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Abstract

Objectives: To study the effect of passive cigarette smoking on plasma oxidative and antioxidative status in
passive smoking preschool children and to compare them with controls.

Methods: Thirty-four passive smoking (five to 50 cigarettes per day) preschool children (study group) and
32 controls who had never been exposed to cigarette smoke were randomly chosen from children aged from 4
to 6 years. Urinary cotinine and plasma indicators of oxidative and antioxidative status, i.e., total oxidant status
(TOS), total antioxidant capacity (TAC), and oxidative stress index (OSI), were determined.

Results: Mean environmental cigarette consumption was 22+13 cigarettes per day in passive smoking
children. Mean urinary cotinine levels were 77.6+41.4 ng/mL and 11.9+2.3 ng/mL in the study and control groups,
respectively (p < 0.001). Mean plasma TAC levels were 0.95+0.13 mmol Trolox equivalent/L and 1.01+0.09 mmol
Trolox equivalent/L, respectively (p = 0.039). Mean plasma TOS levels were 28.6+7.9 pmol H,0, equivalent/L
and 18.5+6.3 pmol H,0, equivalent/L, respectively (p < 0.001). Mean OSI levels were 3.08+0.98 arbitrary units
and 1.84+0.64 arbitrary units, respectively (p < 0.001). A small amount of cigarette smoke (five to 10 cigarettes
per day) causes considerable oxidative stress. There were significant correlations between number of cigarettes

consumed and oxidant status and OSI levels.

Conclusions: Passive smoke is a potent oxidant in preschool children. Its deleterious effects are not limited
just to heavy passive smoking, but also occur with exposure to small amounts of smoke.
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Introduction

The main adverse effect of active or passive cigarette
smoking is due to numerous compounds emitted in gases,
many of which are oxidants and pro-oxidants; moreover,
enhanced production of reactive oxygen species by smoke is
related to increased free radical production, depleted serum
antioxidants, and oxidative stress.-4 Increased oxidant
status can result in the oxidation of lipids, induction of DNA

single-strand breakage, inactivation of certain proteins, and
disruption of biological membranes, 256 which are associated
with numerous adverse health effects in fetuses, infants,
children, and adults.:2/7-12

Cotinine, which is the major metabolite of nicotine, is
a commonly used indicator to reflect the level of smoking
exposure, even though its half-life is less than 24 hours.
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Urinary cotinine is a good indicator, because it can be
easily and accurately measured and is detectable in urine
specimens at low concentrations.13

We previously reported that total antioxidant capacity
(TAC), total oxidant status (TOS), and oxidative stress
index (OSI) in fetal placental tissue, cord blood, and infants’
and their mother’s serum are altered by active or passive
smoking.1.2,8:9 In the present study, we measured cotinine
level to determine the level of passive cigarette exposure
and evaluated the effect of passive smoking on the levels
of total oxidant/antioxidant status in preschool children.

Materials and methods

The study group included 45 preschool children (24 male,
21 female) aged from 4 to 6 years old (mean: 5.2+0.7
years) who had been exposed to at least five cigarettes
per day at home (range: 5-45 cigarettes per day; mean:
22+13 cigarettes perday) for atleast the past 2 months. The
control group consisted of 44 preschool children (26 male,
18 female) aged from 4 to 6 years old (mean: 5.3+0.8) and
of similar socioeconomic status. These subjects’ mothers
reported that the children had never been exposed to passive
smoking. Participants were enrolled from Harran University
pediatric outpatient clinic and Sanliurfa Children’s Hospital
pediatric outpatient clinic between February 2010 and April
2010. All subjects were healthy, and none had taken any
antioxidant medications (vitamin C, vitamin E, selenium,
etc.) or drunk fruit juice prior to or during the study. A brief
history was taken and blood samples for complete blood
count and renal and liver function tests were obtained
from each individual in the study and control groups, and
a complete physical examination was performed. Urine
samples were collected into a sterile tube. Blood samples
were withdrawn into heparinized tubes and plasma was
separated from the cells by centrifugation at 3000 rpm for
10 minutes. The urine and plasma samples were stored at
-80 °C until required for analysis. The plasma was analyzed
for TAC and TOS. Subjects with any signs or symptoms of
any acute or chronic illness or with abnormal biochemical
test results were excluded from the study.

