Nutraceuticals & Food
Vol. 7, p.282 ~286 (2002)

Nutraceuticals
and Food

Plasma Concentrations of Fe, Cu, Mn, and Cr of Maternal and
Umbilical Cord Blood during Pregnancy

Jong-Im Lee, Hyeon-Sook Lim' and Young-Sook Cho*

Department of Food and Nutrition, Chonnam National University, Home Ecology Research Institute,
Gwangju 500-757, Korea
*Division of Food Science, Sunchon National University, Sunchon 540-742, Korea

Abstract

Anemia is prevalent among pregnant women in Korea, and Fe deficiency anemia is a major nutritional problem
throughout the world. Because studies of Cu, Mn, and Cr levels excluding Fe are rare, we were interested
in changes in the nutritional status of these trace minerals and their relationship to hematogenesis. Accordingly,
we determined the changes in plasma Fe, Cu, Mn, and Cr concentrations of maternal and umbilical cord blood
during pregnancy, and evaluated the relationships between them at different time points during pregnancy. A
total of 81 women participated in the study: 26 subjects in the first trimester, 23 in the second, and 32 in the
third trimester. Plasma Fe levels were lower significantly (p <0.05) in the third trimester. Plasma Cu level (ng/dL)
in each trimester were 86.6+13.8, 111.6+27.9, and 114.0129.7, respectively; with significant increases (p <0.05)
in the second and third trimester. Plasma Mn concentrations (pg/dL) in each trimester were 212.6 + 89.0, 234.0 =
140.0, and 240.3 +166.0, respectively and tended to increase, though not significantly, as the pregnancies pro-
gressed. The plasma concentrations of Cr (pg/dL) in each trimester were 3.7 +2.0, 3.1+ 1.0, and 2.4 +1.2, respectively;
and was significantly lower (p <0.05) in the third trimester. In umbilical cord blood, the plasma level of Fe was
194.8+74.6 pg/dL, Cu was 57.5+10.9 pg/dL, Mn was 482.4 +111.1 pg/dL, and Cr was 9.3 2.8 pg/dL. Plasma
concentrations of Fe, Cu, Mn, and Cr of cord blood were 300%, 50%, 200%, and 370% as compared to those
of maternal blood in the third trimester. These results suggest that an active transport mechanism for the trans-
port of Fe, Mn, and Cr from mother to fetus may exist, whereas, for Cu, the placenta appears to have a blocking

effect on the transport from mother to baby.
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INTRODUCTION

Trace minerals are known to serve many essential roles
in human metabolism even though very small concentra-
tions are found in the human body (1). Despite their essen-
tial roles in fetal development, there are few studies eval-
vating trace mineral status in pregnant women (2,3).

Iron (Fe) and copper (Cu) exist as components of several
metabolic enzymes in humans (4,5). Together with Fe, Cu
serves essential functions in hematogenesis by assisting in
the absorption of iron, facilitating the synthesis of heme
and globin, and in controlling the release and storage of
Fe in the liver. Cu deficiency, therefore, may cause anemia
(5). Maternal iron deficiency during pregnancy is common,
but Cu deficiency is not. Plasma Cu concentrations increase
in pregnant women to about twice those in non-pregnant
women (6). Plasma Cu levels in maternal blood are about
five times higher than in umbilical cord blood (6).

Manganese (Mn) exists as a constituent of several metal-
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loenzymes and functions as a cofactor in the activation of
other enzymes (7). Mn may interfere with Fe absorption
because they have similar physicochemical properties and
share the same pathway of absorption (8). It has been
shown that Mn concentration of cord blood and newborn’s
blood are higher than those of maternal blood (9). In an-
imal studies, Mn deficiency is characterized by lack of co-
ordination, disturbed equilibrium, and retraction of the
head (10).

Chromium (Cr) is an essential element for potentiating
insulin action, thereby effecting carbohydrate, protein, and
lipid metabolism (11). Cr transport interferes with Fe ab-
sorption by binding to transferrin competitively with Fe,
resulting in a reduction in total iron binding capacity (12).
Since maternal Cr nutrition during pregnancy is frequently
inadequate, Cr deficiency may be a cause of glucose in-
tolerance during pregnancy (13). However, it is commonly
believed that serum Cr concentrations do not predict glu-
cose tolerance during pregnancy (14).



Plasma Concentrations of Fe, Cu, Mn, and Cr of Matemnal and Umbilical Cord Blood during Pregnancy 283

Korean studies of trace minerals have primarily focused
on Fe (15-19). There is a high prevalence of anemia in
pregnant women in Korea (20,21), and Fe deficiency ane-
mia is a major nutritional problem throughout the world.
Because studies of Cu, Mn, and Cr status, but not Fe, are
rare, we were interested in changes in maternal status for
those nutrients and their impact on hematogenesis.

