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Abstract

Objectives: The consumption of popular tobacco products
has adverse effects on public health. Early diagnosis and
treatment practices are essential based on the disease-
symptom relationship in public health problems. There is a
need to evaluate biochemical parameters to elucidate
the pathophysiological mechanisms of these problems
with experimental studies. We aimed to investigate the
biochemical and physiological effects of cigarettes, hoo-
kahs, and electronic cigarettes (e-cigarettes) that people
commonly use.
Methods: We have used Wistar albino rats, and the rats
were exposed to cigarette smoke, e-cigarette smoke, and
hookah smoke for 60 min/day for seven days. We detected
malondialdehyde (MDA), nitric oxide (NOx), protein carbonyl
oxidation (PCO), 8-hydroxy-2′-deoxyguanosine (8-OHdG),
total antioxidant status (TAS), total oxidant status (TOS),
reduced glutathione (GSH), and superoxide dismutase (SOD)
levels in blood samples taken after the experiment.

Results: We observed that the redox balance was
disturbed in all groups. E-cigarettes mainly triggered lipid
peroxidation; only hookah activated the intracellular
antioxidant system.
Conclusions: Cigarette, hookah, and e-cigarette smoking
should be considered high-risk factors for individual and
public health. The use of tobacco products adversely af-
fects public health.

Keywords: cigarette smoking; electronic cigarettes; hoo-
kah; public health; redox balance; tobacco use.

Öz

Amaç: Popüler tütün ürünlerinin tüketiminin halk sağlığı
üzerinde olumsuz etkileri bulunmaktadır. Halk sağlığı
sorunlarında hastalık-semptom ilişkisine dayalı erken tanı
ve tedavi uygulamaları esastır. Bu problemlerin patofizyo-
lojik mekanizmalarını aydınlatabilmek için biyokimyasal
parametrelerin deneysel çalışmalarla değerlendirilmesine
ihtiyaç bulunmaktadır. Bu çalışmada insanların yaygın
olarak kullandığı sigara, nargile ve elektronik sigaraların
(e-sigara) biyokimyasal ve fizyolojik etkilerini araştırmayı
amaçladık.
Gereç ve yöntemler: Bu çalışmada Wistar albino sıçanlar
kullanıldı ve sıçanlar yedi gün boyunca 60 dakika/gün
olacak şekilde sigara dumanına, e-sigara dumanına ve
nargile dumanına maruz bırakıldı. Deneyden sonra alınan
kan örneklerinde malondialdehit (MDA), nitrik oksit (NOx),
protein karbonil oksidasyonu (PCO), 8-hidroksi-2′-deoksi-
guanozin (8-OHdG), total antioksidan statü (TAS), total
oksidan statü (TOS), redükte glutatyon ve süperoksit dis-
mutaz (SOD) düzeylerini tespit ettik.
Bulgular: Tüm gruplarda redoks dengesinin bozulduğunu
gözlemledik. E-sigara esas olarak lipid peroksidasyonunu
tetikledi; yalnızca nargile hücre içi antioksidan sistemi
harekete geçirdi.
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Sonuç: Sigara, nargile ve e-sigara kullanımı birey ve top-
lum sağlığı için yüksek risk faktörleri olarak düşünülme-
lidir. Tütün ürünlerinin kullanımı halk sağlığını olumsuz
etkilemektedir.

Anahtar Kelimeler: elektronik sigara; halk sağlığı; nargile;
tütün kullanımı; redoks dengesi; sigara içmek.

Introduction

Presently, tobacco is widely used in several ways, such as
cigarette smoking, tobacco chewing, or sniffing, named
snuff. Active cigarette smoking leads to chronic obstructive
pulmonary disease, respiratory tract diseases causing
emphysema, acute and chronic myocardial spasm, car-
diovascular, cerebral, and peripheral vascular diseases
accompanied by atherosclerosis. At the same time, lung
cancer is a significant medical issue among cigarette-
associated death causes [1].World Health Organization has
reported that more than eight million people die from the
diseases due to cigarette use and that this number will
exponentially increase until 2025 [2].

