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SUMMARY

Introduction Copper is essential micronutrient and has an important role in the human body. The serum
copper increases during pregnancy and is doubled at full term. Lower levels of serum copper in preg-
nancy are connected with some pathological conditions.

Objective The aim of this study was to estimate the levels of serum copper in normal and pathological
pregnancies, comparing them with values of serum copper in non-pregnant women, to determine if
serum copper is lower in some pathological pregnancies and if this is of some importance.

Methods A total of 2170 plasma samples for copper analyses were made in the following groups: healthy
non-pregnant women; healthy pregnant women from the 5%-40%" gestational week, during the first
delivery stage and during the first three postpartum weeks, in pregnant women with habitual abortion,
imminent abortion, abortion in progress, missed abortion (924" weeks), missed labour and prema-
ture rupture of membranes (29*-40" weeks). Levels of serum copper were determined by colorimetric
technique of bathocuproin with disulphate as a chromogen.

Results Serum copper values in non-pregnant women range from 11.6-25.8 pmol/L. In healthy preg-
nant women, there is a constant trend of the increase of serum copper. The mean serum copper val-
ues revealed three significant peaks at the 22", 27*" and 35t gestational week. Serum copper values in
the patients with some pathological pregnancies in relation to the serum copper values of the healthy
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pregnant women were significantly lower.

Conclusion Serum copper values can be used as an indicator of some pathological pregnancies.
Keywords: serum copper; pregnancy; missed labour; spontaneous abortion; premature rupture of

membranes

INTRODUCTION

Copper is essential micronutrient and is
required for the formation of many enzymes,
with important role in the human body. It has
an important role in pregnancy for the forma-
tion of a wide variety of enzymatic and other
processes within the developing foetus. During
pregnancy, many changes occur in copper levels
and transport in both mother and foetus. The
serum copper increases in early pregnancy and
continues to rise to reaching levels at full term
approximately twice those found in non-preg-
nant women. Maternal age does not influence
copper serum levels [1].

Some analyses have shown substantially
lower plasma concentrations of copper in path-
ological conditions diagnosed during the first
trimester of pregnancy (spontaneous abor-
tion, threatened abortion, missed abortion
and blighted ovum). No significant differences
in maternal plasma blood copper concentra-
tions have been found in pathological condi-
tions (threatened abortion, threatened preterm
delivery and pyelonephritis) diagnosed in the
second trimester of pregnancy. Tendencies to
higher plasma copper concentrations, however
statistically insignificant, can be observed in
other pathological conditions during the third
trimester (gestosis, intrauterine growth retar-
dation, preterm labour) [2].

Copper is delivered to the developing foetus
via specific transporters in the placenta that are

regulated by the mother’s estrogen and insulin
levels. These findings have implications for bet-
ter understanding of preeclampsia, intrauterine
growth retardation, the development of babies
born to mothers with gestational diabetes and
some genetic disorders [3].

OBJECTIVE

Aims of this study were: 1) to estimate levels
of serum copper values in healthy non-preg-
nant women, healthy pregnant women and
to find out if there is a change in serum cop-
per levels during normal pregnancy, delivery
and the postpartum period, and if so, to deter-
mine the level of significance compared with
the serum copper values in healthy non-preg-
nant women; 2) to determine if there is a sig-
nificant difference between the mean serum
copper levels in different weeks of gestational
age of healthy pregnant women with normal
course of pregnancy; 3) to find out if there is a
change of serum copper levels in some patho-
logical pregnancies (habitual abortion, immi-
nent abortion, abortion in progress, missed
abortion, missed labour and premature rup-
ture of membranes) and if so, at which sig-
nificant level compared with serum copper
values in healthy pregnant women with nor-
mal pregnancy course and in healthy non-
pregnant women; 4) to determine if there is a
significant difference in serum copper values
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between the investigated pathological pregnancies; and
5) after having acquired all previous results, to estimate
the influence of serum copper levels on the outcome of
pregnancy and its significance for the prediction and con-
trol of some pathological pregnancies.

METHODS

A total of 2170 maternal plasma samples for copper
analyses were made in the following groups of women:
Control group - a: Healthy non-pregnant women (N=31)
of fertile age with no therapy administered for at least 6
months before investigation and during the investigation.

