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Background: Impaired trophoblast invasion is associated with early abortion. The calorie needed for the trophoblast 
cell (TC) invasion is mainly met by adenosine triphosphate (ATP) produced in the mitochondria. Reactive oxygen species 
(ROS), byproduct of ATP synthesis, plays an important role in cellular physiology, but a high level of ROS may result in 
deoxyribonucleic acid (DNA) damage or cell dysfunction, thereby impaired TC invasion leading to early abortion. The study 
aims to determine elevated serum ROS level to predicts early abortion.
Materials and method: This was an observational study with a cross-sectional design. Fifty subjects with gestational 
age less than 12 weeks, consist of 25 early abortions and 25 normal pregnancies subjects, were included in this study. 
Clinical examination and diagnosis are carried out in 2 Hospitals and 5 Public Health Centers in Padang. Examination of ROS 
levels was carried out by enzyme-linked immunosorbent assay (ELISA) in the Biomedical Laboratory, Faculty of Medicine, 
Universitas Andalas. The Mann-Whitney test was used to analyze the difference of serum ROS levels, with a significance 
level of 0.05.
Results: The subjects of the two study groups were equivalent in terms of age, gestational age, and gravidity (p=0.051, 
p=0.453, and p=1.000). The median ROS levels were found to be 1.36 (1.02-26.30) ng/mL in the early abortion and 1.20 
(0.43-2.75) ng/mL in the normal pregnancy (p=0.003).
Conclusion: There is a significant difference between ROS levels in early abortion and normal pregnancy.
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Introduction

The success of first trophoblast invasion determines the 
success of placentation, which also determines a good 
pregnancy outcome. The failure of trophoblast invasion is 

associated with unfavorable pregnancy outcomes such as 
spontaneous abortion, premature labor, preeclampsia, or 
stunted fetal growth.1 Trophoblast invasion requires high 
calories2, which is met mainly from adenosine triphosphate 
(ATP) which is produced in the mitochondria.3
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	 ATP synthesis occurs through the process of oxidation 
phosphorylation. In addition to producing ATP, this 
process also produces reactive oxygen species (ROS). 
ROS which was initially considered only as a byproduct 
of ATP synthesis turned out to have an important role in 
regulating the physiological function of cells4, such as the 
processes of proliferation, differentiation, aging, regulation 
of transcription factors, inflammation, and various other 
regulatory  functions.5  However,  high  levels  of  ROS 
can cause conditions of oxidative stress, which cause 
mitochondrial DNA damage (mutations and deletions), 
internal membrane damage, mitochondrial respiration 
disorders, which all of which lead to mitochondrial 
dysfunction and cell function disorders.3,4 Cell dysfunction 
causes impaired trophoblast invasion.
	 The association between ROS levels and impaired 
trophoblast invasion was concluded from studies on 
preeclampsia. The activity of superoxide dismutase 
(SOD), glutathione peroxidase (GPx), and 2,2’–azino–
bis (3–ethylbenzthiazoline–6–sulfonic acid) (ABTS) was 
significantly lower in preeclampsia.6 In preeclampsia, there 
is an increase in oxidative stress and a decrease in antioxidant 
capacity.7 Superoxide levels are higher in preeclampsia than 
in normal pregnancy.8 Malondialdehide (MDA) levels are 
greatly increased and the levels of GPx and SOD are greatly 
decreased in preeclampsia.9 These findings suggest that 
there is a state of oxidative stress in preeclampsia caused by 
high production of ROS or by the condition of unopposed 
ROS. Oxidative stress results in disruption of second wave 
trophoblast invasion which manifests as preeclampsia.
	 Unlike the second wave trophoblast invasion which 
requires normoxic conditions, the first wave of trophoblast 
invasion requires a hypoxic condition10, a condition that 
continues during the 1st trimester.11 Hypoxic conditions 
are a key factor for the proliferation, differentiation, 
and physiological invasion of trophoblasts, which in 
turn determine the success of placentation, growth, and 
development of pregnancy.10 On the other hand, hypoxic 
conditions can increase the production of ROS in oxidation 
phosphorylation, where the redox reaction shifts to hyper-
reduction due to lack of oxygen.12 High ROS levels have 
the potential to disrupt trophoblast invasion, and impaired 
trophoblast invasion in early pregnancy is associated 
with early abortion. High ROS levels are associated with 
the failure of second wave trophoblast invasion, which 
is clinically manifested as preeclampsia or fetal growth 
restriction. However, it is still unknown whether ROS levels 

are also associated with the failure of first-wave trophoblast 
invasion, which manifests clinically as early abortion. This 
study aims to prove the difference in ROS levels between 
early abortion and normal pregnancy. The analysis of these 
findings is expected to provide information on the role of 
ROS in impaired trophoblast invasion in early pregnancy.

Materials and methods

Study Design
This study was an observational one with a cross-sectional 
study design in trimester-1 pregnancy subjects (gestational 
age less than 12 weeks), comparing ROS levels between 
early abortion and normal pregnancy. Fifty cases of 1st-
trimester pregnancy, consist of 25 cases of early abortion 
and 25 cases of normal pregnancy, at Dr. M. Djamil 
Hospital, Universitas Andalas Hospital, and 5 Community 
Health Centers in Padang City were involved in this study.
	 Subjects were classified to be “early abortion” if 
they had one of criteria as threatened abortion, inevitable 
abortion, incomplete abortion, or complete abortion.13 The 
study material was blood taken from vena cubiti. The ethical 
clearance was approved by the Research Ethics Committee 
Medical Faculty, Andalas University with ethical clearance 
number 363/KEP/FK/2018.

