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ABSTRACT 
 

A positive pregnancy outcome is marked by childbirth, and the method of delivery, whether vaginal 
delivery (VD) or cesarean section (CS), is essential to maternal health. Antioxidants, which delay or 
prevent cellular damage by scavenging free radicals, play a vital role in maintaining cellular 
balance. This cross-sectional study aimed to examine changes in enzymatic antioxidants (SOD, 
CAT, GPx) and red cell indices (RCI) associated with different delivery methods among women of 
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reproductive age in Owerri, Imo State, Nigeria. The study included 200 pregnant women aged 20 to 
39, divided equally into two groups: 100 who underwent VD and 100 who had CS. Venous blood 
samples (10 ml) were collected at delivery and post-delivery. Of this, 4 ml was placed in an EDTA 
tube for RCI analysis, while 6 ml was placed in a plain tube for measuring SOD, CAT, and GPx 
levels. RCI was determined using a Mindray hematology auto-analyzer, and enzymatic antioxidant 
levels were measured with an enzyme-linked immunosorbent assay (ELISA) microplate reader. The 
findings revealed significant reductions in the levels of SOD (p<0.001), CAT (p<0.001), and GPx 
(p<0.001) in women who underwent VD compared to those who had CS. Postpartum red cell 
indices in VD showed decreases in MCV (p=0.981) and MCH (p<0.001), while MCHC (p<0.001) 
increased compared to antepartum levels. In CS cases, postpartum MCV (p<0.001) was lower, 
while MCH (p<0.001) and MCHC (p<0.001) were significantly elevated relative to antepartum 
levels. Based on these results, it is recommended that the assessment of antioxidant parameters 
and anemic status be included as part of postpartum care to support better management of 
maternal health following childbirth. 
 

 
Keywords:  Cesarean section; vaginal delivery; red cell indices; reactive oxygen species; oxidative 

stress; superoxide dismutase; catalase; glutathione peroxidase; enzyme-linked 
immunosorbent assay. 

 

1. INTRODUCTION 
 
Advances in maternity care have significantly 
reduced maternal and infant morbidity and 
mortality, yet oxidative stress remains a 
challenge for both vaginal delivery (VD) and 
cesarean section (CS) [1,2]. The pain and fear 
associated with VD contribute to a preference for 
CS among many women [3,4]. Antioxidants play 
a vital role in countering oxidative stress, which is 
linked to numerous chronic health conditions [5]. 
During the perinatal period, oxidative stress often 
escalates, marked by increased free radical 
production and reduced antioxidant capacity, 
which can impact the health of both mother and 
baby [6]. 
 
Labor and delivery processes amplify oxidative 
stress, leading to elevated free radical levels that 
require antioxidant defenses [7]. Red blood cell 
indices (RCI) offer important information about 
hemoglobin content and red blood cell size, 
aiding in diagnosing various types of anemia [8]. 
As part of a complete blood count (CBC), these 
indices include mean corpuscular volume (MCV), 
mean corpuscular hemoglobin (MCH), mean 
corpuscular hemoglobin concentration (MCHC), 
and red cell distribution width (RDW) [9]. 
Variations in these indices can indicate distinct 
types of anemia, each affecting red blood cell 
characteristics differently [10]. 
 
The physical demands of childbirth, particularly 
labor, contribute to oxidative stress due to 
heightened metabolic activity and oxygen use 
during muscle contractions, increasing reactive 
oxygen species (ROS) levels [11,12]. Research 

suggests that oxidative stress may vary 
depending on the mode of delivery, with VD 
potentially producing more pronounced effects 
due to the extended exertion of uterine and 
skeletal muscles [13,14]. However, CS may also 
contribute to oxidative stress through surgical 
factors and heightened antioxidant demand 
[15,16]. 
 