Eleven patients in the study group were excluded
because their urinary cotinine levels were lower than 25
ng/mL (mean: 15.1 ng/mL; range: 10.2-24.9 ng/mL),
although their mothers reported that children had been
exposed to at least five cigarettes per day. It may be
caused by the extent of their cigarette consumption,
the rate of smoking, the type of cigarette (filter or non-
filter, low tar, with different nicotine content, etc.), the
proximity of the non-smoker, the duration of exposure,
the magnitude of the space, the home or work ventilation
system, the season of the year, and many other variables.
Twelve subjects in the control group were excluded
because their urinary cotinine levels were higher than
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25 ng/mL (mean: 37.6 ng/mL; range: 25.1-59.4 ng/mL),
although their mothers reported that the children had
never been exposed to passive smoking. The mothers
were fully informed about the aim of the investigation
and gave consent for their children to be involved in the
study. The study was approved by the Harran University
Medical Faculty Ethics Committee and the Harran University
Scientific Academic Council.

Analytical methods

Urinary cotinine levels were determined by
chemiluminescence using a commercial kit (Immulite 2000
nicotine metabolite kit, Diagnostic Products Corporation, Los
Angeles, CA, U.S.) with an automated hormone analyzer
(Immulite 2000 immunoassay system, Siemens, Chicago,
IL, U.S.). Urinary cotinine levels were expressed as ng/mL.
The urinary cotinine cutoff level for passive smoking was
25 ng/mL.1% TAC and TOS levels were measured by Erel’s
methods (Rel Assay Diagnostics, Gaziantep, Turkey), which
are automated and colorimetric.15-17 Erel’s TOS method is
based on the oxidation of ferrous ion to ferric ion in the
presence of various oxidant species in acidic medium and
on the measurement of the ferric ion by xylenol orange.
The results were expressed in umol H,0, equivalent/L (H,0,
equiv./L).18 Erel’s TAC method is based on the bleaching of
the characteristic color of a more stable 2,2'-azino-bis (3-
ethylbenz-thiazoline-6-sulfonic acid) (ABTS) radical cation
by antioxidants. The results were expressed in mmol Trolox
equivalent/L.1° The percentage of TOS level to TAC level was
regarded as the OSI.17 The plasma OSI value was calculated
as follows: OSI = ([TOS, pmol H,0, equiv./L][(TAC, pmol
Trolox equivalent/L] x 100).7:17

Statistical analysis

Variables’homogeneity of variance was tested by Levene
test. Differences in urinary cotinine and plasma parameters
between study and control groups were analyzed by Student
t test. Sex ratio was compared using a chi-square test.
Bivariate associations between variables were assessed
by Pearson’s correlation test. The data were expressed
as mean % standard deviation (SD) and differences were
considered statistically significant at p < 0.05. Statistical
analyses were performed using SPSS for Windows Release
11.5 (SPSS Inc., Chicago, IL, U.S.).

Results

The cotinine-based study group consisted of 34 preschool
children (17 male, 17 female) aged 4 to 6 years old (mean:
5.2%0.8 years). The control group consisted of 32 preschool
children (19 male, 13 female) aged 4 to 6 years old (mean:
5.3+0.8years). We found no significant differences between
the groups with regard to mean age, body weight, height,
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body mass index, or male/female distribution (p > 0.05,
Table 1).

