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The Effect of Environmental Tobacco Smoke on
the Testicular Functions of 7-10 Years Old
Children

Abdurrahman Karaman*, Purpose: To investigate the effect of environmental tobacco smoke (ETS) on the testicle

; . functions of 7-10 years old children.
* ok J
Erkan Ta§ » Ismail Temel**, Materials and Methods: The study included healthy male children aging between 7-10 years.
Sule Giirsoy**, Mehmet

Based on the questionnaire data, 50 passive smoking (PS) cases and 50 passive smoking
Demircan*® free controls were determined. Serum levels of cotinine, and biochemical parameters of the
testicle functions; testosterone, inhibin B, anti-mullerian hormone (AMH) along with FSH
and LH levels were evaluated.
Results: Serum cotinine levels in PS group were found higher than the controls (p<0,05).
Testosterone, inhibin-B, FSH, and LH levels of the control group was found higher than
the PS group. The AMH levels were found lower in the controls in comparison with the PS
group (p<0,05).
Conclusions: Our results showed that ETS leads to testicular dysfuntions. We think that
preventing exposure to cigarette smoke in childhood is very important for their
reproductive system.
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Cevresel Sigara Dumaninin 7-10 Yas Grubu Cocuklarda Testis Fonksiyonlarina
Etkisi

Amag: Pasif igicilik olarak tanimlanan gevresel sigara dumanina maruz kalma sik karsilasilan
bir durumdur. Bu ¢alisma ile pasif sigara igicisi durumunda olan 7-10 yas grubu ¢ocuklarda
cevresel sigara dumaninin testis fonksiyonlart tizerindeki etkisini incelemeyi amagladik.
Gereg ve Yontem: Calismaya ilkégretim okullarinda okuyan, 7-10 yas grubunda ek bir saglik
problemi olmayan erkek cocuklar dahil edildi. Pasif sigara icicisi durumunda olan (PT) 50
olgu ve olmayan (K) 50olgu anket calismasiyla belirlendi. Belirlenen olgularin
serumlarindan kotinin diizeyleri ile testis fonksiyonunun biyokimyasal gostergeleri olan
testosteron, inhibin-B, anti-miillerian hormon (AMH) ile beraber FSH ve LH dizeyleri
caligild1.

Bulgular: PI grubunda serum kotinin diizeyleri K grubuna gore belirgin artmis bulundu
(p<0,05). Testosteron, inhibin-B, FSH, LLH diizeyleri K grubunda PI grubuna gore belirgin
olarak yiksek bulunurken; bu yas grubunda testosteron ile ters orantili hareket eden AMH
seviyelerinin K grubunda PI grubuna gore diisiik oldugu saptandi (p<0,05).

Sonug: Elde ettigimiz sonuglar ¢evresel sigara dumaninin testislerde fonksiyon bozukluguna
yol actigimi géstermektedir. Bunun da erigkin yaglarda ortaya cikabilecek infertiltenin
nedenlerinden birisi olabilecegi diistintilmektedir.

Anahtar Kelimeler: Testis; Sigara; Cevresel Sigara Dumani; Kotinin; Inhibin B; Anti-
Mullerian Hormon; Testosteron; FSH; LLH.
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Introduction country. Exposure to ETS prevalence among Turkish

adolescents is alarmingly high (89.0%).14 Children are

Children's exposute to other people's cigarette smoke
(environmental tobacco smoke, ETS) is probably one
of the most important public health hazards in our
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exposed to tobacco smoke not only in their homes, but
also in cars, child care settings, and other public places.
However, exposure at home during parental smoking is
likely the commonest source of ETS exposure to
children.>®

Tobacco  smoke contains more than 4000
compounds.”® ETS has been found to be causally
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associated with a large number of diseases in various
organs. There have been many investigations regarding
passive smoking exposure and health status during
childhood. These investigations show that ETS or
passive smoking, increases the risk of sudden infant
death syndrome, lower respiratory tract illness,
prevalence of wheeze and cough, and exacerbates
asthma.1,%10

It is surprising that studies on the effects of ETS on the
testis function are rather rare in children. However, a
majority of investigations about the relationship
between male reproductive system and tobacco smoke
are about the effect of active smoking in adults or ETS
exposure in rats.!'14 The main objective of the current
study was to evaluate the effects of ETS exposure on
testicular function in children. To our knowledge, it is
the first study conducted in the literature. For assessing
ETS exposure in children a parent-completed
questionnaire and the measurement of serum cotinine
level were used. Cotinine is a breakdown product of
nicotine with a half-life of 20 h; it is stable with
temperature change, or current infection, and has high
specifity and sensitivity. Cotinine can be detected in
several body fluids, such as serum, urine and saliva.l>

For evaluation of the testicular function, serum anti-
Miillerian hormone (AMH), inhibin B, testosterone,
follicle stimulating hormone (FSH) and luteinising
hormone (LH) levels were measured in ETS exposed
and non-exposed children.

Materials and Methods

This study was approved by the Ethical Committee of
Inonu University. After a complete and detailed
explanation about the nature of the research, its aims,
methods, and the inconvenience may the methodology
cause, a written informed consent form was requested
from the patents to allow their child’s participation into
the study.

