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Abstract The presenting study was investigated the

associations between individual susceptibility and cigarette

smoke on maternal chromosomal damage and neonatal

birth growth in smoking mothers since little known about

genetic susceptibility to cigarette smoke in relation to

adverse pregnancy outcome such as birth growth. Sixty-

one pregnant women who completed a questionnaire at

Ankara Education and Research Hospital, Department of

Obstetrics and Gynecology have enrolled in this study.

GSTM1 and OGG1 ser326Cys gene polymorphisms were

analysed by RFLP-PCR (Restriction Fragment Length

Polymorphism-Polymerase Chain Reaction) as possible

genetic factors affecting susceptibility to such health

effects of smoking and chromosomal damage was per-

formed by chromosomal aberration assay (CAA) in

maternal blood lymphocytes. Maternal self-reported his-

tory of pregnancy smoking was informed by questionnaire

declaration. Our results showed that maternal smoking had

significant effect on chromosomal damage, birth weight,

and length. The frequencies of CA in smokers was sig-

nificantly higher than that of the nonsmokers (3.46 ± 2.06

and 2.00 ± 1.3, P = 0.001). Birth weight and length in

smokers were significantly higher that of nonsmokers

(3,355 g and 49.57 cm, P = 0.001; 3,639 g and 50.79 cm,

P = 0.002). On the other hand, there was a slightly

increased in the frequencies of CA and reduction birth

weight and length in GSTM1 null and length in OGG1

variant genotypes, those differences were not statistically

significant (P [ 0.05); likely due to small sample size.

Larger sample size needs to reach significance.
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Introduction

Numerous studies have shown that maternal cigarette

smoking during pregnancy is associated with reduced birth

weight or increased risk of low birth weight [1–3]. How-

ever, not all women who smoke cigarettes during preg-

nancy have low birth weighted neonates. In a similar

manner, studies covering large populations for CAs were

assessed have given conflicting results, with one study

finding that CA frequencies were not increased by smoking

and another finding shows that smoking caused a 10–20%

increase [4]. Gene–environmental interactions might be the

reason for these variability, which could partly explain why

some pregnant women who are smoking do not experience

low birth weight or some people either smoke or expose to

the genotoxic agents do not develop adverse health out-

comes or cancer. Thus, while previously the researchers

were focused on solely on genotoxicity studies, today they

switched on the evaluation of gene–environmental inter-

actions in combination with genotoxicity tests. In accor-

dance with the Pub Med database, there is only one study

about maternal smoking and focused on this combination.

The metabolic gene polymorphisms (CYP1A1, GSTT1,

GSTM1, and NAT2), as well as DNA damage that was

assessed by comet assay, of mothers who exposed to

environmental tobacco smoke were investigated [2].
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Department of Toxicology, Faculty of Pharmacy,

Gazi University, 06330 Ankara, Turkey

e-mail: bensuka@gmail.com; bensu@gazi.edu.tr

E. Akkaş
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Tobacco smoke contains approximately 4,000 com-

pounds; the most important carcinogens are polycyclic

aromatic hydrocarbons (PAHs), aryl amines, and N-

nitrosamines. Cigarette smoking induces oxidative stress

which is attributed to the action of reactive oxygen species

(ROS) on different cellular components [5, 6]. Fetal tox-

icity may be mediated, at least in part, by the embryonic

bioactivation of xenobiotics to free radical intermediates

that can lead to oxidative stress and ultimately teratogen-

esis and in some cases carcinogenesis [7]. Placenta is one

of the main sources for ROS [8]. The first step in xenobi-

otic-initiated toxicity is often the bioactivation of the

xenobiotic to a more toxic form, which if possible, is

detoxified by the body’s defense mechanisms, such as

detoxifying enzymes; GSTs, CYP1A, NAT2 etc. The role

of genetic polymorphisms is important in bioactivating and

detoxifying enzymes and cancer risk [9, 10]. One of the

detoxifying enzymes is glutathione-s- transferases (GSTs)

which are involved in the detoxification phase and detoxify

smoke-derived toxic chemicals. They allow conjugation

between electrophilic metabolites and glutathione mole-

cules [11, 12]. Both GST genes have either ‘null’ alleles or

can be polymorphic [13].

