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Abstract

Miscarriage is a term that refers to the loss of a pregnancy before twenty weeks of the fetus’s
lifespan. This leads to complications and psychological disorders for the aborted woman. Studies
are continuing to find out the reasons that lead to miscarriage. To identify the effect of the levels
of (CRP), (SOD), (GSH), and (MDA) on pregnancy and miscarriage in the first trimester of
pregnancy, the study was conducted in the gynaecology department and maternity hall at Salah al-
Din General Hospital / Tikrit City / Salah al-Din Governorate for the period between: "October
2022 to March 2023". The study included 90 samples, 20 samples for the control group the same
for the pregnancy group and 50 samples for the abortion group, half is for the one-time miscarriage
group and the other half for the recurrent miscarriage group. In this study, we explored the
biochemical markers of oxidative stress in various pregnancy-related conditions. Our research
focused on assessing the concentrations of C-reactive protein (CRP), Superoxide Dismutase
(SOD), Glutathione (GSH), and Malondialdehyde (MDA) in different groups: pregnant women,
women with a history of one miscarriage, and women with repeated miscarriages, comparing these
to a control group. Our findings revealed that CRP levels showed a notable escalation in groups
with pregnancy, one-time miscarriage, and repeated miscarriages, indicating a highly significant
difference (P < 0.05) in each case. This pattern suggests a progressive increase in CRP
concentration across these groups. Conversely, SOD concentrations did not display significant
differences across the groups studied, including the control group, at the P < 0.05 level. This
indicates that SOD levels remained relatively stable across different pregnancy conditions. In
terms of GSH levels, we observed a highly significant variation (P < 0.05). The pregnant group
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showed a non-significant increase in GSH compared to the control group. However, both the one-
time miscarriage and repeated miscarriage groups exhibited a significant decrease in GSH levels
when compared to the control group. Lastly, the analysis of MDA concentrations revealed
significant differences (P < 0.05) across the groups. Each of the pregnancy, one-time miscarriage,
and repeated miscarriage groups registered a notable decrease in MDA levels in comparison to the
control group. This study thus contributes important insights into the oxidative stress markers in
various pregnancy-related conditions, highlighting the role and variation of CRP, SOD, GSH, and
MDA in these scenarios.
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Introduction

Miscarriage is defined as the loss of a fetus before it becomes able to live and grow independently
outside the uterine (Quenby et al., 2021). Nearly 80% of miscarriages occur before 12 weeks of
pregnancy, which is considered a spontaneous miscarriage. Recently, miscarriage has become one
of the most serious adverse pregnancy outcomes as it occurs early (Gynecologists, 2018). The
uterine lining secretes a large number of cytokines and a group of regulatory factors for growth
and differentiation. It has been found that cytokines have an effect not only on the cells of the
lining and their preparation for the implantation process but also on the trophoblast cells
surrounding the embryo (Lessey & Young, 2019).

Oxidants, key players in the process of oxidative stress, exert their effects through two primary
mechanisms. Firstly, they can generate reactive oxygen species (ROS), a group of free radicals
including hydrogen peroxide, hydroxyl radical, hydroxyl ion, peroxide, singlet oxygen, and
superoxide anion. These ROS are often produced as by-products of various biological processes,
according to a study by (Sotler et al., 2019). Secondly, oxidants can induce oxidative stress by
inhibiting antioxidants, which are crucial for neutralizing free radicals and protecting cells from
damage. The presence and activity of reactive oxygen species have far-reaching implications for
cellular health and function. ROS can catalyze the oxidation of proteins and lipids, as mentioned
in the research by (Memar et al., 2018). This oxidative modification can alter the structure and
function of these vital biomolecules, potentially leading to various pathological conditions.
Furthermore, as highlighted in the study by (Yang et al., 2021), ROS can also inflict damage on
nucleic acids. This damage to DNA and RNA is particularly concerning, as it can lead to mutations