Key antioxidant enzymes, including superoxide 
dismutase (SOD), catalase (CAT), and 
glutathione peroxidase (GPx), play protective 
roles against ROS damage [17,18]. SOD acts as 
a first line of defense by converting superoxide 
radicals into oxygen and hydrogen peroxide, 
reducing cellular damage [19,20]. SOD activity 
correlates with inflammation during labor [21], 
and research shows that term labor can trigger 
inflammatory responses in fetal membranes, 
even in the absence of chorioamnionitis [22]. 
Catalase, found in nearly all organisms exposed 
to oxygen, decomposes hydrogen peroxide into 
water and oxygen, working mainly within 
peroxisomes [23,24]. GPx, synthesized from 
amino acids like L-cysteine and L-glutamic acid, 
assists in hydrogen peroxide breakdown and 
shows higher activity levels in CS neonates 
compared to those born via VD [25]. Increased 
oxidative stress is often observed among older 
first-time mothers, who tend to have lower GPx 
levels postpartum [25,26]. 
 
Despite existing research, gaps remain in 
understanding how delivery mode impacts 
maternal antioxidant and oxidative balance, 
particularly in healthy pregnancies. This study 
aims to examine changes in enzymatic 
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antioxidants (SOD, CAT, GPx) and red cell 
indices (RCI) associated with different delivery 
modes among women in Owerri, Imo State, 
Nigeria. 
 

2. MATERIALS AND METHODS 
 

2.1 Study Location 
 
This study was conducted in Owerri Municipal 
Area, located within Imo State in the 
southeastern region of Nigeria. Imo State 
consists of 27 local government areas, organized 
into three senatorial zones: Owerri, Orlu, and 
Okigwe. Geographically, the state is positioned 
between latitudes 4° 45’N and 7° 25’E, and 
longitudes 6° 50’E and 7° 25’E, covering an area 
of 5,100 km² with an estimated population of 
4,978,758 as of 2017 (NPC, 2017; Imo 
Government, 2010). Imo State lies in the heart of 
Nigeria's southeastern geopolitical zone and 
shares borders with Abia State to the east, 
Enugu State to the north, Anambra State to the 
west, and Rivers State to the south (Vanguard 
Nigeria, 2015). 
 

2.2 Subject Characterization and 
Selection 

 
This cross-sectional study included a total of 200 
pregnant participants, with 100 delivering through 
vaginal delivery (VD) and 100 through cesarean 
section (CS). All participants were at 38 weeks of 
gestation and were recruited through simple 
random sampling. The sample size was 
calculated using G*power software (version 
3.1.9.2) with a power of 95%.  
 
The inclusion criteria for this study were pregnant 
women aged 20–39 years at 38 weeks gestation, 
with full-term pregnancies (37–38 weeks) in 
active labor for vaginal delivery or scheduled for 
cesarean section, who resided in Imo State, 
attended the Federal Medical Center Hospital in 
Owerri, and provided informed oral consent after 
the study was explained to them. The exclusion 
criteria included women below 20 or above 39 
years of age, those with pregnancies under 37 
weeks or past 38 weeks gestation, women not in 
active labor or not scheduled for cesarean 
section, non-residents of Imo State, and 
individuals who did not provide informed consent. 
Additionally, the research adhered to the 
guidelines of the Ethical Committee and Head of 

Delivery Wards of Federal Medical Centre 
(FMC), Owerri, under the obtained ethical 
clearance. 
 

2.3 Sample Collection and Analysis  
 
A total of 10 milliliters of blood were collected 
aseptically from each participant using proper 
venipuncture technique in the antecubital vein 
with a sterile syringe and needle, both before and 
after delivery for each mode of delivery. The 
procedure involved thorough handwashing, 
wearing gloves, and maintaining aseptic 
technique with standard precautions. The 
process was explained to each subject, and a 
tourniquet was applied above the antecubital 
fossa, typically the most accessible site. The 
collection site was disinfected with diluted 
alcohol, and the syringe with an attached needle 
was securely prepared. Collected blood samples 
were divided into K3EDTA bottles (4 ml for 
hematological analysis) and plain bottles (6 ml 
for biochemical analysis). Samples                                    
for biochemical analysis were centrifuged at 
3000 RPM for 5 minutes, and plasma was 
separated into plain tubes. Red Cell Indices 
(RCI) were analyzed using a Mindray 
hematology autoanalyzer (BC 2800), while 
biochemical parameters, including Superoxide 
Dismutase (SOD), Catalase (CAT),                                 
and Glutathione Peroxidase (GPx), were 
measured using an enzyme-linked 
immunosorbent assay (ELISA) microplate reader 
(BMG LABTECH). 
 