The increasing use of electronic cigarettes (e-cigarette)
and hookah smoking is also noticeable in recent years.
Particularly hookah smoking is preferred for the addibility
of the desired aromatic chemicals besides tobacco [3].
Hookah is a system such that tobacco and flavoring chem-
icals are used together, and the smoke released by burning
this mixture using hookah charcoal is drawn through the
water in a closed system and inhaled by inspiration. The
studies have demonstrated that hookah smoking is signifi-
cantly associated with lung cancer, respiratory tract dis-
eases, low birth weight, and periodontal diseases. That
passage of the hookah smoke throughwater has no filtering
impact regarding exposure to the inhaled chemicals.
Despite the perception that hookah smoking is less harmful
than cigarette smoking stands as an essential factor in the
increasinglywidespread use of hookah, there is no scientific
evidence for this consideration [4]. The e-cigarette is a
nicotine-delivery device with the appearance of conven-
tional cigarettes developed to help addicted persons who
ostensibly wanted to quit smoking. A liquid containing
propylene glycol or glycerol is present in a refillable car-
tridge producing an inhalable aerosol by adding nicotine
and various flavors to the vaping liquid in this device. Since
e-cigarette does not involve the burning process of tobacco,
inhaled aerosol does not contain CO, tar, and most of the
other toxic ingredients of the conventional cigarette. How-
ever, e-cigarette cartridges include varying amounts of

nicotine (0–26 mg) [5, 6]. The studies have reported that
exposure to cigarette smoke deteriorates oxidative stress
parameters at the level of tissues [7] and causes structural
changes in the genetic material [8]. Similar risks and find-
ings are also valid for e-cigarette [9] and hookah [10].

In the present study, we have aimed to suggest the
effects of cigarette and hookah as the tobacco products
with globally widespread consumption and e-cigarette
composed of different flavors intended to be used to pre-
vent the harms of these products and as assumed to be
harmless with a progressively increasing prevalence con-
cerning redox parameters and DNA damage.

Materials and methods

Animals

We have used 40 Wistar albino male rats for the study. The rats were
fed by ad libitummethod using standard rat pellet and drinking water
for 10 days in Experimental Animal Research and Application Center.
Then they were randomly distributed to four groups as control (C),
e-cigarette smoke (ECS), cigarette smoke (CS), and Hookah Smoke
(HS) groups, and these rat groups were taken to separate sheltering
cages.We applied the experimental procedure to all groups in isolated
environments.

Experimental protocol

The rats in the CS, ECS, and HS groups were exposed to 60 min/day
cigarette smoke, e-cigarette smoke, and hookah smoke, respectively.
On the other hand,we applied conditions such asmotor noise towhich
the other groups were exposed to rats in group C and transportation
from the cage to the experimental cabin. The experiment durationwas
seven days to observe the biochemical changes described by Alomari
et al. [11].

Cabinets

For inhalation of cigarette, e-cigarette, and hookah smoke by the
subjects; cabinets made of polycarbonate material in the dimensions
of 38× 25× 25 cm (length×width×height)were used.Wedrilled ahole
with a diameter of 0.5 cm from the bottommiddle point of the cabinet,
fixed a pipe to this part, and ensured its sealing by applying cold
silicone sealant. Using this pipe, the smoke flow coming through the
smoke transport pipe could fill into the cabinet. The gaps of this ma-
terial except the fan ventilation hole were isolated using cold silicone
sealant to prevent smoke leakage. Separate cabinets with the exact
dimensions were used for each group to avoid the contamination (tar,
smoke, aerosol) occurring due to cigarette, e-cigarette, or hookah in
the inner surface of the cage. The cabinet settings and the materials
used for the setting are in Figure 1.
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Engine, annexes, and operating principles

Rats were exposed to smoke using a negative pressure engine (micro
diaphragm pump, DC12 V, 80 W, 0.9 Mpa) used in ornamental
aquariums. The peristaltic pump of the engine allowed a unidirec-
tional flow of the smoke by generating negative pressure. As seen in
Figure 1, we mounted flexible plastic aquarium pipes on the motor’s
inlet and outlet ends. Thanks to negative pressure, the chamber’s
smoke sucked towards the engine through the entrance pipe. That
smoke pushed through the entrance towards the exit pipe can fill into
the cabinet thanks to the created connection [7].