and genomic instability, contributing to the development of diseases, including cancer.
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Thus, understanding the dual role of oxidants in generating ROS and inhibiting antioxidants
provides critical insight into the mechanisms underlying oxidative stress and its impact on
biological systems. Lipid peroxidation represents a crucial process in cellular damage and is
intimately linked with the activity of reactive oxygen species (ROS). As elucidated in the study by
(Su et al., 2019), lipid peroxides are compounds formed when ROS react with lipids in cell
membranes. This reaction is not merely a passive occurrence; lipid peroxides have the ability to
self-propagate the oxidative process, leading to extensive cell membrane damage and, ultimately,
cell death. This mechanism underscores the deleterious effects of oxidative stress at a cellular
level, particularly in the context of various diseases and pathological conditions.

Turning to C-reactive protein (CRP), it is a pentameric protein synthesized primarily in the liver.
Its levels in the bloodstream rise in response to inflammation, serving as a biomarker for
inflammatory conditions. This relationship between CRP levels and inflammation is well-
established in numerous studies. Furthermore, there is a noted correlation between obesity,
particularly central obesity, and inflammation. Central obesity, as defined in the research by
(Asgari et al., 2023), refers to the excessive accumulation of fat in the abdominal area and its
surroundings. This specific distribution of body fat is particularly concerning due to its association
with various metabolic and cardiovascular disorders. The underlying cause of central obesity is an
imbalance between energy intake and expenditure. This form of obesity is not just a matter of
excess body weight but is intricately linked with systemic inflammation, thereby potentially
influencing CRP levels and contributing to the risk of related health issues.

These insights into lipid peroxidation and the role of CRP in inflammation, especially in the
context of obesity, highlight the interconnected nature of metabolic processes, oxidative stress,
and inflammation in human health. Superoxide Dismutase (SOD) holds a vital position in the
cellular defense system against oxidative stress. As the primary detoxification enzyme, SOD
stands out as one of the most potent antioxidants within the cell. Its fundamental role, as
highlighted in the study by (Jefferies et al., 2003), is to act as a critical component of the cell's first
line of defense against reactive oxygen species (ROS). SOD achieves this by catalyzing the
dismutation of two molecules of the superoxide anion into hydrogen peroxide (H202) and
molecular oxygen (O2). This reaction is crucial as it transforms the superoxide anion, a potentially
harmful ROS, into less dangerous substances. Through this mechanism, SOD plays a significant
role in mitigating oxidative damage and maintaining cellular health. In parallel, glutathione, a
tripeptide of low molecular weight, is another key player in the cellular defense against oxidative
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stress. Present in both plants and animals, glutathione is of immense physiological importance. Its
primary function lies in its ability to act as a major antioxidant, directly neutralizing free radicals
and reactive molecules, thereby preventing their harmful effects on cellular components. The
presence and activity of glutathione in various organisms underscore its universal significance in
maintaining redox balance and protecting cells from oxidative damage.