Blood samples were taken at the point of delivery 
(labor phase) and after delivery (postpartum 
phase). The study participants were attending 
the antenatal clinic at Federal Medical Centre 
Hospital, Owerri, Imo State, Nigeria. Bio-data 
and medical histories, including pregnancy 
duration and age, were obtained from the 
medical records of the subjects. 
 

2.4 Statistical Analysis 
 
Analysis of data from this study was done using 
Statistical Package for Social Sciences (SPSS) 
version 23. All values were expressed as mean ± 
standard deviation and presented in tables. 
Comparison of means of parameters was done 
using independent t-test (one tail) and ANOVA, 
with p≤0.05 being considered statistically 
significant. 
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3. RESULTS 
 

3.1 Comparison of Maternal Mean Values 
of the Parameters for Enzymatic 
Antioxidants (SOD, CAT, & GPx) in 
the Labor (Antepartum) Period and 
after Delivery (Postpartum) Period of 
Vaginal Mode of Child Delivery 

 

The mean values for these subjects for 
enzymatic antioxidants in labor periods were 
62.18 ± 0.80 U/L for SOD, 94.65 ± 1.78 KU/L for 
CAT, 84.33 ± 0.75 ng/ml for GPx relatively to 
after delivery values showed significant decrease 
of 58.19 ± 3.14 U/L for SOD, 93.34 ± 1.5 KU/L 
for CAT, 78.61 ± 1.50 ng/ml for GPx respectively 
(p < 0.001). 
 

3.2  Comparison of Mean Maternal 
Values for Enzymatic Antioxidants 
(SOD, CAT & GPx) in the Labor 
(Antepartum) Period and after 
Delivery (Postpartum) Period of 
Cesarean Section Mode of Child 
Delivery 

 

The mean maternal values for enzymatic 
antioxidants of the result showed a significant 
increase difference in the antepartum values of 
60.21 ± 0.97 U/L for SOD, 97.35 ± 0.57 KU/L for 
CAT and 81.26 ± 1.09 ng/ml for GPx to the 
postpartum (after CS delivery) values of 65.29 ± 
2.27 U/L for SOD, 99.46 ± 0.44 KU/L for CAT 
and 96.07 ± 3.66 ng/ml for GPx respectively for 
enzymatic antioxidants (p<0.001). 
 

3.3 Comparison of Mean ± SD of 
Enzymatic Antioxidants (SOD, CAT & 
GPx) in Postpartum Periods of VD 
and CS Modes of Child Delivery 

 
The enzymatic antioxidant levels for vaginal 
delivery were 58.19 ± 3.14 U/L for SOD, 93.34 ± 

1.50 KU/L for CAT, and 78.61 ± 1.50 ng/ml for 
GPx. The result showed relatively significant 
higher levels for Cesarean Section enzymatic 
antioxidants of 65.29 ± 2.27 U/L for SOD, 99.46 
± 0.44 KU/L for CAT and 96.07 ± 3.66 ng/ml for 
GPx (p<0.001). 
 

3.4 Comparison of Mean ± SD of Red Cell 
Indices of Subjects Based on Vaginal 
Mode of Delivery 

 

The mean value of 92.81 ± 5.70 fl in the 
antepartum (during labor) period showed non-
significant difference on the decrease in the 
postpartum (after delivery) period with 
values,92.79 ± 6.08 fl (p=0.981) for MCV. The 
result value of 31.51 ± 2.05 pg in the antepartum 
(during labor) period showed significant 
difference on the decrease in the postpartum 
(after delivery) period with values, 29.71 ± 1.89 
pg (p<0.001) for MCH. The mean value in the 
antepartum (labor) period of 31.86 ± 1.59 g/dl for 
MCHC showed significant difference on the 
increase in the postpartum (after delivery) period, 
with values of 33.20 ± 2.50 g/dl (p<0.001). 
 

