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Abstract

The trace elements used in the study are zinc, copper, selenium and iron,
these have been implicated in various reproductive events. Maternal trace
elements intake and their concentration are important for maternal and fetal
well-being; however, data is insufficient in Ghanaian pregnant women. Espe-
cially, their concentration according to the pregnancy course (1%, 2" and 3%
trimester) should be determined, which may provide fundamental data of this
issue. The maternal blood levels of four trace elements: zinc, copper, selenium
and iron, were determined according to the gestational age in Ghanaian
pregnant women. Blood samples were taken from 150 pregnant women (50
for each trimester) and 50 non-pregnant women (control). Concentration of
four trace elements was measured using Flame Atomic Absorptive Spectro-
photometer. The data (mean + SD; ug/L) was as follows: in the order of con-
trol, 1%, 2™, and 3™ trimester. 1) For zinc, 313 + 211, 101 * 92, 66 + 63, and
443 + 321. 2) For copper, 345 + 261, 1349 + 418, 1507 + 388, and 1811 + 344.
3) For selenium, 99 + 25, 56 + 17, 163 + 38, and 261 + 84. 4) For iron, 43.2 +
15.2, 27.3 £ 15.7, 28.7 £ 17.2, and 40.5 = 17 ug/L. Although each trace ele-
ment showed various/specific concentrations according to the gestational age,
overall tendency was a decline at 1* and 2™ trimester, and increase at 3" tri-
mester. The latter may be due to the introduction of supplementation. These
data may be of use to consider maternal nutritional status in this area. Objec-
tive: To estimate the levels of zinc, copper, iron and selenium in pregnancy.
Subjects were recruited from the Osu Maternity Home (OMH).
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1. Introduction

In the human body, there is a need for essential minerals such as trace elements
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for normal development and functioning of the body. These trace elements are
needed in minute quantities in the body but are mostly limiting in the diets, par-
ticularly of the socio-economically weaker and physiologically venerable sections
of the population in developing countries [1]. Deficiencies of these trace ele-
ments have been documented to play a major role in the determination of fetal
outcome. In developing countries, the diet of pregnant women is noted to con-
tain lower amount of minerals and vitamins [1]. Trace elements like zinc, copper
and magnesium have been implicated in various reproductive events like fertili-
ty, pregnancy induced hypertension, placental abruption, premature rupture of
membranes, pregnancy wastage, congenital anomalies, still births and low birth
weight [1].

Copper, Zinc and Selenium are essential for normal human development and
functioning of the body [2]. They also play important roles in immune physi-
ologic functions, for e.g. Zinc plays a significant role in nucleic acid metabolism,
forms an integral part of more than 200 enzymes, cell replication, tissue repair
and growth. Lack of zinc in the system leads to profound alteration of thymic
function with resultant loss of T-cell-mediated responses and increased suscep-
tibility to infectious diseases [3]. The anti-oxidation function of selenium in glu-
tathione peroxidase is essential in protecting the biological system from oxida-
tion caused by peroxides. Superoxide dismutase, which usually contains copper
and or zinc, acts as antioxidants against superoxide [2].

In developing countries, deficiency of minerals and vitamins in women of re-
productive age is recognized as a major public health concern. Pregnant women
are the prime target as far as nutritional deficiencies are concerned. The de-
mands imposed by pregnancy involving the growing placenta, fetus and mater-
nal tissues, coupled with associated dietary risks could add up to the effect. If
there should be a comprised of nutrition during pregnancy, it can result in ad-
verse effects such as anemia, pregnancy-induced hypertension, complications of
labor and even death [4]. Furthermore, the fetus can be affected, resulting in
stillbirth, pre-term delivery, intrauterine growth retardation, congenital malfor-
mations, reduced immuno-competence, and abnormal organ development.

Deficiency of trace elements like zinc, copper and magnesium have been im-
plicated in the various reproductive events like pregnancy induced hypertension,
stillbirths and low birth weight. The level of multiple trace elements in Ghanaian
pregnant women has so far (to the best of our knowledge) not been well docu-
mented. Whether levels are adequate or not remains a perception and a matter

of conjecture. There is a need therefore to undertake studies in this field.

