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Oxidative stress is a common observation in many clinical conditions. This study evaluated the levels of superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), malondialdehyde (MDA), and Total antioxidant status (TAS) in postpartum women. The study involved 100 women who gave birth through vaginal delivery (VD) and another 100 women who gave birth through caesarian section (CS). Venous blood (10 ml) was collected from each subject and dispensed into plain bottles for the analysis of the parameters using ELISA technique. The mean levels of SOD in the VD subjects (58.19 ± 3.14 ng/ml) was significantly lower than the level in the CS subjects (70.24 ± 11.48 ng/ml) (p<0.001). The mean level of catalase in the VD subjects (93.34 ± 1.50ng/ml) was significantly lower than the level in the CS subjects (98.85 ± 2.34 ng/ml) (p<0.001). The mean level of GPx in the VD subjects (78.61 ± 1.50 ng/ml) was significantly lower than the mean level in CS subjects (91.75± 12.17 ng/ml) (p<0.001). The MDA level in the VD women (5.69 ± 0.38 mmol/l) was significantly lower than the level in the CS subjects (8.78 ± 0.50 mmol/l) (p<0.001). The TAS of the VD women (50.87 ± 0.72 ng/ml) was significantly lower than the level in the CS women (61.46 ± 0.86 ng/ml). The results from the study indicated that the VD women were more predisposed to oxidative stress that the CS women. It is important that oxidative stress assessment be considered in the management of postpartum women.
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1. Introduction
Oxidative Stress is a medical concept that can be defined as an imbalance between oxidants and antioxidants in favor of the oxidants, which leads to a disruption of redox signaling and control and/or molecular damage (Sies et al., 2017). In the course of the normal physiological functions of the body systems, oxidants (or free radicals like reactive oxygen species-ROS and reactive nitrogen species-RNS) are generated. Fortunately, the body has mechanisms (known as antioxidants) which function to remove these free radicals, thus ensuring a balance between the generation/production of these free radicals species and their removal. Oxidative stress results when this balance between the production and removal of ROS is disrupted, leading to increased levels of the free radicals. This increased level of the free radicals causes a depletion of the antioxidants.
The ROS, which are usually generated as the by-products of oxygen metabolism, have several physiological roles in the body (such as in cell signaling). Some other factors, such as ultra violet light, ionizing radiations, pollutants, and presence of heavy metals in the body as well as xenobiotics can also contribute to the generation of these ROS species (Pizzino et al., 2017). Although these ROS and RNS are an important part of normal physiological function and the host defense system against microorganisms, they contribute to the onset and exacerbation of various pathologies in excessive amounts (Xu et al., 2023).
There are two types of antioxidants, namely enzymatic antioxidants and non-enzymatic antioxidants. The enzymatic antioxidants include glutathione peroxidase (GPx), catalase (CAT) and superoxide dismutase (SOD); they are antioxidants that neutralize free radicals. The non-enzymatic antioxidants, which include vitamin C, vitamin E, plant polyphenols, carotenoids, and glutathione, function by interrupting the chain reactions of the free radicals. Importantly, antioxidants may have therapeutic promise in the treatment of reproductive-related problems (Lu et al., 2018).
There are several anatomical, physiological, and metabolic changes that occur in the  body of the pregnant woman. These changes support the production of ROS, especially in the second half of pregnancy. Principally, this increased ROS generation is due to an increased basic metabolism and utilization of oxygen as well as the use of fatty acids as the primary source of energy for most maternal retroplacental tissues. In the third trimester of the pregnancy there is a possibility of increased insulin resistance, fat catabolism, and the release of free fatty acids. All these metabolic processes can result in an increased production of hydrogen peroxide (Duhig et al., 2016). 
Another source of ROS is the placenta; it is usually filled with mitochondria, which is the main source of pro-oxygenates. It is thus refrred to as the ROS factory. The superoxide anion radical that is generated in large amount, is a source of other active forms of oxygen, such as the hydrogen peroxide and hydroxyl radical. Placental mass increases with the development of pregnancy, and this leads to an increase in production of free radicals. Similarly, nitric oxide is also synthesized by immune cells, especially the macrophages that are in the placenta (Tobola-Wrobel et al., 2020).
Women can give birth either through vaginal canal or through caesarian section. To our knowledge there is a paucity of data on the comparative assessment of oxidative stress markers in women who may have given birth through any of these two channels of parturition, hence this study.