3.5  Comparison of mean ± SD of red cell 
indices of subjects based on 
cesarean section mode of delivery 

 

The mean value of 90.20 ± 4.53 fl in the 
antepartum (during labor) period showed 
significant difference on the decrease in the 
postpartum (after delivery) period with values, 
84.59 ± 4.72 fl (p<0.001) for MCV. The result 
value of 29.31 ± 2.39 pg in the antepartum 
(during labor) period showed significant 
difference on the increase in the postpartum 
(after delivery) period with values, 31.81 ± 1.94 
pg (p=0.010) for MCH. The mean value in the 
antepartum (labor) period of 32.59 ± 2.38 g/dl for 
MCHC showed significant difference on the 
increase in the postpartum (after delivery) period, 
with values of 33.90 ± 2.14 g/dl (p=0.012).  

 
Table 1. Comparison of mean maternal levels for enzymatic antioxidants (SOD, CAT & GPx) in 
the Labor (Antepartum) period and after delivery (Postpartum) period of vaginal mode of child 

delivery 
 

 Enzymatic Antioxidants 

SOD (U/L) CAT (KU/L) GPx (ng/ml) 

Antepartum Period (N = 100) 62.18 ±0.80 94.65 ±1.78 84.33   ±0.75 

Postpartum Period (N = 100) 58.19 
±3.14 

93.34 
± 1.50 

78.61 
± 1.50 

p-value 0.001 0.001 0.001 
*SOD= Superoxide Dismutase; GPx= Glutathione Peroxidase; CAT= Catalase. 
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Table 2. Comparison of mean maternal levels for enzymatic antioxidants (SOD, CAT & GPx) in 
the antepartum and postpartum periods of cesarean section mode of child delivery 

 

 Enzymatic Antioxidants 

SOD (U/L) CAT (KU/L) GPx (ng/ml) 

Antepartum Period (N = 100) 60.21 
± 0.97 

97.35 
± 0.57 

81.26  
± 1.09 

Postpartum Period (N = 100) 
 

65.29 
± 2.27 

99.46 
± 0.44 

96.07 
± 3.66 

p-value 0.001 0.001 0.001 
*SOD= Superoxide Dismutase; GPx= Glutathione Peroxidase; CAT= Catalase. 

 
Table 3. Comparison of mean ± SD of enzymatic antioxidants in postpartum periods of VD and 

CS modes of child delivery 
 

 Enzymatic Antioxidants 

SOD (U/L) CAT (KU/L) GPx (ng/ml) 

Vaginal Postpartum Period (N = 
100) 

58.19 ± 3.14 93.34 ± 1.50 78.61 ± 1.50 

Cesarean Postpartum Period (N 
= 100) 

65.29 ± 2.27 99.46 ± 0.44 96.07 ± 3.16 

p-value 0.001 0.001 0.001 
*SOD= Superoxide Dismutase; GPx= Glutathione Peroxidase; CAT= Catalase. 

 
Table 4. Comparison of mean ± SD of red cell indices of subjects based on vaginal mode of 

delivery 
 

                             Red Cell Indices 

MCV (fl) MCH (pg) MCHC (g/dl) 

Antepartum (labor) Period (N 
= 100) 

92.81 ± 5.70 31.51 ± 2.05 31.86 ± 1.59 

Postpartum (After) Period 
(N = 100) 

92.79 ± 6.08 29.71 ± 1.89 33.20 ± 2.50 

p-value 0.981 0.001 0.001 
*MCV= Mean Cell Volume; MCH= Mean Cell Hemoglobin; MCHC= Mean Cell Hemoglobin Concentration 

 
Table 5. Comparison of mean ± SD of red cell indices of subjects based on cesarean section 

mode of child delivery 
 

                             Red Cell Indices 

MCV (fl) MCH (pg) MCHC (g/dl) 

Antepartum (labor) Period (N = 
100) 

90.20 ± 4.53 29.31 ± 2.05 32.59 ± 2.38 

Postpartum (After) Period (N = 
100) 