Mean environmental cigarette consumption was 22+13
cigarettes per day in the passive smoking children. Mean
urinary cotinine levels were 77.6+41.4 ng/mL (range:
25.7-168 ng/mL) and 11.9+£2.3 ng/mL (range: 10.1-
22.8 ng/mL) in the study and control groups, respectively
(p < 0.001). Plasma TAC, TOS, and OSI levels are given
in Table 2. Plasma TAC levels were significantly lower in
the study group than in the control group (Figure 1A).
Mean TAC levels were 0.95+0.13 mmol Trolox equiv./L and
1.01+0.09 mmol Trolox equiv./L, respectively (p = 0.039).
Conversely, plasma TOS and OSI levels were significantly
higher in the study group than in the control group
(p < 0.001) (Figure 1B, 1C). Mean plasma TOS levels were
28.6+7.9 ymol H,0, equiv./L and 18.5+6.3 pmol H,0,
equiv./L, respectively. Mean OSI levels were 3.08+0.98
arbitrary units (AU) and 1.84+0.64 AU, respectively.
Either a small amount of cigarette smoke (five to 10
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cigarettes/day) or a low level of urinary cotinine (25-50
ng/mL) causes important oxidative stress (p < 0.002).
A significant positive correlation was found between the
number of cigarettes to which children were exposed
and TOS and OSI levels (p < 0.001) (Figure 2), but
no correlation was found between urinary cotinine and
oxidative parameters (p > 0.05).

Discussion

In this study, we found that the oxidative/antioxidative
balance underwent a major shift towards the oxidative side
in passive smoking preschool children. To the best of our
knowledge, all the published studies related to the total
oxidant/antioxidant effects of passive smoking are about
placental tissue® and fetal cord blood,® infants and their
mothers,12 and school children.1? This is the first report
showing an association between increased plasma oxidative
status and passive smoking in preschool children.

Table 1 - Comparison of age, body weight, height, and BMI of passive smoking preschool children
and controls (data given as mean + SD)
Study group Control group

(n = 34) (n =32) p*
Age (year) 5.1+£0.8 5.3+£0.8 0.536
Body weight (kg) 17.9+2.9 17.9+2.9 0.717
Height (cm) 110.5+£7.5 111.14£7.5 0.734
BMI (kg/m?2) 14.4+1.2 14.5%+1.2 0.885
Gender (male/female) 17/17 19/13 0.303%
Number of cigarettes 22+13 NA -

BMI = body mass index; NA = not applicable; SD = standard deviation.

* Student ttest.
T Chi-square test.

Table 2 -

Comparison of plasma oxidative and antioxidative parameters of passive smoking preschool

children and controls (data given as mean + SD)

Study group

Control group

(n = 34) (n =32) p*
Cotinine (ng/mL)* 77.6+41.4 11.9+2.3 < 0.001
TAC (mmol Trolox equiv./L) 0.95+0.13 1.01+0.09 0.039
TOS (umol H,0, equiv./L) 28.6%7.9 18.5+6.3 < 0.001
OSI (arbitrary unit) 3.08+0.98 1.84+0.64 < 0.001

OSI = oxidative stress index; SD = standard deviation; TAC = total antioxidant capacity; TOS = total oxidant status.

* Student t test.
T Urine sample.
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OSI = oxidative stress index; TAC = total antioxidant capacity; TOS = total oxidant status.

Figure 1 - Boxplot graph of plasma TAC levels (A), TOS levels (B), and OSI levels (C) in passive smoking preschool children and controls

Exposure to passive smoking is very common and has
been implicated as a significant health risk factor and as a
habit that has adverse consequences for the establishment
and progression of several diseases. Children are especially
vulnerable to health risks from such exposure, including
upper and lower acute respiratory tract infections, acute
and chronic ear infections, exacerbation of asthma,
changes in neurodevelopment, behavior problems, and
decreased school performance.20:21 Although the underlying
mechanisms involved in the pathologies associated with
active or passive smoking are arguably still an area of
active debate, free radical-induced oxidative damage has
been alleged to play a major role in the pathogenesis of
numerous smoking-related disorders.®22:23 Free radicals
are capable of directly and indirectly inducing oxidative
stress in the body. Free radicals originating from cigarette
smoke are considered an important cause of atherosclerosis
and cancer.2* Cross et al. reported that tobacco smoke is a
rich source of oxidants and reactive oxygen species.25 Our
results showed that important changes occur in the TAC in
passive smoking preschool children.

