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Abstract. The antioxidant activities of superoxide dismutase 1 
(SOD1) and SOD2, as well as the levels of the oxidant super-
oxide anion (SOA) and the micronutrients zinc (Zn), copper 
(Cu) and manganese (Mn), were assayed in plasma, whole 
blood and placental tissue of non‑pregnant (NP), healthy preg-
nant (HP) women and recurrent miscarriage (RM) patients. 
The results showed that SOD1 and SOD2 activities and the 
levels of Zn, Cu and Mn in plasma and whole blood of HP 
women were slightly, but significantly lower, and even more 
significantly decreased in RM patients compared to those 
observed in NP women (P<0.05 and P<0.0001, respectively). 
Additionally, whereas plasma SOD1 and SOD2 activities and 
Zn, Cu and Mn levels were significantly lower in RM patients, 
those of whole blood and placental tissue were significantly 
lower when compared to HP women (P<0.001 and P<0.0001, 
respectively). Concurrently, there were consistent increases of 
equal magnitude and statistical significance in SOA levels in 
all the assayed samples as identified by a comparison between 
the subjects. The findings thus supported oxidative metabolism 
and excessive reactive oxygen species generation. The resul-
tant oxidative stress, identified in whole blood and placental 
tissues of RM patients, may have been a primary cause of RM. 
Dietary supplementation of Zn, Cu and Mn may be beneficial 
to these patients pre‑ and post‑conception.

Introduction

Reactive oxygen species (ROS) are produced following 
single electron reduction of molecular oxygen. One to 2% of 
the oxygen consumed by cells escapes from the mitochon-

drial respiratory chain and is converted into highly reactive 
species (1). Although physiological concentrations of ROS in 
aerobic organisms are beneficial as they are involved in cell 
signaling pathways and survival from invading pathogens, 
accumulation of such species, known as oxidative stress (OS),  
can contribute to the development of various diseases  (1), 
including pregnancy-associated ones (2). Diseases are caused 
by incurring indiscriminate damage causing alteration of 
cellular macromolecules such as membrane lipids, DNA, 
proteins and alteration in gene expression, including apop-
tosis-related genes (3,4). In addition, ROS affect cell function 
through changes in intracellular calcium or pH which can 
eventually lead to cell death (5).

Under physiological conditions the most common ROS are 
the superoxide anions (SOA) created from molecular oxygen 
by the addition of an electron. SOA lack the ability to penetrate 
lipid membranes and are thus confined to the compartment in 
which they are generated (6). The formation of SOA occurs 
spontaneously especially in an electron-rich environment in 
the vicinity of the inner mitochondrial membrane and the 
respiratory chain (6) as a result of the leakage of 1‑3% of elec-
trons being transported along the chain enzymes. Similarly, 
SOA are generated through electron leakage from the shorter 
electron transport chain within the endoplasmic reticulum (7). 
The formation of disulphide bonds during protein folding 
is an oxidative process and ~25% of SOA are generated 
within cells in the endoplasmic reticulum. Other sources of 
SOA include the enzyme nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase which constitutes a major 
source of the anions in neutrophils, vascular endothelial cells 
and vascular smooth muscle (8,9). This oxidase is known to 
produce substantial quantities of SOA throughout pregnancy 
and particularly in early pregnancy  (10). Additional SOA 
sources include cytochrome P450, xanthine oxidase and other 
oxidoreductases (11).

SOA constitute the initial step in the formation and propa-
gation of ROS intra- and extracellularly, and is the precursor of 
most ROS, and is therefore a mediator in oxidation reactions. 
The anti‑oxidant defense of aerobic cells begins by dismutation 
of SOA into hydrogen peroxide by the action of superoxide 
dismutase (SOD) which is considered to play a fundamental 
role against oxidant generation. Three distinct forms of SOD 
have been identified in mammals. Two of these forms, SOD1 
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and SOD3, have copper (Cu) and zinc (Zn) in their catalytic 
center and are localized in the intracellular cytoplasmic 
compartments including the cytosol, nuclear compartments 
and lysosomes, SOD1, or extracellular SOD3 (12). A third 
SOD has manganese (Mn) as a cofactor, SOD2 and is located 
in the mitochondria (13).