84.59 ± 4.72 31.81 ± 1.94 33.90 ± 2.14 

p-value 0.001 0.010 0.012 
*MCV= Mean Cell Volume; MCH= Mean Cell Hemoglobin; MCHC= Mean Cell Hemoglobin Concentration 

 

4. DISCUSSION 
 
The study revealed that mothers undergoing 
cesarean section deliveries were typically older 
than those who had vaginal deliveries. This 
finding indicates that advanced maternal age and 
delayed pregnancies contribute to a higher 
prevalence of CS, consistent with previous 

research suggesting that social, educational, and 
demographic factors often lead women to 
postpone pregnancy until later in their 
reproductive years, increasing the likelihood of 
CS due to pre-existing health conditions and 
associated risk factors [27,28]. Higher body 
weight and body mass index (BMI) are also 
linked to CS deliveries, as increased weight 
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affects physiological changes during pregnancy 
and is associated with longer active labor 
phases. This can lead to emergency CS 
following spontaneous labor due to slower 
cervical dilation [29,30]. 
 
Significantly higher levels of enzymatic 
antioxidants such as SOD, CAT, and GPx, were 
observed in postpartum women who delivered by 
CS compared to those who delivered by VD. This 
aligns with the idea that CS may be less 
physically demanding than VD, where active 
labor requires greater maternal exertion, 
resulting in increased levels of stress hormones 
such as cortisol and catecholamines. These 
levels are comparatively lower in CS, thus 
reducing oxidative stress [31]. Consequently, 
mothers who deliver vaginally are more prone to 
oxidative damage than those delivering by CS 
[32]. 
 
The elevated activities of SOD, CAT, and GPx in 
CS deliveries suggest a stronger defense 
mechanism against reactive oxygen species 
(ROS), as these enzymes are essential in 
minimizing ROS production, preventing 
apoptosis or necrosis, and protecting the body 
from oxidative stress [33]. At the cellular level, 
ROS can be toxic, contributing to aging and 
various disorders by disrupting metabolic 
processes and impairing organ function [34,35]. 
During VD, neonatal adaptation to extrauterine 
life involves intense muscular contractions as the 
baby moves through the birth canal, which 
significantly increases energy demand and 
oxygen consumption. This elevated oxygen use 
leads to ROS formation, inducing oxidative stress 
and potentially exposing the mother to free 
radical damage [36,37]. 
 
The study also observed that postpartum mean 
corpuscular hemoglobin (MCH) values 
significantly decreased from antepartum levels in 
VD, indicating reduced hemoglobin (Hb) levels 
postpartum. This reduction aligns with the role of 
MCH in assessing the average hemoglobin 
content per red blood cell. In contrast, 
postpartum mean corpuscular volume (MCV) 
values showed a non-significant decrease, while 
mean corpuscular hemoglobin concentration 
(MCHC) values significantly increased, 
suggesting stable hemoglobin content relative to 
cell size with no indication of microcytic, 
hypochromic anemia [38]. 
 
For CS deliveries, postpartum MCV levels 
showed a significant decrease from antepartum 

values, which may reflect substantial intra-
operative blood loss, reducing red blood cell size 
[39]. Postpartum MCH values significantly 
increased in CS deliveries, consistent with 
findings on blood transfusions and recovery 
measures in CS patients [40]. Additionally, higher 
postpartum MCHC values in CS deliveries 
suggest a potential risk of maternal microcytic 
anemia, as they reflect an elevated concentration 
of hemoglobin within red blood cells due to these 
compensatory interventions. 
 

5. CONCLUSION 
 

This study revealed a significant reduction in 
antioxidant parameter levels during the 
postpartum period compared to the antepartum 
state in subjects who delivered vaginally. In 
contrast, the antioxidant parameter levels were 
significantly elevated in the postpartum period 
relative to the antepartum state in subjects who 
underwent cesarean section. Additionally, the 
results indicated that antioxidant levels were 
significantly higher in subjects who had CS 
compared to those who delivered vaginally. 
 