In this study, we determined the changes in plasma Fe,
Cu, Mn, and Cr concentrations in maternal and umbilical
cord blood during pregnancy, and analyzed the relation-
ships between their concentrations during the last trimester

of pregnancy.
MATERIALS AND METHODS

Subjects

The subjects of this study were recruited from among
pregnant women who visited E hospital in Gwangju for pre-
natal care from January to August 1997. A total of 81 wom-
en voluntarily participated: 26 women were in the first
trimester of their pregnancies, 23 in the second trimester,
and 32 in the third trimester.

General characteristics of the subjects

A questionnaire was used to determine anthropometric
and demographic characteristics, including general health,
of each subject. Height was measured to the nearest 0.5
cm using a linear height scale. Subjects were weighed at
the time of delivery, and pre-pregnancy weights were col-
lected by recall. Weight gain was calculated as the differ-
ence between pre-pregnancy weight and weight at delivery.
Weight gain data were only obtained from the 32 subjects
participating during the third trimester of pregnancy.

Blood collection and biochemical assessments

Maternal blood samples were collected from the sub-
jects during the first (8 ~ 13 wk), second (17 ~26 wk), and
third trimester (28 ~40 wk) of pregnancy cross-sectionally.
Umbilical cord blood samples were obtained from the 32
subjects participating during the third trimester of preg-
nancy. Plasma Fe concentration were analyzed with a com-
mercial kit (Shinyang Chemical Co., Seoul, Korea). Cu,
Mn, and Cr concentrations in plasma were analyzed us-
ing an Atomic Absorption Spectrometer (AI-1000/2000,
AURORA Instruments LTD., Canada) (22).

Statistical analysis

Data were statistically analyzed using SAS software (23).
All data were expressed as mean = standard deviation. Sta-
tistically significant differences were accepted at p<0.05
by the General Linear Model (GLM). Student’s t-test was
used evaluate differences in micronutrient levels between
maternal blood at the third trimester of pregnancy and um-

bilical cord blood. Pearson’s correlation coefficients were
calculated to identify interactions among plasma trace mi-
nerals in maternal and umbilical cord blood.

RESULTS AND DISCUSSION

General characteristics of the subjects

General characteristics of the subjects were the same as
previously reported (19). The mean age of the subjects was
27.8+2.8 years. The subject’s education, occupation, and
family income indicated that they were in the urban middle
class. Weight gain was 13.0=2.8 kg during pregnancy. The
mean birth weight and height of newborns was 3,250+
280 g and 499t 1.4 cm, respectively.

Changes in plasma Fe, Cu, Mn, and Cr concentra-
tions during pregnancy

As shown in Table 1 and Fig. 1, plasma Fe concentra-
tions (ug/dL) in the 1%, 2™, and 3" trimesters were 93.1
+36.1, 89.2=36.7, and 64.0£59.4, respectively. Plasma
Fe concentrations were lower significantly (p<0.05) in
the third trimester. Carriaga et al. (24) reported that the Fe
concentrations of American pregnant women decreased
from 73.3 pg/dL during the 28"~ 32™ week to 68.3 ng/dL
during the 36" ~40™ week of pregnancy.

Plasma Cu concentrations (ug/dL) in each trimester were
86.6113.8, 111.6+27.9, and 114.0£29.7, respectively;
and were significantly higher (p <0.05) during the second
and third trimesters than the first. Since there is no pre-
pregnancy data in this study, it is not possible to evaluate
early changes in pregnancy. However, plasma Cu levels
increased substantially during the second half of pregnan-
cy. Ha and Na (25) found that plasma Cu levels were 72.9
ug/dL in women of child-bearing age, 123.8 ug/dL during
early pregnancy, and 143.3 ug/dL during late pregnancy,
suggesting that plasma Cu concentrations begin to increase
in early pregnancy and increase more rapidly in late pre-
gnancy. Martin-Lagos et al. (26) reported that plasma Cu
levels (ug/dL) of Spanish pregnant women were 105.3,
161.6, and 168.9 in each trimester, respectively, which
supports our finding of increased Cu during the second

Table 1. Plasma Fe, Cu, Mn and Cr concentrations of maternal
blood during pregnancy

Pregnancy (trimester)
First (n=26) Second (n=23) Third (n=32)

Fe (ug/dl) 93.1+36.1"2 892+367°  64.0+59.4°
Cu (ug/dl) 86.6+138  111.6+27.9*° 1140+29.7°
Mn (pg/dL) 212.6:-89.0°  234.0+140.0° 240.3+166.0°
Cr (pg/dL) 3.7+20° 3.1+1.0" 24+12°

