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Differences of ROS Levels between Pregnancy with and without Early Pregnancy Loss
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Abstract
Background: Impaired tropoblast invasion associated with early pregnancy loss. The energy needed for the tropoblast invasion process is mainly met by ATP produced in the mitochondria. Although it plays an important role in cellular physiological processes, Reactive Oxygen Species (ROS), which are by-products of ATP production when produced in large quantities, can damage DNA or cell death, thereby interfering with tropoblast invasion. This study aims to prove the differences in ROS levels between pregnancy with early pregnancy loss and pregnancy without early pregnancy loss.
Method: The is an observational case-control study design. Fifty patients with gestational age less than 12 weeks (25 with early pregnancy loss and 25 without early pregnancy loss) were included in this study. Clinical examination and diagnosis is carried out in 2 hospitals and 5 community health centers. Examination of ROS levels was carried out by ELISA in the Biomedical Laboratory of the Faculty of Medicine, Andalas University. Mann-Whitney test was performed to analysis the difference levels of ROS with significance level p<0.05.
Results: The subjects of the two study groups were equivalent in terms of age, gestational age, and parity (p = 0.51, 0.453 and 1.00). ROS levels were found to be 4.46 (1.02-26.30) ng/mL in the pregnancy group with early pregnancy loss and 1.23 (0.43-2.75) ng/mL in the pregnancy group without early pregnancy loss. This result was statistically significantly different (p = 0.003).
Conclusions: ROS levels are higher in pregnancies with early pregnancy loss than in pregnancies without early pregnancy loss.
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INTRODUCTION
The success of a pregnancy begins with the success of placentation. The success of placentation is determined by the harmony between tropoblast cell factors, endometrial factors (conception receptors), and crosstalk (interactions) between tropoblast cells and endometrium.1,2 The main role of tropoblast cells is proliferating, differentiating, and invading. The position of tropoblast invasion and differentiation is regulated by internal tropoblast cells and by a number of paracrine and autocrine factors.1 The invasion process requires a lot of energy,3 and tropoblast cells are able to produce enough energy themselves to support their cellular activity and life, that is, from mitochondria. Tropoblast cells are also able to adapt to the endometrium which is in a relative hypoksa condition, so that tropoblast function runs well.4
Failure of placentation and tropoblast function in early pregnancy is closely related to the occurrence of early pregnancy loss.5 Failure of the tropoblast invasion can be due to internal factors of the tropoblast cell; for example, due to the occurrence of dysfunction, damage or death of tropoblast cells. One of the substances that results from cellular physiological processes and has the potential to cause cell dysfunction, damage or death is reactive oxygen species (ROS).6
Under normal circumstances, the oxidation posporilation reaction that occurs in the mitochondria produces ATP and ROS. ROS which was originally only considered as a byproduct turned out to play an important role in cellular physiological processes. Posporilation of oxidation reactions along with mitochondrial respiration (electron transport chain) experiences energy leakage in the form of electrons. These electrons can hit adjacent molecules and produce free radicals. Mitochondria uses a lot of oxygen that is owned by cells, and because of this oxygen-rich conditions, the production of ROS is a necessity, especially in the form of super oxide radical O2.-. Super oxides are converted to hydrogen peroxide.7
High ROS production causes oxidative stress. Oxidative stress can cause tropoblast cell damage. Oxidative stress causes damage to lipids, proteins and mitochondrial DNA. All of this causes mitochondrial dysfunction, and the energy needed for tropoblast cell activity becomes insufficient so that the invasion of tropoblasts is not complete. The presence of oxidative stress can be known from the high activity products that are triggered by ROS (such as malondialdehyde / MDA) or low levels / antioxidant activity (unoposed ROS) (such as GPx, SOD, ABTS).8
The relationship between oxidative stress and the occurrence of tropoblast invasion disorders is revealed from studies, which state that; MDA levels are higher in pregnancies with spontaneous abortion in trimester-1 and in preeclampsia.9,10 Superoxid levels are higher in preeclampsia.11 Antioxidant levels and activity are reduced in and in preeclampsia.12,13 These findings indicate that there are oxidative stress conditions in early abortion and in preeclampsia, but have not been able to show how much the level of ROS in early abortion. This research is intended to reveal how much the level of ROS in pregnancy with early pregnancy loss and in pregnancy without early pregnancy loss. Analysis of these two results will hopefully be able to provide information on whether there is a role for ROS in the failure of the first wave tropoblast invasion, which manifests clinically as early pregnancy loss. 10, 14
 ROS production can also increase due to the direct influence of hypoxia, where the redox reaction shifts towards hyper-reduction due to lack of oxygen.15
Oxidative stress or high ROS activity has been shown to be associated with failure of second wave tropoblast invasion, which manifests clinically as preeclampsia. This research is intended to reveal whether there is a role for ROS in the failure of the first wave tropoblast invasion, which manifests clinically as early pregnancy loss. For that we will see whether there are differences in serum ROS levels in pregnant women who experienced and not experienced early pregnancy loss. 
METHODS
The is an observational case-control study design in trimester-1 pregnancy patients (gestational age less than 12 weeks). This study comparing ROS levels between pregnancy with early without early pregnancy loss.
Fifty cases of 1st trimester pregnancy (25 with early pregnancy loss and 25 without early pregnancy loss) at Dr. M. Djamil General Hospital Padang, Andalas University Hospital Padang, and 5 community health centers in Padang. The basis diagnosis of abortion is when there is bleeding from the cervical canal, or there is an opening of the cervix, or a discharge of the cosmic tissue from the utery.16
The material used is venous blood. Serum ROS levels were measured by ELISA, using Bioassay Technology Laboratory kit Human ROS Modulator 1, catalog: E2134Hu; and the measurement results are expressed in ng/ml unit. Different levels of ROS tests analyzed used Mann-Whitney test.