The experimental setting applied for cigarette

Theprevious studieshave reported that a complete burningofa cigarette
takes 15–20 min. However, under the influence of negative pressure, we
observed that this was 6 min, so we spent 60 min/day on 10 cigarettes
and replaced the finished cigarette with a new one [7]. We prevented the
rats from suffocating by running the ventilation fan for 1 min.

The experimental setting applied for e-cigarette

For the ECS group, we have applied the application method in the CS
group. The consumed e-cigarette cartridges were replaced with a new
one to assure continuity of the experiment for 60min. TheWatt values
and vaporization time (10W and 10 s) were adjusted as recommended
by the manufacturer [12]. We started the engine simultaneously with
the vaporization so that the smoke filled the cabin. We applied this
procedure for 6 min to fill the cabin with smoke then applied the
ventilation process.

The experimental setting applied for hookah

For the HS group, we have selected the type of hookah that is common
to use.We placed the two hookah charcoal on top of the aluminum foil
and ignited, so the 10 g of tobacco created smoke. The hookah bottle
was half full of water. We operated the engine for 6 min, filled the
cabin with smoke, and applied the ventilation process.

Obtaining blood samples

At the end of the 7-day administration, we administered anesthesia
(10mg/kg Xylazine HCl (i.m.) and 50mg/kg Ketamine HCl (i.m.) to the
fasted rats the night before the experiment and obtained 5–7 mL of
blood by cardiac puncture into heparinized tubes. We reserved some
of the blood samples for malondialdehyde (MDA) and reduced
glutathione (GSH) measurement, and the remainder centrifuged at
3,000 rpm (2,054×g) for 10min to obtain the bloodplasma. Theplasma
samples were taken to 1.5 mL Eppendorf tubes and stored at −80 °C
until other biochemical analyses.

Analysis of the redox parameters

The level of MDA as the indicator of lipid peroxidation wasmeasured
by the double heating method described previously [13]. Accord-
ing to this method, lipid peroxides react with thiobarbituric acid
and give an absorbance at 532 nm. We calculated the amount in
nmol/mL. According to the Griess method NOx as a free radical
compound that shows a deviation from its physiological state in
the inflammatory pathologies was measured spectrophotometri-
cally [14]. Thismethod is based on reduced nitrogen compoundswith
N-(1-naphthyl) ethylenediamine dihydrochloride forming colorful
complexes and measuring their absorbances at 545 nm. We calcu-
lated the amount in μmol/L. According to Ellman’s method, we
measured GSH spectrophotometrically at 412 nm and calculated the
GSH amount inmg/dL. The enzymatic activity determination of SOD,
an enzymatic antioxidant and scavenger of superoxide radicals, is
based on preventing nitroblue tetrazolium reduction. We measured
the color intensity spectrophotometrically at 560 nm and calculated
the results in U/gHb [15].

We used a colorimetric test kit (Relassay Diagnostics, Gaz-
iantep, Turkey) to measure total antioxidant status (TAS). Ac-
cording to the operating principle of the assay kit, oxidized radical
ABTS is reduced by the antioxidant compounds in the samples and
causes color changes. We measured the color intensity spectro-
photometrically at 660 nm and calculated the results in mmol/L.
We used a colorimetric test kit (Relassay Diagnostics, Gaziantep,
Turkey) to measure total oxidant status (TOS). The oxidation of
reduced Fe+2 to Fe+3 by the oxidant compounds was determined

Figure 1: Cabinet settings and the materials
used for setting.
A: cigarette; B: smoke chamber; C:
e-cigarette; D: hookah; E: flexible plastic
pipe (inlet); F: engine (electric motor); G:
flexible plastic pipe (outlet); H: plastic
fitting pipe; I: polycarbonate cabinet; J:
ventilation fan.
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spectrophotometrically at 660 nm and calculated in μmol/L. We
measured the parameters of protein carbonyl oxidation (PCO) and
8-hydroxy-2′-deoxyguanosine (8-OHdG) with ELISA kits (Cayman
Chemical, Michigan, USA) and calculated the results in ng/mL.

