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Abstract: Introduction: Pre-eclampsia (PE) is a multi-factorial and a multi-system disease. Selenium (Se) may be
one of the disease causes. Objectives: The aim of this study was to find out the mean level of amniotic fluid
selenium and the biochemical profile among the pre-eclamptic mothers and controls in Cairo, Egypt. Subjects and
methods: A case-control, hospital based study design was used. All the cases and controls were examined
laboratory. Results: The mean amniotic fluid Se level was lower among pre-eclamptic cases; total, mild and severe
compared to controls with statistically significant differences (P=0.00, 0.00 and 0.00, respectively). Further, the
difference was statistically significant between mild and severe cases (P=0.00). Also, the mean hemoglobin level,
mean hematocrit percent and mean platelet count were lower among pre-eclamptic cases compared to controls with
statistically significant differences (P=0.00 for each of them). While; the mean lipid profile (except SHDL-
cholesterol), mean liver enzymes levels, mean blood urea level, mean fasting blood glucose level and indicators of
infections and/or inflammatory processes, mean total leucocytic count and mean C-reactive protein level were
higher among pre-eclamptic mothers compared to controls with statistically significant differences (P=0.00 for each
of them). On the other hand, the mean serum createnine level was higher among pre-eclamptic cases compared to
controls with a statistically insignificant difference. Further, these differences were also present between the mild
and severe PE cases. Lastly, the study showed that amniotic fluid Se was negatively correlated with severe PE
(P=0.01); while total leucocytic count, fasting blood glucose, C-reactive protein, SLDL- cholesterol, S. TG, S.
cholesterol and ALT were positively correlated with severe PE (P=0.02, 0.02, 0.03, 0.04, 0.04, 0.04 and 0.04,
respectively). Recommendations: Early ante-natal care, including health education, and treatment of pre-eclamptic
women are recommended. Se supplementation may be a way to prevent PE. Population based studies are needed in
different areas in Egypt on large number of pregnant women to determine their biochemical profile and to find out
other possible trace element deficiencies that might be risk factors for PE.
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1. Introduction: PE is also strongly supported by the rapid resolution
Pre-eclampsia (PE) is an inflammatory state of symptoms after delivery. Although there is clearly
characterized by maternal endothelial dysfunction and a focal role for placental dysfunction in PE, a number
leukocyte activation (Raijmakers et al., 2004a). It is of theories are proposed to explain how this may be
pregnancy-specific condition and it is major associated with the maternal syndrome (Hubel, 1999
complication of pregnancy (Roberts, 1998a). PE has and Levine et al., 2004).
a multi-systemic nature (Roberts, 2000 and Roberts et PE is much more than hypertension and
al., 2003). Also, PE can progress rapidly; putting proteinuria. Increased attention to the multi-systemic
mother at severe risk if there is no good management nature of PE, activation of coagulation and increased
(Basso et al., 2006). sensitivity to pressor agents has expanded its
In spite of importance of PE, its etiology is understanding (Roberts, 2000 and Roberts et al.,
unknown (Lépez-Jaramillo, 2000). The proposed "2- 2003). A basic feature of PE pathophysiology is
stage model" (Roberts and Cooper, 2001) in which reduced perfusion of virtually all organs, which is due
reduced placental perfusion leads to release of to vasoconstriction, microthrombi formation and
vasoactive factors and occurrence of the maternal reduced circulating plasma volume. The
syndrome; is likely to provide a simplified, yet vasoconstriction is secondary to an increased
largely accurate, description of the origin of severe sensitivity of the vasculature to pressor agent.
early-onset disease, but may be less relevant for later- Activation of the coagulation cascade produces
onset milder disecase (Redman and Sargent, 2000). microthrombi. The reduced plasma volume, reflecting
The proposed role of the placenta in the pathology of an endothelial leak with fluid loss from the
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intravascular compartment, further compromises
perfusion. These abnormalities precede clinically
evident disease by weeks to months and have led to
the suggestion that a primary target in PE is the
vascular endothelium (Roberts et al., 1990 and
Roberts, 1998D).

PE is a complex disorder caused by a series
of genetic, nutritional and environmental factors that
lead to the creation of an imbalance between the free
radicals; nitric oxide (NO), superoxide (O,) and
peroxynitrate in the vascular endothelium (Lopez-
Jaramillo, 2000). The placenta appears to be the
principal source of free radical synthesis. Deleterious
effects of free radicals include initiation of lipid
peroxidation, oxidative damage of biomolecules, and
cellular dysfunction. It is proposed that these may
initiate maternal vascular endothelial dysfunction and
leukocyte activation, recognized features of PE
(Raijmakers et al., 2004a).

A pivotal role of enhanced placental
superoxide generation leading to oxidative stress (OS)
is increasingly recognized (Hubel, 1999 and
Raijmakers et al., 2004b). Placental OS has been
shown to be a key feature in the pathogenesis of PE.
OS is an imbalance between the cellular generation of
reactive oxygen species and the capacity of
antioxidants to prevent oxidative damage. The
expression and activity of important antioxidant
proteins are decreased in placental tissues from pre-
eclamptic women, resulting in an imbalance between
prooxidants and antioxidants leading to OS. Two of
these antioxidant proteins are glutathione peroxidase
(GSH-Px) and thioredoxin reductase enzymes that
have selenocysteine within their active site and are
selenium (Se)-dependent for activity (Walsh, 1998;
Hubel, 1999 and Redman & Sargent, 2000). In a
suitable maternal environment, OS and subsequent
endothelial activation and injury result (Roberts and
Hubel, 1999). This endothelial dysfunction initiates
the coagulation cascade and ensuing multi-system
sequelae (Surratt, 1993).

The trace element Se level lowers during
pregnancy. Further, lower Se concentration and GSH-
Px activity have been noticed in pregnant women
compared to pre-pregnancy status (Sibai et al., 2000)
and non pregnant women (Ferrer et al., 1999). Se is
capable of limiting adverse endothelial effects. Se
removes the products of attack by reactive oxygen
species (hydro-peroxides and oxidized lipoproteins),
which can break down to further reactive free radicals
and cytotoxic agents (Rayman, 2000).

Considered risk factors of PE are nutrition
deficiencies (Roberts et al., 2003), obesity (Roberts
and Cooper, 2001), diabetes (Funai et al., 2005) and
genitourinary infection and inflammatory processes
(Lopez-Jaramillo et al., 2001).
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Study Objectives

1- To find out the mean level of amniotic fluid
selenium among the pre-eclamptic mothers in Cairo,
Egypt.

2- To determine the biochemical profile of the pre-
eclamptic mothers in Cairo, Egypt.

3- To find out the correlation between PE severity
and amniotic fluid Se & biochemical results of the
pre-eclamptic mothers in Cairo, Egypt.

2. Subjects and methods
I- Study Questions:

Is there amniotic fluid selenium deficiency
in the pre-eclamptic women? Is there a biochemical
profile disturbance in the pre-eclamptic women? Is
there correlation between amniotic fluid Se and
biochemical markers, and severity of PE?

I1- Study Design:
A case-control, hospital based design was
used to investigate the current research problem.

I11- Study Setting:

This study was conducted in the Obstetrics
and Gynecology Department, Al-Hussein Hospital,
Al-Azhar University.

V- Study Sample:

According to sample size equation the
sample was 86 cases, and to guard against sample
size bias we increased the sample to be 100 PE cases.
So, all the cases of PE attending the Obstetrics and
Gynecology Department, Al-Hussein Hospital, Al-
Azhar University were included in the study till
sample reached the required number; 100. For each
pre-eclamptic patient a healthy pregnant woman was
chosen randomly. So, a control group of 100 healthy
pregnant women was recruited.

