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ABSTRACT
Aims: The present study investigated levels of trace elements, antioxidants, uric acid, C-reactive
proteins and estrogen in preeclamptic pregnant women in Owerri, Imo State, Nigeria using patients
from Federal Medical Centre (FMC) and specialists Hospital in Owerri, Nigeria.
Study Design: A total of 350 pregnant women between the ages of 20-40 years from two known
hospitals in Owerri were examined for the study. The examined pregnant women were group into
160 normotensive pregnant women as control and 190 preeclamptic pregnant women.
Results and Discussion: Results obtained for serum trace elements revealed significant decrease
(p<0.05) in preeclamptic pregnant women against normotensive pregnant women. Antioxidant
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vitamins C and E; and estrogen significantly decreased (p<0.05) in preeclamptic pregnant women
against normotensive pregnant women. Uric acid and C-reactive protein levels increased in
preeclamptic pregnant women against normotensive pregnant women. The decrease in trace
elements could be linked to development of preeclampsia since some of these trace elements
perform antioxidant function. Increased antioxidant activity and lipid peroxidation could be behind
the reduced levels of vitamins C and E, and estrogen in preeclamptic pregnant women against
normotensive pregnant women.
Conclusion: This study has revealed the trace elements, antioxidants, uric acid, C-reactive
proteins, and estrogen levels of preeclamptic pregnant women in Owerri, Nigeria.

Keywords: Antioxidants; estrogen; preeclampsia; hospitals; trace elements.
The roles of copper, zinc and manganese during
pregnancy have been reported by Balck [14],
WHO [16], Giles and Doyle [17], Ziael et al. [18],
Jaiser and Winston [19]. Lipid peroxidation which
leads to generation of reactive oxygen species
(ROS) has been associated with preeclampsia.
ROS has been linked to placental oxidative
stress and has been noted to be a key feature in
the pathogenesis of preeclampsia [20]. Vitamins
C and E are amongst the natural non-enzymatic
antioxidants, which are known to generate
molecules that fight these reactive oxygen
species [21-24]. C-reactive protein is a sensitive
marker and has been reported to elicit response
characteristics of preeclampsia as noted by
Mirzaie et al., [25]. In pregnancy affected by
hypertension, increased uric acid has been
reported as part of metabolic syndrome at ten
weeks [26]. Uric acid has also been reported to
have a relationship with estrogen, blood volume,
and glomerular filtrates in pregnancy [27].

1. INTRODUCTION
Preeclampsia has been described as a condition
marked by high blood pressure in women with no
previous history or experience of high blood
pressure during pregnancy [1-3]. Al-Jameil et al.
[4] noted that preeclampsia is a common medical
complication of pregnancy standing next to
hemorrhage and embolism among pregnancy
related cause of death. It has been reported that
in preeclampsia, the systolic BP is 140 mmHg
and diastolic BP 90 mmHg in a woman with
previously normal blood pressure and with
proteinuria 0.3 gm in a 24-hour urine collection or
equal to 1+ or 100 mg/dl by dipstick response [4].
The condition normally appears at the late stage
of pregnancy in women, though some few earlier
occurrences have been reported [5-6]. It has
been noted that if preeclampsia condition is not
treated, it could lead to eclampsia. Eclampsia is
a condition associated with seizures and could
seriously place the mother and her unborn child
at risk [7]. In severe preeclampsia, the fetus or
newborn may have neurological damage induced
by hypoxia [8]. Poor nutrition, high body fat,
insufficient blood flow to the uterus, genetics as
well as malfunctioning placenta that is not
known, are among the suspected causes of
preeclampsia conditions in pregnant women [911]. Generally, first-time pregnancies, pregnant
teens, and pregnant women over 40 are at risk of
preeclampsia condition [12-13].

The present study investigated levels of trace
elements, antioxidants, uric acid, C-reactive
proteins and estrogen in preeclamptic pregnant
women in Owerri, Imo State, Nigeria using
patients from Federal Medical Centre (FMC) and
specialists Hospital in Owerri, Nigeria.

