference was found between 

the groups in the measurement of SOD, tGSH, GPx, 

MDA, and PON levels (p>0.05). 
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Table 1. Oxidant/antioxidant measurement results of patient groups (Group I-IV) and control group (Group V) 

 
*p<0.05 was considered statistically significant in the analysis of variables. 

 

Post-hoc analysis to determine between which groups our study parameters (CAT, SOD, tGSH, GPx, ARE, PON, 

MPO, MDA, TAS, TOS and OSI) differed and the results of the p values obtained are shown in Table 2. 

 

 

 

 

 

 
 

Parameters 

Group I 
(n=41) 

Group II 
(n=16) 

Group III 
(n=18) 

Group IV 
(n=37) 

Group V 
(n=30) 

 
P Value 

Mean ± SE 
Median (Q1-Q3) 

Min-Max 

Mean ± SE 
Median (Q1-Q3) 

Min-Max 

Mean ± SE 
Median (Q1-Q3) 

Min-Max 

Mean ± SE 
Median (Q1-Q3) 

Min-Max 

Mean ± SE 
Median (Q1-Q3) 

Min-Max 
CAT 

 
(U/mL) 

61818.15±1484.37 
61701.58 

(57587.73-
69702.39) 
33721.41-
79820.64 

51649.59±3024.0
6 

49579.29 
(44779.33-
62631.73) 
20026.81-
68477.32 

48812.48±1495.79 
48608.13 

(44815.42-
54169.62) 
35803.26-
59069.93 

62706.15±1757.17 
65878.20 

(59069.93-
67529.71) 

9436.82-80032.38 

57422.00± 
1886.68 
(53523.74-
64902.93) 
33570.16-71791.70 

<0.0001* 

SOD 
 

(U/mL) 

91.51±4.66 
100.48 (58.04-

119.75) 
40.00-134.15 

82.43±5.48 
82.68 (64.02-

98.65) 
51.22-123.90 

92.35±8.44 
86.34 (59.02-

128.29) 
38.54-151.22 

100.83±3.58 
102.92 (92.92-

113.90) 
42.93-144.39 

89.47±3.39 
91.21 (76.58-

103.53) 
45.85-125.37 

0.159 

tGSH 
 

(mM) 

0.57±0.03 
0.54 (0.43-0.67) 

0.24-1.36 

0.62±0.03 
0.62 (0.55-0.67) 

0.40-0.92 

0.67±0.04 
0.65 (0.54-0.73) 

0.40-1.18 

0.57±0.03 
0.51 (0.42-0.59) 

0.32-1.17 

0.64±0.04 
0.62 (0.48-0.74) 

0.31-1.43 

0.305 

GPx 
 

(IU/L) 

1.66±0.74 
0.60 (0.25-1.57) 

0.14-31.00 

1.07±0.30 
0.57 (0.33-1.42) 

0.11-5.08 

0.76±0.12 
0.67 (0.35-1.07) 

0.18-2.03 

1.55±0.53 
0.68 (0.45-1.47) 

0.10-19.85 

0.86±0.14 
0.58 (0.35-0.95) 

0.14-3.09 

0.772 

ARE 
 

(U/mL) 

755±49.40 
738.93 (584.73-

980.15) 
30.53-1264.12 

512.97±58.88 
598.47 (262.59-

698.47) 
134.35-836.64 

495.50±69.58 
404.58 (269.46-

749.61) 
54.96-1004.58 

496.63±50.03 
439.69 (273.28-

745.03) 
6.11-1200.00 

435.72±55.13 
415.26 (164.12-

663.35) 
12.21-1111.45 

<0.0001* 

PON 
 

(U/mL) 

4.27±0.38 
3.77 (2.30-5.61) 

0.23-10.87 

3.66±0.48 
3.89 (2.46-5.07) 

0.11-7.04 

4.57±0.73 
4.22 (2.83-5.15) 

0.72-14.35 

3.96±0.38 
3.49 (2.01-5.36) 