2. Methodology
2.1. Study Site
Subjects were recruited from the Osu Maternity Home (OMH). The maternity

home serves the Osu-Klottey constituency in the Greater Accra region. At OMH

patients attend antenatal care and are only detained prior to delivery.
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2.2. Study Design

The study design was a cross-sectional study and was conducted from December
2009 to April 2010.

2.3. Subjects

Blood sample was taken from pregnant women within the ages of 23 - 35 years
who report for antenatal clinic. At least 50 samples were taken for the various
trimesters. A total number of 200 samples were taken, including control sam-
ples. Since this is a cross-sectional study, the mean, standard deviations and va-

riance were looked at.

Inclusion Criteria and Exclusion Criteria
Pregnant women reporting to the Osu maternity home were used in the study.
Men, non-pregnant women and pregnant women whose stool later show posi-

tive for worms.

2.4. Sample Size

A total of 200 samples were taken for the analysis. This comprised of 150 preg-
nant women and 50 non-pregnant women (control samples). Since this is a
cross-sectional study, the mean, standard deviations and variance were deter-
mined.

Sample size determination

N=(200) sample size;

D = allowable error;

Z(a=95%) = 1.96;

$= standard deviation (Schagen et al, 2006), S= 0.9, $* = 0.81%.

D= 3.112
200
D =+0.016

D=0.13,D=1334

2.5. Sample Collection and Preparation

3 - 5 mls of blood samples were taken into plain tubes and allowed to clot. It was

then centrifuged at 3000 rpm for 5 minutes and supernatant pipetted into clean
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tubes. The serum was stored at —20°C for analysis later.

2.6. Materials

6 mls of 69% Nitric acid (HNO,).
1 ml of 30% Hydrogen peroxide (H,O,).

2.7.Flame Atomic Absorptive Spectrophotometer

Principle of FAAS

VARIAN 240FS Flame Atomic absorption (FAAS) spectrophotometer was used
along with standards of high purity metals from Teknolab AS Sweden, to assay
the elements quantitatively. Atomic absorption Spectrometer is an instrument
which quantitatively measures the concentrations of elements present in a liquid
sample. It utilizes the principle that elements in the gaseous phase absorb light at
very specific wavelengths. This gives the technique excellent specificity and de-
tection limits. The liquid is drawn into a flame where it is ionized in the gaseous
phase. Light of specific wavelength is shone through the flame. The absorption is
proportional to the concentration of the elements. The analytical conditions of
the elements are listed in Table 1.

2.8. Sample Preparation Prior to Atomic Absorption
Spectrometry and Assay

Digestion of the samples was carried out to get rid of the organic component
leaving only the trace elements to be analyzed. 1 ml of the serum samples were
weighed accurately into TFM Teflon Vessels of a microwave digester (Milestone
ETHOS 900). 6 mls of 69% HNO, and 1 ml of 30% H,O, were added to each
vessel containing the sample. The vessels were swirled gently to mix well and fit-
ted vertically into the microwave digester and digested for 25 minutes. The sam-
ples were digested using 6 mls of HNO,; and 1 ml of H,0,. Once digestion was
completed, the solution containing the samples was cooled down in a water bath
for 10 minutes to reduce high temperature and pressure built up within the ves-
sels. The digestive component was then transferred quantitatively into a volu-
metric flask and diluted to 20 mls using deionized water. A blank was prepared
in a similar fashion but without the analyte. All the samples were analyzed using
VARIAN 240FS flame atomic absorption spectrometer. To ensure the reliability
of the analytical method during digestion and sample preparation, blank sam-
ples were also digested along with each set of samples and subsequently analyzed

for appropriate elements through the same procedure.

Table 1. Analytical conditions of elements.