Both SOD and glutathione exemplify the complex and efficient antioxidant systems that have
evolved in living organisms to counteract the deleterious effects of ROS. Their roles in detoxifying
harmful reactive species and maintaining cellular integrity are fundamental to understanding the
broader context of oxidative stress and its implications for health and disease. The status and
concentration of glutathione in the body is an essential biomarker and therapeutic target for many
chronic and age-related diseases. It has been suggested that glutathione levels in humans can be
improved by consuming fruits and vegetables that contain glutathione or amino acids that aid in
glutathione synthesis (Minich & Brown, 2019). Malondialdehyde (MDA) is widely recognized as
a critical biomarker in the field of oxidative stress research. As (Grune & Berger, 2007; Nawrocka-
Rutkowska et al., 2022) have noted, MDA is the end product of the oxidative degradation of
polyunsaturated fatty acids, making it a frequent measure in studies assessing oxidative stress. This
degradation is a result of radical-initiated reactions, particularly within the context of chronic
oxidative stress. The significance of MDA extends beyond being a mere by-product of lipid
peroxidation. It is also indicative of broader cellular damage. Studies, including those by
(Marrocco et al., 2017; Mohammadi, 2019), have emphasized the utility of MDA and other
oxidative stress biomarkers in evaluating the risk of various diseases. These biomarkers can
provide insights into the extent of oxidation and its pathological implications. Moreover, recent
research, such as the work of (Enechukwu et al., 2019), has shed light on the role of MDA in
reflecting damage to cell membranes and DNA. MDA is one of the products released during lipid
peroxidation involving unsaturated fatty acids and is influenced by the action of hydroxyl radicals.
The increase in MDA levels, particularly in the blood, is indicative of heightened lipid
peroxidation and consequent damage to cellular structures, including cell membranes and genetic
material. Given these properties, MDA serves as a valuable tool in assessing the effectiveness of
antioxidant treatments. As (Nawrocka-Rutkowska et al., 2022) suggest, the measurement of MDA
levels can be instrumental in evaluating the efficacy of interventions aimed at mitigating oxidative
damage. This makes MDA not only a marker of oxidative stress but also a potential indicator of

the success of antioxidant therapies in reducing cellular damage and improving health outcomes.
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Materials and Methods

The current study was conducted for women attending in the gynecology department and the
maternity ward at Salah al-Din General Hospital in the city of Tikrit / Salah al-Din Governorate,
where samples collection lasted from 10/15/2022 and continued until 3/15/2023, as it included
collecting a Blood sample from each patient of the studied groups, in addition to the information
obtained according to the questionnaire. As for the women’s groups, they were distributed into
four groups and within a specific age group between (25-38) years, as follows:

1. Control group: 20 married women, not pregnant, and in the ovulation phase of the
menstrual cycle, in addition to being free of diseases such as (diabetes and high blood
pressure).

2. Pregnant group: 20 women who are characterized as being pregnant with their first child
within the first trimester of pregnancy and who do not have a history of previous
miscarriage, in addition to being free of diseases such as (diabetes and high blood pressure).

3. One-time abortion group: 25 women characterized by having had a miscarriage during the
first trimester of pregnancy, in addition to being free of diseases such as (diabetes and high
blood pressure).

4. Recurrent miscarriage group: Recurrent miscarriage group 25 women characterized by
having suffered recurrent miscarriage two or more times during the first trimester of
pregnancy, in addition to being free of diseases such as (diabetes and high blood pressure).

C-Reactive Protein (CRP) concentration:

The concentration of C-Reactive Protein was estimated using an analysis kit "ELISA kit used the
sandwich system — ELISA" produced by the Chinese company Sun long, according to its steps and
working principle.

Superoxide dismutase (SOD)

The concentration of (SOD) enzyme activity was estimated using the modified method, the
photochemical Nitroblue Tetrazolum (NBT). This method included the use of sodium cyanide as
an inhibitor of the peroxidase enzyme. This method relies on estimating the activity of the (SOD)
enzyme indirectly through the appearance of a change in the optical density of the formalin formed.
From the O2 reduction of (NBT) dye, which in turn is generated from irradiation of blood serum
(Brown & Goldstein, 1983), as a decrease in the optical density of formalin is an indication of an

increase in the activity of the (SOD) enzyme (Zhang et al., 2016).
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Glutathione (GSH) estemation

The principle: The level of glutathione in blood serum was measured using the EIl man reagent
method.

Malondialdehyde estimation

The estimation technique for Malondialdehyde, a critical endpoint in the lipid peroxidation chain,
employs the revised version of the Thiobarbituric Acid (TBA) reaction, a methodology referenced
by (Guidet & Shah, 1989). This particular approach is centered around the measurement of MDA,
a key indicator of lipid peroxidation. The fundamental aspect of this method lies in the specific
interaction that occurs between lipid peroxides, predominantly malondialdehyde, and TBA, within
an environment characterized by acidic pH levels. The process hinges on the chemical reaction
between these components, crucially influenced by the acidic conditions.

