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Background/Aims: Low blood Se levels have been
previously shown in normal pregnancies (third tri-
mester) and significantly lower levels in patients with
intrahepatic cholestasis of pregnancy (ICP), in Fin-
land and in Chile, suggesting that a low or marginal
dietary availability of Se may contribute to the patho-
genesis of this disease. The aim of this study was to
investigate whether a temporal change in plasma con-
centration of Se, and seasonal fluctuations in plasma
concentrations of Se, Zn and Cu, could coincide with
changes in the prevalence of ICE.

Methods: A cross-sectional cohort study was done in-
cluding 21 ICP patients, 98 women in the third tri-
mester of a normal pregnancy, 29 non-pregnant
women, and also 13 individuals (seven non-pregnant
women and six men) who had been studied 9 years
before. Plasma Se, Zn and Cu were measured by
atomic spectroscopy. Plasma Se levels in the present
study were compared to the results obtained 5 to 7
years before, employing identical methodology in
similar population samples.

Results: Plasma Se concentrations in non-pregnant
women were higher than in the previous study:
1.43+0.34 gmol/l vs 0.85%0.13; p<0.001. In com-

NTRAHMEPATIC cholestasis of pregnancy (ICP) is a rare
disorder of late pregnancy, characterized by skin
pruritus and mild biochemical cholestasis appearing
during the third trimester of pregnancy and disap-
pearing shortly after delivery, with a tendency to recur
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parison to non-pregnant women, normal pregnancies
near term had lower plasma levels of Se: 1.08£0.25
umol/l; p<<0.01, and Zn: 17.90£3.61 umolll vs
19.71+3.21; p<<0.05, but higher plasma levels of Cu:
34.35+7.12 pmolfl vs 20.62+3.34; p<<0.01. In normal
pregnancies, plasma Se concentration was signifi-
cantly higher in summer (1.34%0.19 pmol/l) than in
the other seasons, while Zn and Cu diminished. Simi-
lar to previous studies, [CP patients had significantly
lower Se plasma levels than normal pregnancies:
0.94+0.12 gmol/l, p<0.05, and Cu levels were sig-
nificantly higher: 50.80%7.02 pmol/l, p<0.01. Cu
plasma levels correlated with the biochemical severity
of the disease. Zn did not change in ICP.
Conclusions: The present study shows that the de-
crease in the prevalence of ICP in Chile during the
last decade coincides with an increase in plasma Se
levels. Its lower incidence during summer coincides
with a higher plasma Se concentration in summer than
in other seasons, as observed in normal pregnancies.

Key words: Bile acids and salts; Cholestasis, in-
trahepatic; Copper; Pregnancy trimester, third; Sel-
enium; Zinc.

in future pregnancies. Its clinical relevance is related
to an increased risk of premature deliveries — with a
subsequent increase in perinatal morbidity and mor-
tality — and also to a high risk of stillbirths (1-3).
The cause of ICP is unknown. A genetic predis-
position can explain familial aggregation of cases in
two or three generations and the higher prevalence of
the disease seen in some geographic locations (Scandi-
navian countries and in Chile) and in certain ethnic
groups (i.e. Araucanian-indian admixed population, in
Chile). However, some epidemiological features suggest
the participation of environmental factors: ICP recurs



only in 50-60% of pregnancies in multiparous patients
and its severity varies in subsequent pregnancies; more
cases are diagnosed in winter than in other seasons, as
observed in Finland and in Chile; finally, its prevalence
has diminished in the last decades, first in Sweden
(where it reached a peak of about 2% of deliveries in
the late fifties and currently is almost anecdotal) and
afterwards in Chile (with a peak near 14% of deliveries
in the late sixties, declining progressively to 6% in re-
cent vears) (1).

Currently, no evidence is available to incriminate
any specific environmental factor in these epidemio-
logical changes. Dietary components are primary sub-
jects of research because changes in their local avail-
ability could influence bile secretion and composition
during pregnancy and/or the hepatic metabolism of sex
hormones (4-7).