All the PE patients must be fulfilling the
following inclusion criteria: 1) Age of patients up to
30 years, 2) Gestational age >33 weeks, 3) Have a
definite specific diagnosis of PE. Also, all patients
recruited in this study have fulfilled the following
specific exclusion criteria: 1) Essential hypertension,
2) Pregnancy induced hypertension without
proteinuria, 3) Intake of vitamins/antioxidants during
the current pregnancy, 4) Blood diseases, 5) Kidney
disease, 6) Liver disease, 7) Intrauterine fetal death,
and 8) Ante-partum hemorrhage.

The controls enrolled in the study have
fulfilled the following inclusion criteria: 1) Age up to
30 years, 2) Have no history of PE in the current or
previous pregnancy, and 3) Gestational age >33
weeks. Also, the controls have fulfilled the same
specific exclusion criteria used for the patients group.
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V- Ethical Consideration:

The purpose of the study and procedures to
be performed were explained to the cases and
controls, an oral consent to participate in the study
was taken accordingly. All patients were managed
properly to control PE. All the cases and controls
were delivered spontaneously in the normal vertex
position or by Caesarian section according to the
condition of each case.

VI- Study Tools and Methods:
1- Diagnosis of PE:

All patients must be fulfilling the following
inclusion criteria: 1) Hypertension: Blood pressure
(BP) >140/90 mmHg, 2) Proteinuria: Trace or more
by dipstick method, and 3) Bilateral lower limb
edema: >+1.

Pregnancy-induced hypertension is defined
as BP >140/90 mmHg (mild PE) and BP >160/110
mmHg (severe PE) (National Education program
Working Group on High Blood Pressure, 2000).
Proteinuria, trace to +1 (mild PE) and >+2 (severe
PE). Two random midstream urine specimens,
collected >4 hours apart taken from each woman to
avoid error due to false positive tests, were used for
detection of proteinuria. The two results must be
positive to  diagnose significant proteinuria
(MacGillivary, 1983). Edema is a common feature of
pregnancy, but edema of PE is pathological (>+1)
and not just dependant; it usually involves the face,
hands and persists even after arising (Cunningham et
al., 2010).

2- Laboratory investigations:

Laboratory examinations were done for the
cases and controls. Fasting venous blood samples, 10
ml, were taken for laboratory examinations. These
examinations were complete blood count (CBC),
renal function tests; serum (S) urea and S. creatinine,
total S. cholesterol, S. triglycerides (TG), S. high and
low-density lipoprotein cholesterol (SHDL-& SLDL-
cholesterol), and liver enzymes; alanine amino-
transferase (ALT) and aspartate amino-transferase
(AST).

CBC was estimated by ABX MICROS,
MEDONIC MING 60 cell counter. C-reactive protein
(CRP, mg/L) was determined quantitatively using
slide agglutination test. Total S. cholesterol (mg/dl)
was determined by an enzymatic technique according
to Richmond (1973). While, S. TG (mg/dl) was
determined according to Esders and Michrina (1979).
HDL-cholesterol (mg/dl) was precipitated by the
addition of phosphotungestic acid in presence of
magnesium ions. The supernatant obtained contains
HDL, from which cholesterol was determined
enzymatically according to Steele et al. (1976). LDL-
cholesterol was calculated according to the
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Friedwald's equation (Friedwald et al., 1972).
Transaminases activity was measured by continuous
monitoring method (Bergmeyer et al., 1978).
Creatinine was measured by Jaffe method (Spencer,
1986), while, urea was measured by enzymatic
method (Titez, 2004). Fasting blood glucose was
measured by glucose oxidase method (Gochman and
Schmitz, 1972).

A sample of 2 cc amniotic fluid was taken
from each woman at time of the delivery to determine
Se level (ug/L) by flameless atomic absorption
spectro-photometer model  460-graphete 2000
according to Thompson and Allen (1988). We
decided to determine Se level in maternal amniotic
fluid not in serum or plasma as the levels of Se in
maternal serum and plasma might be decreased,
partly, because increase blood volume and therefore
increase hemodilution during pregnancy (Rayman,
2002). On the other hand, level of Se in amniotic
fluid suggests a real level of maternal Se during
pregnancy. This might be because Se deposition in
placenta and fetal tissues (Mistry et al., 2008).

VII- Statistical Analysis:

Unpaired t student test and correlation co-
efficient were used as tests of significance. The
significance level was accepted if the P-value <0.05.

3. Results

As regard the results of amniotic fluid
examinations among the PE cases and control group
(table 1), mean value levels of amniotic fluid Se in
total PE cases and controls were 9.11+£0.93 and
11.71+1.63 pg/L, respectively with a statistically
significant difference (P=0.000). Also, mean value
levels of amniotic fluid Se in mild PE cases and
controls were 10.64+1.45 and 11.71+1.63 pg/L,
respectively with a statistically significant difference
(P=0.000). Lastly, mean value levels of amniotic
fluid Se in severe PE cases and controls were
6.98+0.79 and 11.71£1.63 pg/L, respectively with a
statistically significant difference (P= 0.000).

Regarding the results of amniotic fluid
examinations among the PE cases according to
severity (table 2), mean value levels of amniotic fluid
Se in mild and severe PE cases were 10.64+1.45 and
6.98+0.79 pg/L, respectively with a statistically
significant difference (P=0.000).

With respect to the results of laboratory
examinations among the PE cases and control group
(table 3), mean and standard deviation values of
hemoglobin and percent of hematocrit values of the
patients and controls were 9.72+0.64, 11.05+0.59 g/dl
and 29.11+2.41, 34.25+1.43%, respectively with
statistically significant differences (P=0.000 for each
of them). Also, mean and standard deviation value of
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fasting blood glucose of the patients and controls
were 137.31+46.18 and 94.27£26.15 mg/dl,
respectively with a statistically significant difference
(P=0.000). Regarding mean platelet count of the
patients and controls, they were 172.22+29.98 and
231.914£31.22 thousand/cmm, respectively with a
statistically significant difference (P=0.000). As
regard laboratory results indicating infection, mean
and standard deviation of leucocytic count and C-
reactive protein values of the patients and controls
were 12.80+£3.47, 8.72+2.36 thousand/cmm and
9.53+2.82, 6.01+1.29 mg/L; respectively with
statistically significant differences (P=0.000 for each
of them). Regarding laboratory results of lipid
profile, mean and standard deviation values of serum
triglyceride, cholesterol and HDL-& LDL-cholesterol
of the patients and controls were 258.82+86.11,
182.17£62.37 mg/dl; 246.57+56.92, 189.58+53.29
mg/dl;  41.27£9.16, 49.86+£7.65 mg/dl and
167.96+49.38, 129.29+34.13 mg/dl, respectively,
with statistically significant differences (P=0.000 for
each of them). As regard laboratory results of renal
function tests, mean and standard deviation values of
S. urea of the patients and controls were 32.52+2.85
and 23.41+3.88 mg/dl, respectively with a
statistically significant difference (P=0.000). While,
mean and standard deviation values of S. creatinine
was 0.85+0.27 mg/dl for patients and 0.81+0.16
mg/dl for controls with a statistically insignificant
difference (P=0.2). Regarding laboratory results of
liver enzymes, mean and standard deviation value
levels of ALT and AST of the patients and controls
were 38.20£11.32, 27.9046.12 and 33.75+8.53,
24.87+4.81 UJ/L, respectively with statistically
significant differences (P=0.000 for each of them).