Recurrent miscarriage (RM), is strictly defined as the occur-
rence of ≥3 consecutive pregnancy losses prior to 24 weeks 
of gestation (14), and affects 1‑3% of pregnancies (15). The 
etiologies of RM include parental chromosomal abnormalities, 
uterine anomalies, autoimmune diseases, thyroid pathologies, 
blood clotting disorders, infectious diseases, endocrinopathies 
and environmental factors (14‑17). RM causes are identified 
in 50% of patients, and the remaining 50% is idiopathic (16). 
However, mounting evidence suggests that OS and loss of 
antioxidant capacity in utero‑placental tissues are important in 
the development of placental and pregnancy‑related diseases 
including RM, preeclampsia and intrauterine growth restric-
tion (2,14,18‑20). To this end, it has been shown that OS causes 
impaired placental development and apoptosis of syncytotro-
phoblast leading to RM (2,21).

Recent reports (27) have demonstrated significantly lower 
activity levels of enzymatic and non‑enzymatic antioxidants 
in plasma, whole blood and/or placental tissue of RM patients 
including glutathione peroxidase, catalase, glutathione reduc-
tase, reduced glutathione and selenium (22‑26). The reports 
also indicated concurrent significant increases in oxidant 
levels including hydrogen peroxide, oxidized glutathione and 
malondialdehyde. However, studies associating SOD activity 
in RM patients are scarce. Only two studies (24,28) demon-
strated a significant decrease in plasma SOD activities of such 
patients following a comparison with healthy pregnant (HP) 
women. Furthermore, there are no studies associated with the 
corresponding levels of SOA in such patients. Thus, the present 
study was undertaken to examine SOD1 and SOD2 activities 
and the related Zn, Cu and Mn micronutrients levels, as well 
as SOA generation rates in plasma, whole blood and placental 
tissue of RM patients and their comparison with non‑pregnant 
(NP) and HP women. In addition, the present study examined 
the mRNA expression levels of SOD1 in the placental tissue of 
RM patients compared to those of HP women.

Materials and methods

Subjects. The current study population was the same one 
used in our previous study (27), and comprised three groups 
of women: Those who were NP (n=15), those who were HP 
(n=25) and those who suffered from RM (n=25). NP and HP 
subjects did not have a history of any reproductive disease 
and subjects of all three groups were age‑matched. Details 
regarding age means, gestational age of RM patients at the 
time of abortion, average number of abortions and hemoglobin 
values of all the subjects were identical to those recorded in 
our previous study (27). Blood and placental tissue samples 
were collected shortly after delivery for HP women, or at 
the time of abortion for RM patients. Ethics approval was 
obtained from the Institutional Review Board of the College of 
Medicine, King Saud University (project≠E‑13‑920, approval 
letter≠14/4001/IRB, June 2014). Written informed consent was 
obtained from each of the study subjects.

Sample collection and preparation. Venous blood sample were 
obtained from all the subjects and placed into EDTA‑chilled 
tubes for the assays used to assess SOD1 and SOD2 activi-
ties and SOA generation, or into polyethylene terephthalate 
tubes for Zn, Cu and Mn determination. Plasma, whole blood 
suspensions and hemolysates and placental tissue superna-
tants were prepared as previously described (27). Samples 
used for Zn, Cu, and Mn analysis required preparation as 
described below.

SOD1 and SOD2 assays. SOD1 and SOD2 activities were 
assayed in all the samples according to de Haan et al  (29) 
and as previously modified by us  (30). Total SOD activity 
was measured by the addition of previously 1:10  diluted 
plasma (250 µl), blood hemolysate (100 µl) or placental tissue 
supernatant (50 µl) to xanthine (25 µl, 1.142 mg/ml), hydroxyl 
ammonium chloride (25  µl), water (125  µl) and xanthine 
oxidase (0.1 U/ml, 75 µl). The mixture was then incubated at 
25˚C for 20 min, and sulphonilic acid (0.5 ml, 3.3 mg/ml) and 
α‑naphthylamine (0.5 ml, 1 ng/ml) were added and further 
incubated at a room temperature of 25˚C for 20 min and 
absorbance was read at 530  nm using an Ultrospec 2100 
pro UV/VIS Spectrophotometer (Amersham Biosciences, 
Piscataway, NJ, USA). The addition of potassium cyanide 
(125 µl, 4 mM) instead of water specifically inhibited SOD1 
activity. Thus, subtraction of the activity remaining after the 
addition of potassium cyanide (SOD2) from total SOD activity 
yielded SOD1 activity.