0.33-9.05 

6.05±0.65 
5.03 (3.13-7.30) 

1.82-17.56 

0.0713 

MPO 
 

(U/mL) 

24.92± 1.60 
24.94 (19.94-

32.65) 
3.61-53.56 

18.66±2.47 
18.20 (9.92-28.31) 

1.18-34.27 

18.11±2.20 
16.59 (9.53-27.23) 

3.19-34.34 

10.87±0.86 
9.90 (8.48-11.42) 

4.69-29.20 

8.66±1.15 
6.75 (5.59-9.03) 

2.98-35.06 

<0.0001* 

MDA 
 

(µM) 

10.31±0.37 
9.61 (8.80-10.78) 

7.99-18.99 

11.61±0.58 
10.42 (9.66-13.62) 

8.35-19.35 

10.52±0.33 
10.15 (9.07-11.68) 

8.53-15.57 

11.40±0.93 
11.40 (8.89-11.20) 

8.35-22.06 

12.94±0.96 
12.94 (9.38-15.47) 

8.53-23.14 

0.410 

TAS 
 

(mmol/L) 

0.52±0.04 
0.54 (0.36-0.64) 

3.61-53.56 

0.40±0.06 
0.37 (0.17-0.52) 

0.11-1.19 

0.52±0.03 
0.51 (0.40-0.62) 

0.33-0.93 

0.96±0.02 
0.98 (0.93-1.05) 

0.16-1.18 

0.85±0.06 
1.02 (0.68-1.10) 

0.01-1.14 

<0.0001* 

TOS 
 

(micromol/L) 

25.92±1.00 
20.90 (17.95-

27.27) 
8.64-89.09 

15.16±1.62 
13.72 (8.70-20.90) 

7.42-31.82 

14.79±0.47 
15.68 (8.95-19.54) 

1.61-31.94 

15.10±0.20 
10.90 (7.73-20.00) 

2.38-40.00 

18.41±0.42 
11.07 (8.33-27.72) 

2.27-63.18 

0.0001* 

OSI ratio 
 

TOS/(10*TAS) 

6.99±1.00 
4.03 (2.97-8.58) 

1.58-24.32 

6.28±1.62 
3.56 (1.79-8.84) 

1.19-21.28 

3.11±0.47 
2.55 (1.99-3.99) 

0.32-7.98 

1.69±0.20 
1.25 (0.74-2.28) 

0.22-5.69 

2.61±0.42 
1.46 (0.90-4.18) 

0.22-9.77 

<0.0001* 
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Table 2. Comparison of patient groups (Group I-IV) in terms of oxidant and antioxidant measurement results 
(Post-hoc analysis) 
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According to the results of serum CAT concentration 

measurements, there was a significant difference 

between all groups (p<0.05), but there was no 

significant difference between the groups in SOD 

concentration measurements (p>0.05). The graph of 

these measurement results is shown below (Figure 1). 

 

Figure 1. Serum CAT (A.) and SOD (B.) concentrations of patient and control groups 
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According to the results of tGSH and GPx measurements of the patients and controls, no significant difference was 

found between the groups in terms of these two parameters (p>0.05). The results of these measurements are 

shown in Figure 2. 

G
ro

up I

G
ro

up I
I

G
ro

up I
II

G
ro

up I
V

G
ro

up V

0.01

0.1

1

10

100

p-values of all pairwise comparisons are >0.05

Groups

G
P

x
 C

o
n

c
e

n
tr

a
ti

o
n

 (
IU

/L
)

B.

GPx (IU/L)

 
Figure 2. Serum tGSH (A.) and GPx (B.) concentrations of patient and control groups 

Although there was a significant difference between the groups according to the results of serum ARE 

concentration measurements (p<0.05), there was no significant difference between the groups in PON 

concentration measurements (p>0.05). The graph of these measurement results is shown in Figure 3. 
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Figure 3. Serum ARE (A.) and PON (B.) concentrations of patient and control groups 
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There was a significant difference between the groups according to the results of serum MPO concentration 

measurements (p<0.05); however, there was no significant difference between the groups in MDA concentration 

measurements (p>0.05). The graph of these measurement results is shown in Figure 4. 