The analysis of red cell indices for vaginal 
deliveries showed a significant decrease in MCH, 
a non-significant reduction in MCV, and a 
significant increase in MCHC in the postpartum 
period compared to the antepartum state. For CS 
subjects, postpartum periods exhibited significant 
increases in MCH and MCHC, along with 
significant decreases in MCV when compared to 
the antepartum state. Furthermore, postpartum 
glucose levels were significantly lower in both 
vaginal and CS deliveries compared to their 
respective antepartum glucose levels. 
 

The maternal demographic data indicated that 
the ages of mothers were higher for those 
undergoing CS, suggesting that advanced 
maternal age could be associated with the 
decision for CS over vaginal delivery. 
Additionally, maternal body weight appeared to 
be a potential factor influencing the mode of 
delivery. These findings collectively demonstrate 
the impact of delivery mode on various 
physiological parameters. 
 

6. LIMITATIONS OF THE STUDY 
 

The limitations of the study include its cross-
sectional design, small sample size, lack of pre-
pregnancy baseline, potential confounding 
factors, and unaccounted variability in delivery 
conditions, all of which limit causal inference and 
generalizability. 



 
 
 
 

Dimeke et al.; Asian J. Res. Med. Pharm. Sci., vol. 13, no. 4, pp. 128-136, 2024; Article no.AJRIMPS.126690 
 
 

 
134 

 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 

Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of this manuscript.  
 

CONSENT 
 

Informed consent was obtained from all 
individual participants included in the study. 
 

ETHICAL APPROVAL 
 

Ethical approval was obtained from Health 
Research Ethics Committee, Federal Medical 
Centre, Owerri Imo State, with the approval 
number FMC/OW/HREC/192. 
 

ACKNOWLEDGEMENT 
 

We sincerely acknowledge and thank Dr. K. I. 
Achigbu, Dr.N. A. Ododo, Dr. C. M. Anyaeze 
(Chairman Health Research Ethics Committee), 
all the staff of Federal Medical Centre more 
especially the O & G section of the hospital and 
Dalzon Laboratory Clinics for their support 
throughout the sample collection and analysis 
stages. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Vakilian K, Ranjbar A. Comparison of 
Cesarean Section and Normal Vaginal 
Delivery Using Entonox Inhalation in 
Terms of Oxidative Stress Indices in 
Newborns and Mothers. Int J Women’s 
Health Reprod Sci. 2018;6(1):75-9. 

2. Vander GN, Lewis K. Women’s 
Experiences of Coping with Pain during 
Childbirth: A Critical Review of Qualitative 
Research. Midwifery. 2015;31(3):349-58. 

3. Desolation T, Rustina Y. Benson 
Relaxation Technique in Reducing Pain 
Intensity in Women after Cesarean 
Section. J Anesth Pain Med. 2015;5(3) 

4. Mustapha UM, Shenshen Z, Jifei M, Hao 
W, Fudi W. Antioxidants Mediate Both Iron 
Homeostasis and Oxidative Stress. 
Nutrients. 2017;9(7):671. 

5. Kurutas EB. The importance of 
antioxidants which play the role in cellular 

response against oxidative/nitrosative 
stress: current state. Nutr J. 2016;15(1):1-
22. 

6. Diaz-Castro J, Florido J, Kajarabille N, 
Prados S, De-Paco C, Ocon O, et al. A 
New Approach to Oxidative Stress and 
Inflammatory Signaling during Labor in 
Healthy Mothers and Neonates. Oxid Med 
Cell Longev. 2015; 2015:178536. 

7. Simon-Szabo Z, Fogarasi E, Nemes-Nagy 
E, Denes L, Croitoru M, Szabo B. 
Oxidative stress and peripartum outcomes 
(Review). Exp Ther Med. 2021;22(1):1-6. 

8. Barbalato L, Pillarisetty LS. Histology, Red 
Blood Cell. [Updated 2022 Nov 14]. In: 
StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing; 2024.  

Available:https://www.ncbi.nlm.nih.gov/boo
ks/NBK539702/ 

9. MedlinePlus. Red Blood Cell (RBC) 
Indices [Internet]; 2021.  

Available from: https://medlineplus.gov/lab-
tests/red-blood-cell-rbc-indices 

10. Hinkle J, Cheever K, Brunner C, Suddarth 
A. Red Blood Cell Indices. In: Handbook of 
Laboratory and Diagnostic Tests. 2nd ed. 
Philadelphia: Wolters Kluwer Health, 
Lippincott Williams & Wilkins. 2014;451. 