SOA assay. SOA generation in all the samples was deter-
mined by modification of the method of Johnston et al (31). 
Plasma (50 µl), blood hemolysate (100 µl) or placental tissue 
supernatant (50 µl) were incubated for 5 min at 37˚C with 
phosphate-buffered saline (potassium phosphate 10 mM and 
sodium chloride 150 mM, pH 7.4, 1 ml) containing glucose 
(2 g/l) and fatty acid‑free bovine serum albumin (2 g/l) with 
or without SOD (30 µg, 50 µl). To initiate the reaction, ferri-
cytochrome C solution (1.2 mM, 100 µl) was added to the 
incubation mixture, and the increase in absorbance was moni-
tored at 550 nm in a recording thermostated spectrophotometer 
(Shimatzu model UV-2401 PC, Dubai, United Arab Emirates). 
SOA generation was determined by calculating the difference 
between the sample without SOD and that with added SOD. 
Tubes containing only buffer and ferricytochrome c were 
incubated as mentioned above and run as blanks. The results 
were expressed as the amount of reduced ferricytochrome c in 
nmol/min/ml for plasma and whole blood or nmol/min/mg for 
placental tissue.

Zn, Cu and Mn assays. Plasma, blood hemolysate and placental 
supernatant samples were freeze‑dried at ‑45˚C and pulver-
ized. The samples were than digested with ultra‑pure nitric 
acid (0.5 ml, 68%) and hydrogen peroxide (0.2 ml, 35%). Clear 
and colorless digests were appropriately diluted with ultra‑pure 
water and assayed for Zn, Cu and Mn using inductively coupled 
plasma mass spectrometry (HP 4500; Yokokawa Electric Co., 
Kanazawa, Japan) according to Osada et al (32). Analytical 
accuracy was checked using standards obtained from the 
National Institute of Standards and Technology (Gaithersburg, 
MD, USA).



MOLECULAR MEDICINE REPORTS  13:  2606-2612,  20162608

Gene expression profiling of hsSOD1 using reverse transcrip-
tion quantitative polymerase chain reaction (RT-qPCR). 
Placental tissue (100 mg), which had been freshly collected 
and stored in RNAlater® RNA Stabilization Solution (Qiagen, 
Hilden, Germany) at ‑80˚C, was homogenized using a 
TissueLyser LT (Qiagen) in 1.0 ml TRIzol® Reagent (Invitrogen 
Life Technologies, Paisley, UK) and total RNA was extracted 
according to standard procedures. The quality and quantity of 
the purified RNA was determined by a Qubit® 2.0 flurometer 
using the Qubit RNA assay kit. To eliminate any contaminating 
genomic DNA, a gDNA wipeout reaction was undertaken in 
a wipeout buffer at 42˚C for 2 min. cDNA was synthesized 
from RNA (1 µg) in a final reaction volume (20 µl) using the 
QuantiTect Reverse Transcriptase kit (QuantiTect®; Qiagen), 
according to the manufacturer's instructions. The resultant 
diluted cDNA (1:10, 5 µl), was used to perform RT‑qPCR 
by the QuantiTect SYBR-Green PCR kit (Qiagen) and the 
SOD Qiagen Primer Assay (Hs_SOD_1_SG QuantiTect 
Primer assay, QTO1664327) in a final reaction volume (25 µl) 
containing the diluted cDNA sample (5 µl), 2X SYBR-Green 
PCR Master Mix (12.5 µl), forward and reverse primer (10 µM 
stock, 2.5 µl) and RNAase‑free water (2.5 µl). 