Element Lamp Current (mA) Wavelength (nm) Slit width (nm) Fuel Gas Oxidant

Zn 5 213.9 0.1 Acetylene Air
Cu 4 3274 0.1 Acetylene Air
Se 10 196.0 1.0 Acetylene Air
Fe 4 248.3 0.1 Acetylene Air
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2.9. Statistical Analysis

The data obtained will be entered into a database using SPSS Windows 11.5, Mi-
crosoft. The mean + SD will be calculated. Student’s t test will be determined
and considered significant at p < 0.05. ANOVA and correlation analysis will be

performed to determine the degree of correlations.

3. Results

Blood samples were taken from pregnant women within the ages of 23 - 35 years
who report for antenatal clinic at the OMH. At least 50 samples were taken for
the various trimesters. A total number of 150 samples were taken, excluding the
control samples.

From Figure 1, the mean controls of zinc levels were 313 + 211 ug/L. That for
the first, second and third trimesters are 101 £ 92 ug/L, 66 + 63 ug/L and 443 +
321 ug/L respectively. Furthermore, the mean controls reading was statistically
significant compared to the first trimester (p < 0.002), second trimester (p <
0.002) and the third trimester (p < 0.002).

In Figure 2, the mean control levels of copper were 345 + 261 ug/L. Those for
first, second and third trimesters were 1349 + 418 ug/L, 1507 + 388 ug/L and
1811 + 344 ug/L, respectively. Comparing the mean of the control to that of the
various trimester groups, statistically, differences were seen when compared to
the first (p < 0.001), second (p < 0.001) and third (p < 0.001).

For that of iron from Figure 3, the mean for the control levels was 43.2 + 15.2
ug/L. Those of the first, second and third trimesters were 27.3 + 15.7 ug/L, 28.7
+ 17.2 ug/L and 40.5 + 17 ug/L, respectively. Statistically, the mean of the control
was significantly different from that of the first trimester (p < 0.001), second
trimester (p < 0.001) and the third trimester (p < 0.001).

The mean control levels of selenium were 99 + 25 ug/L. The results of the
various trimesters were as follows: first trimester was 56 + 17 ug/L, the second
trimester was 163 + 38 ug/L and that of the third trimester was 261 + 84 ug/L.
Further comparison of the control mean to the first, second and third trimesters
were statistically significant of p < 0.001, p < 0.001 and p < 0.001 (Figure 4).
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Figure 1. Results of the mean Zinc levels of the various trimester groups. The control
group (a) was statistically different from all the other groups; ((b), (c) and (d)): (p <
0.001; p < 0.001; p < 0.001 respectively). Furthermore, the second trimester Zinc levels
were statistically different from that of the third trimester group (p < 0.000).
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Figure 2. Results of the mean Copper levels of the various trimester groups. The control
Copper levels (a) were very low compared to the first (b), second (c) and the third (d)
trimester groups (p < 0.001 respectively). Furthermore, differences between the first and
the third trimester groups (b and d) were statistically different (p < 0.001).

90 -
80 -
70
60{ 2 d
50
40
30
20 -
10 4
0 4

Serum Iron Conc. (vg/L)

C 1st 2nd 3rd

Various Groups

Figure 3. Results of the mean Iron levels for the various trimester groups and the control
statistically. The control (a) was different from the first (b) and the second (c) trimester
groups. However, the control (a) and the third trimester group (d) were not statistically
different. Moreover, the third trimester Iron levels (d) were statistically different from the
first (b) and the second (c) trimester groups (p < 0.017; p < 0.05, respectively).
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Figure 4. Results of the mean Selenium levels of the first (b), second (c) and the third (d)
trimester groups and the control group (a). The control group (a) was statistically differ-
ent from b, ¢, and d (p < 0.001; p < 0.001; p < 0.001 respectively). Furthermore, b was
statically different from ¢ (p < 0.001) and d (p < 0.001). The second trimester group (c)
and the third trimester group (d) also showed differences that were statistically signifi-
cant.

