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ABSTRACT
The purpose of the current investigation was to examine the relationship between inflammation marker C-reactive protein
(CRP), an oxidative stress marker (Malondialdehyde; MDA), and DNA damage assessed by comet assay (single-cell gel
electrophoresis, SCG) in smokers and non-smokers. The comet assay score was analyzed by image software using three
parameters for measuring DNA damage which were tail length, tail DNA %, and tail moment. SCG is commonly used as
an in vitro and in vivo genotoxicity test. Because of its ability to detect different forms of DNA damage and its simplicity
of application, the technique is being increasingly used in human biomonitoring. The test was performed on blood samples
from smokers and non-smokers to better characterize the comet assay suitability for biomonitoring. A total 123 males who
were 21–30 years; they were randomly selected and distributed in three groups (40 non-smokers (consider as controls), 44
narghile-smokers, and 39 cigarette-smokers). The results showed there was a significant increase in both CRP and MDA
levels in narghile and cigarette-smokers compared to non-smokers as well as the comet assay results showed augment in DNA
damage in both smoker groups compared to non-smokers.
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INTRODUCTION
In the recent past, narghile and cigarette smoking have
become a common phenomenon in many countries. There
are many terms used to refer to narghile, including waterpipe
shisha, argileh, and hubble-bubble.1 In tobacco, there are
approximately 5000 harmful chemical materials that involve
free radicals and oxidative gases; so, in addition to stimulation
of intracellular production of reactive oxygen species, cigarette
materials decrease intracellular antioxidant mechanisms,
causing the oxidation stress.2 As well as the smoking led to
20–25% increase in the white blood cells number3 and an
elevated in the level of different inflammatory markers like
IL-1, IL-6, C-reactive protein, and TNF-α and others, has been
identified as potential biomarker of tobacco effect.4-7 Cigarette
smoking, on the other hand, results to DNA damage that plays
a crucial role in promoting lung cancer and other 13 types
of cancer. It contains a mixture of many chemicals, but the
substance of interest is more than 60 carcinogens contained
in tobacco smoke that causes mutations resulting to cancer.8
Cigarette smoking increases the mutation in all tissues as a
result of DNA damage, and on the same note, the mutagens
damage on DNA is detrimental to other tissues in the body
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and can result in various health problems.9 Narghile and
cigarettes have some effects on the human body and may affect
its function in multiple ways; it is crucial to note that smoking
narghile once a day will produce the amount of plasma nicotine
as smoking 10 cigarettes a day.10 Lung cancer is common
among cigarette smokers, while other types of cancer caused
by smoking such as mouth and tongue are common among
narghile smokers.11 DNA carries genetic materials because it is
relatively stable compared to other macromolecules, including
protein and RNA; DNA interacts with various substances that
can be endogenous or extraneous, including environmental
agents.12 This interaction can lead to chemical modifications,
which are detrimental as it can exert mutagenic and fatal effects
upon replication; besides, damage to DNA arises in many ways,
and it is inevitable.13 In a day there is approximately 106 DNA
damage in a single human cell.14 The damage can be triggered
by various factors, including exposure to ionizing radiotherapy
and chemotherapeutic drugs, ultraviolet radiation, smoking,
and spontaneous cleavage of chemical bond occurring in
DNA.15 Similarly, other factors have a significant effect on
DNA integrity, including oxidative stress species like reactive
oxygen species (ROS), which occur in the environment, and
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when the contents in the chromosome are altered, there will
be chromosome damage or abnormalities.16 As a result, DNA
damage will lead to different types of breakage, including
chromosome aberration and chromatid aberration.17
MATERIALS AND METHODS
Subjects
Participants in this study included 123 males of 21–30 years
age, during September 2019 – January 2020; they were
randomly selected and distributed into three groups (40 nonsmokers, 44 narghile-smokers, and 39 cigarette-smokers).
Smoker status was defined as self-reported smoking more
than one cigarette/day, whereas, for narghile-smokers, they
smoked more than twice/week. In addition, all participants
enrolled in the study did not complain of any inflammatory
or chronic disease.
Methods
C-reactive protein and Malondialdehyde Method
5 mL of venous blood was collected and divided into two
parts 3 mL was dispensed into separator gel tubes and then
it was c.f. at 3000 rpm to 15 minutes to have serum and kept
at -20ºC for biochemical analysis. The remaining 2 mL was
collected in EDTA tubes and used for assessing DNA damage.
The evaluation of MDA (μmol/L) concentration in serum
was determined depending to Buege and Aust procedure.18
MDA come from the breakdown of polyunsaturated fatty
acids serves as a convenient index of peroxidation reaction.
The thiobarbituric acid method was used to determine the
MDA, which interferes with thiobarbituric acid (TBA), giving
pink color at ʎ max 535 nm.19 while C-reactive protein was
determined in serum by means of Automated Biosystem A15.
Alkaline Comet Assay (Single-cell gel electrophoresis)
Alkaline comet assay investigated the DNA damage in
peripheral blood lymphocytes from both non-smokers and
smokers that performed under alkaline conditions according.20
1. The agarose slides were prepared by submersion into
normal agarose molten 1.5 % (w/v).
2. Agarose was drying by air to a thin layer.
3. Slides were labeled manually on end.
4. The centrifugation of the cells was for 2 minutes at 1500
rpm. The supernatant was ignored, and the pellet was
washed with ice-cold PBS (without Mg2+ and Ca2+), then
repeated the centrifugation at 1500 rpm for 2 minutes,
followed by discarded supernatant.
5. Cell sample was mixed with a low melting point agarose
of ratio 1:10 (V/V) then the mixture of 75 µL to each well
was added into the comet slide.
6. The slides were kept in the dark container 4ºC for 30
minutes.
7. The slide put into a small tank containing precooled lysis
buffer, then immersed the slide in the lysis buffer overnight
in the dark at 4ºC.
8. Then, the slides were submerged in electrophoresis for
20 minutes.