As regard the biochemical results of
laboratory examinations among the mild and severe
PE cases (table 4), mean and standard deviation value
levels of hemoglobin and mean percent of hematocrit
values of the mild and severe PE patients were
10.18+£0.68, 9.29+0.56 g/dl and 32.05+1.11,
27.19+2.01%,  respectively  with  statistically
significant differences (P=0.000 for each of them).
Also, mean and standard deviation value of fasting
blood glucose of the mild and severe PE patients
were 131.21+£19.05 and 161.11£26.71 mg/dl,

respectively with a statistically significant difference
(P=0.000). As regard platelet count values of the mild
and severe PE patients, they were 191.23+31.22 and
156.21+£21.18 thousand/cmm, respectively with a
statistically significant difference (P=0.000). With
respect to laboratory results indicating infection,
mean and standard deviation of leucocytic count and
C-reactive protein of the mild and severe PE patients
were 8.12+2.03, 13.96+3.52 thousand/cmm and
8.21+1.02, 11.24+2.12 mg/L; respectively with
statistically significant differences (P=0.000 for each
of them). As regard laboratory results of lipid profile,
mean and standard deviation of serum triglyceride,
cholesterol and HDL-& LDL-cholesterol of the mild
and severe PE patients were 214.37+42.11,
288.52+97.81 mg/dl; 218.81£31.91, 266.82+67.24
mg/dl;  45.86£9.50, 36.65+6.86 mg/dl and
149.25+46.32, 192.87+53.80 mg/dl, respectively,
with statistically significant differences (P=0.000 for
each of them). Regarding laboratory results of renal
function tests, mean and standard deviation values of
S. urea of the mild and severe PE patients were
27.8142.24 and 36.8243.15 mg/dl, respectively with
a statistically significant difference (P=0.000). While,
mean and standard deviation values of S. creatinine
was 0.83+0.26 mg/dl for mild PE patients and
0.89+0.29 mg/dl for severe PE with a statistically
insignificant difference (P=0.3). As regard laboratory
results of liver enzymes, mean and standard deviation
values of ALT and AST of the mild and severe PE
patients were 35.50+£8.21, 41.90+£10.12 and
29.74+5.14, 38.54+8.93 U/L, respectively with
statistically significant differences (P=0.002 and
P=000, respectively).

Regarding the correlation co-efficient
between severe PE with findings of the laboratory
examinations of maternal serum and amnmiotic fluid
Se (table 5), the study showed that amniotic fluid Se
was negatively correlated significantly with severe
PE (r=-0.913, P=0.01); while total leucocytic count,
fasting blood glucose, C-reactive protein, SLDL-
cholesterol, S. TG, S. cholesterol and ALT were
positively correlated significantly with severe PE
(r=1.123, P=0.02; r=0.811, P=0.02; r=1.323, P=0.03;
r=0.028, P=0.04; r=0.710, P=0.04; r=0.430, P=0.04
and r=0.042, P=0.04, respectively).

Table (1): Means and standard deviations of pre-eclampsia (PE) cases and control group according to the laboratory

results of amniotic fluid selenium.

Laboratory results of maternal
Amniotic fluid selenium amniotic fluid selenium M+SD t- P-
PE cases Controls value value
(n=100) (n=100)
Selenium (pg/L):
Total cases (n=100) 9.11+0.93 11.71+1.63 -13.855 0.000
Mild PE cases (n=67) 10.64+1.45 11.71£1.63 -4.905 0.000
Severe PE cases (n=33) 6.98+0.79 11.71£1.63 -26.113 0.000
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Table (2): Means and standard deviations of the laboratory results of amniotic fluid selenium in pre-eclampsia (PE) cases
according to severity.

Laboratory results of maternal
Amniotic fluid selenium amniotic fluid selenium M£SD t- P-
Mild cases Severe cases value value
(n=67) (n=33)
Selenium (pg/L): 10.64+1.45 6.98+0.79 16.32 0.000

Table (3): Means and standard deviations of pre-eclampsia (PE) cases and control group according to results of the

biochemical laboratory examinations

Items of biochemical Laboratory results M+SD t p.
laboratory examinations PE cases Controls value value
(n=100) (n=100)

Hb (g/dl) 9.72+0.64 11.05+0.59 - 15.279 0.000
Hematocrit (%) 29.11£2.41 34.25+1.43 - 18.342 0.000
Total leucocytic count (thousand) 12.80+3.47 8.7242.36 9.722 0.000
Platelet count (thousand) 172.22+29.98 231.91£31.22 -13.79 0.000
Fasting blood glucose (mg/dl) 137.31+£46.18 94.274+26.15 8.11 0.000
C-reactive protein (mg/L) 9.53+2.82 6.01+1.29 11.351 0.000
S. triglycerides (mg/dl) 258.82+86.11 182.17+62.37 7.209 0.000
S. cholesterol (mg/dl) 246.57+£56.92 189.58+53.29 7.309 0.000
SHDL- cholesterol (mg/dl) 41.2749.16 49.86+7.65 -7.198 0.000
SLDL- cholesterol (mg/dl) 167.96+49.38 129.29+34.13 6.442 0.000
Urea (mg/dl) 32.52+2.85 23.41+3.88 18.923 0.000
S. creatinine (mg/dl) 0.85+0.27 0.81+0.16 1.275 0.204
ALT (U/L) 38.20+11.32 27.90£6.12 8.004 0.000
AST (U/L) 33.75+8.53 24.87+4.81 9.068 0.000

Table (4): Means and standard deviations of the biochemical laboratory results in pre- eclampsia (PE) cases according to

severity.
Items of biochemical Laboratory results M+SD t p.
laboratory examinations Mild cases Severe cases value value
(n=67) (n=33)
Hb (g/dl) 10.18+0.68 9.29+0.56 6.949 0.000
Hematocrit (%) 32.05+1.11 27.1942.01 12.951 0.000
Total leucocytic count (thousand) 8.12+2.03 13.96+3.52 -8.835 0.000
Platelet count (thousand) 191.234+31.22 156.21+21.18 6.602 0.000
Fasting blood glucose (mg/dl) 131.21+19.05 161.11+26.71 -5.75 0.000
C-reactive protein (mg/L) 8.21£1.02 11.2442.12 -7.779 0.000
S. triglycerides (mg/dl) 214.37+42.11 288.52+97.81 -4.169 0.0002
S. cholesterol (mg/dl) 218.81+£31.91 266.82+67.24 -3.892 0.0004
SHDL- cholesterol (mg/dl) 45.86+9.50 36.65+6.86 5.531 0.000
SLDL- cholesterol (mg/dl) 149.25+46.32 192.87+53.80 -3.986 0.0002
Urea (mg/dl) 27.81+£2.24 36.82+3.15 -14.702 0.000
S. creatinine (mg/dl) 0.83+0.26 0.89+0.29 -1.006 0.318
ALT (U/L) 35.50+8.21 41.90£10.12 -3.157 0.002
AST (U/L) 29.74+5.14 38.54+8.93 -13.57 0.000
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Table (5): Correlation co-efficient between severe pre-eclampsia (PE) with findings of the laboratory
examinations of maternal serum and amniotic fluid Se according to the significant correlations.

Items of biochemical r- P-

laboratory examinations value value
Amniotic fluid selenium -0.913 0.01
Total leucocytic count 1.123 0.02
Fasting blood glucose 0.811 0.02
C-reactive protein 1.323 0.03
SLDL- cholesterol 0.028 0.04
S. triglycerides 0.710 0.04
S. cholesterol 0.430 0.04
ALT 0.042 0.04

4. Discussion

PE syndrome is recognized to be a multi-
system disease of the pregnant mother (Roberts et al.,
2003). It results from the interaction between
economic, psychosocial, nutritional, environmental
and genetic factors (Lopez-Jaramillo, 2000). Further,
PE is associated with an imbalance of increased lipid
peroxides and decreased antioxidants (Ziaei et al.,
2006).