4. Discussion and Conclusion

From the study, there was a general increase in zinc levels of the pregnant sub-

jects compared to the control subjects. Generally, Zn levels are expected to de-
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crease between 28% - 30% during pregnancy compared to control subjects. In
this study, a decline was observed in the first trimester and a further decline in
the second trimester of pregnancy due to increased demand of the element from
the growing fetus. There was a drastic increase in the level of Zn in the third tri-
mester of pregnancy. Other findings confirmed that the level of Zn decreased
with increasing gestational periods especially within the first 15 weeks of gesta-
tion. That study further observed that zinc levels even became lower in the 16 -
20™ week of gestation and this was attributed to the volume expansion in the
pregnant woman of which the peak was reached in the final or third trimester of
pregnancy [5].

Other factors noted to affect maternal Zn levels in pregnancy include the in-
take of iron supplementation which affects the absorption of Zn. An intriguing
interaction appears to exist between zinc and iron in absorption and utilization.
This is because the supplementation of iron has been reported to affect bioavai-
lability of zinc in iron deficiency anemia by inter element competition in the
bowel. Furthermore, diet rich in fiber, phytate and calcium will equally reduce
the availability of Zn in the mother’s system and maternal stress which increases
the synthesis of metallothionein and this has a strong affinity for Zn affecting it
release. This effect is mostly overshadowed in the final or third trimester of
pregnancy when the effect of supplementation becomes evident. Subsequently
increases of the element are observed [6].

The causes of zinc deficiency in pregnancy are multiple. These include low di-
etary intake, elemental interactions during supplementation, environmental and
physiological conditions such as exercise, infections, inflammations and hyper-
tension. Low levels are seen in women with higher parity, while on the other
hand, bioavailability of copper and iron are affected by zinc supplementation.

Copper levels increase with gestational age as well as increased levels of ma-
ternal oestrogen level therefore its increase is observed from the figure above
with subsequent progression in pregnancy. A gradual increase is observed from
the first to the third trimester of pregnancy. This of course is absent in the con-
trol group who are non-pregnant subjects and do not observe an increase in oes-
trogen level. These findings were also confirmed by Baig et al. [7] in his study of
Cu, Zn and Se in maternal and cord blood.

Finding from other studies adds to the fact that levels of Cu increased in the
various stages of pregnancy and stabilized over time till delivery. High levels of
Cu in maternal serum could be dangerous for the fetus and could cause cerebral
disorder and could induce abortion in the mother [5]. However, deficiency of
Cu is rare, but if it should occur, it is likely due to malnutrition especially with
sparingly intake of cereal-based diets, malabsorption and gastrointestinal diseas-
es. Other factors include multiple supplementation which conflicts with Cu ab-
sorption, infections, inflammation, hypertension, diabetes mellitus and effect of
dietary inhibitors [8].

Furthermore, the increase in Cu was caused by a parallel increase in Cu’s ma-

jor binding protein ceruloplasmin which increased as a result of elevated levels
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of maternal oestrogen. Again, Cu concentration increase during the last 3
months of pregnancy and decrease after delivery. Cu level was found to be high
in women who have had more deliveries [9].

Maximum increase in copper was observed during week 35 - 36 and this is
most likely to be dependent on the requirement of the fetus for growth and this
is similarly observed in another study done [10]. It is likely that inadequate Cu
stores predispose premature infants to the risk of copper deficiency. Copper
stores are especially important during development. As shown by the studies of
Widdowson et al. [11] fetal copper stores accumulate primarily during the last
trimester of pregnancy.

