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ABSTRACT 

Study Objective: This study was designed to evaluate certain inflammatory (IL4, IL8, CRP, TNF) and oxidative 

(SOD, MDA, GPx) markers in women with primary and secondary infertility in Dhi Qar Governorate. 

Methodology: The study sample consisted of 230 infertile female patients. The required analyses were performed 

on 30 of them: 15 female patients with primary infertility (Group 1) and 15 female patients with secondary 

infertility (Group 2), while the control group consists of 10 healthy females don’t suffer from any diseases. The 

analysis was performed according to the number of measurements used for each inflammatory and oxidative 

marker. 

Results: The current study showed a significant decrease in the concentration of both interleukin-4, interleukin-8 

and tumor necrosis factor (TNF), and a significant increase in the concentration of C-reactive protein (CRP) in 

the first group (those with primary infertility) and the second group (those with secondary infertility) when 

compared with the third group (healthy females) at the probability level P≤0.05. On the other hand, the results 

showed a significant increase in the concentration of superoxide dismutase (SOD) and a significant decrease in 

the concentration of malondialdehyde (MDA) in both the primary and secondary infertility groups compared to 

the control group, and a decrease in the primary infertility group compared to the secondary infertility group at a 

probability level of P≤0.05. Also, a significant increase in the concentration of glutathione peroxidase (GPX) was 

observed in the secondary infertility group compared to both the primary infertility group and the healthy group 

at a probability level of P≤0.05. 

Conclusions: Infertility is associated with clear and distinct changes in the studied inflammatory and oxidative 

parameters. 
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1.INTRODUCTION 

Infertility is a disease that affects the reproductive system and refers to the inability to conceive after a full year 

of regular sexual intercourse without using contraception [2][1]. Infertility is a global health problem that affects 

multiple aspects of life, whether marital, social, or economic [3] . 

The World Health Organization (WHO) indicated that approximately 8-12% of couples worldwide suffer from 

infertility, which is about 60-80 million couples around the world.[5][4] Infertility is divided into two types: 

Primary Infertility, which is the inability of a woman to conceive at all, and Secondary Infertility, which refers to 

the inability of a woman to conceive again after at least one previous successful pregnancy.[6] The prevalence 

rates of the two types vary among the countries of the world, as developed countries show high rates of primary 

infertility compared to developing countries, where secondary infertility is more common [7]. 

Irregular menstrual cycles, thyroid disorders, ovulation disorders, fallopian tube abnormalities, uterine and 

cervical abnormalities, diabetes, weight gain, polycystic ovary syndrome (PCOS), and endometriosis are among 

the most important causes of infertility [8][9][10][ 11]. 

Inflammation is one of the common and influential causes of infertility in both sexes, leading to anatomical and 

functional disorders in the female reproductive system.[12] Inflammatory cytokines such as tumor necrosis factor 

(TNF), interleukin-6 (IL-6), and interleukin-8 (IL-8) play an important role in regulating the reproductive 

environment. However, their abnormal elevation is associated with fertility disorders and poor gamete quality, 

due to their effect on cellular and immune processes within the ovaries and uterus. These inflammatory factors 

also interact with oxidative stress to form a vicious cycle that leads to increased cellular damage and continued 

dysfunction in the reproductive system [13]. Oxidative stress is one of the main factors associated with infertility, 

and it results from an imbalance between the production of free radicals or reactive oxygen species (ROS) and the 

antioxidant systems in the body. This imbalance leads to damage to lipids, proteins, and DNA within cells, which 
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negatively affects egg quality and endometrial function, thus weakening fertility [14]. Furthermore, studies have 

shown that many infertility-related conditions such as endometriosis are closely linked to increased oxidative 

stress and inflammation, which leads to poor egg quality and disruption of the endometrial environment, this 

hinders pregnancy in the uterus [15] and oxidative stress resulting from mitochondrial dysfunction is considered 

the main cause of chromosomal division disorders and failure of maturation and fertilization [16]. 