The trace element Se has a biological role as
catalysts for endogenous antioxidant enzymes. Also,
Se for glutathione peroxide enzymes is component of
numerous metalloenzymes and co-factors for super
dismutase enzyme (Mahomed et al, 2000). An
increased incidence of  pregnancy-induced
hypertension in selenium-deficient regions was
reported (Lu, 1990). Selenium depletion leads to loss
of glutathione peroxidase (GSH-Px) and thioredoxin
reductase activity, although no one has examined the
placental expression of these proteins during PE and
related this to Se status (Vanderlelie et al., 2004). The
suggested importance of the deficiencies of trace
elements in PE relates to the fact that they are present
in superoxide dismisses (copper, selenium and zinc)
and GSH-Px (Se). Also, messenger RNA expression
for copper-zinc-superoxide dismisses and glutathione
peroxidase is lower in pre-eclamptic placenta
(Rayman et al, 1996; Wang & Walsh, 1996;
Mahomed et al, 2000 and Rayman, 2000).
Biomarker information on Se is conflicting. Whole
blood and plasma levels of selenium are lower in
pregnant compared to non-pregnant women (Ferrer et
al., 1999; Mihailovic et al., 2000 and Atmar et al.,
2005) and decrease more as gestation proceeds
(Zachara et al., 1993 and Sibai et al., 2000). Further,
erythrocyte (Zachara et al., 1993); hair (Guvenc et al.,
1995) and amniotic fluid (Mihailovic et al., 2000 and
Rayman, 2000) levels of Se are lower in pregnant
compared to non-pregnant women. The decreased
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levels of Se in maternal serum and plasma might be,
partly, because increase blood volume and therefore
increase hemodilution during pregnancy (Rayman,
2002). However, the decreased levels of Se in
erythrocyte and amniotic fluid suggest a real decrease
in maternal Se during pregnancy and this might be
because of Se deposition in placenta and fetal tissues.
Also, there was significant reductions in serum
selenium concentrations and plasma GSH-Px activity
in pregnancy per se compared to non pregnant
controls. Moreover, these levels were further
decreased in the pre-eclamptic mothers and babies
compared to normal pregnancies. Oxidative stress
associated with PE may be a consequence of reduced
antioxidant defense pathways specifically involving
GSH-Pxs, perhaps linked to reduce Se availability.
Reduced GSH-Pxs could be associated with increased
generation of toxic lipid peroxides contributing to the
endothelial dysfunction and hypertension of PE
(Mistry et al., 2008). In a study on 32 pre-eclamptic
women and 28 healthy pregnant women, serum level
of Se was measured by atomic absorption
spectrometry. The study found that mean serum Se
concentration in PE is 60.68+6.42 mg/dl and in
healthy pregnant is 87.50+£10.96 mg/dl. The
difference between both groups was statistically
significant (P<0.01) (Atmar et al., 2005). Se
concentrations in maternal and umbilical cord blood,
and amniotic fluid were determined in normotensive
and hypertensive women in relation to their smoking
status. In the group of normotensive and hypertensive
women, significantly lower Se concentrations in
blood of smokers were observed than in nonsmokers.
Umbilical cord blood Se concentrations in both
normotensive and hypertensive smokers were
significantly lower than in nonsmokers as well. In the
group of normotensive women, significant
differences in Se concentrations in amniotic fluid
were observed between smokers and nonsmokers
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(Kosanovic et al.,, 2010). Further, toe nail Se
concentrations in pre-eclamptic women were
significantly lower than in their matched normal
controls (Rayman et al., 2003). Measuring toe nail Se
status was decided to overcome the difficulty
experienced in previous studies of the PE process
influencing tissue concentration of Se concerning
increased plasma volume in normal pregnancy and
smaller or nonexistent in blood volume in pre-
eclamptic patients. In Egypt, decreased levels of Se
have been observed in patients with PE (Mekkay et
al., 2007). Also, third trimester amniotic fluid Se
level associated with PE was lower compared to
normal pregnancy (Dawson et al., 1999). So, Se
supplementation could be used to lower the high
incidence of PE (Lu, 1990). Further, as 15.0% of
these studied pre-eclamptic group are diabetics and
we reported that diabetes is risk factor for PE (El-
Moselhy et al., 2011), so Se blood level is lower in
gestational diabetic women (Tan et al., 2001). On the
other hand, increased levels of plasma Se have been
observed in patients with PE compared to controls
(Mahomed et al.,, 1998). Also, median maternal
leucocytic Se was 15.0% higher among pre-eclamptic
women compared to normal pregnant (Mahomed et
al., 2000). Further, the increased levels of Se were
15.0% (Ratman et al, 1996) and 18.0%
(Gromadzinska et al., 1998) among PE cases
compared to their normal pregnant controls. At the
same time, there was no observed significant
difference as regard Se levels between pre-eclamptic
women and normal pregnant controls (Rayman et al.,
1996). The differences in tissues and analytical
techniques used to measure maternal Se status are
possible explanation for why available studies
concerning maternal Se status and the risk of PE are
not combatable. Moreover, differences in population
characteristics such as age, race, ethnicity, as well as
country and region of residence may account for
some of the variation in results across studies. Also,
the potential limitation of some studies (as our study)
must be considered as the retrospective design of the
study that was unable to determine whether the
observed alterations in Se concentration preceded PE
or whether the alteration attributed to PE (Mahomed
et al., 1998 and Mahomed et al., 2000).

The increase prevalence of anemia among
the pre-eclamptic women might be attributed to their
disease and low intake of nutrients (Davies et al.,
1976). Also, hemoglobin serves to transport nitric
oxide, as S-nitrose cysteine, from the lungs to the
peripheral circulation, where it can be released.
Glutathione peroxidase (GSH-Px), besides being an
important antioxidant, is known to catalyze the
release of nitric oxide (NO) from smaller carrier
molecules, and may play a role in the distribution of
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NO throughout the body (Funai et al., 2002). So, an
imbalance between the free radicals NO, superoxide
(Oy) and peroxynitrate in the vascular endothelium
occurs (Lopez-Jarmillo, 2000). Also, selenium (Se)
depletion leads to loss of GSH-Px activity, although
no one has examined the placental expression of this
protein during PE and related this to Se status
(Vanderlelie et al., 2004).