Control group - b: A total of 1240 serum copper deter-
minations were performed in healthy pregnant women with
normal course of pregnancy with no hormonal therapy
applied, with no diseases (pregnancy related or not related
to pregnancy) of either genital or some other organs. The
patients were distributed into groups of 31 women in each
gestational week from the 5%-40'" gestational week; in the
first delivery stage (term delivery with intact membranes
and the average cervical dilation of 4-5cm N=31), and in
the 1%, 2" and 3™ week postpartum (delivery completed
at term and no obstetric intervention applied, 7, 14 and 21
days after delivery; 31 women in each week). Women were
not followed longitudinally.

Groups with pathological pregnancies: Serum cop-
per was analyzed in every week from the 9-24" weeks of
pregnancy in women with habitual abortion (more than 3
spontaneous abortions, normal clinical findings, whereas
the reason for hospitalization was a “burdened” obstet-
ric history, N= 165) ; imminent abortion (small amount
of bleeding from the uterus, slight lower abdominal pain,
cervix closed, N=177); abortion in progress (cervix com-
pletely opened, embryo and trophoblast protruding from
the cervix, with blood taken immediately after the com-
pleted spontaneous abortion, N=178); missed abortion
(non-viable embryo/foetus, N=190). Serum copper was
estimated in every week from the 29"-40™ weeks of ges-
tational age in women with missed labour (vaginal deliv-
ery, stillborn foetus over 1000 g of weight, with no sings
of either maceration or foetal malformations, blood taken
before the delivery, N=31) and women with premature rup-
ture of membranes (blood samples obtained 24-48 h after
membrane rupture in vital pregnancy, N=158). Women
with abortion in progress, missed abortion and missed
labour were, at some point in the study, formed as a group
of ,,pathological pregnancies with bad outcome”.

In all investigated patients gestational age was deter-
mined by ultrasound. Blood samples were obtained from
the cubital vein in the morning, on an empty stomach.

The copper content of blood serum was determined by
colorimetric technique of bathocuproin with disulphate
as a chromogen.

Data were analyzed with descriptive statistical meth-
ods and the t-test by SPPS program (testing significance of
correlation coefficient, SD for ungrouped data, percentage
structure of arithmetical median values, standard errors,

t-test for two unrelated groups with different number of
cases and others.).

RESULTS

In healthy non-pregnant women, serum copper values
ranged from 11.6-25.8 pmol/L (mean value 20.15 pmol/L).

In healthy pregnant women with normal course of preg-
nancy, there was a constant trend of the increase of the
mean serum copper values comparing to the mean serum
copper values in healthy non-pregnant women. The results
of t-test (t=4.66) suggested a high statistical significance
(p<0.01) in the period between the 7 gestational week
and 4" postpartum week. Analyzes showed three signifi-
cant peaks (p<0.01) of the serum copper levels at the 227,
27" and 35" weeks of pregnancy, while maximal values
were recorded in the interval between the 38" and 40"
weeks of pregnancy.

There was a decrease of the mean serum copper values
of 9% during the first stage of delivery comparing to the
mean serum copper values in healthy pregnant women
during the 40" week of pregnancy (p<0.05).

During the first postpartum week, the decrease of mean
serum copper values of 15.8% was recorded in relation to
the mean serum copper values of the pregnant women
during the first delivery stage (p<0.01). On the basis of
the trend of decrease of the mean serum copper values
after delivery, it could be concluded with a high probabil-
ity (95.45%) that during the 5 postpartum week, the mean
serum copper values would decrease to the level of those
obtained in healthy non-pregnant women.

The mean values obtained in the serum of healthy preg-
nant women with a normal course of pregnancy repre-
sented the standard course. Dispersion of individual serum
copper values within a range of 2 SD can represent the
standard of the general trend of serum copper values in
normal pregnancy.

In pathological pregnancies (habitual abortion, immi-
nent abortion, missed abortion, missed labour, spon-
taneous abortion, premature rupture of membranes)
the mean serum copper values were significantly lower
(p<0.01) comparing with the mean values obtained in the
serum of healthy pregnant women with a normal course
of pregnancy. There was no statistical significant differ-
ence (p>0.05) in the trend of mean serum copper values
between analyzed pathological pregnancies.