Iron deficiency continues to be one of the most prevalent single-nutrient defi-
ciencies in the world. Interventions are often designed to prevent the decrease in
hemoglobin concentration and the decline in iron stores associated with preg-
nancy. Enrichment and fortification of food items, and dietary changes resulting
from educational interventions, have met with some success in developed coun-
tries, but not often in the developing world [12]. Large doses of iron are most
often prescribed and are associated with side effects and with increased oxidative
stress. In the pregnant woman, iron is transferred from one body compartment
to another in the plasma iron pool, bound to the iron transporting protein
transferrin. On reaching the placenta, iron is transported across the placental
barrier by an active process involving the specific transporter of divalent metal
ions [13]. The woman’s transferrin-bound iron is then coupled to transferrin
receptors in placenta. Subsequently, iron is transported through the mater-
nal-fetal barrier into the fetal circulation [14]. The transport system ensures that
fetal supply of iron is widely independent of the woman’s iron status. Conse-
quently, clinically overt fetal iron deficiency occurs only by marked iron defi-
ciency in the woman.

Ideally all women of childbearing age should have sufficient stores of iron to
cope with the metabolic demands made by pregnancy which can be met without
further increase because of cessation of menstrual losses and by mobilization of
maternal iron stores and increased intestinal absorption. However, when iron
stores are inappropriately low at the start of pregnancy, supplementation with
iron may be necessary [15].

Iron levels from the results obtained in the study show that the control sub-
jects have a high storage of iron which was almost at par with that of the third
trimester group. These are the control group with good eating habits. A gradual
increase was observed for the various trimester’s groups of pregnancy. This
trend was obviously altered by supplementation since hemoglobin estimation is
routinely done in the maternity home. The physiologic solution for mitigating
the high iron requirements in pregnancy is to use iron from iron stores. The
problem, however, is that very few women, if any, have iron stores of this mag-
nitude. Therefore, daily iron supplements are recommended in the latter half of
pregnancy [16]. Thus, Iron requirements in the second and third trimesters
cannot be resolved by dietary iron alone, even if it is of high bioavailability and,
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unless stores of about 500 mg are believed to exist before pregnancy, administra-
tion of iron supplements may be required if impairment of the expected increase
in hemoglobin mass in the mother is to be avoided [17].

In this study selenium level for the control group was normal, unlike the var-
ious trimester groups where there was an increase from the first to the third. Se-
lenium in recent times has attracted particular attention especially its biochemi-
stry, toxicology and nutritional. Selenium status is particularly of importance in
neonates and infants and therefore in pregnant women. Selenium levels are de-
pendent on factors such as nutritional habits, sex and geographical location. Se-
lenium is helpful in maintaining anti-oxidative status against the endogenous
oxidative stress products, this element may offer protection to the pregnant
women and the fetus [7].

It is generally accepted that selenium requirements of pregnant women in-
crease as a result of selenium transport to the fetus. The concentration of sele-
nium in the placenta and amniotic membranes is much higher than in maternal
blood, which suggests the presence of an active transport system for selenium in
the placenta, although the optimum selenium intake during pregnancy is un-
known. It was calculated that at least 100 mg of dietary selenium per day is
needed for optimum balance. Deficiency of selenium could be associated with
various abnormalities in the fetus. One of the contributory causes for the preg-
nancy-related oxidative stress is the decline in selenium status during pregnancy.
Decrease in selenium concentrations which progresses as gestation proceeds [18]
may be partly attributed to hemodilution from blood volume increases asso-

ciated with pregnancy [19].

5. Conclusion and Recommendation

The graphical presentation of the results obtained indicated a decline of the le-
vels of zinc for the first and second trimesters respectively with a marked in-
crease in the third trimester of pregnancy which is due to the introduction of
supplementation. There was also a decline in the iron level in the first two tri-
mester groups which was corrected with supplementation to ensure its increase
in the third trimester of pregnancy. The same trend was observed for selenium
as well. The corrective effect was the introduction of multivitamin incorporated
with micronutrients supplements and these include drugs like Zincovet, Ferrog-
lobin and Pregnant Care to mention a few. On the other hand, there was a steady
increase in the levels of copper for all three trimester groups of pregnancy in the
absence of copper supplementation since levels of copper increase with an in-
crease in maternal oestrogen. The issue therefore is that supplementation should
be taken seriously to avert a decline in the levels of zinc, selenium and iron re-
spectively but on the other hand, the level of copper should be monitored and
moderated.
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