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Abstracts: The deleterious effects of cigarette smoking on trace elements concentrations are well known. Recent
studies show that exposure of nonsmokers to environmental tobacco smoke (ETS) results in many biochemical
processes and diseases. The aim of this study was to investigate the plasma concentrations of iron (Fe), zinc (Zn) and
cooper (Cu) in 29 infants (14 boys and 15 girls, age range: 2-6 months, mean age: 3.6 months) who had been exposed
to ETS (range 8-30 cigarettes/day mean 12.4 + 4.7) for at least two months at home, while the control group included 30
infants (13 male, 17 female, age range: 2-6 months, mean age: 3.3 months) who had never been exposed to ETS. All
infants had been breast fed. The plasma iron concentrations were determined by commercial kit, cotinine levels were
determined by luminometric method. Cu and Zn concentrations were analyzed by atomic absorption spectrometry. The
plasma Fe and Zn concentrations in the study group were significantly lower than in the controls (P < 0.05). However,
plasma Cu levels were not different between the two groups (P > 0.05). In conclusion, the plasma Fe and Zn

concentration decline in the ETS exposed infants.
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INTRODUCTION

Infants are constantly exposed to the presence and
are affected by the habits of household members. If
parents smoke, the infant will be exposed to
environmental tobacco smoke (ETS) for long periods.
Exposure to ETS has been associated with numerous
adverse health effects in young children, increased
susceptibility to respiratory tract infections, increased
infant mortality to higher rates of asthma, and sudden
infant death syndrome [1-4]. Although smoking is
recognized to be a significant health problem in older
subjects [5], there is a surprising shortage of
information on the health consequences of ETS in
infants. Tobacco smoke can alter trace element
concentrations.

Iron (Fe), zinc (Zn) and cooper (Cu) are essential
for normal infant development [6]. Fe is in the structure
of hemoglobin and myoglobin essential for O, and CO,
transport, oxidative enzymes, cytochrome C and
catalase. Fe deficiency redounds in the development of
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hypochromic microcytic anemia and growth failure [7].
Zn is an essential component of various enzymes other
proteins and biomembranes. It is required to maintain
the normal structure and/or function of multiple
enzymes, including those that are involved in
transcription and translation of genetic material and cell
division. In animal models, Zn deficiency has been
shown to affect skin, gastrointestinal, immune,
respiratory, skeletal and reproductive systems [8-10].
Cu is essential for the production of red cells, catalyst
in hemoglobin formation, absorption of and associated
with activities of tyrosinase, catalase, uricase,
cytochrome C oxidase, alfa-aminolevulinic acid
dehydratase and xlylol oxidase. It was shown that
active or passive smoking alters some blood trace
element concentrations in teenage girls and adults [11,
12]. With respect to serum mineral concentrations,
several investigators have reported that Zn
concentrations are typically reduced in adult smokers,
whereas Cu concentrations are typically increased [12-
14]. It has been demonstrated that these trace element
concentrations are subjected to change in smokers as
well [15]. Nevertheless, it is not known whether there is
an alteration in the plasma Zn and Cu concentrations in
ETS exposed infants. In this study, we investigated
whether plasma Zn, Cu and Fe concentrations of
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infants exposed to ETS were altered, as compared to
those of infants not exposed.

MATERIALS AND METHODS

The subjects, who were breast fed 2-6 months
infants, were randomly selected. All of the subjects and
their mothers were healthy and we were informed and
assured that they had never used any drug and mineral
compounds until recently and during the study. Parents
were asked about the frequency of smoking and the
number of cigarettes smoked per a day. The number of
cigarettes smoked in the household per day was
calculated. The plasma cotinine concentrations were
also determined to confirm the environmental tobacco
smoke status of the infants. Infants from mothers who
had been active smokers, or infants below the 10"
percentile in weight were excluded. Parents were fully
informed about the aim of the investigation and they
consented to take part in the study. Besides, the local
ethic committee approved the study.

Fifty-nine infants aged 2-6 months were divided into
two groups: the study group included 29 infants (14
boys, 15 girls, mean age: 3.6 months) who had been
exposed to ETS via at least 8 cigarettes (range=8-30
cigarettes/day; mean 12.4 + 4.7 cigarette) per day for
at least the last 2 months in their house, while the
control group included infants (13 male, 17 female,
mean age: 3.3 months) who had never been exposed
to ETS.