 

2. MATERIALS AND METHODS 

2.1. Study Design 

This study was conducted between July 2025 and June 2026 and included 230 women. Biochemical analyses 

(inflammatory and oxidative) were performed on 30 female patients, divided into two groups. The first group 

consisted of 15 female patients with primary infertility, and the second group consisted of 15 female patients with 

secondary infertility. The female patients with primary infertility were 18 to 40 years old. The third group 

consisted of 10 healthy females 18 to 38 years old, who did not suffer from any menstrual irregularities, fertility 

problems, or other diseases. The female patients with infertility were diagnosed by a specialist physician, and the 

necessary analyses were performed on them. 

 

2.2. Measurement of Inflammatory and Oxidative Markers 

The following parameters were measured: superoxide dismutase (SOD), malondialdehyde (MDA), glutathione 

peroxidase (GPx), interleukins 4 and 8, and tumor necrosis factor (TNF) were measured using a kit supplied by 

USCNK (China) and a Paramedical PKL Italy Microplate Reader ELISA analyzer. C-reactive protein (CRP) was 

measured using a Cobas c111 analyzer (ROCHE, Germany). 

 

2.3. Statistical Analysis 

The data for all tests were statistically analyzed using the Statistical Package for the Social Sciences (SPSS) 

version 27, employing a t-test at a probability level of 0.05 to determine the significance of differences between 

the group means. 

 

3. RESULTS AND DISCUSSION 

3.1. The Relationship between Infertility and Interleukin-4 and Interleukin-8 Concentrations 

The results of the current study (Table 1) showed a significant decrease in the concentration of both interleukin-4 

and interleukin-8 in the first group (female patients with primary infertility) and the second group (female patients 

with secondary infertility) when compared to the third group (healthy females) at a probability level of P≤0.05. 

 

Table (1): The relationship between infertility and the concentration of interleukins 4 and 8 (Mean ±SD) 

                  The Standards 

The Groups                                                   

Interleukin 8 

pg/mL 

Interleukin 4 

pg/mL 

The First Group  

(female patients with primary infertility) 

11.716   b 

±   2.760          

8.062   b 

± 2.164           

The Second Group 

(female patients with secondary infertility) 

9.541    b 

±   1.848           

11.602   b 

± 2.817         

)The Third Group 

(Healthy females) 

21.188   a 

±   4.629         

53.360   a 

± 14.957           

P.VaLue 0.0001 0.0001 

 

The decrease in interleukins may be due to disorders of the immune response within the reproductive system. [17] 

has been indicated that changes in the immune response may be a cause of the decrease in interleukin-4. When 

there is an imbalance or an increase in the immune response of type 1 T cells (Th1) at the expense of type 2 T 

cells (Th2), this causes a decrease in the secretion of interleukin-4, since interleukin-4 is associated with Th2 cells, 

which leads to an inflammatory environment that is not suitable for ovulation and embryonic development. This 

happens frequently in cases of unexplained infertility and infertility associated with autoimmunity. 

The decrease in interleukins may be explained by the imbalance in oxidation-reduction that was demonstrated by 

the results of the current study in female patients with infertility. A study of [18] indicated that the imbalance in 

oxidative stress leads to a decrease in interleukin-4, which causes an impairment in the growth and function of 

regulatory T cells and type II helper T cells, which are necessary to maintain a healthy reproductive environment. 

This decrease may also be due to repeated abortions or previous surgeries that may cause persistent inflammation 

or inflammation for any other reason. [17] indicated that repeated abortions and chronic inflammation lead to a 
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decrease in the concentration of interleukin-4, which is necessary for the process of fetal development, and this is 

consistent with the results of the current study. 