In 1987, Kauppila et al. reported that ICP patients
in Finland had significantly lower levels of selenium in
serum and erythrocytes than normal pregnant women,
correlating with a low activity of the selenium-depend-
ent enzyme glutathione peroxidase (8). Blood levels of
selenium in population samples in Finland were lower
than in other groups in Europe and in North America,
attributable to a low selenium content in soil determin-
ing a marginal dietary supply of this essential trace
element (9-11). In a similar study in Chile, our group
observed that:

1) The selenium concentration in plasma from 15
healthy men and 43 healthy non-pregnant women liv-
ing in the Eastern District of Santiago was 0.83+0.11
(mean, SD) pymol/l. This figure was closer to the levels
reported in the Finnish population (mean 0.57 gmol/l)
than in other European countries or the USA, where
the range of mean values reported vary from 1.77 to
2.66 umol/l,

2) In 22 women with normal pregnancies, sampled
weekly or biweekly in the third trimester, the selenium
concentration in plasma and erythrocytes was lower
than in non-pregnant women; these parameters dimin-
ished mildly but progressively during the third tri-
mester, and in the final weeks (36 to 40) the selenium
concentration in plasma was 0.60=£0.08 umol/l. Twenty
four to 72 h after delivery plasma Se concentration in-
creased almost to non-pregnant levels.

3) Ten patients with ICP had even lower plasma sel-
enium levels (0.54+0.06 gmol/l) and, in contrast to
normal pregnancies, it remained stable during the third
trimester and did not recover in the early puerperium
(12).

The reports from Kauppila et al., and our previous
study, raised the question whether a low or marginal
dietary supply of selenium could play a role in the
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pathogenesis of ICP, particularly in genetically predis-
posed individuals.

Encouraged by the decrease in the prevalence of ICP
in Chile and by its seasonal variability, we decided to
evaluate possible changes in plasma levels of Se in re-
cent years and seasonal fluctuations that could co-
incide with the epidemiological profile of ICP. To fulfill
these objectives, we examined new groups of ICP pa-
tients and healthy pregnant and non-pregnant woraen,
and men, applying identical methodology to measure
selenium in plasma, so that we could compare our cur-
rent results with those obtained in the previous study.
We also added measurements of zinc and copper con-
centrations in plasma. Higher serum levels of copper
have been reported in patients with ICP than in nor-
mal pregnancies (13,14). Other trace elements that par-
ticipate as cofactors in some enzymatic systems, such
as zinc, have not been studied in this clinical situation,
and the possibility that they could be related to bile
secretory failure has not yet been examined.

Patients and Methods

Population samples

FPatients with intrahepatic cholestasis of pregnancy (ICP): During
1994--1995, 21 ICP patients hospitalized in the obstetric wards of our
hospital, were selected for this study. All were inhabitants of the East-
ern District of Santiago, and their ethnic and socio-economic charac-
teristics were similar to the control groups.

The diagnosis of ICP was based on the finding of pruritus appear-
ing during the second half of pregnancy, without skin lesions before
scratching, plus abnormal serum levels of at least one aminotransfer-
ase (upper limit in normal pregnancies: 40 1U/1) and/or total bile salts
{upper limit: 11 gmol/l} in 2 blood samples taken with a 1-week inter-
val. One patient had a twin pregnancy. Tiwelve patients were multi-
parous and 11 of them had had ICP in one or more of their previous
pregnancies. None of the ICP patients diagnosed as having ICP had
a past history of biliary colicky pain or acute hepatitis during the
current pregnancy; no drugs or hormones (i.e. progesterone) had been
taken and no other diseases could explain pruritus and abnormal liver
tests. Blood samples for trace element determinations were collected
during the third trimester of pregnancy, 1 to 8 weeks (median 2.5)
after the onset of pruritus. Patients were followed up for at least 2
months after delivery, verifying the disappearance of pruritus and a
return to normality in their serum liver tests,

Normal pregnancies: Ninety-eight healthy women in the third tri-
mester of a normal pregnancy were randomly chosen among the
population of patients who had periodic check-ups of their pregnan-
cies in a primary care outpatient public facility in the Santiago East-
ern District. They lived in a neighborhood sharing a common water
supply. In 3 water samples collected during the study period, Se, Zn
and Cu were undetected by atomic absorption/mass spectroscopy.