2. MATERIALS AND METHODS
2.1 Study Area
The present study was carried out in Owerri, the
capital of Imo State, southeast geopolitical zone
of Nigeria. Owerri covers about 100 square
kilometers (40 square meter) and falls within
tropical rain forest zone. It lies within the latitude
5°25´-5°29´N and longitude 6°59´-6°30´E. Owerri
houses majorly the Igbo speaking tribe of
Nigeria, though few people from other tribes
found in Nigeria also reside within. The
inhabitants of Owerri are predominantly
Christians with very few pagans and Muslims.

Both macro and micro nutrients have important
influence on the health of pregnant women and
growing fetus [14]. Vitamins, some mineral
elements, proteins and fatty acids are always in
high demand during pregnancy [4]. Naeye [15]
noted that pregnancy is associated with
increased demand of all micronutrients such as
iron, copper, zinc, vitamin B12, folic acid and
ascorbic acid. According to Al-Jameil et al. [4],
the deficiency of nutrients could affect
pregnancy, delivery and out-come of pregnancy.
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2.2 Study Population

2.5 Statistical Analysis

The Federal Medical Centre and Imo Specialist
Hospital were used for this study. A cohort of
pregnant women who were attending prenatal
care at the antenatal clinic and wards of both
hospitals were selected from July 2017 to July
2018. Each participant signed an informed
consent form after the procedure and
implications were explained using a language the
subject would understand. Research and Ethics
Committee of both hospitals used granted ethical
approval for this study. A total of 350 pregnant
women between the ages of 20-40 years were
examined for this present study. The examined
pregnant women were of two groups of 160
normal pregnant women (normotensive pregnant
women) as control; and 190 preeclamptic
pregnant women as test group. Each of the
hospitals used provided half of the participants
that make up each group. Absence of labour and
premature ruputure of membrane, febrile illness
in pregnancy, metabolic illness such as diabetes
mellitus, liver
disease,
kidney disease,
dyslipidemia, HIV, sickle cell disease and
history of any other chronic disease were
among the exclusion criteria used for the
selection of participants. With the help of
a standard mercury sphygmomanometer,
maternal blood pressure was taken following
the methods as described by Ikaraoha et al.
[28].

The mean and standard deviations of all the
results generated were computed. Results were
presented as mean ± standard deviation.
Students t-distribution at 5% (p<0.05) level was
used to compute significance. Asterisk (*) was
used to depict significant values between
corresponding bars of Figs. 2 to 4.

3. RESULTS AND DISCUSSION
Fig. 1 shows the blood pressure of participants.
From the Figure, systolic blood pressure of
preeclamptic pregnant women was 148±3.07
mmHg
against
119.13±2.10
mmHg
of
normotensive pregnant women. Diastolic blood
pressure of preeclamptic was 95.07±1.75 mmHg
against 78.20±1.08 mmHg of normotensive
pregnant women. Al-Jameil et al. [4] noted that
preeclampsia is characterized by development of
high blood pressure (hypertension). According to
World Health Organization, hypertension is
defined as blood pressure persistently equal to or
higher than 140 (systolic) /90 (diastolic) mmHg at
rest [30]. Both systolic and diastolic blood
pressure of preeclamptic pregnant women in this
study were significantly higher (p<0.05) against
those of normotensive pregnant women. The
observed systolic and diastolic pressure of
preeclamapsia subjects in the present study
could be compared with the observation of AlJameil et al. [4] who note that in preeclampsia,
the systolic BP is 140 mmHg and diastolic BP 90
mmHg in a woman with previously normal blood
pressure.

2.3 Blood Sample Collection
Five milliliters of venous blood were collected
from each of the participants at delivery and
dispensed into the plain container. The collected
blood sample was allowed to clot and the serum
was separated. The separated serum was stored
appropriately under refrigeration and then used
for further analysis.