2. Materials and Methods
2.1 Study Population: This study involved pregnant women who attended antenatal clinic at Federal Medical Centre, Owerri, and later gave birth through the vaginal delivery or caesarian section. The sample size was determined using GPower 3.1.9.2, at power of 0.92, error of probability of 0.05 and effect size of 0.5 (two tail). This gave a total sample size of 184. However, this study adopted a sample size of 200 subjects (100 subjects each for vaginal delivery and caesarian section respectively).

2.2 Eligibility Criteria
(a) Inclusion Criteria: Subjects for this study were apparently healthy pregnant women who were attending clinic at Federal Medical Centre, Owerri, Nigeria. The subjects gave their informed consent to participate in the study.
(b) Exclusion Criteria: Pregnant women who had any other medical condition or who did not give their consent to participate in the study were excluded from this study.
(c) Ethical Clearance: the ethical approval for this study was obtained from the Research Ethics Committee of the Federal Medical Centre, Owerri, with reference number…..
2.3 Sample Collection and Analysis
Postpartum (within 24 hours after delivery) venous blood (10 ml) was collected from each subject and dispensed into plain bottles for the analysis of enzymatic antioxidants and malondialdehyde, using the ELISA technique. Samples were spun at 3000 rpm for 10 minutes, and the serum obtained was separated into another plain bottle and stored at -20oC pending laboratory analysis.
2.4 Data Analysis
Data obtained from this study were analyzed using SPSS version 27. Results were expressed as mean ± Standard deviation and presented in tables. Comparison of means was done using independent t-test, with p≤0.05 being considered statistically significant.

3. Results
3.1 Mean Levels of Antioxidant Enzymes and Malondialdehyde in Postpartum Women
Table 1 shows the comparison of the levels of antioxidant enzymes and malondialdehyde between the postpartum vaginal delivery (VD) and caesarian section (CS) women. The mean levels of superoxide dismutase, catalase, glutathione peroxidase, malondialdehyde and total antioxidant status, were significantly higher in the CS women compared to the VD women.
Table 1 - Comparison of the levels of antioxidant enzymes and malondialdehyde between the postpartum vaginal delivery (VD) and caesarean section (CS) women
	
	SOD (ng/ml)
	CAT (ng/ml)
	GPx (ng/ml)
	MDA (mmol/l)
	TAS (ng/ml)

	Vaginal Delivery
(n=100)
	58.19 ± 3.14
	93.34 ± 1.50
	78.61 ± 1.50
	5.69 ± 0.38
	50.87 ± 0.72

	Caesarian Section
(n=100)
	70.24 ± 11.48
	98.85 ± 2.34
	91.75± 12.17
	8.78 ± 0.50
	61.46 ± 0.86

	p-value
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	t-value
	10.124
	19.828
	10.713
	49.233
	94.471


Key: SOD-superoxide dismutase, CAT-Catalase, GPx-Glutathione peroxidase, MDA-Malondialdehyde, TAS-Total antioxidant status

3.2 Mean Values of Antioxidant Enzymes and Malondialdehyde Ratios in Postpartum Women
Table 2 shows the comparison of the ratios of the parameters. 

	
	CAT/SOD RATIO
	SOD/GPx RATIO
	MDA/GPx RATIO
	MDA/SOD RATIO
	MDA/CAT RATIO
	TAS/MDA RATIO

	Vaginal Delivery
(n=100)
	1.61 ± 0.10
	0.74 ± 0.04
	0.07 ± 0.04
	0.10 ± 0.08
	0.06 ± 0.04
	8.98 ± 0.71

	Caesarian Section
(n=100)
	1.44 ± 0.19
	0.81 ± 0.32
	0.10 ± 0.02
	0.13 ± 0.02
	0.09 ± 0.06
	7.02 ± 0.43

	p-value
	<0.001
	0.041
	<0.001
	<0.001
	<0.001
	<0.001

	t-value
	7.801
	2.065
	12.933
	15.954
	39.202
	23.627


Key: SOD-superoxide dismutase, CAT-Catalase, GPx-Glutathione peroxidase, MDA-Malondialdehyde, TAS-Total antioxidant status