 
Figure 4. Serum MPO (A.) and MDA (B.) concentrations in patient and control groups. 

The graphs showing that there were significant differences (p<0.05) between the groups in the measurement of 

total oxidant and antioxidant parameters TAS, TOS and OSI concentrations in serum are shown in Figure 5. 
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Figure 5. Serum TAS (A.), TOS (B.) concentrations and OSI values (C.) of patient groups and control group 
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Discussion 

Yüksel et al. found that the activities of total 

antioxidant enzymes decreased because the 

antioxidant balance was disrupted as a result of 

oxidative stress caused by ROS in prostate cancer cells, 

and SOD antioxidant enzyme level was high to balance 

this level (24). In our study, the fact that the SOD level 

was low in the 2nd group (although not statistically 

significant) may be an indication that a resistance to 

SOD also developed in patients resistant to ADT. Again, 

the fact that TAS level was significantly (p<0.0001) 

lower in patients receiving ADT treatment (Groups 1, 2 

and 3) compared to healthy control and untreated 

groups is an indicator of increased ROS in accordance 

with the literature.  

Seçkin et al. reported that MDA, which is a lipid 

peroxidation product and a biomarker of oxidative 

stress, increased in the plasma of 64 patients with 

prostate cancer with an increase in vascular endothelial 

growth factor (VEGF) (25). The fact that MDA was 

lower in our study compared to the control group 

(p>0.05) may be due to inhibition-related error at the 

laboratory analysis stage. 

In a study in which 40 participants with prostate cancer 

were included, OSI level in the serum of patients was 

found to be statistically significantly lower in the 

control group than in the patient group; serum PON 

and ARE levels were found to be statistically 

significantly higher in the control group than in the 

patient group (26). PON and ARE enzyme activity was 

found to be low in trauma patients due to oxidative 

stress by Yıldırım et al. (27). The fact that OSI was 

significantly (p<0.0001) lower in the healthy control 

group in our study and in accordance with the literature 

is an indication that cancer cells are exposed to 

oxidative stress as an inevitable result of aerobic life. 

The fact that PON concentration was higher in the 

control group compared to the patient groups 

(although not statistically significant) is an indication 

of suppression of antioxidant levels in cancer cells (as 

an indicator of oxidative stress) in accordance with the 

literature. The fact that ARE was significantly higher 

(p<0.0001) in the patient group (especially in ADT-

sensitive Group 1 patients) compared to the control 

group (mean 755±49.40) may indicate a positive 

response to the treatment protocol. 

Sajjaboontawee et al. showed that GSH and GPx levels 

were significantly lower in the serum of patients with 

prostate cancer compared to the control group (28). In 

our study, no significant difference was found between 

the groups in terms of total GSH and GPx parameters.  

Arsova-Sarafinovska et al. showed higher MDA 

concentrations and lower GPx, SOD and CAT activities 

in prostate cancer patients compared to control and 

benign prostatic hyperplasia (BPH) groups (29). In our 

study, the low level of SOD in Group 2 may be an 

indicator of ADT resistance. Oxidoreductase, which 

reduces hydrogen peroxide to water and oxygen, and 

antioxidant CAT enzyme activity were found to be 

significantly higher between the groups (p<0.0001) in 

Group 1 (mean 61818.15±1484.37) in Group 1 (mean 

61818.15±1484.37) may be indicative of a favorable 

response to ADT, whereas lower levels in Groups 2 

(mean 51649.59±3024.06) and 3 (mean 

48812.48±1495.79) may be indicative of a biomarker of 

resistance to ADT, cabazitaxel and other 

chemohormonal treatments. 