Examination of ROS levels
The material was blood taken from vena cubiti. Serum ROS 
levels were measured by enzyme-linked immunosorbent 
assay (ELISA), using the Bioassay Technology Laboratory 
kit Human ROS Modulator 1, (Catalogue No. E2134Hu,   
Bioassay Technology Laboratory, Shanghai, China) and the 
measurement results are expressed in units of ng/mL. 	
	 Examination of ROS levels was carried out firstly 
by preparing all reagents, samples, and standards. Sample 
and ELISA reagent were then added into each well, and 
incubated for 1 hour at 37oC. After washing the plate 5 
times, substrate solution A and B were added and incubated 
for 10 minutes at 37oC. The stop solution was added, and 
resulting in the color development. We read the OD value 
within 10 minutes. 

Data Analysis
The data analysis was conducted with SPSS version 21 
(IBM Coorporation, Armonk, NY, USA).  To test the ROS 
levels difference, we used was non-parametric Mann-
Whitney test.
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Results

Subjects Characteristics
The difference of characteristics between the early abortion 
group and normal preganancy group were shown in Table 1. 
There were no significant differences in the mean of age, 
mean of gestational age, and gravidity distribution between 
the two study groups (p=0.51, p=0.453, and p=1.00, 
respectively).

Normality Test of ROS Levels Distribution
The normality of ROS levels distribution was tested by the 
Saphiro-Wilk test, and the results were shown in Table 2. 
The ROS levels in the two study groups were not normally 
distributed, so to analyze the difference of ROS levels, 
Mann-Whitney test was used. 

Serum ROS Levels
Table 3 showed that the median ROS levels in the early 
abortion group were significantly higher than those in the 
normal pregnancy group (p=0.003), with median of the 
early abortion group was 1.36 ng/mL and median of the 
normal pregnancy group was 1.2 ng/mL.

Discussion

The median ROS level was significantly higher in early 
abortion than that in normal pregnancy. The result showed 

Early Abortion Normal Pregnancy

(n=25) (n=25)

Mean±SD 31.72±6.49 28.60±4.23 0.051

Mean±SD 8.2±1.53 7.8±2.16 0.453

Primigravida 8 (32%) 8 (32 %) 1.000

Multigravidas 17 (68%) 17(68 %)

p -valueCharacteristic*

Maternal age (years)

Gestational age (weeks)

Gravidity

Table 1. Subjects characteristics.

*no case of recurrent abortion in both groups.

Table 2. The normality test of ROS levels distribution.
Table 3. ROS levels in both study groups.

that high ROS levels were associated with early abortion. 
As previously explained, high levels of ROS causes 
oxidative stress, and oxidative stress causes mitochondrial 
dysfunction.3,4 Mitochondrial dysfunction causes oxidative 
phosphorylation to be suppressed so that more ROS is 
produced and calorie production decreases. Increasing 
levels of ROS further aggravate mitochondrial dysfunction, 
so that over time the ROS levels get higher and the calories 
produced decrease so that cell dysfunction gets worse. Cell 
dysfunction along with insufficient calories causes impaired 
trophoblast invasion, incomplete placentation, resulting in 
an early abortion.
	 The role of hypoxia in the incidence of early abortion 
is related to the fact that hypoxia causes a decrease in 
mitochondrial function as the main producer of calories.14 

Mitochondria dysfunction caused trophoblast cells do not 
get enough calories. On the other hand, the main role of 
trophoblasts in the placentation process (i.e., invasion) 
requires high calories.15 ROS production can also be 
increased due to the direct effect of hypoxia, where the redox 
reaction shifts to hyper-reduction due to a lack of oxygen.12 
The increased production of ROS due to hypoxia in early 
abortion needs to be considered because the blastocyst 
implants into the endometrium which is in a hypoxic state16, 
and this condition continues during the 1st trimester.11 The 
reduced activity of complex-4 under hypoxic conditions 
slows the transfer of electrons through the electron transfer 

Pregnancy Median
(ng/mL)

Min-Max
(ng/mL)

p -value

Early abortion 1.36 1.02-26.30

Normal pregnancy 1.2 0.43-2.75
0.003

Pregnancy statistic df p -value

Early abortion 0.479 25 0

Normal pregnancy 0.846 25 0.001
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chain (ETC), increasing the transfer of unwanted electrons 
to molecular oxygen which results in a highly reactive 
superoxide anion.17 Electron release can be induced or 
inhibited by complexes I and III with specific inhibitors 
(such as rotenone and antimycin A), which cause high 
levels of ROS production in the mitochondria. Respiration 
inhibition and decreased mitochondrial membrane potential 
under anoxic or hypoxic conditions can stimulate ROS 
production.5

	 Hypoxia can also increase ROS production through 
increased miR-210 production. Hypoxia triggers an increase 
in miR-210 expression, both directly and through activation 
by hypoxia-inducible factor-1α (HIF-1α).18,19 Upregulation 
of micro-RNA 210 (miR-210) represses iron-sulfur clusters 
1/2 (ISCU1/2), so that the activity of iron-sulfur clusters 
is disrupted, mitochondrial respiration is disrupted, which 
results in mitochondrial dysfunction.17,18

	 We concluded that oxidative stress plays a role in the 
pathophysiology of early abortion. This occurs because 
oxidative stress causes damage to trophoblast cells20, so that 
the first wave of trophoblast invasion process is disrupted, 
the placenta adhesion to the uterus is inadequate and 
eventually abortion occurs.

Conclusion

There is a significant difference between ROS levels in early 
abortion and normal pregnancy.  
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