Following an initial polymerase activation at 95˚C for 
10 min, the samples were subjected to 40 cycles of denatur-
ation at 95˚C for 15 sec, 55˚C for 30 sec and 72˚C for 30 sec. 
Following amplification, the specificity of the product was 
assessed from a melting curve program in a three‑segment 
cycle of 95˚C for 0 sec, 65˚C for 15 sec and 95˚C for 0 sec at 
the continuous acquisition mode. Each placental tissue sample 
was represented by biological replicas and three technical 
replicas, with the inclusion of a no‑template control. Raw 
data were analyzed using the Rotor‑Gene cycler software 
version 2.3 to calculate the threshold cycle using the second 
derivative maximum. The fold change in each gene was deter-
mined after normalization to the expression levels of 18 S as a 
housekeeping gene as previously described (33).

Other assays and statistical analysis. Total protein content 
of samples (20 µl), was assayed according to Bradford (34). 
Drabkin's reagent was used to measure hemoglobin concentra-
tion in blood hemolysates as previously described (27).

Statistical analysis was performed using the statistical 
package for social sciences software (SPSS version 17.0; SPSS, 
Inc., Chicago, IL, USA). Sample analysis was run in duplicate 
for all the investigated parameters and results were presented as 
means ± standard deviation. Values of the activities and levels 
of individual parameters were compared between groups of 
the study using one‑way analysis of variance followed by the 
post hoc Tukey‑HSD test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

SOD1 and SOD2 activities and SOA generation in plasma, 
whole blood and placental tissue of NP, HP and RM 
women. Table I data clearly indicate that SOD1 plasma and 
whole blood activities in HP women were slightly decreased 
(6.11±0.73 nmol/min/ml and 542±74.7 U/g Hb, respectively), 
and much more significantly decreased in RM patients 
(5.43±0.69 nmol/min/ml and 333±45.9 U/g Hb, respectively), 
when both were compared to the enzyme's activities identified 
for NP women (6.69±0.84 nmol/min/ml and 602±84.1 U/g 
Hb, respectively; P<0.05 and P<0.0001). In addition, whereas 
SOD1 plasma activity was significantly decreased in RM 
patients (5.43±0.69 nmol/min/ml) when compared to that in 
HP women (6.11±0,73 mol/min/ml; P<0.001), it was much 
more significantly lower in whole blood of the same patients 
when compared to HP women (333±45.9 against 542±74.7 U/g 
Hb; P<0.0001). A similar reduction in the enzyme's placental 
tissue activity in RM patients was observed following a  
comparison with that obtained in HP women (1.81±0.23 against 
3.42±0.44 µmol/min/mg protein; P<0.0001). Similar to SOD1, 
plasma and whole blood SOD2 activities in HP women were 

Table I. Superoxide dismutase (SOD1 and SOD2) activities and superoxide anion (SOA) generation in plasma, whole blood and 
placental tissue of non-pregnant (NP), healthy pregnant (HP) women and recurrent miscarriage (RM) patients.

	 Subjects
	 ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Samples assayed and units	 NP women, n=15	 HP women, n=25	 RM patients, n=25

Plasma SOD1, nmol/min/ml	 6.69±0.84	 6.11±0.73a	 5.43±0.69b,c

Whole blood SOD1, U/g Hb	 602±84.1	 542±74.7a	 333±45.9b,d

Placental SOD1, µmol/min/mg protein	 -	 3.42±0.44	 1.81±0.23d

Plasma SOD2, nmol/min/mg	 5.59±0.72	 5.12±0.66a	 4.50±0.55b,c

Whole blood SOD2, U/g Hb	 504±62.5	 460±60.2a	 278±37.7b,d

Placental SOD2, μmol/min/mg protein	 -	 2.86±0.37	 1.51±0.20d

Plasma SOA, nmol/ml	 178±22.2	 197±24.7a	 223±27.80b,c

Whole blood SOA, nmol/ml	 241±30.9	 263±34.2a	 407±50.7b,d

Placental SOA, nmol/min/mg	 -	 28.1±3.58	 47.7±5.96d

aP<0.05 when comparing results of all the parameters in the plasma of HP against those obtained for NP women. bP<0.0001 when comparing 
results of all parameters in plasma and whole blood of RM patients against those obtained for NP women. cP<0.001 when comparing results of 
all parameters in plasma of RM patients against those obtained for HP women. dP<0.0001 when comparing results of all parameters in whole 
blood and placental tissue of RM patients against those obtained for HP women.