PE has been frequently reported as a
complication of gestational diabetes (Vambergue et
al., 2002). Also, diabetes is an important risk factor
for PE (Roberts & Cooper, 2001; Funai et al., 2005
and El-Moselhy et al.,, 2011). Diabetes mellitus
among PE cases and control group was 15.0% and
5.0%, respectively (OR=3.35, 95% ECL: 1.09-12.23)
(El-Moselhy et al., 2011). But, the relationship
between these two conditions is not well understood
(Vambergue et al., 2002). In PE, there is exacerbation
of physiological changes associated with pregnancy
such as insulin resistance, altered immune responses
and inflammatory pathway activation. These
exaggerated responses seen in PE are reminiscent of
metabolic syndrome, and also are evident in
gestational diabetes (Scioscia et al., 2009). So,
studies suggest that insulin resistance (Ostlund et al.,
2004), chronic inflammation (Borzychowski et al.,
2006) and endothelial dysfunction (Solomon &
Seely, 2001 and Roberts & Gammill, 2006) are
underlying pathophysiology. Also, common risk
factors, such as elevated body mass index and
advanced age have been noted for each of the two
conditions (Duckitt and Harrington, 2005). Increased
insulin resistance, a characteristic of gestational
diabetes, has also been associated with the
development of PE (Kaaja & Greer, 2005 and Parretti
et al., 2006). Inositol phosphoglycan P-type (P-IPG)
in PE has been extensively investigated and increased
production has been demonstrated. This molecule
acts as a second messenger of insulin, enhances the
metabolic effects of insulin and is associated with
insulin resistance (Scioscia et al., 2009). Also,
abnormal endothelial function with impaired flow
mediated dilatation (Dadelszen et al., 2007) and
inflammatory cytokine release as C-reactive protein
and E-selectin are reported in PE and diabetes (Aydin
et al., 2004). Further; the post 50gm challenge
glucose value at 24-28 weeks of gestation, in a case-
control study of pregnant women with new-onset
hypertension in late pregnancy and normotensive
controls, was significantly higher among the
hypertensive patients (Solomon et al., 1994). Further,
hyper-insulinemia may play a role in over activity of
the sympathetic nervous system associated with
obesity. In rats, insulin, like leptin, causes sympatho-
activation to different tissues including the kidney
(Rahmouni et al., 2004). So, our results as regard
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high levels of fasting blood glucose of the patients
compared to controls were expected and accepted.

In PE there is marked increase in platelet
aggregation and decrease of platelet count that may
occur early in pregnancy. The cause of this
coagulation problem in PE is either due to
disturbance of the balance between the platelet
aggregation effects of the thromboxane A2 and the
inhibitory effect of prostacyclin (lewis et al., 1981),
or formation of soluble immune complexes that
become deposited in the walls of blood vessels, thus
enhancing platelet aggregation and intravascular
thrombosis (Burrows et al.,, 1987). Also, the risk
factors for PE include thrombophilias (Roberts and
Cooper, 2001).

A growing body of evidence links infection
and inflammatory processes with PE were reported
(Lopez-Jaramillo et al., 2001). PE is an inflammatory
state  characterized by leukocyte activation
(Raijmakers et al., 2004a). It is associated with a
greater inflammatory response than observed in
normal pregnancy (Sacks et al., 1998). Pre-eclamptic
women had higher leucocytic count and increased
total number of neutrophils compared to normal
pregnant group. Also, pregnant women, who have a
high risk for PE and chronic sub-clinical infection,
have increased levels of CRP during the third
trimester (Teran et al., 2001). These results provide
further evidence of enhanced inflammation in PE.
Endothelial cell dysfunction is part of more
widespread intravascular inflammatory response
causing clinical PE (Sacks et al., 1998). Also,
placental lipid peroxidation product, tumor necrosis
factor (TNF) a and syncytiotrophoblast membrane
fragments are blood borne agents causing endothelial
cell dysfunction (Redman et al., 1999). Lipid
peroxidation  predisposes  to  shedding  of
syncytiotrophoblast ~membrane into  maternal
circulation and leads to decrease fluidity of
syncytiotrophoblast membrane (Morris et al., 1996)
and may have a profound adverse effect on vascular
endothelium (Cockell et al., 1997). Also, shedding
apoptotic debris from syncytial surface is more
intense in PE than in normal pregnancy and acts as
inflammatory stimulus for PE (Redman and Sargent,
2003). Further, increased circulating TGs, free fatty
acids, small dense LDL act as proinflammatory
stimulus for PE (Redman et al., 1999). Mean plasma
TGs and free fatty acids concentrations undergo near
doubling in pre-eclamptic women relative to normal
pregnant (Lorentzen et al., 1995 and Hubel et al.,
1996). Fasting serum TGs correlates with serum
malondialdehyde in pre-eclamptic women (Hubel et
al., 1996). Amplification of injurious effects of
placental TNFa by increased maternal free fatty acids
is then possible. Free fatty acids are highly

http://www.americanscience.org

331

inflammatory (Toborek et al, 1996). Further,
activation of maternal neutrophils during their transit
through the placenta could provide a pathway for
transfer of oxidative disturbances into the maternal
circulation in PE (Butterworth et al., 1991). Also,
pre-eclamptic women had higher incidence of
asymptomatic bacteriuria than in normal pregnant
women, (Hill et al., 1986). Further, the incidence of
urinary tract infections in pre-eclamptic women was
higher than in normotensive pregnant women (Lopez-
Jaramillo et al., 2001). Moreover, we reported that
these pre-eclamptic patients had significant risk of
asymptomatic bacteruria, urinary tract infection, and
vaginal infection and bacterial vaginosis (ORs=3.62,
95% ECL: 1.19-13.10; 3.59, 95.0% ECL: 1.05-15.58
and 4.41, 95% ECL: 1.13-24.97, respectively) (El-
Moselhy et al., 2011). On the other hand, in women
with PE, it cannot be determined whether the increase
in CRP and proinflammatory cytokines was a cause
or a consequence of PE (Teran et al., 2001). Also, it
is not possible to make a definitive statement that
infection is a major risk factor for PE. However, it is
proposed that chronic sub-clinical infections may
increase maternal cytokines to levels high enough to
affect vascular endothelial function in individuals
with a predisposition to subsequent development of
PE (Herrera et al., 2001). So, the role that infection
and inflammation may play in the imbalance of free
radicals that leads to PE needs to be studied as it may
involve a fundamental change in the prevention and
treatment of PE (Lopez-Jaramillo et al., 2001).
Pregnancy  induced  hypertension is
characterized by high TG and low HDL2-cholesterol
levels. Alterations in HDL profiles may contribute to
endothelial dysfunction in PE (Von Versen-Hoeynck
and Powers, 2007). About one-third of pre-eclamptic
women develop plasma TG values above 400 mg/dl
(Hubel et al., 1996) greater than normal pregnancy
(Knopp et al., 1992). Further, the risk factors for PE
include obesity and diabetes (Roberts & Cooper,
2001 and El-Moselhy et al., 2011). These factors are
also risk factors for atherosclerosis. Also, other
similarities exist between PE and atherosclerosis. In
both of them, endothelial cells are important targets
and the dyslipidemia predisposing to atherosclerosis
occurs in pre-eclamptic pregnancies (Hubel and
Roberts, 1999). Hyper triglyceridemia shifts the
spectrum of LDL subclasses toward proportional
increases in smaller, denser, more atherogenic LDL
particles (Krauss, 1997). Small dense LDL particles
more readily infiltrate into arterial tissue (the
presumed site of LDL oxidation) and exhibit
enhanced  adhesiveness to  artery  intemal
proteoglycans (Anber et al., 1996). Further, smaller
denser LDL particles are intrinsically more
susceptible to oxidation (Chait et al., 1993). Small
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dense LDLs show greater capacity to provoke
changes in vascular cells in culture consistent with
vasoconstrective effects in vivo (Weisser et al.,
1993). Acute atherosis of decidual arterioles is
characterized by fibrinoid necrosis of the vessel wall,
disruption of the endothelium, aggregates of platelets
and accumulation of lipid-laden macrophages, a true
atherosclerosis-like change (Sheppard and Bonnar,
1981). Women with PE have reversible increases of
serum TGs and LDL-cholesterol and reduced HDL-
cholesterol. Importantly, small dense serum LDLs
are, also, increased in women with PE compared to
controls having normal pregnancies (Hubel et al.,
1989 and Hubel et al., 1998).