The results of the current study also revealed a significant decrease in interleukin-8. This decrease may be 

explained by the presence of inactivity in the uterine lining and difficulty in implantation of the fertilized egg, and 

thus the loss of the means of supplying that egg with nutrients, which ultimately leads to the loss of the chance of 

pregnancy. Or it may be due to the decrease in the concentration of interleukin-4, which indirectly contributes to 

the decrease in the concentration of interleukin-8 through its role in regulating gene expression for the production 

of interleukin-8. Both studies of  [19][20] indicated that weak activity of the uterine lining or the occurrence of 

disturbances in the implantation process leads to a decrease in interleukin-8, which in turn stimulates the uterine 

cells to be active, proliferate, and form the blood vessels necessary for the success of the embryo implantation 

process. On the other hand, it was explained that interleukin-4 regulates the gene expression of interleukin-8, and 

this is what was proven by the results of the study, which showed a decrease in the concentration of interleukin-

4. 

On the other hand, [21] indicated that interleukin-4 regulates chronic inflammation, and if it is low, it affects the 

cytokines associated with type II T cells (Th2), including interleukin-8. The results of the current study were 

consistent with the results of the studies of [22][23][24], which concluded that there is a correlation between high 

levels of interleukin-8 in the blood serum and the occurrence of infertility. 

 

3.2. The Relationship between Infertility and C-Reactive Protein (CRP) and Tumor Necrosis Factor (TNF) 

Concentrations 

The results of the current study (Table 2) indicate a significant increase in CRP concentration and a significant 

decrease in TNF concentration in the first and second groups compared to the third group (healthy females) at a 

probability level of P ≤ 0.05. 

 

Table (2): The relationship between infertility and CRP and TNF concentrations (Mean ± SD) 

                  The Standards 

 

  The Groups 

C-reactive protein (CRP) 

mg/L 

Tumor necrosis factor 

(TNF) 

mg/L 

The First Group 

(female patients with primary 

infertility) 

2.329   a 

±   1.517          

4.603   b 

± 0.920           

The Second Group 

(female patients with 

secondary infertility) 

2.206    a 

±   0.893           

4.777   b 

± 0.877         

)The Third Group 

(Healthy females) 

 

0.341   b 

±   0.170           

9.416   a 

± 4.001           

P.VaLue 0.0001 0.0001 

 

The significant increase in C-reactive protein (CRP) levels in female patients with infertility may be explained by 

chronic inflammation in the reproductive system. Studies of [25][26] have indicated that elevated CRP levels in 

female with infertility suggest a chronic inflammatory condition that can affect reproductive physiology. This 

increase may also be attributed to polycystic ovary syndrome (PCOS), a common condition in females with 

infertility. A study of [27] indicated that females with PCOS have higher CRP levels compared to healthy females, 

suggesting a correlation between PCOS and CRP levels. The results of the current study are consistent with those 

of a study of [28] which also found an increase in CRP levels in female patients with infertility. 

Regarding the significant decrease in tumor necrosis factor (TNF) concentration in infertile females compared to 

healthy females, this may be attributed to immune response disturbances. [29] indicated that the decrease in TNF 

concentration is due to an imbalance in the immune response between type I and type II T cells (Th1 and Th2), or 

to abnormal cytokine levels in follicular fluid. [30] also pointed out that cytokine imbalances, including decreased 

TNF, occur in cases of unexplained infertility or immune disorders, affecting reproductive processes such as 

ovulation, fertilization, and implantation. This decrease in TNF concentration is also explained by a weakened 

inflammatory environment in the endometrium. 

[31] indicated that a weakened endometrial environment leads to a decrease in TNF concentration, which is 

essential for maintaining physiological balance within the endometrium and facilitating implantation. When TNF 

levels are low, the immune signals necessary for interaction between the embryo and the endometrium are 

reduced, leading to implantation failure and consequently infertility. The results of the current study differ from 

those of [32], which found elevated TNF concentrations in females with endometriosis associated with infertility. 
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3.3. The relationship between infertility and some parameters of oxidative stress 

The results of the current study showed a significant increase in the concentration of the Superoxide Dismutase 

(SOD) enzyme and a significant decrease in the concentration of Malondiadehyde (MDA) in the first and second 

groups when compared with the third group (healthy females). A decrease in MDA was also observed in the first 

group when compared with the second group at the probability level P≤0.05. Additionally, a significant increase 

in the concentration of the Glutathione Peroxidase (GPX) enzyme was found in the second group when compared 

with the first and third groups at the aforementioned probability level, as shown in (Table 3). 