METHODS

Venous blood was drawn into tubes containing the
heparin and the disodium salt of
ethylenediaminetetraacetic acid (EDTA). The blood
with EDTA was used for analysis of hematological
parameters. White blood cell and hemoglobin were

measured by a Cell-Dyn 1700 (Abbott) system within
30 minutes from taking the blood sample. The
heparinised tubes were separated from the cells by
centrifugation at 1500 g for 10 min. The plasma
samples were stored at —80 °C until analysis. The
plasma samples were diluted with ultra deionized,
distilled water for Cu and Zn measurements and
determined by atomic absorption spectrometer (Varian
Spectr AA 250 Plus, Australia) and values were
expressed as yg/dL. The plasma Fe concentration was
determined by colorimetric method with a commercial
kit (Boehringer Mannheim, Germany) using an
automatic  analyzer (Hitachi 911, Boehringer
Mannheim, Germany). ETS status of the subjects was
determined by measuring the levels of the plasma
cotinine by luminometric method using a commercial kit
(DPC, USA) with an automated hormone analyzer
(Immulite, USA). This kit's lowest detection limit is 10
(ng/mL).

STATISTICAL ANALYSIS

All results were expressed as mean % standard
deviation; differences were considered statistically
significant at P < 0.05. The data were analyzed by
using Student’s t test and Mann-Whitney U test. The
relationships between parameters were assessed with
Spearman’s correlation analyses. All statistical
analyses were performed with the program Statistical
Package for the Social Sciences (SPSS) for Windows,
version 11.5 (SPSS Inc.)

RESULTS

The demographic data and number of cigarettes
smoked per day in study and control group are given in
Table 1. The mean age of the study group was slightly
higher than that of the control group.

Table 1: Comparison of Demographic Data in the Study Group and the Control Group. Data are Given as Mean * SD

Study Group Control Group
(n=29) (n = 30) p
Age (months) 36+14 33+15 0.354°
Height (cm) 64.2+4.3 64.6 £5.2 0.775°
Body Weight (g) 6545 + 1528 6658 + 1372 0.462°
Head circumference (cm) 416+25 419+1.9 0.624°
Sex (B/G) 14/15 13/17 0.615°
Cigarettes/day 124 +47 0

Student’s t test
bChi-square test
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The mean of body weight, height and head
circumference tended to be slightly low in the study
group than in the control group. There was not
statistically significant difference in the age, body
weight, height and head circumference between cases
the study group and the control group (P > 0.05). The
plasma mean (SD) cotinine concentration was 36.4 + 7
(ng/mL) in the study group but not detectable in the
controls (Table 2). The plasma mean Fe concentrations
were significantly lower in study group (58.7 + 14.2)
than in the control group (78.6 + 15.4) (P = 0.002).
Also, the plasma mean Zn concentrations were
significantly lower in the study group (53.7 = 5.9) than
in the control group (90.7 £ 10.1) (P = 0.001).

The plasma Cu levels were not different between
the two groups. There are negative correlations
between the plasma cotinine and trace element
concentration but this correlation was not statistically
significant (P >0.05).

DISCUSSION

Tobacco smoke can alter trace element
concentrations. However, to the best of our knowledge,
all of the published studies related to the alteration of
ETS are about teenagers or adults, whereas this is the
first report showing an association between trace
element concentrations in exposed to ETS infants. In
this study, we found that the plasma Fe and Zn
concentrations were lower in infants exposed to ETS
than in infants of the control group (P= 0.002; P =
0.001, respectively).

It is important to recognize that cotinine is a
quantitative biomarker for smoking, and it is unlikely
that cotinine or its parent compound, nicotine, is
responsible for all of the adverse outcomes associated

with smoking [16]. Combinations of the measurement
of body fluids cotinine with the interview-derived
information are accepted to be the optimal method for
assessing ETS exposure in children. Therefore, we
used both methods in this study [17]. The plasma
cotinine level in the study group was 36.4 ng/mL in this
study while the controls had undetectable
concentrations. The level of exposed infants was
similar to ETS infants in the literature [18]. On the other
hand, Strauss RS [19] determined that cotinine levels
were 2 ng/mL and 15 ng/mL in ETS group. The
difference of the plasma cotinine levels may relate to
measuring methods or the degree of ETS, because,
Straus RS [19] was determined serum cotinine levels
by liquid chromatography, whereas we determined
them by luminometric method.