These women had no past history of liver or other acute or chronic
diseases and they were non-smokers and non-alcoholics; they had a
normal physical examination and normal basic laboratory tests, in-
cluding blood glucose, urea nitrogen, hematocrit, urine profile, serum
total bilirubin, alanine and aspartate aminotransferases, and total
bile salts. All had single pregnancies. Fifty-seven multiparous women
had a past history of normal pregnancies with deliveries at term.
There was no history of medication use for at least 6 weeks before
blood sampling, except vitamins and iron, without other trace ele-
ments.

These 98 healthy pregnant women were recruited at weekly inter-
vals, trying to balance them in order to have a similar number of
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individuals examined in each season during 1 year, from June 1994
to May 1995. Taking advantage of the fact that the climate in San-
tiago allows clear differences among the four seasons, their limits
were established at 3-month intervals, as follows: June-August=
winter; September—-November=spring; December—February=sum-
mer; March-May=autumn.

Non-pregnant women: During the same study period {1994-1995),
blood samples were obtained from 29 healthy non-pregnant women
selected among individuals applying for family planning with intra-
uterine devices, in the same public health care facility.

New measurements in individuals studied 9 years before: Blood
samples were collected in July 1997 from seven women and six men
whose plasma Se levels had been measured in 1988 (12). They were
the only members of a group of 43 healthy non-pregnant women and
15 men from our previous study who could be studied again, after 9
years. All of them had remained healthy since their first sampling and
the women had not had new pregnancies between the studies.

Blood sampling

After overnight fasting, blood samples were drawn between 8 and 10
AM, using heparinized vacutainers for trace element determinations.
Commercially available vacutainers prepared with different antico-
agulants, or none, were used for other laboratory tests. The samples
were immediately transferred to our laboratory, where plasma was
separated after slow-speed centrifugation and stored in plastic vials
at —20°C until analysis was performed. All plastic and glass material
used in these procedures had been thoroughly washed and rinsed with
demineralized and distilled water.

Laboratory determinations

Atomic spectroscopy determinations of Se, Zn and Cu were carried
out with a Perkin Elmer 1100B atomic absorption spectrometer. A
FIAS 400 System for the hydride vapor generation technique and an
electrodeless discharge lamp were used for Se determinations. Plasma
samples with 1 ml volume were digested in a thermostatically con-
trolled aluminium block by a nitric acid-perchloric acid mixture (2+1
v/v) based procedure (15,16). Briefly, 3.0 ml of the acid mixture were
added and a slow rate of heating was employed to reach 150°C. This
temperature was maintained until brown fumes of nitric acid had dis-
appeared and fumes of perchloric acid had become visible. The tem-
perature was raised to 200°C and held for 30 min, to ensure the com-
plete removal of nitric acid and the total conversion of organic forms
of Se into selenious acid. The final step included the addition of 0.5
ml of 6 M hydrochloric acid and heating at 150°C for 15 min to
reduce Se VI to Se IV. Digests were directly analysed for Zn and Cu

TABLE 1

concentrations with flame atomization and for Se measurements they
were diluted 1:10 in 10% v/v hydrochloric acid. NaBH, at 0.2% in
NaOH 0.05% and HCI 10% v/v were used for the hydride generation.

The method used to measure Se in plasma was identical to the
method used in the previous study. Sixteen duplicate plasma samples
from healthy non-pregnant women examined in 1988-1990, had been
kept frozen at —20°C in tightly closed plastic tubes. These duplicates
were defrosted in 1998 and Se concentration was measured in them.
In the plasma samples studied in 1988-90, Se concentration was
0.78+0.14 umolfl and in the duplicates processed now it was
0.79£0.13 pmol/.

Serum liver tests and other biochemical measurements were per-
formed using routine laboratory techniques. Serum total bile salts
were measured with a commercially available kit (Merckotest®),
based on its enzymatic measurement using a-hydroxysteroid dehydro-
genase.