11. Grzeszczak K, Łanocha-Arendarczyk N, 
Malinowski W, Ziętek P, Kosik-Bogacka D. 
Oxidative Stress in Pregnancy. 
Biomolecules. 2023;13(1768):1-23. 

12. Sebastiani G, Navarro-Tapia E, Almeida-
Toledano L, Serra-Delgado M, Paltrinieri 
AL, García-Algar Ó, Andreu-Fernández V. 
Effects of Antioxidant Intake on Fetal 
Development and Maternal/Neonatal 
Health during Pregnancy. Antioxidants 
(Basel). 2022;11(4):1-36. 

13. Chitra M, Mathangi D, Johnson P, 
Sembulingam P. Maternal Oxidative Stress 
and Antioxidant Defense During Labor. 
IOSR J Dent Med Sci. 2015;14(4):10-5. 

14. Forman HJ, Zhang H. Targeting oxidative 
stress in disease: promise and limitations 
of antioxidant therapy. Nat Rev Drug 
Discov. 2021;20:689-709. 

15. National Planning Commission (NPC). 
Nepal Flood 2017: Post Flood Recovery 
Needs Assessment. Kathmandu: 
Government of Nepal; 2017. 

16. Vanguard Nigeria. Imo Government 
Discovers More Crude Oil [Internet]. 2015  

Available: https://www.vanguardngr.com 

https://medlineplus.gov/lab-tests/red-blood-cell-rbc-indices
https://medlineplus.gov/lab-tests/red-blood-cell-rbc-indices
https://www.vanguardngr.com/


 
 
 
 

Dimeke et al.; Asian J. Res. Med. Pharm. Sci., vol. 13, no. 4, pp. 128-136, 2024; Article no.AJRIMPS.126690 
 
 

 
135 

 

[cited 2021 Dec 8]. 

17. Wang Y, Branicky R, Noë A, Hekimi S. 
Superoxide dismutases: Dual roles in 
controlling ROS damage and regulating 
ROS signaling. J Cell Biol. 2018;217(6): 
1915–1928. 

18. Halliwell B. Understanding mechanisms of 
antioxidant action in health and disease. 
Nat Rev Mol Cell Biol. 2024;25:13–33. 

19. Zheng M, Liu Y, Zhang G, Yang Z, Xu W, 
Chen Q. The Applications and 
Mechanisms of Superoxide Dismutase in 
Medicine, Food, and Cosmetics. 
Antioxidants (Basel). 2023;12(9):1-20. 

20. Younus H. Therapeutic Potentials of 
Superoxide Dismutase. Int J Health Sci. 
2018;12(3):88-93. 

21. Islam MN, Rauf A, Fahad FI, Emran TB, 
Mitra S, Olatunde A, et al. Superoxide 
Dismutase: An Updated Review on Its 
Health Benefits and Industrial Applications. 
Crit Rev Food Sci Nutr. 2022;62(26):7282-
300. 

22. Yang M, Peng G-H. The molecular 
mechanism of human stem cell-derived 
extracellular vesicles in retinal repair and 
regeneration. Stem Cell Res Ther. 
2023;14:1-10. 

23. Guleria S, Jain R, Singh D, Kumar S. A 
thermostable Fe/Mn SOD of Geobacillus 
sp. PCH100 isolated from glacial soil of 
Indian trans-Himalaya exhibits activity in 
the presence of common inhibitors. Int J 
Biol Macromol. 2021;179:576–585. 

24. Kumar S, Bhardwaj VK, Guleria S, Purohit 
R, Kumar S. Improving the catalytic 
efficiency and dimeric stability of Cu, Zn 
superoxide dismutase by combining 
structure-guided consensus approach with 
site-directed mutagenesis. Biochim 
Biophys Acta Bioenerg. 2022;1863. 