The quantities of smoke-derived chemicals (e.g.,
oxide of nitrogen, nicotine, carbon monoxide, and various
carcinogens) in the environment depend on a host of factors,
such as the number of smokers, the extent of their cigarette
consumption, the rate of smoking, the type of cigarette
(filter or non-filter, low tar, with different nicotine content,
etc.), the proximity of the passive smoker, the duration of
exposure, the magnitude of the space, the home or work
ventilation system, the season of the year, and many other

variables.26 All these factors, combined with the results of our
studies, led us to conclude that further studies are needed
to more clearly identify the effects of passive smoking on
the oxidant/antioxidant system.

50

Cigarettes per day

OSI (arbitray unit)

OSI = oxidative stress index.

Figure 2 - Correlation graph of OSI levels and the number of
cigarettes consumed per day (r = 0.479, p = 0.003)
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An indicator of cigarette smoke exposure should
be measurable and should represent the magnitude,
duration, and frequency of exposure.29 Urinary cotinine
is a good indicator, because it varies with the strength
of the source of exposure, can be easily and accurately
measured at an affordable cost, and is detectable in
urine specimens at low concentrations.!3 In this study,
we measured cotinine to determine the level of passive
cigarette exposure in preschool children. Parents smoked
on average 22 cigarettes per day and children’s urinary
cotinine levels were on average 77 ng/mL, yet no correlation
was found between oxidant status and cotinine level.
However, a positive correlation was observed between
number of cigarettes smoked and TOS. It seemed to be
more pronounced in the number of cigarettes consumed
than in the cotinine level. Although maternal report
may be less accurate than measured levels of cotinine,
no correlation was seen between reported amount of
smoking and measurable levels of cotinine. Moreover, in
our previous study, no correlation was found between
cotinine and other parameters.!

The limitation of the study was that creatinine and
specific gravity (relative density) were not measured; both
allow differences in urine concentration to be taken into
account when determining urinary cotinine concentrations.
This study showed that assessing urinary cotinine levels
without measuring urinary creatinine or specific gravity
levels is not more reliable than assessing parental
reports of cigarette exposure levels. Measurements of the
biochemical products cotinine and creatinine in urine are
often adjusted to account for the influence of hydration.
Such adjustments have traditionally relied on creatinine
or specific gravity measurements in the sample being
assayed, the final values being expressed as a ratio of
the biochemical product to creatinine or specific gravity.2”
Specific gravity can be measured rapidly, reliably, and
inexpensively - characteristics particularly attractive for
routine clinical use.?”

The values of lipid peroxidation products can be used as
anindex of oxygen free radical generation. The measurement
of TOS provides a sensitive index of lipid peroxidation and
oxidative stress.17.19 It has been argued that the increased
production of reactive oxygen species associated with
smoking may exceed the capacity of the oxidant defense
system, resulting in oxidative damage to selected proteins,
lipids and DNA.23:28 In infants exposed to passive smoking,
several components of the antioxidant defense system have
been reported to be impaired as compared with those in non
exposed infants.2:9:19,:29 Similar to our previous studies, this
study showed that TOS levels were significantly higher in
passive smokers. In addition to this oxidative marker, OSI,
which is a significant marker of both oxidant and antioxidant
power, was significantly increased in the passive smoking
preschool children.
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In conclusion, passive parental smoking is associated
with important alterations in plasma oxidant/antioxidant
balance and causes potent oxidative stress.
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