A number of studies conducted to know the
relationship between maternal plasma trace
elements level and preeclampsia have been
reported inconsistently [31]. Fig. 2 shows the
levels of serum trace elements in participants.
From the Figure, zinc ranged from 7.83-9.15
µg/dl; iron ranged from 6.14-8.05 µg/dl; and
copper ranged from 6.43-9.13 µg/dl. The
importance of trace elements in preeclampsia
relates to the fact that they are found in
metalloproteins,
ceruloplasmin,
superoxide
dismutase, and glutathione peroxidase [32].
Essential trace elements such as zinc, iron,
copper amongst others are required for
maintenance of normal health in human
populations [14-16, 33]. Their possible individual
roles in preeclampsia have also been reported by
different authors [34]. According to Apgar [35],
previous studies have suggested that alterations
in maternal serum or plasma zinc levels are

2.4 Analysis of Serum Samples
Serum copper, zinc, and iron trace elements
were analyzed following the instructions as
contained in their kits. The uricase method using
Human diagnostic kit was used for estimation of
uric acid [29]. C-reactive protein was estimated
by latex agglutination slide test using C-reactive
protein reagent kit. Vitamins C and E were
determined by 2,4-dinitrophenyl hydrazine
spectrophotometric methods and Alpha-Alpha
dipyridly method respectively. Estrogen was
estimated using Abcam`s estradiol in vitro
competitive kit.
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found in preeclampsia. Zinc decreased
significantly (p<0.05) in preeclamptic pregnant
women when compared to normotensive
pregnant women in this study. Decreased zinc
levels in preeclampsia has been reported by
Chsolm et al. [36], Adeniyi [37] and Diaz et al.
[38]. Al-Jameil et al. [4] attributed low serum zinc
in preeclampsia to reduced concentrations of
transport proteins. Zinc deficiency has been
linked to increase in lipid peroxidation [39] while
Tamura et al. [40] attributed such decrease to
reduce in zinc binding proteins and increase in
transfer of zinc from the mother to fetus. Malekmellouli et al. [41] reported iron status in
pregnant women and its changes during
preeclampsia. Significant increase in compounds
associated with iron such as hemoglobin,
haematocrit, serum ferritin and transferrin
saturation during pregnancy, which later
develops preeclampsia has been reported by
Tasneem and Zafar [42]. Iron has been linked to
oxidative stress and in radical form has been
linked to pathogenesis of preeclampsia [42]. Iron
in preeclampsia pregnant women in the present
study reduced significantly (p<0.05) against
normotensive pregnant women (Control). This is
inconsistent with the increase reported by Kandi
et al. [43], who noted that the raised serum iron
levels in turn alters the iron related parameters
like total iron binding capacity(TIBC), serum
ferritin, transferrin, and percent saturation; and
the work of Rayman et al. [44]. Raffeeinia
et al. [45] noted that copper is an important
trace element which takes part in structure
of many enzymes like lysyl oxidase,
cytochrome coxidase, tyrosinase, dopamine-β-

hydroxylase, peptidylgly-cine alpha-amidating
monooxygenase,
monoamine
oxidase,
ceruloplasmin, and copper–zinc superoxide
dismutase. It has been reported that copper can
produce the highly reactive hydroxyl radical.
According to Fang et al. [46], the generation of
highly reactive hydroxyl radical can begin lipid
peroxidation process which may cause
endothelial cell damage. According to Raffeeinia
et al. [45] and Ilhan et al. [47], many studies have
shown that copper concentration increased in
preeclampsia
patients.
However,
copper
decreased significantly (p<0.05) in preeclamptic
pregnant women against the normotensive
pregnant women (Control) in the present study.
This observation is line with earlier work of
Kanagal et al. [48] on copper levels in
preeclampsia: a study from coastal South India,
Akinloye et al. [49] and Ugwu et al. [50]. The
decrease in levels of zinc and copper in this
study agree with the earlier observation of
Akinloye et al. [49], Kanagal et al. [48] and
Ikaraoha et al. [28]; but inconsistent with the
study of Ohad et al. [51], who reported higher
levels of copper and zinc in preeclampsia cases.
The observed decrease in trace elements in the
present study could be linked to development
of preeclampsia since some of these trace
elements perform antioxidant function as
well.
Pregnancy generally imposes physiological
stress on expectant mothers which results in the
utilization
of antioxidants.
According to
Kashinakunti et al. [52] and Mehmet et al. [53],
free radicals and other damaging reactive
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Fig. 1. Blood pressure of participants
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oxygen species, such as the superoxide anions
are in oxidative metabolic processes, their
activation is thought to increase during
preeclampsia. Fig. 3 shows vitamin levels of
participants in the present study. From the
Figure, vitamin C ranged from 0.40-1.32 mg/dl;
and vitamin E from 0.45-1.22 mg/dl. This study
revealed that vitamins C and E levels of
preeclamptic
pregnant
women
reduced
significantly (p<0.05) when compared to
normotensive pregnant women. The studies of
Kashinakunti et al. [52], Kiondo et al. [54],
Chappell et al. [55] and Wang and Walsh [56]
have reported decreased levels of vitamin C level
in preeclampsia patients. Rokeya [57] observed
the reduction of plasma vitamin E in