Healthy primary schoolchildren, whose socioeconomic
status and vegetable—fruit consumption were similar,
were enrolled in this study. Parental cigarette smoking
was assessed using a self-completed parental
questionnaire. The questionnaire consisted of 9
questions regarding demographic data (sex, age),
exposure status (number of smoking household
members, number of daily exposed cigarettes, duration
of exposute, outside exposure) and parents' educational
status. Children were classified as exposed to ETS if
210 cigarettes per day were smoked for two years.
According to previous validation studies in which
parental self-reported smoking of =10 cigarettes per
day was associated with a significant increase of
children’s urinary cotinine levels.!¢
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All the children were divided into two groups; first
group exposed to ETS (50 children) and the second
group nonexposed (50 children) to ETS. Thus, the
study group included 100 subjects for the biochemical
evaluation. The median age of the participants was
8,32%1,07 years (range 7-10). For hormone and cotinine
analyses, blood samples were drawn between 8:00 and
10:00 a.m. from the cubital vein. The serum was frozen
at -80 °C and analysed within 1 month.

Serum concentration of cotinine was measured as the
parameter of ETS exposure in children using the
ELISA Kit (DRG Diagnostics Marburg, Germany).
Serum levels of Inhibin B and anti-Millerian hormone
were measured as indicators of testicular function using
the ELISA Kits (Diagnostics Systems Laboratories Inc.
Texas, USA). Serum concentrations of testosterone,
FSH and LH were measured by an autoanalyser
(Immulite 2000, California, USA) using
chemiluminescent immunometric analys kits
(Diagnostic Products Corparation -DPC- Los Angeles,
California, USA),

All data were analysed by using the Microsoft Office
Excel 2003 software program. Results are expressed as
mean £ SD or proportions, as indicated. Comparisons
of quantitative variables among groups were made using
unpaired t-test. A P value of <0.05 was considered
significant.

Results

As seen on Figure 1, first group (exposed to ETS) had a
significantly higher cotinine level in serum when
compared to the second group (nonexposed to ETS)
(6,70£2,60 ng/mL; and 3,16+0,91 ng/mL, respectively,
p<0,05)

Figure 2 shows the serum inhibin B levels of first group
and second group. The mean inhibin B level of the first
group was significantly lower compared to the second
group (3,6612,75 pg/ml; and 11,70£8,94 pg/mL,
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Figure 1. Serum levels of cotinine in groups. Values
expressed as meant SEM, *p<0.05 in
comparison with nonexposed group.
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respectively, p<0,05). Their serum anti-millerian
hormone levels were, however, significantly higher. The
mean serum anti-miillerian hormone levels were
88,99£26,72 ng/ml. and 69,64£2512 ng/mL in the
passive smokers and control groups, respectively
(p<0,05; Figure 3)
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Figure 2. Serum levels of inhibin B in groups. Values
expressed as meant SEM, *p<0.05 in
comparison with nonexposed group.
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Figure 3. Serum levels of AMH in groups. Values
expressed as meant SEM, *p<0.05 in
comparison with nonexposed group.

Serum testosterone, FSH and LH levels of first and
second groups are shown on Table 1. Serum mean
testosterone level of children exposed to passive
smoking was found to be significantly lower than those
of not exposed (p<0,05). Passive smoking decreased
the level of serum I'SH in the first group compared to
second group (p<0,05). Similarly, the serum LH level in
the exposed group was decreased by ETS (p<0.05).

Table 1. Serum testosterone, FSH and LH levels in

groups.
Testosterone FSH LH
Groups (ng/dL) 1U/L IU/L
Exposed  20,93%9,1%  093+0.61* 021402
Non- 180,95+183,6% 1474092 0,56%0,5

exposed
Values expressed as meant SEM, *p<0.05 in
comparison with nonexposed group.
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Discussion

This study demonstrates for the first time that ETS
exposute of young children via smoking by their
caregivers and other house-hold members is associated
with increases in serum cotinine and AMH levels and
decreases in serum inhibin B, testosterone, FSH and
LH levels. As we know that ETS has been regarded as
one of the most important public health issues. It has
been estimated that approximately 75-89% of Turkish
children are exposed to ETS.3* It was demonstrated
that young age of the child was significantly associated
with higher ETS exposure. Because they spend more
time in closer proximity to their smoking parents, and
they can not choose whether or not to be in a smoky
environment.