Trace element abnormalities can generally be
traced to nutritional or environmental factors. Both
kinds of abnormalities can be diagnosed by analyses of
trace elements in plasma or other tissues. The children
coming from the tobacco-smokers' families often
present with disorders of Fe metabolism, hemoglobin
formation, or red blood cell metabolism, leading to the
development of anemia during the first year of life [20].
Fe concentrations in ETS exposed infants are
considered below necessary levels to meet the infant’s
requirements for growth and development [21]. In this
study, we found that Fe concentrations were at normal
limits in ETS exposed infants. However, Fe
concentrations were lower in the study group than in
the control group. Fe concentrations may be lower than
normal limits in a long period in ETS exposed infants.
We suggested that this Fe metabolism disorders begin
at infancy period in ETS exposed infants.

Various studies have been reported that Zn
concentrations are typically reduced in adult smokers

Table 2: Comparison of Iron, Zinc, Copper, WBC and Hemoglobin Levels Between the Study Group and the Control

Group. Data are given as Mean * SD

Study Group Control Group P
(n=29) (n=30)

Iron (ug/dL) 58.7 £ 14.2 78.6 + 15.4 0.002
Zinc (ug/dL) 53.7+5.9 90.7 £ 10.1 0.001
Copper (ug/dL) 77.9+27.6 66.4 + 26.8 0.746
WBC /mm® 10.6 £ 3.8 10.2+ 3.8 0.745
Hemoglobin mg/dL 10.3+1.6 10.7£1.7 0.347

Cotinine (ng/mL) 3647 <10% NA

®Student’s t-test
I Mesurable concentrations were present in a single case only (24 ng/mL).
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[11-13]. In this study, we were demonstrated that in
ETS exposed infants have lower the plasma zinc
concentrations than in the control group. The
hypozincemia that are often observed in adult smokers
have been attributed to the acute-phase response that
can be triggered by tissue damage [11]. Owing to the
fundamental role that Zn plays in cellular metabolism,
its effect is substantial in cells with a rapid turnover
such as the immune system and is therefore said to
modulate host resistance to various infections [9, 22].

Several investigators  have  reported Cu
concentrations are typically increased in adult smokers
[1, 13, 23]. On the contrary common findings our data
displayed that in ETS exposed infants statistically
significant hypercupremia was not observed. This is
probably related to long exposure time to cigarette
smoke in active smoker than ETS exposed infants [24].
We also found that a slightly negative relationship
between the plasma Fe and Zn and the plasma
cotinine concentrations.

The decreasing Fe and Zn, increasing Cu
concentration in ETS exposed infants may be
dependent on several factors. One factor, toxic heavy
metals that are naturally found in tobacco, especially in
the tar phase, acts antagonistically to Zn [25]. Another
factor, the decreasing content of Zn, Fe, and increasing
content of Cu, may be dependent on the inflammatory
response due to tobacco smoking. It has been
demonstrated that tobacco smoke increases the
inflammatory processes and causes increased
expression of inflammatory mediators such as
interleukin 1 (IL-1) (IL-2) (IL-6) (IL-8), and serum
eosinophil cationic protein [26, 27]. Other finding of
inflammation in this study is increased WBC counts in
ETS exposed infants. WBC may serve as an important
biomarker for these processes. Similarly, Panagiotakos
and colleagues [28] were compared with who were not
exposed to ETS, those exposed more than 3 days per
week had higher white blood cell counts.

In active smoker mother's infants height were
significantly lower in infants and was higher in the third
months, caused by slower height growth. Smoking
affected infant's height during breastfeeding, attributed
to an eventual impaired bioavailability of essential
nutrients [29]. In the present study, heights, body
weights and head circumferences were slightly lower in
the study group than in the control group. ETS
exposure may be extensive effect in infant growth in a
long time. The lack of development may be caused by

bioavailability of essential nutrients, adverse effect of
nicotine and other contains of tar phase cigarette [30].

The limitations of the study were that limited trace
elements were measured. Also, there was not to
investigate relationship between trace elements and
oxidative stress changes in this group.

When considering changing mineral concentrations
in ETS infants, any deviations from the central
measurement trend can have important consequences
on the understanding of infant nutrition requirements.
Children’s ETS exposure to increased rates of
respiratory tract infections, otitis media, and childhood
asthma, with the severity of these problems increasing
with increased exposure [31]. The decreasing Fe and
Zn, increasing Cu concentration in ETS exposed
children may be contribute in these health events.

In conclusion, the plasma Fe and Zn concentration
decrease in the ETS exposed infants.
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