Statistical analysis

The results were expressed as mean ± SD The normality assumption
test was carried out in the analysis of the samples, and the ANOVA test
was performed for the variance analysis. The Posthoc Bonferroni test
was used in the absence of differences between the groups.

Results

As expressed in Table 1 and Figure 2, it was detected that
the levels of MDA, PCO, and 8-OHdG statistically signifi-
cantly increased in the ECS group, whereas GSH decreased
compared with the control group. In the CS group, only the
levels of PCO and 8-OHdG were found to be statistically
significantly increased, whereas the changes in the levels
of the other parameters were statistically insignificant.
TOS, PCO, 8-OHdG, and GSH were determined to increase
in the HS group significantly.

Discussion

People inhale more than 4,000 irritant substances such as
CO, nicotine, hydrogen cyanide, butane, methanol by
smoking [16]. These chemicals may cause acute and
chronic damage by spreading in the whole body via their
local effects entering the blood circulation. The rate of
cigarette smoking-related deaths is 30% among all cancer-
related deaths, while lung and laryngeal cancer types are
the most common type among those [1]. Smoking-related
free radicals can increase the levels of reactive oxygen
species (ROS) produced by phagocytes, causing them to
enter the bloodstream, alter antioxidant activities in the
blood, and develop various complications.

The ROS produced endogenously in mitochondria,
leukocytes, and peroxisomes under physiological circum-
stances in the organism may also increase due to cigarette
smoke, inflammation, anesthetics, pesticides, alcohol,
UV radiation, and environmental contaminants [17, 18].
Increased ROS level induces oxidative stress in the struc-
ture of lipid, protein, and DNA via oxidation. Lipid perox-
idation is a chain reaction starting with oxidation of
polyunsaturated fatty acids in the cell membrane by ROS,
continuingwith the formation of lipid hydroperoxides, and
ending with many by-products [18]. Malondialdehyde is
one of those final products and a generally accepted indi-
cator of oxidative stress [19]. As a result of ROS-induced
oxidation of proteins, oxidative damage occurs in amino
acids such as histidine, proline, arginine, and lysine or the
peptide structure [20]. PCO is a sensitive indicator used in
the determination of oxidative protein damage [21]. Gua-
nosine is the most susceptible to oxidation among purine
and pyrimidine bases and is converted to 8-OHdG, an
essential indicator of DNA damage in diabetes, cancer,
and atherosclerosis [22]. In the present study, the PCO
and 8-OHdGout of the parameters that indicate protein and
DNA oxidation statistically significantly increased in all
three groups compared with the control group, while the
highest TOS and MDA levels were encountered in the HS
and ECS groups, respectively. We did not observe a sta-
tistically significant change in NOx levels, which is one of
these indicators. According to the obtained data, detection
of increased levels of plasma 8-OHdG and PCO in all three
groups supported the reports stating that exposure to
cigarette smoke leads to oxidative stress in the rats [7] and
causes structural changes in the geneticmaterial [8]. In this
context, also the reported conclusion that ROS such as
superoxide anion (O2

•), hydrogen peroxide, hydroxyl
radical (OH•), MDA, and NOx continuously damage DNA
and directly participate in the carcinogenesis process [23]
has supported our results. It has been reported that su-
peroxide and nitrogen oxide radicals formed in the gas
phase of the cigarette smoke convert guanine to 8-OHdG by
transforming to peroxynitrites while hydroquinone and

Table : Some oxidant-antioxidant parameters measured in all groups (X ± SEM, n=).

Control E-cigarette Cigarette Hookah p

TAS, mmol/L . ± . . ± . . ± . . ± . .
NOx, μmol/L . ± . . ± . . ± . . ± . .
SOD, U/gHb . ± . . ± . . ± . . ± . .