Ethical considerations

The study protocol was approved by the Ethics Committee, Hospital
del Salvador, Santiago, Chile. Individuals included in this study gave
their informed consent to participate in it.

Data analysis

The results are reported as group mean values*S.D. Differences were
compared by Student’s r-test for unpaired samples. ANOVA was used
in the comparison of trace elements among seasons and in different
gestational ages. Statistical significance was established at p<0.95.

Results

Clinical and laboratory characteristics of the main
population samples (Table 1)

Age and parity were similar in the main groups in-
cluded in this study: healthy women (non-pregnant or
in the 3rd trimester of a normal pregnancy) and in pa-
tients with ICP.

Serum liver tests remajned normal during the third
trimester of normal pregnancies, with the exceptions
of an increase in serum total alkaline phosphatases and
a decrease in serum total protein and albumin concen-
trations.

Baseline clinical and laboratory characteristics of women population samples

Non-pregnant Normal pregnancies ICP
n=29 n=98 n=21
Epidemiological data
Age, years 29.3+6.8 (19-41) 25.7x6.2 (15-38) 27.7+5.9 (16-40)
Parity 2.1+x1.4 (0-7) 1.2%1.5 (0-6) 3.020.8 (0-4)
Gestational age, weeks, median (range) = 35 (28-39) 33 (27-37)

Serum liver tests:

Bilirubin (mg/dl) 0.56+0.31 (0.15-1.10) 0.420.17 (0.16-1.11) 0.740.68% (0.17-2.82)
ALT (IUM) 12+6 (4-37) 13+7 (3-40) 78+97%% (6-308)
AST (1UN) 20%8 (13-40) 206 (9-40) 454320 (11-194)
Bile salts (umol/l) 7.2+2.2 (1-9) 8.5x2.1 (1-11) 29.8+35.6%% (3.7-178.4)
AP (IUM) 8030 (42-174) 176 66" (70-412) 201+105P (59-502)
GGT (1u/) 16+9 (9-29) 12%6 (3-40) 22+19* (6-101)
Protcin (g/dl) 7.4+0.5 (6.3-8.4) 6.7£0.4° (5.7-1.7) 6.5+0.6° (5.2-7.3)
Albumin (g/dl) 4.7x0.5 (3.1-5.7) 3.7%0.5° (2.6-5.3) 3.1%0.72b (2.0-4.6)

Values are expressed as mean*SD, (range); n=number of individuals sampled; ICP: intrahepatic cholestasis of pregnancy; ALT: alanine amino-
transferase; AST: aspartate aminotransferase; AP: alkaline phosphatase; GGT: y-glutamyltranspeptidase; *p<0.01, compared to normal pregnan-

cies, ®p<0.001, compared to non-pregnant women.
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Selenium, zinc and copper concentration in plasma from healthy non-pregnant and pregnant women (3rd trimester of pregnancy), and in patients

with intrahepatic cholestasis of pregnancy

Non-pregnant women Normal pregnancies ICP
27-32 weeks 33-35 weeks >36 weeks 27--32 weeks 33-35 weeks =36 weeks
n=29 n=34 n=47 n=45 n=14 n=22 n=14
Se {umolfl) 1.43x0.34 1.27+0.21° 1.15*0.202 1.08x0.25° 1.01x0.13° 1.03+0.164 0.94x0.124
Zn (pmoll) 19.71+321 16215100 16.84+521" 17.90£3.61% 15.62+1.60 15.57+1.80 15.88+1.92
Cu {gmolfl) 20.62+3.34 31.95x6.28° 34.26+5.85°% 34.35%7.122 46.64%+12.02° 54.50x11.56° 50.80x7.02°

Results are expressed as mean=SD; ICP: intrahepatic cholestasis of pregnancy; n=number of plasma samples; 2p<0.01, ®»<0.05, compared to
non-pregnant women; *p<<0.01, 9p<<0.05, compared to normal pregnancies in the same gestational period.

Patients with ICP had significantly higher mean
values of serum total bilirubin, both aminotransferases
and total bile salts than normal pregnancies. Only 4/
21 ICP patients had hyperbilirubinemia (range 1.11 to
2.82 mg/dl) and in only five ICP patients serum y-glut-
amyl transferase activity was over the upper limit de-
tectable in healthy adult women (including normal
pregnancies).