Mammalian DNA is exposed to continuous attack by

ROS that can cause significant oxidative damage. Smoking

is known to be linked to increased oxidative DNA damage

[14]. 8-Hydroxyguanosine (8-OHG) is an abundant DNA

base lesion formed during oxidative stress which, if not

repaired, can give rise to G: C ? T:A transversions in

DNA [15]. Protective systems maintain the vital integrity

of DNA. Among these protective systems, base excision

repair (BER) is specialized to remove the oxidatively

damaged bases [16, 17]. 8-Oxoguanine DNA glycosylase-1

(OGG1) has significant importance in DNA integrity and

OGG1-initiated BER pathway operates to remove 8-OHG

lesions. OGG1 deletion and polymorphism may result in a

hypermutator phenotype and susceptibility to oxidative

pathologies including cancer. Limited and conflicting evi-

dence exists regarding the repair capacity of a prevalent the

OGG1 Cys326 variant [15]. Both GSTM1 and OGG1

genes are highly polymorphic in the population and have

important roles in metabolizing and repairing of the com-

pounds in cigarette smoke and repairing of DNA damage

induced by cigarette smoke. Compounds in cigarette smoke

are genotoxic and therefore, chromosome damage appears

to be an excellent biomarker for determining the effect of

exposure to smoking [18]. CAA is important for monitor-

ing populations exposed to genotoxic agents because it

allows the evaluation of the entire genome to identify

mutagenic and carcinogenic chemicals [18, 19].

In general, it is an important topic to investigate effects

of smoking and possible modifiers of susceptibility among

mothers themselves as well as among neonates born to

smoking mothers. Thus, the aim of our study was con-

tribute to the controversial and very limited data on asso-

ciations between smoking and gene polymorphisms on

chromosomal damage, neonatal birth weight and length in

smoking mothers. It showed, like numerous previous

studies have done, a significant influence of maternal

smoking during the pregnancy on mean birth weight/length

of the neonates. In addition, our study observed an

increased frequency of CAs in mothers who were smokers

as compared to nonsmokers. Investigation of the role of

polymorphisms in gene encoding enzymes of xenobiotic

metabolism (GSTM1 in our study) and DNA repair (OGG1

in the present study) as potential to reveal important gene–

environment interactions, especially in the context of

tobacco smoke exposure. To date, there has been a few

biological and epidemiological evidence of an association

between ‘‘the SNP polymorphisms and smoking’’ or ‘‘DNA

damage and smoking’’, no study exists all parameters

together like our study. To the best of our knowledge, our

study constitutes the first study which investigates the

interaction with maternal metabolic gene (GSTM1)—

repair gene (OGG1) and smoking and their effect on birth

weight and length and possible genotoxic effects of

maternal smoking.

Materials and methods

Study subjects and sample collection

Healthy, pregnant women (n = 61) who participated in this

study were from the largest Ankara Hospital, Gynecology

and Obstetrics Clinics in Ankara, Turkey. They were

divided into two groups (28 smokers and 33 nonsmokers)

as non-smoking and smoking according to questionnaire

declaration. Maternal peripheral blood samples were col-

lected at the end of the delivery from all subjects February

to September 2005 period. Five milliliters of peripheral

blood was collected in a sterile EDTA container via veni-

puncture from each subject to determine gene polymor-

phisms by PCR–RFLP. After birth, 2 ml of peripheral

blood samples were collected in heparinized vacutainer

glass tube processed on the same day for genotoxicity

analysis (CAA).

The groups (smokers and nonsmokers) were well matched

for age (28.46 ± 4.58 years for smokers and 28.06 ±

5.18 years for nonsmokers) and weight (152.36 lb [69.11 ±

9.25 kg] for smokers and 181.2 lb [73.45 ± 12.32 kg] for

nonsmokers) (P [ 0.05, Table 1). Age, weight and Body

Mass Index (BMI; kg/m2) (before and after birth), birth

weight, neonate age (weeks), medical history and repro-

ductive history were obtained from questionnaire declara-

tion. The study was approved by Ankara Education and
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Research Hospital in Ankara, Turkey. Details are given in

Table 1.

