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ABSTRACT

بعملية  املرتبطة  الكيميائية  التغيرات  من  التحقق  األهداف:  
النساء  عند   E وفيتامني  النيتروجني،  وأكسيد  الدهون،  أكسدة 
اللواتي فقدن حملهن بشكل متكرر مع النساء احلوامل السليمات 

وغير احلوامل. 

الطريقة:  أجريت دراسة احلالة في بغداد، مستشفى الكاظمية 
التعليمي خالل الفترة من سبتمبر 2008م حتى ديسمبر 2009م. 
اشتملت الدراسة على 96 امرأة، منهّن 32 مريضة فقدن حملهن 
بشكل متكرر، بينما 32 امرأة حامل في ثلثهم الثالث و32 امرأة 
غير حوامل مناذج ضابطة. جمعت عينات الدم من املرضى أثناء 
الضابطة  والنماذج  املرضى،  مصل  استخدام  مت  للطفل.  فقدهن 

لتقدير املالونالدهيد، وأكسيد النتروجني، وفيتامني هاء.

مستوى  في  وملحوظًا  كبيراً  ارتفاعًا  هناك  أن  وجد  النتائج:  
بشكل  حملهن  فقدن  اللواتي  املريضات  مبصل  املالونالدهيد 
 p=0.002 الثالث  ثلثهّن  في  احلوامل  النساء  مع  مقارنة  متكرر 
والغير حواملp=0.0001. وقد أظهر مصل املرضى انخفاضًا كبيراً 
في مستوى كل من فيتامني E، وأكسيد النتروجني عند مقارنتهم 
مع النساء احلوامل في ثلثهّن الثالث، والغير حوامل. لم يالحظ 
أي عالقة مهمة بني أكسيد النتروجني واملالونالدهيد ملصل املرضى  
 ،E وفيتامني  املالونالدهيد،  بني  مهمة  عالقة  هناك  ظهرت  فيما 

وأكسيد النتروجني.

خامتة:  أن انخفاض مستويات أكسيد النتروجني، وفيتامني E عند 
اللواتي فقدن حملهن بشكل متكرر هو نتيجة للفقدان  النساء 

املتكرر وليس عاماًل مسببًا لفقدان األطفال املتكرر.

Objectives: To investigate biochemical changes in 
lipid peroxidation, nitric oxide, and vitamin E in 
recurrent pregnancy loss women, and compare these 
with healthy pregnant, and non-pregnant women.

Methods: A case control study was conducted from 
September 2008 to December 2009 at Al-Khadimiya 
Teaching Hospital, Baghdad, Iraq. Ninety-six subjects 
were included in the study, 32 were patients with 
recurrent pregnancy loss (RPL), and 32 pregnant 
women in their third trimester, and another 32 

non-pregnant women were used as controls. Blood 
samples were collected from each patient at the time 
of pregnancy loss. Serum from patients and controls 
was then used to estimate malondialdehyde (MDA), 
nitric oxide (NO), and vitamin E levels.

Results: There was a significant elevation in patient 
serum MDA compared with third trimester pregnant 
women (p=0.002) and non-pregnant women 
(p=0.0001). Both serum vitamin E and NO levels in 
RPL patients also showed a highly significant decrease 
compared with third trimester pregnant, and non-
pregnant women. A highly significant difference was 
found in the MDA/vitamin E ratio between RPL 
and control groups, while no significance was found 
between RPL and control groups’ NO/vitamin E 
ratio.

Conclusion: The decrease in NO production and 
vitamin E is a result of RPL and not a causative 
factor, as the RPL was without pathological cause, 
medication, or fibroid presence, and no significant 
difference was found between the NO/vitamin E ratio 
in RPL and controls group.
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Oxidative stress occurs when there is an elevated 
concentration of intracellular reactive oxygen 