Se, Zn and Cu concentrations in plasma from healthy
non-pregnant and pregnant women and in patients with
ICP (Table 2)

In 29 healthy non-pregnant women, Se concentration
in plasma was significantly higher than the values ob-
served 5-7 years before in a similar sample of 43
healthy non-pregnant women: 1.43+0.34 ymol/l versus
0.85+0.13 (p<<0.001).

Because in our previous longitudinal study Se con-
centration in plasma decreased mildly but significantly
during the third trimester of normal pregnancies, in
the present cross-sectional study the results were also
stratified into three gestational periods: 27-32 weeks,
33-35 weeks and 36 weeks of pregnancy or more.

In normal pregnancies and in the three periods of
the third trimester, Se and Zn concentrations in plasma
were significantly lower than in non-pregnant women,
The magnitude of change was dissimilar for these two
trace elements: Se diminished progressively as the age
of pregnancy advanced, lowering by the end of preg-
nancy to 75% of the values observed in non-pregnant
controls; linear regression analysis showed r=-—0.36,
p<0.001; simultaneously, Zn concentration was mildly
low (90% of the values in non-pregnant women) and
remained stable during the 3rd trimester of pregnancy.
Cu concentration was significantly higher than in non-
pregnant women and remained stable during the 3rd
trimester of normal pregnancies,

In normal pregnancies studied in 1994-1995, plasma
Se concentration was significantly higher (p<<0.001)
than in normal pregnancies studied in 1988-1991, in

each one of the 3 time-periods of the third trimester of
pregnancy.

Patients with ICP had a lower Se concentration in
plasma than normal pregnancies with similar ges-
tational age range, diminishing to 65% of the levels
seen in non-pregnant women. In ICP patients, no dif-
ference was detected in Zn concentration in plasma
when compared to normal pregnancies, but Cu con-
centration was significantly higher, double the values
observed in non-pregnant women.

In patients with ICP, plasma samples were obtained
at different times (from 1 to 8 weeks) after the onset of
pruritus. No correlation was found between Se concen-
tration in plasma and several indexes of severity of ICP,
such as previous time (weeks) with pruritus (r=0.07;
p=0.5), serum levels of bilirubin (»=0.02; p=0.9), ALT
(r=0.16; p=0.5), AST (¥=0.02; p=0.9) and bile salts
(r=0.2; p=04). In contrast, Cu concentration in
plasma had a positive correlation with previous time
(weeks) with pruritus (r=0.28; p=0.03), serum levels
of bilirubin (r=0.73; p<0.001), ALT (r=0.47; p=0.04),
AST (r=0.65; p<0.003) and bile salts (=0.61; p=
0.007).

Se concentration in plasma from healthy individuals,
compared to their own values 9 years before

In 13 individuals (7 women) studied in 1988, new blood
samples obtained in 1997 showed a significantly higher
plasma Se concentration than 9 years before (Table 3).

TABLE 3

Comparison of Se concentration in plasma from healthy women and
men studied 9 years ago

1988 1997
pmol/l
‘Women, non-pregnant (n=7} 0.86+0.09 1.21+0.05°
Men (n=6) 0.87x0.19 1.22x0.09*

Values are expressed as group mean*SD. *p<0.001.
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TABLE 4
Selenium, zinc and copper concentration in plasma from normal pregnancies (3rd trimester), in the four seasons
Winter Spring Summer Autumn
n=30 n=32 n=34 n=30
Selenium (gmol/) 1.11+0.21 1.03x0.22 1.34%0.19" 1,10+0.18
Zinc (pmol/1) 19.51£2.41 19.97+£3.00 16.21+5.37% 12.48+2.752
Copper (umolfl) 33.42+7.29 34.47+6.04 30.57+5.70% 36.71%=5.51

Results are expressed as mean=SD. #p<<0.05 with every other season; %p<<0.05 in comparison with spring and autumn.

In our previous study, Zn and Cu measurements were
not performed in them and therefore these trace ele-
ments could not be compared with the present study.