RESULTS
The characteristics of the research subjects are shown in table 1.
Table 1. Characteristics of Research Subjects
	Characteristic
	Mean ± SD
	

	
	With Early Pregnancy Loss (n=25)
	Without Early Pregnancy Loss (n=25)
	P value

	Age  (years)
	31.72 ± 6.49
	28.60 ± 4.23
	0.051

	Gestational age (weeks)
Parity
Primipara
Multipara
	8.2 ± 1.53

8 (32%)
17 (68%)
	7.8 ± 2.16

8 (32%)
16 (68%)
	0.453

1.00


* no cases with miscarriage history found in either group.
Table 1 shows that there were no significant differences in the mean age, average gestational age, and the distribution of study subjects according to parity between two study groups (p = 0.51, 0.453, and 1.00).
The ROS data in two study groups were not normally distributed, so the Mann-Whitney test was used, as in the following table.

Table 2. ROS Levels in Both Study Groups 
	
	
	Mean
(ng/mL)
	Min-Max
(ng/mL)
	p value

	Pregnancy Status
	With Early Pregnancy Loss
	4.46
	1.02-26.30
	0.003*

	
	Without Early Pregnancy Loss
	1.23
	0.43-2.75
	


* Mann Whitney test
Table 2 shows that ROS levels in the pregnancy group with early abortion were significantly higher than ROS levels in pregnancy without early abortion (p = 0.003).

DISCUSSION
The mean ROS levels in the two study groups were 4.46 (1.02-26.30) ng/mL in the pregnancy group with early pregnancy loss and 1.23 (0.43-2.75) ng/mL in the pregnancy group without early pregnancy loss, and the results of the two groups differed significantly. The results showed that high ROS levels were associated with early pregnancy loss.
High levels of ROS are believed to have an effect on failure of tropoblast invasion. Excessive ROS levels can cause modification of the structure and function of cellular proteins and lipids, cause cellular dysfunction such as not producing enough energy, cell signaling disorders and cell cycle control disorders, cell transport mechanisms that do not work well and dysfunction of all biological activities, immune activation and inflammation.17,18 ROS, especially hydroxyl and peroxyl radicals, hydrogen peroxide and superoxide anion radicals, cause oxidative damage that damages fatty acids, DNA, proteins and cellular components.19,20 Mitochondrial DNA (mDNA) is the main target of ROS because the main source of ROS in cells is mitochondria. This results in mitochondrial dysfunction which results in impaired cell function.19
Some researchers have tried to prove that excessive ROS is associated with impaired placentation. Excessive ROS levels are known indirectly from the measurement results of reaction products that are triggered by ROS, such as malondialdehyde/MDA (which is the result of a lipid peroxidation process due to elevated ROS). MDA levels are higher in pregnancies with spontaneous abortion in the trimester-1 compared with normal pregnancies.9  Researchers claim that high MDA shows high levels of ROS; high levels of ROS cause oxidative stress. SOD and GPx (antioxidant) levels are lower in spontaneous recurrent abortion,12 which means an unoposed ROS (oxidative stress condition) occurs. Researchers concluded that oxidative stress plays a role in the pathophysiology of early pregnancy loss. In this case, oxidative stress causes damage to tropoblast cells,8 so the process of invasion of the first wave tropoblast is disrupted, attachment of the placenta to the uterus is not strong and eventually misscarriage occurs.
Research on the role of ROS in preeclampsia is based on the idea that oxidative stress (both caused by excessive ROS or due to levels / antioxidant activity that is less (unoposed ROS) causes disruption of tropoblast invasion, resulting in preeclampsia syndrome or fetal growth disorders. - this study shows that in the preeclampsia of ROS activity increases,10,11,14 and antioxidant activity or levels are reduced.10,13,14 The findings of these studies support the initial assumption that conditions of oxidative stress play an important role in the pathogenesis of preeclampsia, where oxidative stress reduces the ability of second wave tropoblast invasion.
The main source of ROS is mitochondria,6 which are electrons released from the electron transport chain (ETC).7 ROS production is affected by tissue oxygenation. Hypoxic conditions can directly trigger an increase in ROS production, where in hypoxic conditions the redox reaction shifts towards hyper-reduction due to lack of oxygen.15 Hypoxic conditions slow the transfer of electrons through ETC, increasing the transfer of unwanted electrons to molecular oxygen which results in a highly reactive superoxid anion.18 Hypoxic conditions can also increase ROS production through the miR-210 pathway. Hypoxia triggers an increase in miR-210 expression, both directly and through activation by HIF-1α.21,22 Upregulation of miR-210 represses ISCU1 / 2, so that the activity of iron-sulfur clusters is disturbed, mitochondrial respiration is disrupted, which results in impaired respiration and dysfunction of mitochondrial respiration.21 Mitochondrial respiratory dysfunction increases ROS production.
From the description above it can be concluded that the association between high levels of ROS with early pregnancy loss occurs through oxidative stress mechanisms. The cause of high levels of ROS cannot be known. Allegations that environmental factors (decidua) that are in more severe hypoxic conditions (not relative hypoxia) need to be proven by examining miR-210 expression and HIF-1α levels. If the expression of miR-210 and HIF-1α levels are also significantly higher, it can be believed that decidual hypoxia is the background of early pregnancy loss.

CONCLUSION 
High serum ROS levels are associated with early pregnancy loss. This association is thought to occur through oxidative stress. The cause of high levels of ROS in pregnancy with early pregnancy loss cannot be explained. It is recommended to check miR-210 expression and HIF-1α levels, so that the role of decidual hypoxia in early abortion can be explored.
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