Statistical analysis

The statistical evaluation of our findings was conducted under the framework of a Completely
Randomized Design (CRD). This approach was essential to ascertain the presence of any
statistically significant variations among the different groups concerning the parameters under
investigation. We employed the Analysis of Variance (ANOVA) test for the statistical analysis of
the gathered data. This analysis was carried out using the SAS software, version 2010, specifically
utilizing its Data Analysis feature. In instances where significant differences were identified, we
further compared the means using the Least Significant Difference (LSD) test. This comparison
was made at a probability threshold of P < 0.05 to establish the significance of the observed

differences.

Results and Discussion

The current study showed that the concentration of (CRP) gave a high significant effect at the level
(P <0.05), In the study, it was observed that both the pregnancy group and the group with a history
of one-time abortion exhibited increases in certain parameters; however, these increases were not
statistically significant when compared to the control group. On the other hand, the group with
repeated miscarriages showed a statistically significant increase in these parameters compared to
the control group. Furthermore, among all the groups, the recurrent miscarriage group
demonstrated the most pronounced increase, significantly surpassing not only the control group

but also the other groups under study (Table 1).
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Table 1. The effect of the levels of (CRP), (SOD), (GSH), and (MDA) on pregnancy and
miscarriage in the first trimester of pregnancy.

Groups M+SD MDA GSH SOD CRP
UMOL/ L UMOL /L M+SD Per ml M+SD ng/ ml M+SD
Control(20) 55.438+1.5982 | 10.479+0.110°® | 5.379+0.202% | 9.827+0.457"
Pregnant (20) 30.12045.573° 10.501+0.044* | 5.149+0.283% | 10.956+0.425°
Abortion for one time (25) | 27.756+1.125° | 9.499 +0.442° 5.253+0.3272 | 11.940+0.452°
Recurrent abortion(25) | 24.102+3.383° | 9.745+0.081° | 4.844+0.2932 | 14.737+1.640°
P-Valu 0.0293 0.0040 0.5762 0.0021

When groups are marked with identical letters, it indicates a lack of significant variance between
them. On the other hand, if the groups are denoted with distinct letters, this signifies that the
differences between them are statistically significant, particularly at a level where the probability
value is equal to or less than 0.05.

The study presented by (Nikbakht et al., 2020) indicated the presence of CRP at the beginning of
pregnancy and that the inflammatory process may be present from the beginning of pregnancy,
which leads to the occurrence of pregnancy complications. This study was consistent with the
current study through the results it presented, but it was contrary to the opinion of the study
presented by (Bakalis et al., 2012) that the level of CRP at the beginning of pregnancy has no
relationship to pregnancy complications. The study presented by (Komsa-Penkova et al., 2022).
The level of (CRP) in the one-time abortion group was similar to its level in the control group,
which is not in agreement with the current study. (Ahmed et al., 2015) indicated that cases of
recurrent miscarriage are linked to high levels of (CRP) in the mother’s- blood, and thus this study
is consistent with the results of the current study regarding the recurrent miscarriage group. C-
reactive protein (CRP) is a protein with a phase Acute is made in liver cells and other tissue cells
such as Trophoblasts and is considered an indicator of a state of systemic inflammation.

The increase in its levels is explained by the fact that it is associated with an inflammatory
condition that occurs in the body, such as cancer, asthma, type 2 diabetes, sickle cell anemia,
cardiovascular diseases, and also in cases of adverse pregnancy. This explains the results stated in
the current study, and that the successful implantation that occurs in the fertilized egg is an
indicator of a high level of (CRP), and perhaps also one of the reasons for its rise at the beginning

of pregnancy due to (IL-6) produced by activated macrophages and monocytes, as these
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macrophages are in addition to Natural killer cells, which are mainly composed of the interaction
between the trophoblast and the mother's immune system Which is an important source of (IL-6)
and high levels of (CRP), as exposure to chemicals such as Bisphenol and parabens, which have
various effects on disrupting the functioning of the endocrine glands, and these substances are
related to an increase in the level of pro-inflammatory biomarkers such as (CRP) (IL-6) which
leads to pregnancy complications such as miscarriage (Ahmed et al., 2015).