Seasonal differences in Se, Zn and Cu concentrations
in plasma from healthy pregnant women (Table 4)

The proportion of individuals at different gestational
ages was evenly distributed in every season; therefore,
the results obtained during the third trimester were
pooled into each season.

Selenium concentrations in plasma from women in
the 3rd trimester of a normal pregnancy were signifi-
cantly higher in samples obtained in summer, while no
differences were observed among the other seasons. In
contrast, Zn concentrations were lower in summer and
in autumn, and Cu concentrations were also lower in
summer than in other seasons.

Discussion

The present study shows that in 1994-1995 the concen-
tration of Se in plasma of healthy adults living in Santi-
ago, Chile was significantly higher than 5-7 years be-
fore, using identical methodology and measured by the
same investigators. This observation includes a com-
parison between similar groups of non-pregnant
women and also an intragroup comparison in a small
number of women and men who were studied twice,
with a 9-year interval.

The concentration of Se in blood from healthy indi-
viduals is accepted as a good reflection of the dietary
supply of this trace element and is greatly dependent
on agricultural soil composition and the variety of lo-
cal food, giving rise to an important geographical and
seasonal variability (17-20). A measurement of dietary
content of Se was not included in our studies. However,
Ruz et al. reported that healthy adults from different
geographical regions in Chile, sampled also in 1994,
had a dietary Se intake (estimated by direct analysis of
24-h duplicate diet composites) of 71.7x54.5 pg/d and
the average plasma Se concentration (measured by
neutron activation analysis) was similar to our results:
1.44x0.5 pmol/l (21,22). These plasma Se concen-
trations are comparable to those observed in countries
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referred to as having an “intermediate” abundance of
Se, while the values obtained by us 5-7 years before
were then closer to countries with a “marginal” dietary
Se availability.

Plasma Se concentration was lower in pregnant
women studied in the third trimester of normal preg-
nancies. Similar to our previous study, plasma Se con-
centration tended to diminish progressively during the
third trimester of pregnancy. In pregnancy, plasma Se
concentration is influenced by hemodilution and fetal-
placental consumption (23-25); both factors tend to be
intensified as pregnancy progresses, lowering progress-
ively the concentration of Se. Qur findings coincide
with several other studies that reported low Se levels in
the blood of pregnant women (23-25,26-37). A low
status of Se and/or Zn in' pregnancy has been hypo-
thetically related to miscarriage (32), pre-eclampsia
and premature delivery (35,37), and fetal anatomical
(26) or biochemical abnormalities (33), although with
controversial results. .

The role of selenium as a cofactor of several en-
zymes related to oxidative metabolism in the liver and
other tissues is well documented, but no relationship
has yet been demonstrated with regard to bile secretion
(38-42). Experimental studies of bile flow and biliary
lipids composition in rats fed low-selenium diets have
shown inconsistent or preliminary changes (43-45).
Abnormal levels of Se and other essential trace ele-
ments have been demonstrated in several acute and
chronic liver diseases, in children and in adults (46-55).
These changes could theoretically be due to an abnor-
mal hepatic synthesis of plasma binding proteins, to
changes in liver uptake, biliary and/or renal excretion,
intestinal absorption and enterohepatic circulatior., or
to a combined effect. With the exceptions of iron and
copper, a cause-and-effect relationship between other
trace clements and specific liver diseases remains
doubtful, as well as the clinical relevance of changes in
their blood levels. However, it seems important to ex-
plore the possibility that changes in the bioavailability
of some trace elements may influence the synthesis,
structure or function of circulating or structural pro-
teins important to liver functions and bile formation.



In this study, plasma Se binding proteins and Se-
dependent enzymes were not measured. In our previous
study, the activity of the Se-dependent glutathione per-
oxidase (GSH-Px) in plasma was lower in pregnant
than in non-pregnant women and it correlated posi-
tively with plasma Se concentration. Measurements of
selenoprotein P — the main Se-binding protein in
plasma, synthetized by the liver — are in progress, in
normal pregnant women and in patients with ICP.