Therefore, the trends of serum copper values in the
patients with the above mentioned pathological conditions
during the 19-40" gestational week could be presented by
common tabular values (Table 1), i.e. the common graph

Table 1. Variations of serum copper values through trimesters of preg-
nancy in normal and pathological pregnancies

Serum copper value (umol/I)
Pregnancy | Il 1]l
trimester | trimester | trimester
Normal 24-43 30-52 35-60
Pathological 17-25 22-30 27-35
Pathological with bad outcome <17 <22 <27
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Graph 1. Variations of serum copper values through trimesters of pregnancy in normal and risk- patholgical pregnancies

(Graph 1). For better overview in the table (Table 1), preg-
nancy was divided in three trimesters, and pathological
pregnancies with bad outcome (abortion in progress,
missed abortion and missed labour) are shown separately,
because of lower serum copper levels in these conditions
(although not statistically significant).

DISCUSSION

Copper (Cu) is an oligoelement which is a constitutional
part of each cell. Its biological value could be compared
with hormones, vitamins and ferments. Atomic weight
of copper is 63.57, specific weight 8.93-8.95, and atomic
number 29. About 96% of plasma copper is firmly bound
to ceruloplasmin.

In physiological and pathological conditions, the
increase of serum copper values is varying in dependence
on the increase of serum ceruloplasmin and its surplus is
excreted through urine. Copper plays the main biochemical
role being a component of metalloenzymes and metallo-
proteinase. A common characteristic of enzymes contain-
ing copper is their ability of using elementary oxygen as
a substrate for oxidation and hydroxylation. Most met-
alloenzymes are oxidases, hydroxilases and superoxide
dismutases. Physiological functions related to copper are
based on the biochemical functions of one or more cop-
per metalloenzymes. Serum copper levels are influenced
by numerous humoral factors [2, 4-10].

In pregnancy, copper levels in maternal serum rise, more
or less in parallel with increases in serum ceruloplasmin.
At the same time, total body copper levels increase, but
not in the tissues normally associated with copper home-
ostasis. The placental transport system changes during the
latter stages of the development resulting in the transport
of higher copper values towards the end of gestation than
that of earlier pregnancy. Most of the copper transferred
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across the placenta is found in the foetal liver, and dur-
ing pregnancy serum levels in the foetus actually drop.
Copper uptake is a carrier-mediated process, while intra-
cellular transfer is mediated by proteins known as chap-
erones. The copper uptake is enhanced by a high affinity
carrier Ctrl, which is expressed early in pregnancy, trans-
ferred to chaperones and carried to the ATPases, where it
is pumped across the cell membrane. Copper is delivered
to the developing foetus via specific transporters in the
placenta that are regulated by the mother’s estrogen and
insulin levels [11].

These findings have implications for better understand-
ing of preeclampsia, intrauterine growth retardation, the
development of babies born to mothers with gestational
diabetes and some genetic disorders. Lipid peroxides in
serum and placental tissue, and iron, copper and ceru-
loplasmin levels in serum were significantly increased in
pregnant women with severe eclampsia [3].

During pregnancy, the metabolism of copper and iron
is tightly interlinked and the deficiency of one has marked
effects on the metabolism of the other metal. In the mother,
iron deficiency results in the increase of liver copper levels.
This is associated with an increase of serum copper levels
in the mother and in the activity of maternal serum ceru-
loplasmin. Given the high incidence of maternal anaemia
during pregnancy, and that many of those who are pre-
scribed iron supplements show no significant improve-
ment, it is tempting to conclude that at least some of the
cases are the consequence of low copper when consider-
ing iron supplement administration, copper status must
be also taken into account [3].

Adequate maternal copper supply is essential for nor-
mal embryogenesis. Studies in laboratory animals as well
as in domestic animals under field conditions have shown
that maternal copper deficiency produces effects ranging
from intrauterine growth retardation and teratogenesis to
embryonic or foetal death. Persistent postnatal complica-
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tions of prenatal copper deficiency can also occur. Current
data suggest that changes in free radical defence mecha-
nisms, connective tissue metabolism and energy produc-
tion can all contribute to the dysmorphogenesis associated
with developmental copper deficiency.

Increased number of complications in pregnancy
requires a simple, cheap and practical test which could
quickly determine the functional condition of the placenta
and foetus. Some authors [2, 9-16] suggest that serum cop-
per levels can be used as a very sensitive indicator of condi-
tion and further possible course of pregnancy and placental
functions.

Out of the total of all risk pregnancies (20-30% of all
pregnancies), 10-20% are spontaneous abortions, though
some authors claim the percentage is even higher (31%).