In this study, the impact of SOD (Superoxide Dismutase) concentration did not show a statistically
significant difference at the P < 0.05 level. Both the pregnancy group and the group with a single-
time abortion exhibited a minor, yet statistically insignificant, reduction in SOD levels compared
to the control group. Similarly, the group with repeated miscarriages showed a decrease in SOD
levels, but this too was not statistically significant when compared with the control group. This
contrasts with findings from a 2019 study by (Khan et al., 2019), which noted a significant decrease
in SOD levels in the pregnancy group relative to their control group. While both studies observed
a decline in SOD levels, the difference lies in the statistical significance of this decrease.
(Hameed, 2012) found that the group with a single-time abortion exhibited a reduction in their
measurements compared to the control group, aligning with the findings of the current study. In
contrast, the study by (M Saleem & A SALIH, 2017) reported that the group with recurrent
miscarriages showed a significant decrease in SOD (Superoxide Dismutase) concentration when
compared to the control group's results.

Thus, it is somewhat consistent with the results stated in the current study In terms of decline, but
it differs in significance, (SOD) is an antioxidant that defends the body against the superoxide
anion that destroys the tissues of the living body. It is capable of disrupting free radicals in the
body, whose activity leads to an imbalance in the physiological state of the body and the emergence
of many complications, especially during pregnancy, including high blood pressure and
preeclampsia. The decrease in (SOD) leads to an increase in the rates of conversion of enzymes
that inhibit free radicals in order to remove the oxidative stress that results from the increase in fat
peroxides in pregnant women and thus reduce the resulting damage (Zych et al., 2022).

The current study suggests that the absence of increased lipid peroxides and thus the lack of
oxidative stress, particularly in the groups in the first trimester of pregnancy and miscarriage,
might be due to the absence of heightened fetal metabolic processes that typically lead to oxidative
stress. It also revealed that the GSH (Glutathione) levels exhibited highly significant differences

at the P < 0.05 level. The pregnancy group showed a minor, non-significant rise in GSH levels



411 | Journal of Wildlife and Biodiversity, 7 (Special Issue), 403-414

compared to the control group. Both the groups with a single-time miscarriage and repeated
miscarriages recorded a significant decline in GSH levels compared to the control group.

This finding contrasts with the results from the 2016 study by (Ramiro-Cortijo et al., 2016), which
observed a significant decrease in antioxidants, including GSH, in the pregnant group. They linked
this decrease in early pregnancy to potential subsequent pregnancy complications, differing from
the current study's findings. Similarly, the (Hameed, 2012) reported an increase in GSH levels for
the single-time abortion group compared to the control group, which also does not align with the
current study.

Zacharaet al., (2001) study mirrored the results reported by (Hameed, 2012), observing an increase
in GSH levels in the single-time abortion group compared to the control group, again differing
from the current study's findings. In contrast, the study by (AL-Hamdani & Al-Helaly, 2023) noted
a significant decrease in GSH levels in the recurrent miscarriage group when compared to the
control group, which is in agreement with the results of the current study.

Glutathione, a significant non-protein substance in mammal cells, plays a crucial role in
detoxifying and providing antioxidant defense against both external and internal substances,
thereby helping to regulate cellular oxidation levels. It's found in sulfur-rich foods like cauliflower,
cabbage, garlic, onions, and whey, and is a vital antioxidant that safeguards cells against oxidative
damage. Moreover, it's essential in keeping the redox state in balance and aids in repairing fats,
proteins, and nucleic acids during peroxidation. According to (Ra et al., 2023), a notable
observation was the impact of MDA concentration, showing a marked decrease in groups with
single or recurrent miscarriages compared to the control group, at a statistically significant level
(P <0.05).