The present study confirms that ICP patients have
lower concentrations of Se and higher concentrations of
Cu in plasma than normal pregnant and non-pregnant
women. Some patients with ICP had a low Se concen-
tration in plasma as early as | week after the onset of
pruritus, suggesting that Se may have already been low
before the onset of the disease. In recent years, in Chile,
a fall in the prevalence of ICP coincided with an increase
in Se concentration in plasma, in ICP patients and in
samples of the adult population. While in 1970, ICP
could be detected in up to 14% of pregnant women de-
livering in public hospitals, this prevalence progressively
diminished to a third of that value. Se concentration in
plasma of healthy adults was relatively low in 1988 and,
5-9 years after that, it was significantly higher, in similar
population samples (pregnant and non-pregnant
women, and in men) and closer to values reported in in-
dividuals living in geographic areas with a “normal” die-
tary supply of Se. If a low dietary availability of Se and,
therefore, low plasma levels, were related to the patho-
genesis of ICP, even lower values would have been ex-
pected in 1970~1980 but, unfortunately, no data are
available from that period.

Seasonal differences in plasma Se levels observed
now in normal pregnancies coincide with a seasonal
fluctuation in the prevalence of ICP. Most cases of ICP
are diagnosed in autumn and in winter, they diminish
in spring and there are even fewer in summer. In the
present study, Se concentration in plasma from normal
pregnant women was significantly higher in summer
than in the other seasons, possibly reflecting dietary
changes attributable to the availability of different
foodstuffs in different seasons. The number of ICP pa-
tients collected during the study period was insufficient
to stratify them according to seasons.

The present report adds data with regard to two
other trace elements:

1. Zinc. Zn concentration in plasma was lower in
normal pregnancies than in non-pregnant women, but
in contrast to Se it remained stable during the third
trimester of pregnancy and there was no significant dif-
ference in patients with ICP compared to normal preg-
nancies. Low plasma levels of Zn in pregnancy have
been previously detected in some studies (26,29) but

Se, Zn, Cu in cholestasis of pregnancy

reported unchanged in another (28), apparently re-
flecting differences due to either a marginal or a nor-
mal Zn status in the local population examined. In the
present report, Zn also had a seasonal variability,
showing lower levels in plasma from subjects sampled
in summer and in autumn. No specific role has yet
been ascribed to Zn in the metabolic routes leading to
bile formation and secretion, a fact that should not
exclude it from future studies.

2. Copper. Our observation of an increased Cu con-
centration in plasma from healthy pregnant women co-
incides with previous reports (28,29). This finding con-
trasts with the dilutional phenomena experienced by
several solutes during the final months of pregnancy,
including albumin and other proteins. Cu is a constitu-
ent of several protein complexes in blood, mainly ceru-
loplasmin. This, and other metal-binding proteins,
were not measured in the present study and therefore
their contribution to a raised Cu concentration in
plasma was not assessed. Our patients with ICP had a
higher concentration of Cu in plasma than in normal
pregnancies, coinciding with previous reports (13,14).
An impaired biliary excretion of Cu during ICP may
explain its retention in blood. Cu is normally excreted
in bile and increased blood levels have been observed
in other cholestatic disorders (56-58). In the present
study, Cu plasma levels correlated with several bio-
chemical indexes of cholestasis and therefore Cu reten-
tion in blood may be a good reflection of the severity
of the disease. -

Conclusion

The present and previous studies illustrate that blood
levels of Se, Zn and Cu vary in the third trimester of nor-
mal pregnancies. Differences in the direction and magni-
tude of this phenomenon can be related to changes in
water compartmental distribution and other metabolic
effects determined by pregnancy and the fetal placental
unit. A seasonal variability in plasma levels of these
trace elements was also observed and it may reflect
changes in their dietary supply. Of the three trace ele-
ments studied, selenium appears to be an environmental
(dietary) factor that may influence the expressivity of
ICP in a genetically predisposed population. However,
the lack of correlation between Se plasma levels and the
clinical and biochemical expressivity of the disease sug-
gests that the role of selenium in the pathogenesis of ICP
is indirect, perhaps as a cofactor in some important step
of bile formation or secretion.
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