YValues are mean+ standard deviation.
?Values with different superscripts(s) in a row are significantly
different among trimesters (p <0.05).
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Fig. 1. Change in maternal plasma Fe, Cu, Mn, and Cr concentrations during pregnancy.

trimester, and remaining stable through the third trimester.
All of these results were also in agreement with the hy-
pothesis described by Speich (27), stating that the increase
of maternal Cu levels during pregnancy are the resuit of
mobilization of Cu stored in the liver and other tissues.
The fact that 90% of the subjects in the study were taking
supplemental Fe after the 20th week of their pregnancies
suggests that the amount of Cu absorbed was less than
usual. The duration of iron supplementation was 113.0*
28.0 days and the dosage averaged 42.6£12.5 mg/day.

Plasma Mn concentrations (pg/dL) in each trimester were
212.6189.0, 234.0140.0, and 240.3£166.0, respec-
tively, which tended to increase with time, but were not
statistically significant. Tholin et al. (28) reported that
plasma Mn in Spanish pregnant women increased from
154 pg/dL in the first trimester of pregnancy to 190 pg/dL
and 230 pg/dL in the second and third trimesters, respec-
tively; which is consistent with the results of Favier (29)
and Spencer (30). The combined results of the above three
studies (28-30) provide convincing evidence that Fe de-
ficiency results in Mn mobilization from storage sites,
much the same as with Cu.

Plasma concentrations of Cr (pg/dL) in each trimester
were 3.7+£2.0, 3.1£1.0, and 2.4+ 1.2, respectively and
was (p <0.05) significantly lower in the third trimester than
the first. Anderson et al. (11) reported that plasma Cr con-

centrations decreased during pregnancy, which is in agree-
ment with our results. Because it has been suggested that
inadequate maternal Cr status in late pregnancy might in-
duce glucose intolerance (13), the relationship of Cr nu-
triture and glucose intolerance during pregnancy deserves
further investigation.

Since we did not collect dietary intakes data for these
four elements, it is not possible to account for the influence
of dietary changes on their status during pregnancy.
However, it is not reasonable to assume that the intakes
of Cu and Cr changed conversely during pregnancy; in
other words, that Cu intake was greatly increased while
Cr intake simultancously decreased substantially enough
to raise or reduce plasma levels oppositely. While not con-
clusive, these results suggest that changes in plasma con-
centrations of these elements resulted from metabolic al-
terations such as mobilization, storage, distribution or ex-
cretion.

Correlations among plasma Fe, Cu, Cr, and Mn lev-
els in each trimester

In the first and second trimesters there were no cor-
relations among the maternal plasma concentrations of the
four trace minerals. However, in the third trimester, there
was a significant negative cotrelation between the maternal
plasma Fe and Cu concentrations (r = -0.5478, p<0.01)
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(Fig. 2); perhaps suggesting that the decrease in maternal
plasma Fe levels induced the release of stored Cu (27).

Comparison of plasma Fe, Cu, Mn, and Cr levels
in umbilical cord blood with those from maternal plas-
ma during the third trimester

In umbilical cord blood, the plasma Fe level was 194.8
+74.6 pg/dL, Cu was 57.5110.9 pg/dL, Mn was 482.4
+111.1 pg/dL, and Cr was 9.3+2.8 pg/dL. The Fe level
was close to the values of 181.3 ~188.8 ug/dL previously
reported in Korea (31,32) and 208 ug/dL in America (33).
The Cu level was similar to 50.2 ug/dL, reported from
Spanish pregnant women (34), but higher than the 39.8
ug/dL from Indian pregnant women (35) and 31 pg/dL
from pregnant women in Bangladesh (36).

Fig. 3 shows that the plasma Fe levels of umbilical cord
blood were about three times higher than those in maternal
blood. On the other hand, Cu levels of cord blood were
about 50% of those in maternal blood. The result agrees
with the theory that the placenta might have a blocking
effect on the transfer of Cu from mother to baby (9). The
placental and cord blood concentrations of Cu were not
significantly different, which indicates that the increase in
maternal blood is not of placental origin (37). Mn con-
centrations of cord blood were approximately two fold
higher than maternal blood. Krachler et al. (9) found that
the Mn concentrations of cord blood was about 150% of
that in maternal blood, and Spencer (30) reported that they
were three to four times higher. These results indicate that
an active transport mechanism for Mn might exist in the
placenta (9). Plasma Cr concentrations from cord blood
were 3.7 times higher than those of maternal blood, which
also implies that the placenta might be capable of trans-
ferring large amounts of Cr from mother to fetus, and sup-
ports the theory that maternal Cr is depleted during preg-
nancy (38).
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Fig. 2. Correlation between maternal plasma concentrations of
Fe and Cu in the third trimester of pregnancy.
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