25. Chitra M, Mathangi D, Johnson P, 
Sembulingam P. Maternal Oxidative Stress 
and Antioxidant Defense During Labor. 
IOSR J Dent Med Sci. 2015;14(4):10-5. 

26. Cui HX, Guo ZZ, Zhao DH, Ma WQ, 
Cheng HZ, Xu L. Effects of superoxide 
dismutase mimics (SODm) on meat quality 
and SOD activity in AA broilers. Husb Vet 
Med. 2019;46:1379–1387 

27. Safdari-Dehcheshmeh F, Noroozi M, 
Taleghani F, Memar S. Factors Influencing 
the Delay in Childbearing: A Narrative 
Review. Iran J Nurs Midwifery Res. 
2023;28(1):10–19. 

28. Cohen W. Does Maternal Age Affect 
Pregnancy Outcome? Br J Obstet 
Gynaecol. 2014;121:252-4. 

29. Oakley L, Penn N, Pipi M, Oteng-Ntim E, 
Doyle P. Risk of Adverse Obstetric and 
Neonatal Outcomes by Maternal Age: 
Qualifying Individual and Population Level 
Risk Using Routine UK Maternity Data. 
PLoS One. 2016;11 

30. Nuttall FQ. Body Mass Index: Obesity, 
BMI, and Health: A Critical Review. Nutr 
Today. 2015;50(3):117–128. 

31. Lee KH, Cha M, Lee BH. Neuroprotective 
Effect of Antioxidants in the Brain. Int J Mol 
Sci. 2020;21(19):1-29. 

32. Nejad R, Goodarzi M, Shfiee G, Pezeshki 
N, Sohrabi M. Comparison of Oxidative 
Stress Markers and Serum Cortisol 
between Normal Labor and Selective 
Cesarean Section Born Neonates. J Clin 
Diagn Res. 2016;10(6) 

33. Chitra M, Mathangi D, Johnson P, 
Sembulingam P. Maternal Oxidative Stress 
and Antioxidant Defense During Labor. 
IOSR J Dent Med Sci. 2015;14(4):10-5. 

34. Kahveci H, Lalogku F, Kilic O, Ciftel M, 
Yildirim A, Orbak Z, et al. Serum 
Paraoxonase and Arylesterase Values as 
Antioxidants in Healthy Premature Infants 
at Fasting and Postprandial Times. Eur 
Rev Med Pharmacol Sci. 2015;19:1761-5. 

35. Ren X, Zou L, Zhang X, Branco V, Wang 
J, Carvalho C, Holmgren A, Lu J. Redox 
signaling mediated by thioredoxin and 
glutathione systems in the central nervous 
system. Antioxid Redox Signal. 
2017;27:989–1010. 

36. Morton SU, Brodsky D. Fetal Physiology 
and the Transition to Extrauterine Life. Clin 
Perinatol. 2016;43(3):395–407. 

37. Kluckow M, Hooper SB. Using physiology 
to guide time to cord clamping. Semin 
Fetal Neonatal Med; 2015. 

38. Hartford Healthcare. Complete Blood 
Count (CBC) Test Overview [Internet]. The 
Hospital of Central Connecticut; 2021 
[cited 2021 Dec 8].  

Available:https://thocc.org/health-
community/health-resources/health-
library/detail?id=hw4260 

39. Wormer KC, Jamil RT, Bryant SB. 
Postpartum Hemorrhage. [Updated 2024 
Jul 19]. In: StatPearls [Internet]. Treasure 
Island (FL): StatPearls Publishing; 2024.  



 
 
 
 

Dimeke et al.; Asian J. Res. Med. Pharm. Sci., vol. 13, no. 4, pp. 128-136, 2024; Article no.AJRIMPS.126690 
 
 

 
136 

 

Available:https://www.ncbi.nlm.nih.gov/boo
ks/NBK499988/ 

40. Zhou C, Hu H, Wang C, Zhu Z, Feng G, 
Xue J, et al. The Effectiveness of mHealth 

Interventions on Postpartum Depression:           
A Systematic Review and Meta-           
analysis. J Telemed Telecare. 2021;28(2): 
1-10. 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/126690  

https://www.sdiarticle5.com/review-history/126690