Lymphocyte cultures and chromosomal aberration

scoring

Peripheral blood lymphocytes were taken from mothers at

the end of delivery and processed immediately. The

detailed method for analyzing of the CA can be found

elsewhere [19]. A total of 100 well-spread metaphases

were analyzed from each subject using 9100 (magnifica-

tion) oil objective on a Zeiss Axioskop microscope. Only

complete metaphase cells were selected for analysis. The

following types of aberrations were examined during

analysis: [1] chromosome break; [2] chromosome gap; [3]

chromatid break; [4] chromatid gap; [5] acentric fragment

(a pair of chromatids without a centromere); [6] minute, [7]

dicentric and [8] ring.

DNA isolation and genotypic analysis

DNA was extracted from whole blood using a sodium

perchlorate/chloroform extraction method.

GSTM1 and OGG1 Ser326Cys gene polymorphisms

were analyzed by PCR–RFLP assay as described previ-

ously [13].

GSTM 1 genotyping

The PCR primers used were: Primer 1 (AA1): 50-CGCCAT

CTTGTGCTA CATTGCCCG-30; Primer 2 (AA2): 50-ATC

TTCTCCTCTTCTGTCTC-30 and Primer 3 (AA3): 50-TTC

TGGATTGTAGCAGATCA-30. The primers were obtained

from Operon Technologies, Inc., Alameda, CA, USA.

A 550 ll PCR reaction was performed using 1 ll

genomic DNA, 25 lM each primer (5.5 ll AA1, AA2,

AA3), 16.5 ll 10 mM dNTPmix (dTTP, dATP, dGTP,

dCTP), 2.75 Unit Taq DNA polymerase (Bioline) using

16.5 ll 50 mM MgCl2 and 55 ll 109 NH4 buffer supplied

by the manufacturer and 444 ll 5% sterile water with

DMSO. The reaction consisted of 35 cycles of 1 min at

93�C, 1.5 min at 52�C, 2 min at 70�C and 1 cycle of final

extension for 10 min at 70�C. The specific size of GSTM1

gene PCR product (230 bp) was initially assessed at 100 V

by electrophoresis with 1% Tris-Borate-EDTA electro-

phoresis buffer (TBE buffer) in 2% agarose gel.

OGG1 genotyping

We used a simple PCR–RFLP method to identify the

Ser326Cys variant, because the C to G transversion creates

a Sat I restriction site. Briefly, the 207 bp fragment was

amplified by PCR in a 30 ll reaction volume that contained

100 ng genomic DNA, 0.2 mM of dNTP (Fermentas Life

Sciences, Lithuania), 1.5 mM of MgCl2 (Fermentas Life

Sciences, Lithuania), 0.3 pmol of each primer and 1 unit of

Taq DNA polymerase (Fermentas Life Sciences, Lithua-

nia). The primers used for amplification of OGG1 gene

exon 7, containing Ser326Cys, were 50-ACT GTC ACT

AGT CTC ACC AG-30 forward (Iontek) and 50-TGA ATT

CGG AAG GTG CTT GGG GAA T-30 reverse (Iontek).

Cycling conditions were as follows: initial denaturation at

94�C for 2 min, then amplification by 33 cycles of dena-

turation at 94�C for 15 s, annealing at 60�C for 30 s, and

elongation at 72�C for 35 s, followed by extension at 72�C

for 10 min. The PCR product was digested with 3 units of

Sat I (Fermentas, Lithuania) at 37�C for 16 h, and then

electrophoresed on a 3% agarose gel. The Cys/Cys

homozygote (G/G) is cleaved by Sat I, and yields 2 bands

(100 and 107 bp bands). The Ser/Ser homozygote (C/C) is

not cleaved by Sat I, and the single 207 bp band remains.

The Ser/Cys heterozygote (C/G) contains all 3 bands (100,

107, and 207 bp bands) following restriction digestion.

Negative controls (no template) and positive controls were

included in all sets.

Table 1 The distribution of basic characteristics of pregnant women and neonates according to smoking status

Non-smoker mothers (n = 33) Smoker mothers (n = 28) P
Mean ± SD

Mother age (years) 28.06 ± 5.18 28.46 ± 4.58 0.75

Mother weight before pregnancy (kg) 62.48 ± 11.5 54.75 ± 7.72 0.004*

Mother weight at delivery (kg) 73.45 ± 12.32 69.11 ± 9.25 0.13

Gestational age of neonates (weeks) 38.71 ± 1.09 38.53 ± 0.96 0.5

Neonate weight (g) 3639 ± 245.8 3355 ± 386.7 0.001*

Neonate length (cm) 50.79 ± 1.34 49.57 ± 1.60 0.002*

The frequency of CAs (%) 2.00 ± 1.3 3.46 ± 2.06 0.001*

Student t test

* Statistically significant mean ± SD; mean ± standard deviation
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Statistical analysis