PE syndrome is now recognized to be a
multi-system disease (Roberts, 2000 and Roberts et
al., 2003). PE variably may affect the brain, lungs,
kidney and liver (Raijmakers et al., 2004a). So, the
laboratory results of high liver enzymes and renal
function tests are expected and accepted. The
difference in laboratory results of ALT in mild
(28.6+£7.6 U/L) and severe (55.5£10.4 U/L) PE was
statistically ~ significant (P<0.001). Also, the
difference in laboratory results of AST in mild
(26.5£6.9 U/L) and severe (57.2+ 11.8 U/L) PE was
statistically significant (P<0.001) (Ziaei et al., 2008).
Further, when patient have liver dysfunction,
thrombocytopenia and hemolysis, they are classified
as having HELLP syndrome (i.e., hemolysis, elevated
liver enzymes, low platelets) (Curtin and Weinstein,
1999).

The potential limitations of this study, which
must be considered is the retrospective design of the
study that was unable to determine whether the
observed alteration in amniotic fluid trace element
selenium concentration preceded PE or whether
alteration attributed to PE.

Conclusion and Recommendations

In this study pre-eclamptic patients had
lower mean amniotic fluid Se, higher mean levels of
fasting blood glucose, low platelet mean count,
higher mean total leucocytic count, increased mean
levels of CRP, increased mean serum TGs and LDL-
cholesterol and reduced mean HDL-cholesterol,
higher mean liver enzymes (ALT and AST), and
higher mean renal function tests compared to
pregnant controls. Further, these differences were
also present between the mild and severe PE cases.
Also, the most important significantly correlated
factors for severe PE were low amniotic fluid Se
(negatively correlated), and high total leucocytic
count, high fasting blood glucose and CRP levels
(positively correlated). The best way to prevent PE in
an effective manner is the establishment of an
adequate prenatal control system, whose procedures
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should contain an adequate Se supplementation. In
addition, adequate prenatal care would allow
physicians to diagnose and promptly treat
symptomatic and asymptomatic urinary and vaginal
infections. Finally, the role that infection and
inflammation may play in the imbalance of free
radicals that leads to pre-eclampsia needs to be
studied in depth because it may involve a
fundamental change in the prevention and treatment
of PE. Also, we recommend studying the role of
other nutrient trace elements and vitamins in the
occurrence of PE in Egypt.

Corresponding author

Essam A. El-Moselhy

Departments of Community Medicine, Faculty of
Medicine, Al-Azhar University, Assiut, Egypt.
dr_elmoselhy@hotmail.com

References

Anber R, Griffin BA, McConnell M, Packard CJ and
Shephrd J (1996): Influence of plasma lipid and
LDL-subfraction profile on the interaction
between low-density lipoprotein with human
arterial wall proteoglycans. Atherosclerosis, 124:
261-71.

Annegers JF, Combs-Cantrell D, Frankowski RF and
Willmore LJ (1995): Case-control study of the risk
factors for pre-eclampsia. Am J Epidemiol, 142:
437-41.

Atallah AN, Hofmeyr GJ and Duley
L (2002): Calcium supplementation during
pregnancy for preventing hypertensive disorders
and related problems. In: The Cochrane Library,
Issue 4: CD001059.

Atmar Y, Kocyigit Y, Yokus B, Atmar A and Ceylan
A (2005): Lipid peroxidation, antioxidant defense,
status of trace metals and leptin levels in
preeclampsia. Eur J Obst Gyn Reprod Biol, 119:
60-6.

Aydin S, Benian A, Madazli R, Uludag S, Uzun H
and Kaya S (2004): Plasma malondialdehyde,
superoxide dismutase, sE-selectin, fibronectin,
endothelin-1 and nitric oxide levels in women with
preeclampsia. Eur J Obst Gyn Reprod Biol, 113:
21-5.

Bergmeyer HU, Scheibe P and Wahlefeld AW
(1978):  Optimization method for aspartate
aminotransferase and alanine aminotransferase.
Clin Chem, 24: 58-62.

Basso O, Rasmussen S, Weinberg CR, Wilcox Al,
Irgens LM and Skjaerven R (2006): Trends in fetal
and infant survival following preeclampsia. JAMA,
296: 1357-62.

editor@americanscience.org




Journal of American Science, 2011;7(5)

http://www.americanscience.org

Borzychowski AM, Sargent IL and Redman CW
(2006): Inflammation and pre-eclampsia. Semin
Fet Neonat Med, 11: 309-16.

Burrows RF, Hunter DJS, Andrew M and Kelton JC
(1987): A prospective study investigating the
mechanism of thrombocytopenia in pre-eclampsia.
Obst Gynecol, 70: 334-8.

Butterworth BH, Green IA, Liston WA, Haddad NG
and Johnston TA (1991): Immunocytochemical
localization of neutrophil elastase in term placenta
deciduas and myometrium in pregnancy-induced
hypertension. Br J Obst Gynecol, 98: 929-33.

Chait A, Brazg RL, Tribble DL and Krauss RM
(1993): Susceptibility of small, dense, low density
lipoproteins to oxidative modification in subjects
with the atherogenic lipoprotein phenotype,
pattern B. Am J Med, 94: 350-6.

Cockell AP, Learmont JG, Smarson AK, Redman
CW, Sargent IL and Poston L (1997): Human
placental syncytiotrophoblast microvillus
membranes impair maternal vascular endothelial
function. Br J Obst Gynecol, 104: 235-40.

Cunningham FG, Leveno KJ, Bloom SL, Hauth GC,
Spong CU and Dwight JR (2010): Text book of
Williams' obstetrics- Hypertensive disorder in
pregnancy. 23rd Ed, McGraw-Hill, New York.

Curtin WM and Weinstein L (1999): A review of
HELLP syndrome. J Perinatol, 19: 138-43.

Dadelszen PV, Magee LA, Marshall JC and Rotstein
OD (2007): The maternal syndrome of
preeclampsia: A forme fruste of the systemic
inflammatory response syndrome. Sepsis, 4: 43-7.

Davies AM, Poznansky R, Weiskopf P, Prywes R,
Sadovsky E and Czaczkes W (1976): Toxemia of
pregnancy in Jerusalem. II. The role of diet. Isr J
Med Sci, 12: 509-18.

Dawson EB, Evans DR and John N (1999): Third
trimester amniotic fluid metals levels associated
with pre-eclampsia. Division of Maternal Fetal
Medicine, Department of Obstetrics and
Gynecology. University of Texas, Medical
Branch, Galveston, Texas.

Duckitt K and Harrington D (2005): Risk factors for
pre-eclampsia at antenatal booking: Systematic
review of controlled studies. BMJ, 330: 565-9.

El-Moselhy EA, Khalifa HO, Amer SM, Abd El-Aal
HM and Mohammad KI (2011): Risk factors and
impacts of pre-eclampsia: An epicemiological
study among pregnant mothers in Cairo, Egypt. J
Am Science, 7(5): 311-23.

Esders W and Michrina CA (1979): Triglycerides
determination in blood, plasma and serum. J Biol
Chem, 245: 2710-29.

Ferrer E, Alegria A, Barbera R and Monleon J
(1999): Whole blood selenium content in pregnant
women. Sci Total Environ, 277: 139-43.

http://www.americanscience.org

333

Friedwald WT, Levy RI and Fredrickson DS (1972):
Estimation of the concentration of low-density
lipoprotein cholesterol in plasma without use of
preparative ultracentrifuge. Clin Chem, 18: 499-
502.

Funai EF, Paltiel OB, Malaspina D, Friedlander Y,
Deutsch SL and Harlap S (2005): Risk factors for
pre-eclampsia in nulliparous and parous women:
The Jerusalem perinatal study. Paediat Perinat
Epidemiol, 19(1): 59-68.

Gochman N and Schmitz JM (1972): Application of a
new peroxide indicators reaction to the specific,
automated determination of glucose with glucose
oxidase. Clin Chem, 18: 943-7.