TAS, total antioxidant status; NOx, nitric oxide; SOD, superoxide dismutase. The statistical significance level between the groups is *p<..
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hydrogen peroxide form in the tar phase causes oxidative
damage in the cellular DNAat the same time [18]. It has also
been reported that the same condition is valid for both
e-cigarette [9] and hookah [24].

Additionally, an increase in MDA levels in the ECS
group is consistent with the report suggesting that ROS in
the smoke of the e-cigarette causes an increased level of
MDA in the lung homogenates of the mice [25]. A similar

Figure 2: Redox parameter graphs
Bar graphs showing the quantification in various units±SDofmalondialdehyde (MDA), total oxidant status (TOS), protein carbonyl (PCO), DNA
damage marker (8-OHdG), and reduced glutathione (GSH) parameters measured in the study groups (ANOVA, posthoc Bonferroni test,
*p<0.05; **p<0.0001).
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study has reported that, i.p. injection of nicotine causes
elevation of MDA level in the renal and hepatic tissues of
the rats, whereas e-cigarette liquid containing nicotine
does not cause a similar elevation [26]. Nevertheless, it has
also been reported that flavoring and sweetening sub-
stances in the e-cigarette liquid change the production
amount of ROS in the aerosol and that added ethyl vanillin
decreases free radicals. In contrast, linalool, piperonal,
and citrulline increase the lipid peroxidation products [3].
According to these reports, the high level of MDA detected
in the ECS group may result from the natural and artificial
sweeteners and mixed flavoring substances in the content
of the e-cigarette liquid used in our study. Toxic substances
found in hookah smoke originate from tobacco and fla-
vorings [27]. Our observation that TOS is higher in the HS
group can be attributed to the long-term burning of hookah
coal and the higher amount of heavymetal in hookah users
than smokers [10, 24].

The antioxidant defense system performs the cellular
inactivation or removal of ROS [17, 28]. GSH is an essential
intracellular antioxidant and is primarily found in reduced
form. It participates in protecting cells against oxidative
damage, toxic compounds, and radiation [29] and pre-
venting DNA synthesis, and repairing broken DNA frag-
ments [30].

Weobserved that the changes in TAS and SOD levelswe
measured were not statistically significant compared to the
control group. GSH level decreased in the ECS group but
increased in the HS group. How and towhat extent smoking
affects antioxidant enzyme activities is a controversial issue
[31]. Pittilo [32] has reported that cigarette smoking impairs
the antioxidant activity in the blood serum, whereas Strain
et al. [33] have noted that the levels of hemoglobin and
ceruloplasmin increase in smokers. However, antioxidant
enzymatic activities in the blood exhibit no change [17] and
have notified that cigarette smoking increases plasma
ferritin level and elevates MDA in the erythrocytes and
plasma. Also, Kıral et al. [34] have denoted that MDA levels
are high, whereas SOD activity does not change in the rats.
In our study, decreased level of GSHdespite increased levels
of MDA, PCO, and 8-OHdG in the ECS group support the
outcomes of the studies that have reported increased
oxidative stress and the report of Dinçer et al. [35] stating
that there is a negative correlation between the level of GSH
and DNA fractures in the smoking males. Besides, an
increased level of GSH in parallel with the levels of MDA,
PCO, 8-OHdG and TOS in the HS group is a noticeable result
of our study and different from the results of the other
studies. This significant increase in the level of GSHmay be

resulting from the interruption of the cycle that GSH is used
as a substrate as well as it may be caused by the use of
aromatic compounds, sugar molasses, honey, menthol and
other various fruit flavors used in the hookah.

It can be suggested that cigarette, hookah, and e-ciga-
rette smoking cause DNA damage and protein oxidation.
The GSH levels decrease due to the increased lipid peroxi-
dation by e-cigarette smoking, whereas TOS increases due
to hookah smoking. From this aspect, the approach that
“e-cigarette is a helping or harmless product used for
cessation of smoking” and the perception that “the water of
the hookah filters tobacco smoke. Therefore, hookah
smoking is harmless” is incorrect. There is a need to inves-
tigate the effects of various sweeteners used in e-cigarettes
and hookahs, the effects of varying test times, and passive
smoking.
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