Contrastingly, previous studies by (Ghneim & Alshebly, 2016; Ilhan et al., 2002; Mushouh et al.,
2023), showed a rise in MDA levels in pregnant women, contradicting the current study's findings.
(Torkzahrani et al., 2019) research also reported an increased MDA concentration in women who
had a single miscarriage, which doesn't align with the recent findings. (Ghneim & Alshebly, 2016)
found similar results in the recurrent miscarriage group. MDA, an indicator of lipid peroxidation,
reflects the oxidative stress levels in the body, which are crucial in female fertility and related
physiological disturbances in pregnancy and childbirth. MDA is a more prominent marker of
oxidative stress due to lipid peroxidation, linked to pregnancy, where expectant mothers
experience oxidative stress from accumulated lipid peroxides. This stress is particularly evident

during the initial phase of pregnancy when the placenta, connecting mother and fetus, has a
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reduced oxygen environment. As pregnancy progresses, especially after the first trimester, the
placenta’s metabolic activities and the need for antioxidant enzymes increase to support fetal
development, as noted by (Holland et al., 2017).

Conclusion

It has been concluded that the presence of (CRP) is linked to the presence of inflammation in the
body, where the greater the inflammatory state, the higher the percentage of (CRP) in the blood,
which leads to pregnancy complication the most dangerous of which is abortion. When the levels
of (GSH) and (SOD) decrease in the blood, it leads to a state of oxidative stress, which is linked
to many female reproductive diseases that lead to pregnancy complications such as miscarriage.
As for the levels of (MDA), it is a sign of the presence of lipid peroxidation as well as an indicator
of the effectiveness of treatment with antioxidants, and both cases are linked to pregnancy

complications and miscarriage.

References

Ahmed, S. K., Mahmood, N., Malalla, Z. H., Alsobyani, F. M., Al-Kiyumi, I. S., & Almawi, W. Y. (2015).
C-reactive protein gene variants associated with recurrent pregnancy loss independent of CRP serum
levels: a case-control study. Gene, 569(1), 136-140.

AL-Hamdani, I. H., & Al-Helaly, L. A. (2023). PEROXIREDOXIN 3 AND OXIDATIVE STRESS IN
RECURRENT ABORTION PATIENTS. Military Medical Science Letters/\Vojenské Zdravotnické
Listy, 92(2).

Asgari, E., Shiraseb, F., Mirzababaei, A., Tangestani, H., & Mirzaei, K. (2023). Positive Interaction
Between CG, CC Genotypes of Cryptochrome Circadian Clocks 1, and Energy-Adjusted Dietary
Inflammatory Index on High Sensitivity C-Reactive Protein Level in Women With Central Obesity.
Clinical Nutrition Research, 12(1), 7.

Bakalis, S. P., Poon, L. C. Y., Vayna, A.-M., Pafilis, I., & Nicolaides, K. H. (2012). C-reactive protein at
11-13 weeks’ gestation in spontaneous early preterm delivery. The Journal of Maternal-Fetal &
Neonatal Medicine, 25(12), 2475-2478.

Brown, M. S., & Goldstein, J. L. (1983). Lipoprotein metabolism in the macrophage: implications for
cholesterol deposition in atherosclerosis. Annual Review of Biochemistry, 52(1), 223-261.

Enechukwu, C. I., Onuegbu, A. J., Olisekodiaka, M. J., Eleje, G. U., Ikechebelu, J. I., Ugboaja, J. O., Amah,
U. K., Okwara, J. E., & Igwegbe, A. O. (2019). Oxidative stress markers and lipid profiles of patients
with polycystic ovary syndrome in a Nigerian tertiary hospital. Obstetrics & Gynecology Science,
62(5), 335-343.