The subject of possible detrimental effects of cigarette
smoking or passive smoking on reproductive system in
the male is of great interest. In literature, there are
several cross-sectional studies about the effects of
active or passive smoking on semen quality or testicular
hormone levels, but most of which have included
adolescent or adult patients or have been done in
rats.!2141718 Some studies have shown a negative effect
of smoking on semen quality in terms of the
conventional semen characteristics whereas others
could not demonstrate such an effect.!217 Furthermore,
it has not been clarified whether smoking has an impact
on levels of male reproductive hormones. Significantly
increased,!? decreased and unchanged levels of total
testosterone in male smokers have been reported in
vatious studies.'>!317 In a study semen parameters and
hormone concentrations of infertile smokers had been
compared with infertile non- and ex-smokers. In this
study Trummer et al reported that smoking does not
affect conventional semen parameters, but increases
serum free and total testosterone.!? Similarly, Chohan et
al found that there are no differences between smokers
and non-smokers for ejaculate volume, motility,
concentration and sperm morphology.'® However, in an
another study it is reported that smokers had
significantly less spermatozoa.’ In a study, Yardimct et
al reported that exposure to cigarette smoke decreases
the testosterone level and Leydig cell number in rats.!
In another study by Yamamoto and associates,
secretory dysfunction of the Leydig cells, deficiency in
sperm maturation and spermatogenesis, decreased
testosterone response to hCG stimulation were shown
after exposure of rats to cigarette smoke.?

Despite all this intensive work, the study number about
negative effects of ETS on testicular functions is quite
rare in children. Evaluation of testicular function can be
done several methods. Testicular biopsy for
histopathological examination is not an appropriate
method for children. Therefore we preferred hormonal
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and specific markers analysis in serum samples. In this
investigation cotinine serves as a marker of tobacco
smoke exposure. It is the major degradation product of
nicotine metabolism; it is stable with temperature
change, or current infection, and has high specificity
and sensitivity."> In our study, the higher levels of
serum cotinine found in children of smoking parents,
compared to children of non-smoking parents. The
presence of slight elevated cotinine levels in children
without known household exposure suggests that ETS
should be considered as an urban toxicant as well as an
individual residential exposure.?!

We found decreased levels of serum FSH and LH in
the exposed group. But in these children gonadotropins
may be unreliable predictors of gonadal damage
because the hypothalamic—pituitary—gonadal axis is
relatively quiescent.?? Earlier detection of gonadal
damage has been hampered by the lack of a sensitive
marker of gonadal function in prepubertal children. The
Sertoli cell plays a central role in development of a
functional testis.22 AMH and inhibin B, are testicular
hormones, secreted by Sertoli cells and responsible for
the regression of Miillerian ducts in male fetuses. Both
hormone is normally detectable throughout childhood
where it is a direct marker of the presence and function
of Sertoli cells.?>?* Leydig cells secrete androgens.?> We
preferred AMH, inhibin B and testosteron as
biochemical markers of testicular function. We found
that ETS exposure increased the AMH level and
decreased the inhibin B and testosteron levels. As we
know that AMH is synthesized during fetal and post-
natal life and decreases progressively thereafter until
puberty. Therefore, during male puberty, serum AMH
and testosterone levels show a significant negative
correlation.?3?>20 In our study, increased AMH and
decreased inhibin B levels are suggested that ETS
exposure has a inhibitor role on maturation of Sertoli
cells. This inference is parallel with similar studies. In a
study reduced mean diameter of the seminiferous
tubules and reduced number of the Sertoli cells were
shown after exposure of rats to cigarette smoke by
Ahmadnia and associates.'* In a another study Guven et
al reported that evident degeneration of the
spermatogenetic cells and ultrastructural changing of
the Sertoli cells were common findings in testicles from
smoke exposed rats.?® In addition to the Sertoli cells
reduced testosterone levels may be related to the toxic
effects of smoke on Leydig cells. In a previous study
Yardimci et al investigated the effect of ETS exposure
on the histology of Leydig cells in the testes of rats. In
this study, histological examination of the testes showed
fewer Leydig cells and degeneration of the remaining
cells in testes of ETS exposed rats.!3

The mechanism behind the the gonadotoxic effect of
ETS exposure is not yet understood. The harmful
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effects of ETS on testicular function might be mediated
through oxidative damage. The toxicity of tobacco
smoke is due to nicotine, oxidants, and inducers of
reactive oxygen species (ROS) like NO, NO2, and
peroxynitrite, that initiate oxidative damage.?’” Kosecik
at al demonstrated that increased ROS production was
associated with increased cigarette smoke exposure in
children.?® In another study it was reported that
exposute to cigarette smoke causes changes in the
oxidative enzyme levels in rat testis and these harmfull
effects can be reversed by caffeic acid phenethyl ester.?’
The other mechanism of negative effect of ETS may
also be an inflaimmatory effect of polycyclic aromatic
hydrocarbons (PAH) which is one of the compounds of
cigarette smoke.'” In a study about effects of PAH on
cultured rat Sertoli cells, Raychoudhury at al presented
that PAH have a direct cytotoxic effects on Sertoli cells
and isolated cells of the mammalian seminiferous
epithelium.*

Conclusion

In conclusion, ETS exposure is associated with a range
of adverse health outcomes for children. The current
study, for first time in the international literature,
reveals a harmful effect of ETS exposure on Sertoli cell
secretory function in the children. This effect can
remain after the cessation of ETS exposure. Preventing
exposure to cigarette smoke in infancy and childhood is
very important for their reproductive system. Children’s
exposure to passive smoking is usually involuntary,
arising from smoking, in the places where children live
and play. Parental smoking is a common source of
children's exposure to ETS. It is most important that
parents should be advised to give up smoking and
prevent their children from exposure to ETS.

The authors declate that they have no conflict of
interest.
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