preeclampsia. The scavenging or antioxidant
roles of vitamins C and E are increased in
preeclampsia cases because of increased lipid
peroxidation. This may have resulted in
excessive utilization of these vitamins causing
their reduction in the body preeclampsia
pregnant women.
Levels of uric acid, C-reactive proteins and
estrogen are presented in Fig. 4. From the Figure
uric acid ranged from 5.56-7.59 mg/dl; C-reactive
protein was between 0.96-4.16 mg/dl; while
estrogen ranged from 166.32-236.38 pg/ml.
Elevated uric acid is another component of the
preeclampsia syndrome that was recognized
many years ago, though it has been found to be
5
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Fig. 4. Levels of uric acid, C-reactive protein and estrogen levels of participants
a poor predicator of the disorder [58-60]. Lam et
al. [61] reported that increased uric acid level is a
key clinical feature of preeclampsia; higher levels
correlate with significant maternal and fetal
morbidity and mortality. Uric acid increased
significantly (p<0.05) in preeclampic pregnant
women than normotensive pregnant women in
the present study. This is in line with the work of
Bainbridge and Robert [62] who noted that
hyperuricemia is a characteristic feature
preeclampsia. Increased level of uric acid in
preeclampsia subjects can be attributed to
hyervolemia, increased xanthine oxidase activity;
and increased foetal and maternal tissue
damage. Markus [63] noted that preeclampsia is
a
disease
characterized
by
increased
antiangiogenesis and inflammation. C-reactive
protein (CRP) is a substance produced by the
liver in response to inflammation. A high level of
C-reactive protein in the blood is a marker of
inflammation. For a long time, a role of CRP in
preeclampsia has been conceived. Parchim et al.
[64] unravel a mechanism which might account
for placental and also for kidney injury and
arterial hypertension in preeclamptic disease. Creactive protein reduced significantly (p<0.05) in
preeclampsia
pregnant
women
than
normotensive pregnant women in the present
study. Parchim et al. [64] demonstrated the
placenta as production site for CRP in addition to
the liver in nonpregnant conditions. Barkane et
al. [65] reported that during pregnancy, estrogen
is produced primarily in the placenta by
conversion of androgen precursors originating

from maternal and fetal adrenal glands. Estrogen
significantly decreased (p<0.05) in preeclampsia
pregnant
women
against
normotensive
pregnant women in the present study. The
observation is not in line with the study of
Barkane et al. [65] who noted that aberrant
production of estrogens could play a key
role in preeclampsia symptoms because they
are exclusively produced by the placenta
and
they
promote
angiogenesis
and
vasodilation.

4. CONCLUSION
In conclusion, reduced serum levels of trace
elements, antioxidant vitamins and estrogen
were observed in pregnant women with
preeclampsia condition against normotensive
pregnant women. Uric acid and C-reactive
proteins levels followed increased trend in
preeclampic pregnant women when compared to
those of normotensive pregnant women. The
decrease in trace elements could be linked to
development of preeclampsia since some of
these trace elements perform antioxidant
function. Increased antioxidant activity and lipid
peroxidation could be behind the reduced levels
of vitamins C and E, and estrogen in
preeclamptic
pregnant
women
against
normotensive pregnant women. The study has
revealed the trace elements, antioxidants, uric
acid, C-reactive proteins, and estrogen levels of
preeclamptic pregnant women in Owerri, Imo
State, Nigeria.
6
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