1. Discussion
This study evaluated the levels of antioxidant enzymes, malondialdehyde and total antioxidant status among postpartum vaginal delivery and caesarian section women. The results show that the mean levels of superoxide dismutase, catalase, glutathione peroxidase, malondialdehyde and total antioxidant status, were significantly higher in the CS women compared to the VD women. An earlier study by Tok et al (2025) had reported similar findings with regards to catalase and GPx. 
Vaginal delivery is considered the most physiologically adaptable mode of delivery, and is also healthy for the baby. Normally, during vaginal delivery, the mother experiences labour pains throughout the process of delivery. During the process, several muscles, including abdominal muscles and the muscles of the extremities are involved, in addition to the uterus. Consequently, there is a reduction in blood flow to the muscles that are not involved in the delivery, and this blood is then redirected to the muscles that are involved in the delivery process. This phenomenon increases the production of free radicals like ROS. Also, the increased metabolism of oxygen in these muscles contributes to the generation of free radicals (Tok et al., 2025). It has been reported that, during uterine contractions, there is a reduction in blood flow to the myometrium due to the compression of spiral arteries. Uterine Spiral arteries are specialized blood vessels in the uterus that function as the nutrient supply line for the placenta and fetus (Soares et al., 2014). This reduction in the supply of oxygen also contributes to the increased oxidative stress in vaginal deliveries (Tok et al., 2025). A similar result has been reported by Watanebe et al. (2013), which reported that the production of reactive oxygen metabolites was significantly lower in women who had elective caesarean section delivery compared to the women who had vaginal route.
Superoxide dismutase (SOD), being an antioxidant enzyme like catalase and GPx, is also affected by the increased generation of free radicals, leading to a reduction in its levels. The combined effect of the reduced levels of SOD, catalase, and GPx, causes a reduced TAS in the VD subjects.
There is an elevation of the levels of MDA in pregnancy. This is due to the formation of the products of lipid peroxidation in the placenta, and these products can pass into maternal blood and trigger damage in other tissues because. These products of lipid peroxidation are usually produced on the maternal side of the placenta and thus can remain in the maternal systemic circulation for a period of time and increased lipid peroxidation (Samir et al., 2018).
One of the striking findings of this study is the significantly raised levels of malondialdehyde (MDA) in the postpartum CS women, compared to the VD women. It is reported that anesthesia can cause an increase in the oxidative stress level of women (Akin et al., 2019). Another study by Dimic et al. (2025) had reported an increased cortisol and prolactin levels during cesarean section under both general and spinal anesthesia. It is, therefore, reasonable to conclude that some agents used anesthesia can potentially increase oxidative stress, which can also lead to lipid peroxidation.
The CAT/SOD and the TAS/MDA ratios were significantly raised in the VD compared to the CS subjects. The other ratios were significantly higher in the CS subjects compared to the VD subjects. These results may be a reflection of the reduced levels of SOD and MDA in the VD subjects as observed in this study. The comparison of the ratios of the various antioxidant parameters in this study indicated significant differences in the ratios between the CS subjects and the VD subjects. The importance of these ratios is better understood when considered in relation to the physiological functions of each of the antioxidant parameters in this study. 
SOD catalyzes the physiological dismutation of the superoxide anion to dioxygen and hydrogen peroxide. On the other hand, CAT catalyzes the physiological decomposition of hydrogen peroxide into water (Li et al, 2018). The glutathione peroxidase family (GPx) is a family of selenium-containing antioxidant enzymes in mammals. They catalyze the reduction of hydrogen peroxide or organic hydroperoxides to water or corresponding alcohols, thereby mitigating their toxicity (Zhao et al., 2019). Malondialdehyde (MDA) is a product of the peroxidation of lipids, especially the polyunsaturated fatty acids, and serves as a biomarker for oxidative stress (Cordiano et al., 2023).
The total antioxidant status (TAS) is a parameter that expresses the cumulative effect of antioxidants in biological fluids, foods, and dietary supplements (Silvestrini et al., 2023). It is thus a measure of the body’s cumulative ability to withstand oxidative stress. 

2. Conclusion
The findings from this study indicate that there are alterations in the levels of the antioxidant parameters and MDA in postpartum women. Further, the results from this study show that the postpartum VD women were more disposed to having oxidative stress more than the CS women. One striking finding from this study is that, even though the CS women had less oxidative stress, they had higher levels of MDA, which may be due to the effects of the anesthesia administered on them during the CS procedure.
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