Ghneim, H. K., & Alshebly, M. M. (2016). Biochemical markers of oxidative stress in Saudi women with
recurrent miscarriage. Journal of Korean Medical Science, 31(1), 98-105.

Grune, T., & Berger, M. M. (2007). Markers of oxidative stress in ICU clinical settings: present and future.
Current Opinion in Clinical Nutrition & Metabolic Care, 10(6), 712-717.

Guidet, B., & Shah, S. V. (1989). Enhanced in vivo H202 generation by rat kidney in glycerol-induced



413 | Journal of Wildlife and Biodiversity, 7 (Special Issue), 403-414

renal failure. American Journal of Physiology-Renal Physiology, 257(3), F440-F445.

Gynecologists, A. C. of O. and. (2018). ACOG Practice Bulletin No. 200: early pregnancy loss. Obstetrics
and Gynecology, 132(5), e197-e207.

Hameed, R. M. (2012). Evaluation of Lipid Peroxidation, Level of Selenium and Enzymatic Antioxidant
Activity in Woman During Pregnancy and Abortion at First Trimester. Kerbala Journal of
Pharmaceutical Sciences, 3.

Holland, O. J., Hickey, A. J. R., Alvsaker, A., Moran, S., Hedges, C., Chamley, L. W., & Perkins, A. V.
(2017). Changes in mitochondrial respiration in the human placenta over gestation. Placenta, 57, 102—
112.

llhan, N., Ilhan, N., & Simsek, M. (2002). The changes of trace elements, malondialdehyde levels and
superoxide dismutase activities in pregnancy with or without preeclampsia. Clinical Biochemistry,
35(5), 393-397.

Jefferies, H., Coster, J., Khalil, A., Bot, J., McCauley, R. D., & Hall, J. C. (2003). Glutathione. ANZ Journal
of Surgery, 73(7), 517-522.

Khan, S., Khan, S., Khan, M. M., Alam, R., & Khan, A. (2019). Estimation of the status of MDA levels
and SOD activity in pregnant women. Biochem. Cell. Arch, 19(1), 169-173.

Komsa-Penkova, R., Danailova, A., Krumova, S., Georgieva, G., Giosheva, I., Gartcheva, L., lliev, I.,
Gartchev, E., Kercheva, K., & Savov, A. (2022). Altered Thermal Behavior of Blood Plasma
Proteome Related to Inflammatory Cytokines in Early Pregnancy Loss. International Journal of
Molecular Sciences, 23(15), 8764.

Lessey, B. A., & Young, S. L. (2019). What exactly is endometrial receptivity? Fertility and Sterility,
111(4), 611-617.

M Saleem, H., & A SALIH, T. (2017). Role of oxidant-antioxidant balance on incidence of unexplained
recurrent spontaneous abortion at first trimester of pregnancy. Journal of University of Anbar for Pure
Science, 10(2), 63-71.

Marrocco, I., Altieri, F., & Peluso, I. (2017). Measurement and clinical significance of biomarkers of
oxidative stress in humans. Oxidative Medicine and Cellular Longevity, 2017.

Memar, M. Y., Ghotaslou, R., Samiei, M., & Adibkia, K. (2018). Antimicrobial use of reactive oxygen
therapy: Current insights. Infection and Drug Resistance, 567-576.

Minich, D. M., & Brown, B. I. (2019). A review of dietary (phyto) nutrients for glutathione support.
Nutrients, 11(9), 2073.

Mohammadi, M. (2019). Oxidative stress and polycystic ovary syndrome: a brief review. International
Journal of Preventive Medicine, 10.

Mushouh, A. A. H., Saleh, S. S., & Khorshid, T. H. (2023). Estimation of Orexin Level and Some
Biochemical Indicators in Pregnant Women with Normal Pregnancy and Pregnant Women After
Taking Steroids. HIV Nursing, 23(3), 746-752.