Gromadzinska J, Wasowicz W, Krasomsk G,
Broniarczy KD, Andrijewski M, et al. (1998):
Selenium levels, thiobarbituric acid- reactive
substance  concentrations and  glutathione
peroxidase activity in the blood of women with
gestosis and imminent premature labour. Analyst,
123: 35-40.

Guvenc H, Karatas F, Guvenc M and Bectas S
(1995): Low levels of selenium in mothers and
their newborns in pregnancies with a neural tube
defect. Pediatrics, 95: 879-82.

Herrera JA, Chauduri G and Lopez-Jaramillo P
(2001): Is infection a major risk factor for pre-
eclampsia? Medical Hypotheses, 57: 393-7.

Hill JA, Devoe LD and Bryans Jr CI (1986):
Frequency of asymptomatic bacteriuria in pre-
eclampsia. Obst Gynecol, 67: 529-32.

Hubel CA (1999): Oxidative stress in
pathogenesis of pre-eclampsia.  Proc
Experiment Biol Med, 222: 222-35.

Hubel CA, Lyall F, Weissfeld L, Gandley RE and
Roberts JM (1998): Small low-density lipoproteins
and vascular cell adhesion molecule-1 are
increased in association with hyperlipidemia in
pre-eclampsia. Metabolism, 47: 1281-8.

Hubel CA, McLaughloin MK, Evans RW, Hauth BA,
Sims CJ and Roberts JM (1996): Fasting serum
triglycerides, free fatty acids and malondialdehyde
are increased in pre-eclampsia, are positively
correlated and decrease within 48 hours
postpartum. Am J Obst Gyencol, 174: 975-82.

Hubel CA and Roberts JM (1999): Lipid metabolism
and oxidative stress. In: Chesley's hypertensive
disorders in pregnancy; Lindheimer M, Roberts J
and Cunningham F (Eds.), 2nd Ed, 453-86.
Stamford, CT: Appleton & Lange, New York.

Hubel CA, Roberts JM, Taylor RN, Musci JJ,
Rodgers GM and McLaughlin MR (1989): Lipid
peroxidation in pregnancy: New perspectives on
pre-eclampsia. Am J Obst Gynecol, 161: 1025-34.

the
Soci

editor@americanscience.org




Journal of American Science, 2011;7(5)

http://www.americanscience.org

Kaaja RJ and Greer IA (2005): Manifestations of
chronic disease during pregnancy. JAMA,
294(21): 2751-7.

Knopp RH, Bonet B, Lasuncion MA, Montelongo A
and Herrera E (1992): Lipoprotein metabolism in
pregnancy. In: Perinatal biochemistry, Knopp RH
and Herrera E (Eds.), Boca Raton, FL: CRC Press,
Inc., 20-51.

Kosanovic M, Jokanovic M, Jevremovic M, Dobric S
and Bokonjic D (2010): Maternal and fetal
cadmium and selenium in normotensive and
hypertensive pregnancy. Biol Trace Elem Res J,
98: 97-103.

Krauss RM (1997): Genetic, metabolic and dietary
influences on the atherogenic lipoprotein
phenotype. In: Genetic variation and dietary
response: World review of nutrition and dietetics.
Basel, Switzerland: Karger, 80: 20-51.

Levine RJ, Maynard SE, Qian C, Lim KH, England
LJ, Yu KF, Schisterman EF, Thadhani R, Sachs
BP, Epstein FH, Sibai BM, Sukhatme VP and
Karumanchi SA (2004): Circulating angiogenic
factors and the risk of preeclampsia. N Engl J
Med, 350: 672-83.

Lewis PJ, Boylan P and Friedman LA (1981):
Prostacytin in pregnancy. BMJ, 280: 150-7.

Loépez-Jaramillo P (2000): Calcium, nitric oxide and
preeclampsia. Semin Perinatol, 24: 33-6.

Lépez-Jaramillo P, Casas JP and Serrano N (2001):
Pre-eclampsia: From epidemiological observations
to molecular mechanisms. Braz J Med Biol Res,
34(10): 1227-35.

Lorentzen B, Drevon CA, Endessen MJ and
Henriksen T (1995): Fatty acid pattern of esterfied
and free fatty acids in sera of women with normal
and pre-eclamptic pregnancy. Br J Obst Gynecol,
102: 530-7.

Lu BY (1990): Changes of selenium in patients with
pregnancy induced hypertension. Chinese J Obst
Gynecol, 25: 325-9.

MacGillivary A (1983): Pre-eclampsia: Hypertensive
disease of pregnancy. WB, Saunders Company.
Mahomed K, Williams MA, Woelk GB, Jenkins-
Welk L, Mudzamiri S, Madzime S and Sorensen
TK (1998): Risk factors for pre-eclampsia among
Zimbabwean women: Recurrence risk and familial
tendency towards hypertension. J Obst Gynecol,

18(3): 218-22.

Mahomed K, Williams MA, Woelk GB, Mudzamiri
S, Madzime S, King IB and Bankson
DD (2000): Leukocyte selenium, zinc, and copper
concentrations in pre-eclamptic and normotensive
pregnant women. Biol Trace Elem Res, 75: 107-
18.

http://www.americanscience.org

334

Mekkay FA, Bakr I and Aboutalib Y (2007):
Selenium and selected risk factors for pre-
eclampsia. Egypt ] Comm Med, 25(1): 35-43.

Mihailovic M, Cvetkovic M, Ljubic A, Kosanovic M,
Nedeljkovic S, Jovanovic I and Pesut O (2000):
Selenium and malondialdehyde content and
glutathione peroxidase activity in maternal and
umbilical cord blood and amniotic fluid. Biol
Trace Element Res, 73: 47-54.

Mistry HD, Wilso V, Ramsay MM, Symonds ME,
Broughton N and Pipkin F (2008): Reduced
selenium  concentrations  and  glutathione
peroxidase activity in pre-eclamptic pregnancies.
Hypertension, 52(2): 881-8.

Morris J, Endersen MJ, Watts A, Linton E and
Redman CW (1996): Pre-eclamptic placental
syncytiotrophoblast microvillus membranes have
altered fluidity and inhibit endothelial cell
proliferation (abstract). Hypertension Pregnancy,
16: 78.

National Education program Working Group on High
Blood Pressure (2000): Report on High blood
pressure in pregnancy. Am J Obst Gynecol, 183:
SI1-S22.

Ostlund I, Haglund B and Hanson U (2004):
Gestational diabetes and preeclampsia. Eur J Obst
Gyn Reprod Biol, 113: 12-6.

Parretti E, Lapolla A, Dalfra M, Pacini G, Mari A and
Cioni R (2006): Preeclampsia in lean
normotensive normotolerant pregnant women can
be predicted by simple insulin sensitivity indexes.
Hypertension, 47: 449-53.

Rahmouni K, Morgan DA, Morgan GA, Liu X,
Sigmund CD, Mark AL and Haynes WG (2004):
Hypothalamic PI3 kinase and MAP kinase
differentially mediate regional sympathoactivation
to insulin. J Clin Invest, 114: 652-8.

Raijmakers MTM, Dechend R and Poston L (2004a):
Oxidative stress and pre-eclampsia: Rationale for
antioxidant clinical trials. Hypertension, 44: 374-
80.

Raijmakers MTM, Peters WHM, Steegers EAP and
Poston L (2004b): Aminothiols, detoxification and
oxidative stress in pre-eclampsia and other
disorders of pregnancy. Curr Pharm Des, 23: 164-
70.

Ratman MP, Abou Shakra FR, Ward NI and Redman
CWG (1996): Comparison of selenium levels in
pre-eclamptic and normal pregnancies. Biol Trace
Element Res, 55: 9-20.