species (ROS) in a steady state condition. However, 
when the balance between ROS and antioxidants 
is tipped towards overabundance of ROS, oxidative 
stress results.1 This results from the imbalance of 
the oxidative-antioxidative system, when excessive 
free radical production occurs with low antioxidant 
defense, which leads to biomolecule chemical 
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alterations.3 Polyunsaturated fatty acids are oxidized 
in vivo by free radicals and other reactive species, and 
subsequent degradation of oxidized lipid molecules 
leads to the formation of several specific metabolites 
that include aldehydes of variable chain length, 
such as malondialdehyde (MDA).4 Lipid peroxides 
are disintegrated quickly and form reactive carbon 
compounds. Among these, MDA is an important 
reactive carbon compound, which is used commonly as 
an indicator of lipid peroxidation.5 In disease states, such 
as toxemia of pregnancy, an imbalance between lipid 
peroxidation and antioxidant mechanisms could impair 
normal endothelial function. Sera lipid peroxidation 
products are increased in pregnant women, and this 
increase is further augmented in toxemic patients with 
decreased antioxidant levels.2 The antioxidants are 
substances that, when present at concentrations lower 
than an oxidizable substrate, will significantly delay or 
prevent oxidation of that substrate.6 These substances 
can exist in enzymatic and non-enzymatic forms. 
One of the non-enzymatic agents is the a-tocopherol 
(vitamin E).7 This agent is related to tocopherol 
compounds that have polar hydroxylated aromatic rings 
(chromanol rings) and non-polar isoprenoid side chains. 
Vitamin E is lipophilic and almost exclusively resides 
in cell membranes where the chromanol ring may be 
at the surface of the membrane, and the isoprenoid 
chain inserted into the non-polar bilayer.8 Since lipid 
peroxidation occurs on unsaturated fatty acid chains that 
reside within the lipid bilayer, and the chromanol ring 
is the active radical quenching part of the vitamin, the 
function of vitamin E as an anti-oxidant must involve 
considerable movement of the lipids and vitamin E to 
promote molecular interaction. Elevated plasma levels 
of lipid peroxides and glutathione, as well as lower 
levels of vitamin E and ß-carotene, were reported in 
patients with recurrent abortion.8 Nitric oxide (NO) 
is a biological mediator synthesized from L-arginine by 
a family of NO synthases. It is an abundant reactive 
radical that acts as an important oxidative biological 
signal in a large variety of diverse physiological processes, 
including smooth muscle relaxation, neurotransmission, 
and immune regulation.9 Depending on cell type, NO 
is produced in an enzymatic reaction catalyzed by one 
of the 3 isoforms of NO synthase (NOS): neuronal 
NOS, endothelial NOS, and inducible NOS.10 As NO 
is highly labile, measurement of the relatively stable 
metabolites, nitrate and nitrite, is employed as an index 
of NO production and as a marker of NOS enzyme 
activity.11 

Recurrent pregnancy loss (RPL) is highly frustrating 
for both patients and physicians. Patients are considered 
with RPL when they lose 3 or more consecutive 
pregnancies before 20 weeks of gestation, and it affects 
0.5-3% of reproductive women. Stress, either emotional 

or psychological can be associated with RPL.7 Many 
causative factors may be associated with RPL, such as 
genetic abnormalities, uterine anomalies, autoimmune 
diseases, blood clotting disorders, infectious diseases, 
endocrinopathies, and polycystic ovary syndrome.12 
In approximately 50-60% of RPL, a causative factor 
cannot be identified and is therefore classified as 
idiopathic.13 The aim of this study is to investigate 
biochemical changes in lipid peroxidation, NO, and the 
non-enzymatic antioxidant vitamin E in unexplained 
RPL, and compare these with healthy pregnant, and 
non-pregnant women.

Methods. A case control study was conducted in 
Baghdad from September 2008 to December 2009. 
Study samples were collected from the Obstetric and 
Gynecological Department of Al-Khadimiya Teaching 
Hospital, Baghdad, Iraq, under supervision of a 
specialist. Only patients with a history of 3 or more 
unexplained RPL were included (n=32). Any patient 
with hormonal disturbances or diabetes mellitus, either 
during the current pregnancy or previously, uterine 
fibroids, on any medications (for example, aspirin) 
during the current pregnancy, or loss of pregnancy 
due to pathological causes were excluded from the 
study. Thirty-two healthy pregnant women at the end 
of their third trimester, and 32 healthy non-pregnant 
women were included as controls. Ethical approval was 
obtained from the local ethics committee, together with 
informed patient consent. 