9. Applied 24 Volt and 300 (mA) to horizontal electrophoresis
chamber of slides for 18 minutes, filled with a cold TBE
electrophoresis solution.
10. Electrophoresis solution was drawn from the chamber
and changed with Neutralization Buffer, 0.4M of Tris-HCl
solution (pH 7.5) for 5 minutes to neutralize the cells.
11. Ethidium bromide 50 µL was put in each well of the slide
and incubated at room temperature for 15 minutes.
12. The slides were washed with distilled water to clear the
slides from excessive stains.
13. Fluorescence microscopy used to view comet assay slides.
Statistical Analysis
The results were statistically analyzed using SPSS version 16.0.
Their data were given as (mean ± standard error), and ANOVA
assessed differences between groups.
RESULTS AND DISCUSSION
Statistical analysis for our data of group’s levels (mean ±
standard error) revealed important outputs. Regarding to MDA
levels and as shown in Figure 1, there was significant (p ≤ 0.001)
differences between narghile-smokers and non-smokers (6.00
± 0.28 vs. 3.94 ± 0.29 µmol/L) and between cigarette-smokers
and non-smokers (4.79 ± 0.25 vs.3.94 ± 0.29 µmol/L) also
between narghile and cigarette smokers. This result agrees
with Safyudin and Subandrate,21 studies of which revealed
that toxic substances in cigarette smoke have the potential
to increase malondialdehyde (MAD) levels. Furthermore,
Bello et al.22 reported that high and low levels of MDA and
antioxidant vitamins subsequently in smoker’s person related
to increasing in levels of cigarette usage and suggested that
smokers consuming more than 15 cigarettes each day are more
susceptible to different diseases.
Regarding C-reactive protein, Figure 2 showed significantly
elevated in CRP level in both narghile and cigarette smoker’s
groups compared to non-smokers. It was (10.41 ± 0.26 and
9.91 ± 0.26 mg/dl) respectively vs. (8.06 ± 0.27 mg/dL).
In addition, there was an increasing but non-significantly

Figure 1: MDA concentration in non-smokers (healthy) and smokers
(Narghile and Cigarette).
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Table 1: Results of comet assay on non-smokers and smokers (Narghile and Cigarette) peripheral blood lymphocytes
Tail length

DNA in tail (%)

Tail moment

4.40 ± 0.40

0.29 ± 0.16

0.02 ± 0.01

44

27.4 ± 6.85*

12.34 ± 4.87*

4.71 ± 1.90*

39

22.80 ± 1.59*

9.41 ± 1.51*

2.07 ± 0.24

Groups

No.

(Mean ± SE.)

Non-smokers

40

Narghile-smokers
Cigarette smokers

(*) Means with significant (p≤0.05) correlation between smoker and non-smokers groups
Table 2: DNA damage percentage in peripheral blood lymphocytes of non-smokers and smokers (Narghile and Cigarette)
No.

No damage
(ND) %

Low damage
(LD) %

Medium damage
(MD) %

High damage
(HD) %

Non-smokers

40

45.21

40.50

8.46

5.85

Narghile-smokers

44

25.62

23.34

24.59

26.45

Cigarette-smokers

39

26.72

24.34

24.82

24.12

Groups

Scores mean %

Figure 2: CRP levels in non-smokers (healthy) and smokers (Narghile
and Cigarette)

Figure 3: Illustrate fluorescent spheres without DNA damage (no
tail) in non-smokers in peripheral blood lymphocytes examined by
fluorescent microscope (400X)