https://www.spandidos-publications.com/10.3892/mmr.2016.4807
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moderately lower in HP women (5.12±0.66 nmol/min/ml and 
460±60.2 U/g Hb, respectively), and much more significantly 
lower in RM patients (4.50±0.55 nmol/min/ml and 278±37.7 U/g 
Hb, respectively), when the results were compared to the enzyme's 
activities recorded for NP women (5.59±0.72 nmol/min/ml and 
504±62.5 U/g Hb, respectively; P<0.05 and P<0.0001).

Furthermore, although SOD2 plasma activity was signifi-
cantly decreased in RM patients (4.50±0.55 nmol/min/ml) 
when compared to that in HP women (5.12±0.66 nmol/min/ml; 
P<0.001), it was much more significantly decreased in whole 
blood of the same patients when compared to HP women 
(278±37.7 against 460±60.2 U/g Hb; P<0.0001). Similarly,  
SOD2 placental tissue activity in RM patients was highly 
significantly lower than that identified in HP women 
(1.51±0.20 against 2.86±0.37 µmol/min/mg protein; P<0.0001).

Concurrent with the above decrease in SOD1 and SOD2 
activities, Table I data indicate that SOA generation levels under-
went slight but significant increases in the plasma and whole 
blood of HP women (197±24.7 and 263±34.2 nmol/ml, respec-
tively), and much more significant increases in RM patients 
(223±27.8 and 407±50.7 nmol/ml, respectively) when both 
were compared to those obtained for NP women (178±22.2 and 
241±30.9  nmol/ml, respectively) (P<0.05 and P<0.0001). 
In addition, although plasma SOA levels were significantly 
increased in RM patients (223±27.8 nmol/min) when compared 
with those generated in HP women (197±24.7  nmol/min; 
P<0.001), the whole blood SOA levels of the same patients 
were much more significantly increased (407±50.7 nmol/ml) 
when compared to those of HP women (263±34.2 nmol/ml; 
P<0.0001). Furthermore, the placental tissue SOA levels of 
RM patients (47.7±5.96  nmol/min/mg) were significantly 
increased when compared to those documented for HP women 
(28.1±3.58 nmol/min/mg; P<0.0001).

Zn, Cu and Mn levels in plasma, whole blood and placental 
tissue of NP, HP and RM women. Parallel to the reduced SOD1 

and SOD2 levels identified above, Table II data clearly show 
that, whereas plasma and whole blood Zn levels of HP women 
were slightly decreased (4.11±0.49  and 5.39±0.70 µmol/l, 
respectively), these levels were much more significantly 
reduced in RM patients (3.67±0.39 and 3.50±0.46 µmol/l, 
respectively) when compared to those documented for NP 
women (4.47±0.58 and 5.89±0.77 µmol/l, respectively; P<0.05 
and P<0.0001). In addition, although plasma Zn levels were 
significantly reduced in RM patients (3.67±0.39  µmol/l) 
when compared to those in HP women (4.11±0.49 µmol/l; 
P<0.001), the whole blood Zn levels of the same patients 
(3.50±0.46 µmol/l) were much more significantly decreased 
than those recorded for HP women (5.39±0.70  µmol/l; 
P<0.0001). Similarly the placental Zn levels of RM patients 
were very significantly reduced (466±60.5  nmol/g) when 
compared to those obtained for HP women (685±85.8 nmol/g; 
P<0.0001).

Cu level variations in the analyzed samples exhib-
ited similar patterns and statistical magnitudes as those 
observed for Zn (Table  II). Plasma and whole blood Cu 
levels of HP women were slightly reduced (28.8±3.42 and 
37.8±4.54 µmol/l, respectively), and much more significantly 
lowered in RM patients (25.60±3.25 and 24.50±2.93 µmol/l, 
respectively) when compared to NP women (31.6±3.79 and 
41.3±5.16  µmol/l, P<0.05 and P<0.0001, respectively). 
Furthermore, although plasma Cu levels were significantly 
reduced in RM patients (25.60±3.25 µmol/l) when compared 
to HP women (28.8±3.42 µmol/l; P<0.001), the whole blood 
Cu levels of RM patients (24.50±2.93 µmol/l) were much 
more significantly lower than those observed for HP women 
(37.8±4.54  µmol/l; P<0.0001). Similarly, the placental 
tissue Cu levels of RM patients were significantly lower 
(67.40±8.09 nmol/g) when compared to those for HP women 
(108±13.70 nmol/g; P<0.0001).