Statistical analysis was done at SPSS for Windows Release

11.5. Descriptive statistics were given as mean ± SD for

continuous data, frequencies and percentages for categor-

ical data. Chi-square test was used to analysis categorical

data. For continuous data like age, weight, length, Stu-

dent’s t test was used to compare two groups. To analyze

difference between groups with more than two categories,

one way ANOVA was used. When the difference between

groups was significant at the result of ANOVA, Bonferroni

test was used as post-hoc test. Backward elimination linear

regression analysis with dummy variables was performed

to find out which factors have effects on birth weight and

length. A P value \ 0.05 was considered statistically

significant.

Results

Our results showed that smoking during pregnancy had

significant effect on birth weight and length. Neonates of

smoking mothers were lighter than those of non-smokers.

The mean birth weight of smokers was 3,355 g and that of

the nonsmokers 3,639 g, resulting in a significantly lower

mean birth weight of 284 g for neonates of smoking

mothers (P = 0.001, Table 1). The mean birth length of

smokers was 49.57 cm and that of the nonsmokers 50.79,

resulting in a significantly lower mean birth length of

1.22 cm for neonates of smoking mothers (P = 0.002,

Table 1). Our results suggested that maternal smoking had

a significant effect on birth weight and length without

taking the impact of the genetic polymorphisms into

account. We compared smokers to nonsmokers in terms of

birth weight (C3,000 and \3,000 g or C50 and \50 cm)

and length to demonstrate the effect of smoking on gesta-

tional outcome. We found that the risk of low birth weight

and birth length in smokers was statistically significant

increased than nonsmokers (OR = 10.667, 95% CI =

1.222–93.084 and OR = 4.500 95% CI = 1.419–14.266;

respectively) (Table 2). On other hand, there was a sig-

nificant effect of neonate birth weight on mother’s weight

(before and after delivery) and BMI (before and after

delivery) (P \ 0.05) however, there were no any effect of

mother age, mothers’ weight gained during pregnancy,

genotypes used and frequency of chromosomal aberration

on birth weight and length according to logistic regression

analysis (Table 3).

Smokers with the GSTM1 null and OGG1 C/G ? G/G,

variant genotypes had neonates with lower mean birth

weight than non-smokers with the same genotype (3,394 ±

417.2 and 3,309 ± 408.5 for smokers, 3,603 ± 176.7 and

3,715 ± 294.8 for nonsmokers, P \ 0.05, Table 4). Simi-

larly, smokers with the GSTM1 null and OGG1 C/G ? G/

G genotypes had neonates with shorter mean birth length

than non-smokers with the same genotype (49.89 ± 1.6

and 49.27 ± 1.8 for smoker, 50.47 ± 1.3 and 51.06 ± 1.4

for nonsmokers, P \ 0.05, Table 4). When considering a

combination of genotypes, no effect was found on both

birth weight and length, likely due to small sample size

(P [ 0.05, Table 4). Sample size was reduced since only

joint genotypes were evaluated.

The frequencies of CA in smoking mothers were sta-

tistically significant higher than those of nonsmokers

(3.46 ± 2.06 and 2.00 ± 1.3, P = 0.001, Table 1).When

the frequencies of CA in smoking mothers were compared

to nonsmoking mothers for each variant (GSTM1 null and

wild type; OGG1 C/C and C/G ? GG), a significant

increase was found in smokers (C/C; 2.06 ± 1.14 and C/

G ? G/G; 1.94 ± 1.50 for nonsmokers; C/C; 3.12 ± 1.76

and C/G ? G/G; 4.00 ± 2.45 for smokers P \ 0.05,

Table 4). The frequency of CAs in smokers (3.70 ± 2.06)

with the GSTM1 wild type was found higher than non-

smokers (1.61 ± 1.20) with the same genotype (P = 0.002

for smokers, Table 4). However, when the frequency of

CAs in all mothers with the GSTM1 wild type was com-

pared to those with the GSTM1 null, the significance was

disappeared. Similar comparisons were made between wild

and variant genotypes and a slightly higher frequency of

OGG1 variant genotype was observed, but not significant

(Table 4).