Nawrocka-Rutkowska, J., Szydtowska, 1., Jakubowska, K., Olszewska, M., Chlubek, D., Ryt, A., Szczuko,
M., & Starczewski, A. (2022). Assessment of the parameters of oxidative stress depending on the
metabolic and anthropometric status indicators in women with PCOS. Life, 12(2), 225.

Nikbakht, R., Moghadam, E. K., & Nasirkhani, Z. (2020). Maternal serum levels of C-reactive protein at
early pregnancy to predict fetal growth restriction and preterm delivery: A prospective cohort study.
International Journal of Reproductive Biomedicine, 18(3), 157.

Quenby, S., Gallos, I. D., Dhillon-Smith, R. K., Podesek, M., Stephenson, M. D., Fisher, J., Brosens, J. J.,
Brewin, J., Ramhorst, R., & Lucas, E. S. (2021). Miscarriage matters: the epidemiological, physical,
psychological, and economic costs of early pregnancy loss. The Lancet, 397(10285), 1658-1667.



414 | Journal of Wildlife and Biodiversity, 7 (Special Issue), 403-414

Ra, K., Park, S. C., & Lee, B. C. (2023). Female reproductive aging and oxidative stress: mesenchymal
stem cell conditioned medium as a promising antioxidant. International Journal of Molecular
Sciences, 24(5), 5053.

Ramiro-Cortijo, D., Herrera, T., Rodriguez-Rodriguez, P., De Pablo, A. L. L., De La Calle, M., L6pez-
Giménez, M. R., Mora-Urda, A. I., Gutiérrez-Arzapalo, P. Y., Gémez-Rioja, R., & Aguilera, Y.
(2016). Maternal plasma antioxidant status in the first trimester of pregnancy and development of
obstetric complications. Placenta, 47, 37-45.

Sotler, R., Poljsak, B., Dahmane, R., Juki¢, T., Pavan Juki¢, D., Rotim, C., Trebse, P., & Starc, A. (2019).
Prooxidant activities of antioxidants and their impact on health. Acta Clinica Croatica, 58(4.), 726—
736.

Su, L.-J., Zhang, J.-H., Gomez, H., Murugan, R., Hong, X., Xu, D., Jiang, F., & Peng, Z.-Y. (2019).
Reactive oxygen species-induced lipid peroxidation in apoptosis, autophagy, and ferroptosis.
Oxidative Medicine and Cellular Longevity, 2019.

Torkzahrani, S., Ataei, P. J., Hedayati, M., Khodakarim, S., Sheikhan, Z., Khoramabadi, M., & Sadraei, A.
(2019). Oxidative stress markers in early pregnancy loss: a case-control study. Int. J. Women’s Health
Reprod. Sci, 7, 61-66.

Yang, S.-K., Yusoff, K., Ajat, M., Yap, W.-S,, Lim, S.-H. E., & Lai, K.-S. (2021). Antimicrobial activity
and mode of action of terpene linalyl anthranilate against carbapenemase-producing Klebsiella
pneumoniae. Journal of Pharmaceutical Analysis, 11(2), 210-219.

Zachara, B. A., Dobrzynski, W., Trafikowska, U., & Szymanski, W. (2001). Blood selenium and
glutathione peroxidases in miscarriage. British Journal of Obstetrics and Gynaecology, 108(3), 244—
247.

Zhang, C., Bruins, M. E., Yang, Z., Liu, S., & Rao, P. (2016). A new formula to calculate activity of
superoxide dismutase in indirect assays. Analytical Biochemistry, 503, 65-67.

Zych, B., Gorka, A., Myszka, A., Btoniarz, D., Siekierzynska, A., & Btaz, W. (2022). Status of Oxidative
Stress during Low-Risk Labour: Preliminary Data. International Journal of Environmental Research
and Public Health, 20(1), 157.