Xiang et al. found that serum TOS and OSI values were 

significantly higher and serum TAS values were 

significantly lower in patients with lung cancer than in 

the control group (30). In our study, TAS measurement 

was higher in those who did not receive treatment 

(Group 4) and lower in those who received 

chemohormonal treatment (Groups 1, 2, 3) with a 

significance level of p<0.0001, which may be a 

biomarker for cancer diagnosis due to increased 

oxidative stress. The fact that TOS and OSI 

measurements, which are oxidant parameters, were 

higher in patients with p<0.05 significance level in 
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accordance with the literature is evidence that they are 

biomarkers that help cancer diagnosis.  

Sincan et al. 40 acute myeloid leukemia patients and 18 

healthy individuals, serum MPO level was found to be 

higher and PON level was found to be lower (31). MPO 

level, which acts as an antimicrobial agent to prevent 

DNA damage in cancer cells, was found to be high with 

a significance level of p<0.0001 in accordance with the 

literature. Although PON activity was not statistically 

significant (p>0.05), it was found to be lower in 

patients compared to the control group in accordance 

with the literature. 

Blatt et al. Enzalutamide (Enz)-resistant patients have 

higher ROS levels than Enz-sensitive patients. AR is 

positively correlated with oxidative stress pathways as 

it decreases glutamine metabolism and antioxidants. 

However, in the relationship between oxidative stress 

and treatment resistance in patients with untreated 

primary prostate cancer, ROS levels were found to be 

lower than those who received treatment (32). In our 

study, contrary to the literature, TOS, one of the 

important indicators of ROS, was significantly higher 

in Enz-sensitive patients with a significance level of 

p=0.0001. The fact that TOS measurement was lower 

in patients with prostate cancer who did not receive 

treatment compared to those who received treatment 

in accordance with the literature may be associated 

with chemohormonal treatment resistance.  

Mondal et al. androgen deprivation may increase 

oxidative stress and the resulting ROS may activate 

both AR and non-AR signaling. Nrf2 gene activators 

and antioxidants may eliminate this cycle and suppress 

the development of endocrine-resistant prostate cancer 

(33). In our study, since androgen suppression or 

androgen castration was the treatment target in 

patients with prostate cancer, oxidative stress-related 

oxidant and antioxidant increases were observed. This 

is an indication of the effect of chemohormonal 

treatment on patient survival. 

Taxane-based chemotherapeutics such as docetaxel or 

cabazitaxel have been used effectively in the treatment 

of MDRCC. However, this treatment is inadequate in 

later stages. The main reason for this failure is acquired 

drug resistance in cancer cells. Cabazitaxel shows a 

significantly higher cytotoxic effect than docetaxel in 

MDRCC cells and increases ROS production more. This 

suggests that cabazitaxel is a more pro-oxidant agent 

than docetaxel (by inducing apoptosis through 

mitochondrial damage). The lack of difference in total 

GSH between docetaxel-resistant and sensitive 

prostate cancer cells suggests that taxane activity does 

not affect GSH metabolism (34). The fact that there was 

no significant difference between the groups in total 

GSH measurement in our study supports the literature. 

There was a difference between cabazitaxel-resistant 

(mean 14.79±0.47) (Group 3) and docetaxel-sensitive 

(25.92±1.00) (Group 1) in the measurement of TOS, 

one of the ROS parameters, with a significance level of 

p=0.0001. According to our study, the fact that 

docetaxel increased the TOS parameter more may be 

an indication that the resistance to this drug is higher. 

Conclusions 

 As a result of our study, CAT, ARE, MPO, TAS, TOS 

and OSI parameters were significantly different 

between the groups (p<0.05), whereas SOD, tGSH, 

GPx, MDA and PON parameters were not significantly 

different between the groups. However, our study is a 

comprehensive research study that will shed light on 

the effects of chemohormonal treatment and treatment 

resistance on oxidative stress levels and antioxidant 

enzyme activities in cancer and prostate cancer as 

predictive parameters in patient follow-up, prognosis 

and treatment and will fill the gap in the literature. 
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