Our results showed that birth weight and length were not

influenced by genetic polymorphisms without taking the

impact of the maternal smoking into account as an envi-

ronmental factor. When birth weight and length in GSTM1

wild type were compared to GSTM1 null genotypes and in

Table 2 The effect of smoking on the gestational outcome (neonatal weight and length)

Neonate birth

weight and length

Nonsmoker*

mother n (%)

Smoker*

mother n (%)

OR (95% CI)

C3000 g 32 (97%) 21 (75%) 1

\3000 g 1 (3%) 7 (25%) 10.667 (1.222–93.084)

C50 cm 27 (81.8%) 14 (50%) 1

\50 cm 6 (18.2%) 14 (50%) 4.500 (1.419–14.266)

Student t test, * statistically significant, smokers were compared with nonsmokers in terms of birth weight and length
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OGG1 C/C and variant genotypes, there was no difference

found. Similar comparisons were performed on birth

weight and length regarding gene–gene interactions taking

the joint genotypes into account, although the sample size

was reduced, certainly no difference was observed.

We also did not find any difference in gestational age

between smokers and nonsmokers (38.71 ± 1.09 and

38.53 ± 0.96, P = 0.5, Table 1). It might be considered

maternal smoking had no impact on gestational age.

Discussion

Numerous studies have shown that maternal cigarette

smoking during pregnancy is associated with increased risk

of low birth growth [1, 20]. Furthermore, cigarette smoking

during pregnancy leads to many complications and a neo-

nate has twice the risk of low birth weight when compared

to neonates who mothers do not smoke [21, 22]. However,

not all women who smoke cigarettes during pregnancy have

Table 3 Modification of the relationships among the frequency of CAs, neonatal birth growth, genetic susceptibility by maternal smoking and

genetic polymorphisms of GSTM1 and OGG1

Genotypes n The frequency of

CAs (%) mean ± SD

P Birth weight (g)

mean ± SD

P Length (cm)

mean ± SD

P

OGG1 Ser326Cys (C/G) repair gene polymorphism

C/C

Totala 34 2.58 ± 1.6 3476 ± 304.6 50.15 ± 1.4

Nonsmokersb 17 2.06 ± 1.14 NS versus S 3567 ± 167.6 NS versus S 50.53 ± 1.3 NS versus S

Smokersc 17 3.12 ± 1.76 0.046* 3385 ± 381.5 0.081* 49.76 ± 1.5 0.117

C/G ? G/G

Totala 27 2.78 ± 2.15 3550 ± 394.7 50.30 ± 1.8

Nonsmokersb 16 1.94 ± 1.50 NS versus S 3715 ± 294.8 NS versus S 51.06 ± 1.4 NS versus S

Smokersc 11 4.00 ± 2.45 0.011* 3309 ± 408.5 0.006* 49.27 ± 1.8 0.007*

GSTM1 metabolizing gene polymorphism

GSTM1 wild type

Totala 28 2.36 ± 1.80 3532 ± 355.4 50.32 ± 1.7

Nonsmokersb 18 1.61 ± 1.20 NS versus S 3669 ± 293.1 NS versus S 51.06 ± 1.3 NS versus S

Smokersc 10 3.70 ± 2.06 0.002* 3285 ± 333.4 0.004* 49.00 ± 1.5 0.001*

GSTM1 null

Totala 33 2.94 ± 1.90 3489 ± 342.5 50.15 ± 1.5

Nonsmokersb 15 2.47 ± 1.30 NS versus S 3603 ± 176.7 NS versus S 50.47 ± 1.3 NS versus S

Smokersc 18 3.33 ± 2.10 0.177 3394 ± 417.2 0.081* 49.89 ± 1.6 0.278

Student t test, one way ANOVA and Bonferroni correction, *P \ 0.05 statistically significant
a Total GSTM1 ‘‘wild type’’ versus ‘‘null’’ and OGG1 ‘‘C/C’’ versus ‘‘C/G ? G/G’’ comparisons are not significant (P [ 0.05)
b OGG1 ‘‘C/C’’ versus ‘‘C/G ? G/G’’ and GSTM1 ‘‘wild type’’ versus ‘‘null’’ comparisons in nonsmokers are not significant (P [ 0.05)
c OGG1 ‘‘C/C’’ versus ‘‘C/G ? G/G’’ and GSTM1 ‘‘wild type’’ versus ‘‘null’’ comparisons in smokers are not significant (P [ 0.05)

Table 4 Associations between neonatal birth weight and length by gene–gene interactions (GSTM1-OGG1) regarding smoking status

Genotypes n Birth weight (g)

mean ± SD

Birth length (cm)

mean ± SD

P

Total

GSTM1 wild type, OGG1 C/C 12 3389 ± 322.2 49.58 ± 1.7 [0.05

GSTM1 null, OGG1 C/G ? G/G 9 3394 ± 474.6 49.44 ± 2.2

Nonsmokers

GSTM1 wild type, OGG1 C/C 6 3591 ± 224.5 50.83 ± 1.3 [0.05

GSTM1 null, OGG1 C/G ? G/G 4 3737 ± 221.3 50.75 ± 1.7

Smokers

GSTM1 wild type, OGG1 C/C 6 3175 ± 271.6 48.33 ± 0.8 [0.05

GSTM1 null, OGG1 C/G ? G/G 5 3120 ± 449.4 48.40 ± 1.9

One way ANOVA and Bonferroni correction
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low birth weight neonates and some adverse pregnancy

outcomes. Variations among women might be explained by

genetic susceptibility. Recently, a gene–environmental

interaction model has been suggested, which could partly

explain why some pregnant women with smoking exposure

do not have adverse effects [3]. Gene–environmental

interactions relate to variations in the mother’s ability to

metabolize smoking-related adducts to less harmful prod-

ucts and to repair the smoking induced oxidative base

damage. Thus, we hypothesized that maternal smoking

induced low birth weight/length and chromosomal damage

might be modulated by genetic polymorphisms in metabo-

lism and repair, GSTM1 and OGG1, respectively.

Compounds present in cigarette smoke undergo bioac-

tivation and/or detoxication. Phase I of this process results

in the formation of reactive epoxides, which can form DNA

adducts initiating and promoting mutagenesis, carcino-

genesis, or teratogenesis [23]. Polymorphic gene studies of

cigarette smoke carcinogens have found variability

between individuals [1, 12]. Multiple tobacco carcinogens

require metabolic activation to interact with DNA and exert

their genotoxic potential. GSTs are a supergene family of

enzymes which is associated with the metabolism of some

compounds in cigarette and involved in the detoxification

of these compounds [24]. GSTM1 detoxifies specific bio-

logically active metabolites of PAHs, and carriers of the

GSTM1 null genotype have a reduced ability to detoxify

them [25]. Smoking are known to be linked to increased

oxidative DNA damage [14]. The formation of 8-OHG is

induced by ROS from cigarette smoke, environmental

stressors etc. and 8-OHdG, one of the major products of

oxidative DNA modifications, was measured as a marker of

oxidative stress [15] OGG1 protein has a critical role in

repairing various types of DNA base modifications, espe-

cially major lesion 8-OHdG. It is well known that smoking

induces 8-OHdG and that this lesion is repaired less in

smokers with susceptible genotype [26]. Both GSTM1 and

OGG1 genes are highly polymorphic in the population [13,

27]. We investigated the associations between individual

susceptibility and cigarette smoke on maternal chromo-

somal damage and neonatal birth growth in smoking

mothers since little known about genetic susceptibility to

cigarette smoke in relation to adverse pregnancy outcome

such as birth growth. Our present findings showed that

neonatal birth weight and length are significantly lower for

mothers who were continuous smokers during pregnancy

compared with nonsmokers. Our results are consistent with

previous studies [22, 28–30]. These findings are worthy

since low birth weight might be associated with the

increase in the incidence of a number of disease in later

life, including coronary heart disease, stroke, hypertension,

type 2 diabetes mellitus, insulin resistance, serum lipids,

and premature pubarche [31].

To date, studies have focused on metabolic gene poly-

morphisms in smoking mothers due to metabolizing of

compounds in cigarette smoke. We first time investigated

the relative role of metabolic gene (GSTM1) versus other

gene which has repair function (OGG1) in determining

genetic susceptibility to chromosomal damage and birth

weight/length. Wang et al. [1, 32] found that maternal

cigarette smoking was associated with reduced birth weight

and the adverse effects of maternal smoking on neonatal

birth weight and gestational age were modified by maternal

CYP1A1 and GSTT1 genotypes. Delpisheh et al. deter-

mined the role of maternal metabolic gene polymorphisms

(CYP1A1, GSTT1 and GSTM1) in modulating the asso-

ciation between pregnancy smoking exposure and fetal

growth restriction. They found that variant and null geno-

types were more frequent in intrauterine growth restriction

(IUGR) cases than non-IUGR controls and the mean birth

weight of neonates of smokers (2,816 g) was 365.5 g lower

than that of nonsmokers (3,181.5 g) [3]. Our results

showed that there was a slight reduction on birth weight

and length, but not statistically significant association was

found between neonatal birth weight/length and maternal

smoking as linked to the GSTM1 and OGG1 Ser326Cys

genotype. Gloria-Bottini et al. investigated the possible

influence of adenylate kinase genetic variability on the

effect of maternal smoking on intrauterine selection and

development. They observed that zygotes carrying AK1*2

allele were relatively protected from the damaging effects

of smoking [33]. Sasaki et al. [25] conducted a prospective

cohort study to estimate the effects of maternal smoking

and genetic polymorphisms on infant birth weight and

length and found that birth weight and length were sig-

nificantly lower among infants born to continuously

smoking women having the aryl hydrocarbon receptor

(AhR) wild type genotype, the CYP1A1 variant genotype

or the GSTM1 null genotype. All these studies demonstrate

associations between genetic polymorphisms and birth

weight/length or adverse pregnancy outcomes in maternal

smoking. As we known that the smoking habit is consid-

ered to be an important means of exposure to genotoxins

for humans [4]. Several lines of evidence suggest fetal

susceptibility to carcinogens and that in utero exposure to

cigarette smoke and environmental pollutants can result in

carcinogenic DNA adducts, DNA damage, CAs and

increased risk of childhood cancer [34–36]. There is one

research article carried by Wu et al. They determined the

effects of environmental tobacco smoke (ETS) on fetal

growth and maternal DNA damage, and investigated

the relationships among metabolic gene polymorphisms,

genotoxicity, and pregnancy outcome in smoker mothers.

Wu Our hypothesis is similar to Wu et al.’s. However, they

only analyzed the metabolic gene polymorphisms and

investigated the extent of DNA damage by comet assay. In
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our study, both metabolic and repair gene polymorphisms

were examined. They did not find significant associations

between metabolic genotypes and DNA damage [2]. Our

results are consistent with theirs’. We also did not find

significant association. The frequencies of CA in variant

genotypes was slightly higher than those in wild type

genotypes, however this increase was not significant. We

considered that sample size was inadequate for genotypic

analysis. Another research was carried out by Wu et al. on

associations of passive smoking and genetic susceptibility

with birth weight. They analysed only two metabolic gene

polymorphisms, namely CYP1A1 MspI and EPHX1 Tyr13

His and found that there was a remarkable decrease in birth

weight in the passive group. They concluded that their data

was suggestive of possible gene–environmental interaction

[2].

A number of methodological limitations should be

considered when interpreting our results. First, cigarette

smoke is a complex mixture of chemicals and other met-

abolic genes may be involved, also similarly other DNA

repair genes. We only examined one metabolic and one

repair genes, might not enough to show the role of geno-

types on birth weight and length. Second, possible

uncontrolled or inadequately controlled risk factors may

cause confounding effects. We tried to standardize most of

factors via questionnaire but still there might be some

deficiencies are left. Third, we considered that sample size

was sufficient in comparisons of groups for cytogenetic

analysis, not adequate for genotyping analysis since sample

size was extremely reduced in comparisons of gene–gene

interaction.

It is uneasy to increase sample size, but multiple meta-

bolic and repair genes (more than one associated with each

other) in determining precise genetic susceptibility and

genotoxicity tests may be analyzed and well-controlled the

considerable factors belonging to neonates and their

mothers.

Conclusion

In conclusion, to date, there has been very limited study,

only one study as mentioned above on the associations

between individual susceptibility and cigarette smoke on

maternal chromosomal damage, neonate birth weight and

length. Our data showed that smoking had significant effect

on chromosomal damage, neonatal birth weight and length

and they might be considered to be modulated by gene

polymorphisms, if sample size was increase. It seems that

still there is a need to extend studies due to its importance

to gene–environmental interaction model and further

studies are also needed to confirm and compare/discuss

with previous study.
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