Results shown in Table II also indicate that plasma and 
whole blood Mn levels in HP women were slightly lower 

Table II. Zinc (Zn), Copper (Cu) and Manganese (Mn) levels in plasma, whole blood and placental tissue of non-pregnant (NP), 
healthy pregnant (HP) women and recurrent miscarriage ( RM) patients.

	 Subjects
	 ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Samples assayed and units	 NP women, n=15	 HP women, n=25	 RM patients, n=25

Plasma Zn, µmol/l	 4.47±0.58	 4.11±0.49a	 3.67±0.39b,c

Whole blood Zn, µmol/l	 5.89±0.77	 5.39±0.70a	 3.50±0.46b,d

Placental tissue ZnSOD1, nmol/g	 -	 685±85.8	 466±60.5d

Plasma Cu, µmol/l	 31.6±3.79	 28.8±3.42a	 25.60±3.25b,c

Whole blood Cu, µmol/l	 41.3±5.16	 37.8±4.54a	 24.50±2.93b,d

Placental tissue Cu, nmol/g	 -	 108±13.70	 67.40±8.09d

Plasma Mn, nmol/l	 53.9±6.47	 48.9±5.63a	 43.70±5.10b,c

Whole blood Mn, nmol/l	 69.3±9.00	 63.1±8.07a	 40.50±5.09b,d

Placental tissue Mn, nmol/g	 -	 7.49±0.89	 5.42±0.68d

aP<0.05 when comparing the results of all parameters in plasma of HP against those obtained for NP women. bP<0.0001 when comparing the 
results of all parameters in plasma and whole blood of RM patients against those obtained for NP women. cP<0.001 when comparing the results 
of all parameters in plasma of RM patients against those obtained for HP women. dP<0.0001 when comparing the results of all parameters in 
whole blood and placental tissue of RM patients against those obtained for HP women.
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(48.9±5.63 and 63.1±8.07 nmol/l, respectively), and much 
more significantly decreased in RM patients (43.70±5.10 and 
40.50±5.09  nmol/l, respectively) following a comparison 
of both those observed for NP women (53.9±6.47  and 
69.3±9.00  nmol/l, respectively; P<0.05 and P<0.0001). In 
addition, although plasma Mn levels were significantly lower 
in RM patients (43.70±5.10 nmol/l) when compared to those 
observed in HP women (48.9±5.63 nmol/l; P<0.001), the whole 
blood Mn levels of the same patients (40.5±5.09 nmol/l) were 
much more significantly decreased than those recorded for HP 
women (63.1±8.07 nmol/l; P<0.0001). Similarly, the placental 
tissue Mn levels of RM patients were significantly decreased  
(5.42±0.68 nmol/g) when compared to those of HP women 
(7.49±0.89 nmol/g; P<0.0001).

Gene expression of hsSOD1 in placental tissue of HP and RM 
women. Fig. 1 shows that, the intracellular hsSOD1 transcripts 
were found significantly downregulated by almost 54% in 
placental tissues of RM patients as compared to HP women 
(P<0.0001).

Discussion

Pregnancy presents a condition of metabolic challenge for the 
mother and the developing fetus, and has been associated with 
increased OS in HP women compared to the NP state (27,35). 
The placenta is regarded as a key source of this OS (36), as it has 
been shown to exhibit low antioxidant enzyme activities espe-
cially during the first trimester, making the syncytotrophoblast 
vulnerable to oxygen‑mediated damage and increased apop-
tosis (22). At commencement of the second trimester, oxygen 
tension increases 3‑fold in the intervillous space with the onset 
of maternal arterial flow thus causing an increase in placental 
OS (36). This oxidative injury alters placental remodeling and 
function and affects the course of gestation. Abnormal placen-
tation and the resultant endothelial dysfunction (37) have been 
shown to cause pregnancy disorders including RM (2,14,18‑22). 
In healthy pregnancy, however, ROS generation is controlled 
by enzymatic and non‑enzymatic antioxidants and OS is mini-