Almost % of spontaneous abortions occur between the
11" and 12 gestational week. Imminent abortion (abortus
imminens) is most frequent (about 40%) of all clinically
manifested forms. About 4% of all spontaneous abortions
belong to habitual abortion (abortus habitualis). Habitual
abortions are most complicated regarding cause, treatment
and prognosis. The risk of repeated spontaneous abortions
with the next pregnancy is 22%, and after three sponta-
neous abortions, it rises up to 47%. The causes of spon-
taneous abortion and stillbirth are numerous and yet not
completely explained (missed abortion, missed labour).
Aetiology of premature rupture of membranes is a com-
plex issue. The literature data [2, 10, 12] suggest that serum
copper decrease leads to a reduction of elastin and collagen
resulting in premature rupture of membranes.

Through the scope of literature [1-19] data, we have
come to a conclusion that prior to this study, there were
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MpomeHe BpeaHoCcTU 6aKpa y cepymy ToKom TpyaHohe

Jenka Bykenuh, Anekcangpa Kanamauuja, hophe Metposuh, 3opuua Mpyjuh, AnekcaHgpa HoBakoB-Mukuh,

BecHa Konutosuh, Aptyp bjennua

KnuHuKa 3a ruHekonorujy v akywepctso, KnuHuuku ueHTtap BojsoguHe, Hoen Cag, Cpbuja

KPATAK CALIPXKA)J

YBop bakap je eceHuujanHy OMrOeNeMEHT 1 UMa BaXHY Yo-
ryy Jjoyackom Teny. BpegHoct 6akpa y cepymy ce nosehasa To-
KoM TpygHohe 1y TepMuHy je aBocTpyKo Beha. Huxe BpeaHo-
CTV NoBe3aHe Cy C HEKMM NaToJIOWKNM CTaknMa Y TpyAHONN.
v paga Linm paga 6vo je fa ce ofpeae NpomeHe H1BOa ba-
Kpa y cepymy TOKOM HOpMasiHe 1 natosolke TpygHohe, a 3a-
TM OBe BPeAHOCTY YNOpefe C KYNPeMjoM HerpaBuaHNX »e-
Ha 1 yTBPAW Aa JX je Y HeKMM NaToNOLWKUM TpyaHohama H1BO
6aKpa 610 HVXK, OAHOCHO 1UMa SN OBO HEKOT 3Hauaja.
MeTtope papa YpaheHo je 2.170 aHann3a BpefHOCTM 6aKkpa y
cepymy: Ko 3ApaBuX HErPaBUAHX XeHa, 30 PpaBMX FPaBUAHUX
XeHa Mo Hefesbama rectauuje (og 5. 1o 40. Heferbe), TOKOM Np-
Bor nopohajHor fo6a v NpBe Tpy NoCTNapTanHe Heferbe, KOg,
KEHa ca yecTM nobayajuma, npetehrm nobavajem, nobavajem
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y TOKY, n3ocTanum (13B. missed) nobauajem (og 9. o 24. Hepe-
sbe TpyaHohe), Kof MHTpayTepycHe CMPTY NOAA U MpeBpeme-
Hor npcHyha Bogeraka (04 29. fo 40. Heferme TpyaHohe). Hu-
Bov 6akpa cy ogpehrBaHy KONOPUMETPUjCKOM TEXHUKOM ba-
TOKYMNpPOWVHa ca AncyndaTom Kao XpOMOreHOM.

PesyntaTtm BpegHocTy 6akpa y cepymy HerpaBugHuX xeHa 6u-
ne cy 11,6-25,8 umol/I. Kog 3apaBux TpyAHMLA YOUEHO je cTan-
Ho noeehatbe Kynpemuje TOKOM TpygHohe, ca TpU BpXyHLa —
y 22, 27. 1 35. Hefiesbyi recTaluje; HajBuLLe BPeAHOCTYM buse cy
n3mehy 38. n 40. Hegerbe. HuBowm 6akpa y cepymy xeHa ca na-
TOJIOLIKOM TPYAHONOM 61N Cy 3HaUajHO HUXN.

3akmbyu4ak BpegHocTi 6akpa y cepymy Mory ce KOpUCTUTY Kao
VHAMKATOP HEKMX MaTONOWKMX TpygHoha.

KmyuHe peun: 6akap y cepymy; TpyaHoha; cnoHTaHm nobavaj;
VIHTpayTepyCHa CMPT; MPeBpeMeHo nNpcHyhe Boferaka
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