Rayman MP (2000): The importance of selenium to
human heath. Lancet, 356: 233-41.

Rayman MP (2002): The argument for increasing
selenium intake. Proc Nutr Soc, 61: 203-15.

Rayman MP, Abou-Shakra FR, Ward NI and
Redman CW (1996): Comparison of selenium

editor@americanscience.org




Journal of American Science, 2011;7(5)

http://www.americanscience.org

levels in pre-eclamptic and normal pregnancies.
Biol Trace Elem Res, 55: 9-20.

Rayman MP, Bode P and Redman CWG (2003): Low
selenium status is associated with the occurrence
of the pregnancy disease pre-eclampsia in women
from the United Kingdom. Am J Obst Gynecol,
189: 1343-9.

Redman CWG and Sargent IL (2000): Placental
debris, oxidative stress and pre-eclampsia.
Placenta, 21: 597-602.

Redman CWG and Sargent IL (2003): Pre-eclampsia,
the placenta and the maternal systemic
inflammatory response- a review. Placenta, 24
(Suppl.A): 521-7.

Redman CWG, Sacks G and Sargent IL (1999): Pre-
eclampsia: An excessive maternal inflammatory
response to pregnancy. Am J Obst Gynecol, 180:
499-506.

Richmond W (1973): Preparation and properties of
cholesterol oxidase and its application to
enzymatic assay of serum total cholesterol. Clin
Chem, 19: 511- 8.

Roberts JM (1998a): Pregnancy related hypertension.
In: Maternal fetal medicine Creasy RK and Resnik
R (Eds.), 4th Ed, WB Saunders, Philadelphia.

Roberts JM (1998b): Endothelial dysfunction in pre-
eclampsia. Semin Reprod Endocrinol, 16: 5-15.

Roberts JM (2000): Recent advances in obstetrics.
BMIJ, 321: 33-5.

Roberts JM, Balk JL, Bodnar LM, Belizan JM,
Bergel E and Martinez A (2003): Nutrition as a
preventive strategy against adverse pregnancy
outcomes: Nutrient involvement in pre-eclampsia.
J Nutr, 133: 1684S-92S.

Roberts JM and Cooper DW (2001): Pathogenesis
and genetics of pre-eclampsia. Lancet, 357: 53-6.
Roberts JM and Gammill H (2006): Insulin resistance

in preeclampsia. Hypertension, 47: 341-2.

Roberts JM and Hubel CA (1999): Is oxidative stress
the link in the two-stage model of pre-eclampsia?
Lancet, 354: 788-9.

Roberts JM, Taylor RN, Musci TJ, Rodgers GM,
Hubel CA and McLaughlin MK (1990): Pre-
eclampsia: An endothelial cell disorder. Am J
Obst Gynecol, 163: 1365-7.

Sacks GP, Studena K, Sargent IL and Redman CWG
(1998): Normal pregnancy and pre-eclampsia both
produce inflammatory changes in peripheral blood
leukocytes akin those of sepsis. Am J Obst
Gynecol, 179: 80-6.

Scioscia M, Gumaa K and Rademacher TW (2009):
The link between insulin resistance and
preeclampsia: New perspectives. J Reprod
Immunol, 80(1-2): C02.

Sheppard BL and Bonnar J (1981): An ultra structural
study of utero-placental spiral arteries in

http://www.americanscience.org

335

hypertensive  pregnancy and fetal growth
retardation. Br J Obst Gynecol, 88: 695-705.

Sibai BM, Dekker GA and Kupferman M (2000):
Preeclampsia. Lancet, 356: 685-99.

Solomon CG, Graves SW, Green MF and Seely EW
(1994): Glucose intolerance as a predictor of
hypertension in pregnancy. Hypertension, 23: 717-
21.

Solomon CG and Seely EW (2001): Brief review-
Hypertension in pregnancy: A manifestation of the
insulin resistance syndrome. Hypertension, 37:
232-9.

Spencer K (1986): Analytical reviews in clinical
biochemistry: The estimation of creatinine. Ann
Clin Biochem, 23: 25-9.

Steele BW, Kochler DF and Azar MM (1976):
Enzymatic determinations of cholesterol in high-
density lipoprotein fractions prepared by a
precipitation technique. Clin Chem, 22: 98-101.

Surratt N (1993): Severe pre-eclampsia: Implications
for critical-care obstetric nursing. J Obst Gyn
Neonatal Nurs, 22: 500-7.

Tan M, Sheng L and Quian Y (2001): Changes of
serum selenium in pregnant women with
gestational diabetes mellitus. Biol Trace Elem
Res, 83: 231-7.

Teran E, Escudero C, Moya W, Flores M, Vallance
Pl and Loépez-Jaramillo P (2001): Elevated C-
reactive protein and pro-inflammatory cytokines in
Andean women with preeclampsia. Internat J
Gynaecol Obst, 39: 73-6.

Thompson DD and Allen RJ (1988): Rapid
determination of selenium by using flameless
atomic  absorption  spectrophotometer  (460-
graphete 2000). Atomic Spectroscopy, 2: 53-8.

Titez NW (2004): Non protein nitrogen metabolites.
In: Textbook of clinical chemistry and molecular
diagnostics, M Ed., Philadelphia, WB Saunders.

Toborek M, Barger W, Mattson MP, Barve S,
McClain CJ and Hening B (1996): Linoliec acid
and TNFa cross amplifyoxidative injury and
dysfunction ofendothelial cells. J Lipid Res, 37:
123-5.

Vambergue A, Nuttens MC, Goeusse P, Biausque S,
Lepeut M and Fontaine P (2002): Pregnancy
induced hypertension in women with gestational
carbohydrate intolerance: The digest study. Eur J
Obst Gyn Reprod Biol, 102: 31-5.

Vanderlelie J, Venardos K and V Perkins A (2004):
Selenium deficiency as a model of experimental
pre-eclampsia in rats. Reproduction, 128: 635-41.

Von Versen-Hoeynck FM and Powers RW (2007):
Maternal fetal metabolism in normal pregnancy
and pre-eclampsia. Front Biosci, 12: 2457-70.

editor@americanscience.org




Journal of American Science, 2011;7(5)

http://www.americanscience.org

Walsh SW (1998): Maternal-placental interactions of
oxidative stress and antioxidants in pre-eclampsia.
Semin Reprod Endocrinol, 16: 93-104.

Wang Y and Walsh SW (1996): Antioxidant
activities and mRNA expression of superoxide
dismisse, catalase and glutathione peroxidase in
normal and pre-eclamptic placentas. J Soc Gyn
Investig, 3(4): 179-84.

Weisser B, Locher R, deGaaf J, Moser R and
Sachinidis A (1993): Low-density lipoprotein
subfractions increase thromboxane formation in
endothelial cells. Biochem Biophys Res Commun,
192: 1245-50.

Zachara BA, Wardak C, Didkowski W, Maciag A
and Marchaluk E (1993): Changes in blood

http://www.americanscience.org

336

selenium and glutathione concentrations and
glutathione  peroxidase activity in human
pregnancy. Gyn Obst Investig, 35: 12-7.

Ziaei S, Khayyati Motlagh Bonab SH and
Kazemnejad A (2006): Serum lipid levels at 28-32
weeks gestation and hypertensive disorders.
Hypertens Preg, 25(1): 3-10.

Ziaei S, Ranjkesh F and Faghihzadeh S (2008):
Evaluation of 24-hour copper in preeclamptic vs.
normotensive pregnant and non-pregnant women.
Intnat J Frtil Steril, 2(1): 9-12.

4/7/2011

editor@americanscience.org