mized (27), ensuring healthy placental function and normal 
development, growth and delivery of the fetus. By contrast, 
recent findings (27), have shown significantly decreased activi-
ties and levels of enzymatic and non‑enzymatic antioxidants 
including SOD, glutathione peroxidase, catalase, glutathione 
reductase, reduced glutathione, selenium, vitamins A and E 
and β carotene, which was coupled with an increased genera-
tion of oxidants including hydrogen peroxide, lipoperoxides 
and oxidized glutathione in plasma and/or whole blood and 
placental tissue of RM patients in comparison with HP women 
(23‑27).

Antioxidant and oxidant status have been suggested as 
useful tools in the assessment of oxidative damage, and 
may be used in the design of strategies for the management 
of OS‑related pregnancy disorders. To this end, the present 
study was undertaken to examine SOD1 and SOD2 activities 
and SOA levels in plasma, whole blood and placental tissue 
of RM patients in comparison with those obtained in NP and 
HP women. Antioxidant defenses are initiated by quenching 
and removal of SOA through SOD activity, which catalyzes 
the dismutation of the anion into hydrogen peroxide, followed 
by the action of catalase and glutathione peroxidase which 
further degrade hydrogen peroxide into water. Thus, SOD 
activity is regarded as a first line of defense and has a funda-
mental role in combating OS. Although hydrogen peroxide 
is not a free radical, it is able to penetrate cell membranes 
and interact with SOA leading to the generation of the more 
toxic and reactive hydroxyl radicals via the Haber‑Weiss 
and Fenton reactions (38,39). The latter reacts with purines 
and pyrimidines causing DNA damage (40). Results of the 
present study indicated significant increases in SOA genera-
tion in the plasma of RM patients, and much more significant 
ones in whole blood and placental tissue of the same patients 
compared to HP women (P<0.001 and P<0.0001, respectively). 
This result was likely caused by the parallel equally signifi-
cant decreases identified in SOD1 and SOD2 activities. In a 
previous study (27), we identified equally significant increases 
in hydrogen peroxide generation rates in whole blood and 
placental tissue of the same RM patients investigated in concur-
rence with significantly lowered glutathione peroxide and 
catalase activities. These increases in the SOA and hydrogen 
peroxide concentrations may have resulted in the generation of 
large amounts of hydroxyl ions, causing subsequent reduced 
gene expression of the antioxidant enzymes, excessive OS 
and miscarriage in these patients. Although many studies, 
including our previous study, have demonstrated significantly 
decreased glutathione peroxidase and catalase activities in 
plasma, whole blood and/or placental tissue of RM patients in 
comparison with HP women (23‑27,41), only two studies have 
examined total SOD activity in such patients (24,28), and none 
were related to SOA levels, thereby marking the importance of 
the findings of the present study.

Pregnancy is regarded as an exceptional condition of 
enhanced demand for various micronutrients and vitamins 
including selenium, zinc, copper, manganese and vitamins C, E 
and B12 (42). Physiological and metabolic changes of pregnant 
women as well as increased demands for these micronutrients 
by the developing fetus, causes a decrease in their bioavail-
ability (42), and may lead to pregnancy complications. Cu, Zn 
and Mn are important cofactors of many enzymes including 