 

Table (3): The relationship between infertility and some parameters of oxidative stress (Mean ±SE) 

                  The Standards 

 

  The Groups 

Superoxide Dismutase 

(SOD)  

ng/mL 

Malondiadehyde 

(MDA)  

ng/mL 

Glutathione Peroxidase 

(GPX)  

ng/mL 

The First Group 

(female patients with primary 

infertility) 

687.610   a 

± 775.233          

12.551   c 

±   4.504           

4.38   b 

± 2.401        

The Second Group 

(female patients with 

secondary infertility) 

288.054   a 

± 82.469           

16.976   b 

±   4.513         

8.242   a 

± 4.226         

)The Third Group 

(Healthy females) 

39.849   b 

± 13.294         

24.550   a 

±  8.982           

3.186   b 

± 3.674           

P.VaLue 0.006 0.0001 0.002 

The results of the current study indicate clear disturbances in antioxidant enzymes in female patients with primary 

and secondary infertility compared to the third group, which consists of healthy females. The increase in the 

concentration of the (SOD) enzyme can be explained as a result of the body's defensive response to reduce the 

increased production of Reactive Oxygen Species (ROS) and Reactive Oxygen (ROS). This enzyme is considered 

the first line of defense against free radicals by converting toxic superoxide radicals into less harmful hydrogen 

peroxide (H2O2). Therefore, the increase in this enzyme is a result of the body's attempt to reduce the oxidative 

stress that occurs during primary and secondary infertility. [33][34] indicated that the increase in the concentration 

of SOD comes as a reaction of the body to reduce oxidative stress, especially in cases of primary and secondary 

infertility, as this enzyme works to convert supertoxic oxygen radicals into less harmful oxygen and hydrogen 

peroxide and reduces the likelihood of cell damage resulting from ROS. 

It was also noted in [35][36] that elevated SOD levels in female patients with infertility due to polycystic ovary 

syndrome (PCOS), endometriosis, chronic pelvic inflammatory disease, or insulin resistance all contribute to the 

body increasing its secretion of this enzyme as a protective measure. Excessive production of ROS also affects 

egg maturation, fertilization, and embryo implantation, thus leading to infertility. A study of [37] suggests that 

elevated SOD activity is a result of a deficiency in dietary antioxidants such as vitamins C and E and zinc, causing 

the body to increase SOD production to compensate for this antioxidant deficiency. The results of the current 

study are consistent with those of [38], which also found elevated SOD activity. 

As for the decrease in the concentration of MDA enzyme, it may be due to the increase in the concentration of 

SOD enzyme, which was proven by the results of the current study, which came as a reaction to protect the body 

from the effects of oxidation. The studies of [39][40] indicated that the MDA enzyme, which is used as a good 

indicator for measuring oxidative stress in the blood, and that the decrease in this enzyme, as a result of the 

increased activity of the body’s antioxidant immune systems, led to a decrease in MDA resulting from the 

breakdown of fats due to free radicals. Therefore, this decrease indicates the success of the body’s antioxidant 

systems in preventing damage to cell membranes and the stages of fetal development. The lower levels of MDA 

in primary infertility compared to secondary infertility may be explained by the fact that oxidative stress is more 

severe and persistent in secondary infertility. Furthermore, studies of [41][42][43][44] have suggested that the 

decrease in MDA may be due to the use of antioxidants such as vitamins C, E, and D, omega-3 fatty acids, and 

selenium by female patients with infertility. The results of the current study differ from those of the study of [45] 

which found an increase in MDA activity. 

The results of the current study indicated a significant increase in the concentration of the glutathione peroxidase 

(GPx) enzyme, which may be explained by the presence of chronic inflammation and reproductive system 

problems such as PCOS. These conditions lead to an increase in free radicals, which in turn stimulates the body 

to increase the activity of this enzyme to balance these compounds [46]. The results of the current study are 

consistent with those of the study of [47], which indicated an increase in GPx concentration in female patients 

with infertility. 
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