Ten milliliters of blood were taken from each patient 
at the time she was admitted to the hospital for pregnancy 
loss. The same amount of blood was aspirated from both 
the control groups. Serum was used to determine MDA,14 
and NO using the spectrophotometric method. An NO 
enzymatic assay kit was used for NO (US Biological, 
Cat. #N2577-02, Swampscott, MA, USA) with an 
ELISA reader and washer (DiaMed Eurogen, Turnhout, 
Belgium). The complete reaction was read at 540 nm. 
High performance liquid chromatography (Shimadzu, 
Kyoto, Japan) was used to determine vitamin E levels.15 
Patient and control samples were chromatographically 
analyzed with Octadecyl silanol column carbon-18  
using a mobile phase 95% ethanol, 5% water, a flow 
rate of one ml/min and ultraviolet-visible detection at 
wavelength 230 nm.

Statistical data were expressed as mean ± standard 
error (SE); statistical significance was determined when 
p<0.05 by Student t-test using the Statistical Package for 
Social Sciences (SPSS Inc, Chicago, IL, USA) version 
14.

Results. Patients in all groups where of a comparable 
age (Table 1). Significantly high MDA serum levels were 
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Table 1 - Comparison of levels of MDA, vit E, and NO between the patient and control groups (mean ± standard error).

Variable
RPL patients

(n=32) 
Group A

Pregnant 
women (n=32) 

Group B

Non-pregnant 
women (n=32) 

Group C
T-test P-value

Age (years)

Serum MDA (µmol/l)

Serum vit E (µg/ml)

Serum NO (µmol/l)

27.53±8.84

0.76±5.9

10.53±1.34

0.81±5.8

28.72±8.18

0.56±1.2

19.15±1.25

 1.79±0.12

27.91±7.36

0.34±2.5

  26.5±1.64

  2.67±0.18

A/B
A/C
B/C

A/B
A/C
B/C

A/B
A/C
B/C

0.002
  0.0001
  0.0001

  0.0001
  0.0001
0.001

  0.0001
  0.0001
0.001

MDA - malondialdehyde, vit E - vitamin E, NO - nitric oxide, RPL - recurrent pregnancy loss

Table 2 - Comparison of serum MDA and NO to vit E ratios between the patient and control groups (mean ± standard error).

Ratios
RPL patients

(µmol/mg) x 10-5 
Group A

Pregnant women 
(µmol/mg) x 10-5 

Group B

Non-pregnant women 
(µmol/mg) x 10-5 

Group C
T-test P-value

Serum MDA/vit E

Serum NO/vit E

4.79±0.54

4.91±0.64

3.28±0.2

3.62±0.65

2.15±0.55

3.17±0.58

A/B
A/C

A/B
A/C

0.017
0.003

0.194
0.078

MDA - malondialdehyde, vit E - vitamin E, NO - nitric oxide, RPL - recurrent pregnancy loss

found in RPL women compared with the control groups. 
There was also a significant higher level of MDA in 
pregnant women compared with non-pregnant woman. 
Both serum vitamin E and NO levels were significantly 
decreased in RPL women compared with the control 
groups (Table 1). There was also a significantly lower 
level of vitamin E and NO in pregnant women compared 
to non-pregnant woman. Using student t-test, the 
patient MDA/vitamin E ratio was highly significant 
when compared with both control groups. However, no 
significant difference was found between patients and 
controls for the NO/vitamin E ratio (Table 2).