(p > 0.063) in CRP level between narghile and cigarette
smokers. Numerous studies have shown that tobacco smoking
is associated with inf lammation. Chung et al.23 studies
demonstrated a significant positive relationship was noticed
between hs-CRP and cotinine (an alkaloid found in tobacco and
used as a biomarker for exposure to smoke) levels indicating an
association between cigarette smoking and inflammation. Diab
et al,24 reported that hs-CRP levels were slightly increased
(non-significant) in both waterpipe and cigarette smokers than
non-smokers. In addition, Aldahm and colleagues25 showed
that smokers had significantly higher levels of serum IL-6 (proinflammatory biomarker) compared to male former smokers
also, they reported that CPR is significantly associated with
IL-6 regardless of smoking status.
Evaluate the genotoxic effects of tobacco smoking
was determined using the comet assay. Three marks were
dependent as an indicator of DNA damage percentage of DNA
in the tail, tail length, and tail moment. As shown in Table 1,
the mean of tail lengths of comet assay in narghile-smokers
and cigarette-smokers were significantly increasing (p ≤ 0.05)
as compared to non-smokers (27.4 ± 6.85 and 22.80 ± 1.59
vs. 4.40 ± 0.40). The same observation in DNA in the tail

(12.34 ± 4.87 and 9.41 ± 1.51 vs. 0.29 ± 0.16) while in tail
moment the significant difference was observed in the narghile
group as compared to non-smokers (4.71 ± 1.90 vs. 0.02 ± 0.01).
As well as shown in Table 2, the lowest percentage of high
damage (HD) was observed in non-smokers (5.85%) Figure 3
as compared with smokers (narghile and cigarette) (26.45%
and 24.12% respectively) Figure 4 & 5. These findings were
agreed with Söylemez et al.26, who revealed that smoking cause
DNA damages and females are more sensitive to the effect of
smoking than males.
In smoker’s person, the high levels of serum of xanthine
oxidase enzyme have amplified secretion of reactive oxygen
species, which might have a role in speed up the lipid
peroxidation that is characterized by high levels of MDA
in smoker’s person as differentiate to no-smokers person.27
Smoking in such a manner could lead to a huge effect on the
cells by increased cell turnover causing an increased in purine
catabolism which in turned increased ROS secretion.28,29
Oxidative stress of smoker cells increases by elevating
the xanthine oxidase and minimizing the antioxidant
vitamins.30 In this manner, smokers encounter a sustained
free radical load, which could enhance LDL oxidation
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2.
3.
4.
5.

Figure 4: Illustrate fluorescent heads with tails indicating DNA damage
in narghile smokers in peripheral blood lymphocytes examined by
fluorescent microscope (400X)

6.
7.
8.

9.

10.

Figure 5: Illustrate fluorescent heads with tails indicating DNA damage
in cigarette smokers in peripheral blood lymphocytes examined by
fluorescent microscope (400X)

and hence facilitate the development of the atheromatous
plaque.31
Chronic infections cause immune system activation, thus
secreting the C-reactive protein in the bloodstream.32 Tobacco
is mark in decrease the blood supply to gums, depriving them
of oxygen and nutrients, departing them vulnerable to bacterial
infections.33 Smoking increases the CRP by its effect on the
accumulation of plaque and effects on the host response.34
CONCLUSION
the results of the current study showed a significant relationship
between the serum levels of MDA, CRP and cytotoxicity,
and the ratio of the relationships depends on the number of
narghile or cigarette smoke/day, the duration of exposure to
toxic substances, gases emitted from cigarette smoke and the
genetic predisposition of the individual.
REFERENCES
1. Alsaad AM, Al-Arifi MN, Maayah ZH, Attafi IM, Alanazi FE,
Belali OM, Alhoshani A, Asiri YA, Korashy HM. Genotoxic

11.
12.
13.

14.

15.
16.
17.
18.

impact of long-term cigarette and waterpipe smoking on DNA
damage and oxidative stress in healthy subjects. Toxicology
mechanisms and methods. 2019; 29: 119-127.
Salahuddin S, prabhakaran D, Roy A. Pathophysiological
mechanisms of tobacco-related CVD. Global Heart. 2012;
7:113-120.
Smith CJ, Fischer TH. Particulate and vapor phase constituents
of cigarette mainstream smoke and risk of myocardial infarction.
Atherosclerosis. 2001;158:257-267.
Bermudez EA, Rifai N, Buring JE, Manson JE, Ridker PM.
Relation between markers of systemic vascular inflammation and
smoking in women. Am J. Cardiol. 2002; 89:1117-1119.
Sgambato JA, Jones BA, Caraway Jw, Prasad GL. Inflammatory
profile analysis reveals differences in cytokine expression
between smokers, moist snuff users, and dual users compared to
non-tobacco consumers. Cytokine. 2018; 107:43-51.
Moszczyński P, Zabiński Z, Moszczyński P, Rutowski J,
Słowiński S, Tabarowski Z. Immunological findings in cigarette
smokers. Toxicol Lett. 2001;118:121-127.
Kadri ZHM. Effect of cigarette and water pipe smoking on
osteocalcin and RANKL serum levels among Iraqi university
students. Eurasia J. Biosci.2020;14:3025-3030.
Yu V, Rahimy M, Korrapati A, Xuan Y, