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Abstract
Objectives—The aim of this study was to investigate the genotoxicity of waterpipe smoking in
the lymphocytes of waterpipe smokers using chromosomal aberrations (CAs) assay.

Materials and Methods—Fifty waterpipe smokers and 18 healthy non-smokers volunteered to
participate in the study. Additionally, 18 heavy cigarette smokers were recruited for comparison.
Chromosomal aberrations (CAs) assay was used to evaluate DNA damage in the lymphocytes.

Results—The results showed that similarly to cigarette smoking, waterpipe smoking
significantly increased the frequencies of CAs (p < 0.01). In addition, the frequencies of CAs
increased with more waterpipe use.

Conclusions—Waterpipe smoking causes DNA damage to lymphocytes and the damage
increases with more waterpipe use.

Keywords
Waterpipe; Smoking; Cigarette; Chromosomal aberrations

INTRODUCTION
Smoking is a major world health problem that kills more than 5 million people each year [1].
Tobacco smoke contains over 50 known carcinogens such as polycyclic aromatic
hydrocarbon, N-nitrosamines and heavy metals [2]. Tobacco cigarette smoking is a causal
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agent of cancer, pulmonary and cardiovascular diseases, and nicotine/tobacco dependence
[3–5].

Tobacco is commonly consumed in different ways including cigarette, cigar, and waterpipe
(a.k.a. hookah, narghile, or shisha) smoking. The popularity of waterpipe smoking is
growing in the eastern Mediterranean area and throughout the world especially among the
youth [6–10]. This spread is, in part, due to the misperception that the waterpipe “filters” the
smoke, rendering it less harmful than cigarette smoke [11,12]. Smoking using a waterpipe
includes the use of a heavily flavored and hydrated, tobacco “moassel” that is burned by
charcoal placed on top of the tobacco [13]. Similarly to cigarette, waterpipe smoke contains
an abundance of several toxicants including polyaromatic hydrocarbons, aldehydes and
heavy metals that are thought to render smokers more prone to cancer [14].

The DNA damage induced by cigarette smoking has been extensively studied [15]. Most
reports indicate that cigarette smoking causes DNA damage as assessed by several tests
including DNA adducts, micronuclei assay, sister chromatid exchanges (SCEs), 8-
hydroxyguanosine, and chromosomal aberrations (CAs) [16–21]. However, the DNA
damage associated with waterpipe smoking was examined in few studies. For example, a
study by Khabour et al. [22] showed a significant increase in sister chromatid exchanges
(SCEs) in the lymphocytes of waterpipe users. In addition, waterpipe smoking increases the
levels of micronuclei in buccal mucosa cells of waterpipe users [23]. The aim of this study
was to investigate the DNA damage associated with waterpipe smoking using CAs assay.

MATERIALS AND METHODS
Subjects

Fifty waterpipe smoker subjects with mean age of 26.5±4.2 and 18 heavy smoker subjects
with mean age of 25.2±5.4 volunteered to participate in the study. Additional 18 non-smoker
subjects with mean age of 26.3±7.6 were selected to match the smokers for age. The
subjects were recruited from different places in Irbid city/Jordan such as coffee shops and
student dorms. Waterpipe smokers were divided into three groups: 1) heavy smokers (Wh),
i.e. those who used only waterpipe to smoke tobacco at least one time per day, 2) moderate
smokers (Wm), who used waterpipe 4–5 days/week, and 3) light smokers group (Wl), who
used waterpipe < 3 days/week [22]. The heavy cigarette smokers group included those who
used only cigarettes and smoked at least 30 or more cigarette per day [22]. All subjects were
healthy adult males and did not use alcohol or drugs. An institutional review board approval
for the study was obtained and written informed consent was signed by all subjects
according to the regulations of the Jordan University of Science and Technology.

Chromosomal Aberrations Assay
Chromosomal aberrations assay was performed as previously described [24]. Blood sampled
(5 ml each) were collected from the subjects from a peripheral vein using coded heparinized
vacuum tubes. Lymphocyte cultures from fresh whole blood were established by adding 1
ml to 9 ml of PB max complete karyotyping media (Gibco-Invitrogen, UK). The cultures
were incubated in the dark at 37°C for 72 h in a CO2 incubator. During the last 2 h of
incubation, colcemid (final concentration of 0.1 μg/ml) was added to arrest the cells in
metaphase. The cultured cells were harvested by washing off the medium and then re-
suspended in a pre–warmed hypotonic solution (0.075M KCl) for 15–20 min at 37°C. The
swollen lymphocyted were collected by centrifugation, fixed in freshly prepared fixative
[absolutr ethanol : glacial acetic acid 3:1 (v:v)] at room temperature for 15 min. The cells
suspension was centrifuged, washed three times, and then re-suspended in 1 ml of the
fixative. The cellular suspension was then dropped on pre-chilled microscope slides to
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obtain metaphase spreads. The slides were allowed to air dry, aged for 24 h in a dark place
and stained with 5% Giemsa (Gainland chemical company, UK). Structural and numerical
CAs were evaluated in 30 well-spread metaphases per donor. The evaluator was blind to the
treatment. CAs were divided into gaps (including both chromatid gaps and chromosome
gaps), breaks (including both chromatid breaks and chromosome breaks) and exchanges
[25].

Mitotic Index Analysis
The mitotic index (MI) was calculated by analyzing 1000 cells from each donor and scoring
the cells that were in metaphase [26]. The changes in the MI values were used as indicators
that reflect the cytotoxicity against blood lymphocytes.

Statistical analysis
The analysis of statistical significance was performed using Graphpad Prism statistical
software (version 5.0). The data was expressed as a mean percent change from the control
group ± standard deviation. The Student t-test was used to compare CAs between the
waterpipe and cigarette groups. To compare CAs between different waterpipe groups,
ANOVA multiple comparison test followed by Newman–Keuls post hock test was used. A p
< 0.05 was considered significant.

RESULTS
Cytogenetic aberrations were observed in leukocytes using the black Giemsa staining
technique, which only show up the asymmetrical chromosomal aberrations. Gaps, breaks
and exchanges were included in the aberrations assessment. Cigarette smoking and
waterpipe smoking significantly increase CAs by 2.7 and 3.7 fold, respectively (p < 0.01,
Figure 1). The level of the increase in CAs was higher than that induced by cigarette
smoking, but was not statistically significant (p = 0.178). Thus, the results indicate that
tobacco smoking using cigarette or waterpipe induces significant aberrations in
lymphocytes, and that the level of the induced aberrations is higher in waterpipe smokers
than cigarette smokers.

To investigate whether CAs increase with more intense waterpipe use, waterpipe smokers
were divided into heavy, moderate and light smokers depending on the use pattern. As
shown in Figure 2, there were significant differences in the levels of CAs between the three
groups (ANOVA, F = 32.6, df = 49, p < 0.01). The level of CAs in Wh was higher than in
the Wm group (p < 0.01) and it was higher in the Wm than in the Wl group (p < 0.05).

The mitotic index is used as an indicator that reflects the cytotoxicity against blood
lymphocytes. The mitotic indices in waterpipe and cigarette smokers were higher than those
of the controls (mean±SE = 8.1±0.51, 9.2.±1.2, and 10.4±0.82; respectively) but this
difference was not statistically significant (p > 0.05).

DISCUSSION
In this study, we examined the DNA damage induced by waterpipe smoking on blood
lymphocytes using CAs assays. This kind of assays is widely used especially in the
genotoxicity assessment in human subjects [27]. In addition, multiple studies have shown a
strong correlation between induction of CAs and the risk of cancer [28,29]. The results
showed an approximately 4-fold increase in the level of CAs in waterpipe smokers
compared to that present in healthy controls. This data is congruent with the study of Yadav
and Thakur [30] that showed a significant increase in CAs in the lymphocytes among
waterpipe users in India. In addition, waterpipe use has been shown to enhance the level of
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micronuclei in buccal mucosa cells of smokers [31]. Moreover, the level of sister chromatid
exchanges in blood lymphocytes has been shown to be strongly correlated with waterpipe
use [22]. Thus, waterpipe tobacco smoking is genotoxic to body cells and has the potential
to be carcinogenic as indicated by the high level of CAs observed in this study.

The chromosomal aberrations test is widely used to investigate the potential DNA damage
induced by various chemical and environmental agents including cigarette smoking. A study
by Prabhavathi et al. [32] showed a significant increase in the frequency of CAs in the
lymphocytes of cigarette smokers. Even occupational exposure to cigarette smoke has been
demonstrated to increase the CAs frequency [33]. Cigarette smoking has also been shown to
induce DNA damage using other genotoxic assays such as micronuclei [34], sister chromatid
exchanges [20,35] and oxidative DNA damage [35] in the peripheral lymphocytes of
smokers. The current results manifesting that cigarette smoking significantly increases the
levels of CAs confirmed the previous findings and indicated the general genotoxic effects of
tobacco smoking.

Compared to cigarette, waterpipe smoke contains more mutagenic and carcinogenic
compounds [13,14]. For example, in comparison to a single cigarette, a single waterpipe
smoking episode yielded 3–245 times the amount of polyaromatic hydrocarbons (PAHs)
[13,14,36,37]. In addition, tar is two orders of magnitude greater than that produced from a
single cigarette [38]. Moreover, the CO level is several folds higher in case of waterpipe
smoking compared to cigarette smoking [39–41]. A meta-analysis study showed a
significant association between lung cancer and waterpipe smoking [42]. Recently, a case
control study of 251 lung cancer cases and 500 controls noted 5.8 odds ratio for the
association of waterpipe smoking with lung cancer [43]. Thus, waterpipe smoke contains an
abundance of several toxicants that are thought to render smokers more prone to cancer. The
current results showed that the magnitude of the increase in CAs is correlated with the
waterpipe use intensity. However, more studies are required with larger sample sizes and
more assays to confirm the results. In addition, this study did not evaluate the genotoxicity
in occasional waterpipe users and passive waterpipe smokers. The contribution of these
variables to the level of genotoxicity and other groups like passive waterpipe smokers will
be the subject of future research.

Induction of CAs by waterpipe tobacco smoking might be caused by different mechanisms.
First, waterpipe smoke is very rich in PAHs such as Benzo(a)pyrine, Dibenz(a,h)
anthracene, and Indeno(1,2,3-cd)pyrene that cause DNA lesions [44]. Second, burning of the
“moassel” by the charcoal converts the added sugar into aldehyde compounds (e.g.
Formaldehyde, Acetaldehyde and Acrolein) that causes DNA strand breaks [45,46]. Third,
smoke produced by the charcoal contains heavy metals including arsenic, chromium and
lead that have been shown to be mutagenic [14,47]. Finally, waterpipe smoke has been
shown to increase the levels of free radicals that can result in the oxidative DNA damage,
single strand breaks and chromosomal damage [48].

To sum up, waterpipe smoking is gentoxic and the extent of waterpipe-induced genotoxicity
is higher than that of regular cigarette smoking. The results of the current study highlight the
fact that regular waterpipe smoking is more harmful than regular cigarette smoking. The
lack of regulations and policies regarding waterpipe smoking and waterpipe smoking
products is alarming. A global effort is required to overcome the spread of waterpipe
smoking. It should include 1) regulation of waterpipe products 2) initiation of policies
against waterpipe smoking 3) development of special cessation programs for waterpipe
smoking, and 4) providing support for the research that explores harmful effects of this type
of smoking.
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Fig. 1.
Levels of chromosomal aberrations in lymphocytes from smokers and healthy controls
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Fig. 2.
Genotoxicity of waterpipe smoking increases with more waterpipe use
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