Figure 1. Relative gene expression of hsSOD1 in placental tissues of Saudi 
women with recurrent miscarriage (RM) compared to healthy pregnant (HP) 
controls. *P<0.001 when comparing gene expression levels in placental tis-
sues of RM patients relative to HP controls.
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Cu/Zn‑SOD (SOD1) and Mn‑SOD (SOD2), which protect the 
placenta from SOA generation and initiation of OS (42). In the 
current study, we were able to observe significant decreases in 
plasma Zn and Cu levels, and much more significant ones in 
whole blood and placental tissue of RM patients compared to 
HP women (P<0.001 and <0.0001, respectively). In addition, 
the plasma levels of these micronutrients underwent moderate 
but significant decreases in HP women compared to NP women 
(P<0.05). These findings are in agreement with those reported 
by other authors (25,26,43,44). In this context many authors 
have reported a decrease in plasma Zn levels as pregnancy 
progresses especially since Zn is used for the development of 
fetal brain (45,46). By contrast, those authors reported significant 
increases in plasma Cu concentration during pregnancy before 
returning to normal NP values post‑delivery. This result may 
be partly associated with the fact that almost 96% of plasma Cu 
during pregnancy is bound to its carrier protein ceruloplasmin 
which is synthesized in large quantities in response to elevated 
estrogen levels or to counteract anemia since this protein has 
ferroxidase properties (45‑48). In the current study, free cationic 
Zn and Cu levels underwent significant decreases in whole 
blood and the placental tissue of RM patients, which may have 
constituted a major causative factor for the observed significant 
reduction in SOD1 activity, and the simultaneous increase 
in SOA concentrations and OS, thus leading to miscarriage. 
This total SOD activity was shown to decrease in Cu‑deficient 
embryos as compared to controls (49). Similar to Zn and Cu, 
Mn levels in plasma, whole blood and placental tissue exhibited 
decreases of equal magnitude in RM patients compared to HP 
women. We suggest that these lowered levels may have resulted 
in decreased SOD2 activity and subsequent increases in SOA 
levels thereby inflicting oxidative damage and miscarriage. 
However, these results could not be compared owing to the 
absence of such reports in the literature. However, whole blood 
Mn concentrations have been shown to be reduced in women 
with fetal growth restriction, indicating that the element may 
be important in maintaining fetal growth (50). In addition, find-
ings of a previous study showed lowered umbilical cord whole 
blood Mn levels in neonates of pre‑eclamptic women compared 
to controls (51).

Results of the present study revealed that the expression 
level of the hsSOD1 gene encoding an antioxidant enzymatic 
marker in the placental tissue of RM women relative to HP 
women was significantly downregulated by almost 54%. The 
currently observed depletion of SOD1 activity, and its lowered 
gene expression levels may have been caused by a direct 
damaging effect of the enzyme molecules or DNA damage 
incurred by the uncontrolled generation of ROS in RM patients, 
thereby leading to the accumulation of enzyme substrates and 
downregulation of transcription and translation processes. 
To this end, the increased generation of SOA to biologically 
dangerous levels, has been shown to activate key cell hall-
mark events including mitochondrial alterations and DNA 
damage (4,41), and may have in turn, triggered a programmed 
cell death (apoptotic) process. In this context, SOD1 loss has 
been previously reported to induce the phosphorylation of a 
DNA damage marker (γ‑H2AX), and upregulated p21, a target 
gene of p53, in fibroblasts  (52). Notably, the SOD1-ablated 
fibroblasts exhibited loss of mitochondrial membrane poten-
tial and enhanced mitochondrial ROS generation (52).

In conclusion, the present study provided data that revealed 
significant decreases in blood and placental tissue of SOD1 
and SOD2 activation, as well as markedly reduced placental 
hsSOD1 gene expression levels in RM patients relative to 
HP women. The resultant increased generation of SOA and 
subsequent OS may have been a major causative factor of 
miscarriage. Although many studies have reported on the 
importance of the bioavailability of sufficient amounts of 
Cu, Zn and Mn as micronutrients necessary for antioxidant 
function, placental development, cell division and differen-
tiation, embryogenesis, fetal growth and development, and 
a healthy course and outcome of pregnancy, clinical trial 
studies related to their supplemental use in preventing RM 
and other pregnancy‑related disorders are scarce, if not absent 
altogether. In this context, the dietary intake of Cu in 19 to 
24-year-old women has been documented as generally below 
recommended levels and may cause problems during preg-
nancy when requirements increase (53). Furthermore, Mn is 
one of the least investigated micronutrients and clinical trials 
regarding its supplementary use are not available (53). In light 
of the results of the present study, the supplementary use of Zn, 
Cu and Mn may be of beneficial use in patients of RM prior to 
and throughout pregnancy.
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