Discussion. We examined oxidative stress 
represented by estimation of a lipid peroxidation marker 
(MDA), and studied its relation and/or association with 
one of the non-enzymatic antioxidants represented by 
vitamin E in addition to NO in unexplained RPL. Free 
radicals are difficult to measure directly due to their 
unstable and transient nature. They can, however, be 
measured indirectly as a marker of lipid peroxidation 
because of their tendency to cause it.16 Malondialdehyde 
was significantly elevated in the sera of RPL women 
compared with the sera of the controls, and is a result of 
increasing free radicals generation. An increase in MDA 

levels during the progression of a healthy pregnancy is 
normal, as pregnancy is considered a stressful condition 
in which many physiological and metabolic functions 
are altered, generating free radicals that act on lipids 
to cause lipid peroxidation.17,18 Hence, why the MDA 
concentration is non-significantly increased in healthy 
pregnant women during their third trimester compared 
with concentrations in non-pregnant women. Regarding 
the elevation of MDA in serum of RPL women more 
than healthy pregnant women, and considering RPL as a 
stressful condition, Gupta et al7 explained that oxidative 
stress-induced damage has been hypothesized to play a 
role in spontaneous abortion and idiopathic RPL. While 
Safronova et al19 reported that pregnancy is characterized 
as an inflammatory state with the leukocytes showing 
changes similar to those found in sepsis, and increased 
generation of ROS was demonstrated in leukocytes by 
significantly higher levels of granulocyte spontaneous 
chemiluminescence in the recurrent abortion patients 
compared to a control group of healthy pregnant 
women.19 In 2006, Patil et al16 reported that cells 
have evolved a number of counteracting antioxidant 
defenses. These antioxidant defense mechanisms can be 
categorized under the headings of free radical scavenging 
and chain breaking antioxidants, and a-tocopherol 
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(vitamin E) is one of the nonenzymatic chain breaking 
antioxidants that limits the cellular concentration of 
free radicals and prevents excessive oxidative damage.16 

Menevse et al3 studied the role of antioxidants and lipid 
peroxidation in RPL. They suggested that the significant 
decrease in vitamin E levels caused the significant 
increase in MDA level in RPL women. Their suggestion 
agrees with the current study findings when comparing 
MDA and vitamin E levels in pregnant women at the 
end the third trimester and non pregnant women (Table 
1). Garba and Amodu20 concluded that vitamin E is 
the most important chain breaking antioxidant, and it 
protects polyunsaturated fatty acids from peroxidative 
damage by donating hydrogen to the lipid peroxyl 
radical. They also reported that because of the lipophilic 
property of the tocopherol molecule, vitamin E is the 
major free radical chain terminator in the lipophilic 
environment.20

The significant decrease in NO levels in the serum 
of RPL women compared with the control groups is a 
result of an increase in the formation of free radicals 
especially in the form of superoxide, which is known to 
inactivate NO in chemical reactions forming the potent 
free radical peroxynitrite anion (ONOO-), which is 
responsible for increase the production of MDA. Urban 
et al21 noted that NO, like homocysteine, is produced in 
blood vessel endothelium, and its deficiency may be one 
of the causes of baby loss.21 The current study results of 
significantly lower serum NO levels in pregnant women 
in their third trimester compared with non-pregnant 
women (Table 1) agrees with the results of Akturk et 
al22 and Kashiwagi et al,23 where serum NO production 
increased in non-pregnant women compared with 
normal healthy pregnant women in their second and 
third trimester of pregnancy. However, the changes in 
NO production during normal pregnancy have varied 
in different studies. Schism et al24 reported that maternal 
circulating nitrite levels decreased with advancing 
gestation, while, and Pasaoglu et al25 and Choi et al26 
found that there were no changes in NO production 
during normal pregnancy compared to the nonpregnant 
state. A study by Zammiti et al27 to evaluate vascular 
NO production in Tunisian women as a risk factor for 
RPL, concluded that there was no association between 
reduced vascular NO production and increasing risk of 
RPL, which is agreement with our study results where 
no significance was found between NO decreased levels 
among RPL women when compared with NO in both 
control groups as a ratio with vitamin E.

In conclusion, the decrease in NO production 
and vitamin E is a result of RPL and not a causative 
factor, since the RPL was without pathological cause, 
medication, or fibroid presence, and no significant 

difference was found between the NO/Vit E ratio in 
RPL and control groups. A comparison between NO, 
MDA, and vitamins E and C in the placenta of recurrent 
pregnancy loss women at different trimesters with the 
placenta and cord blood of healthy pregnant women is 
recommended for further study. 
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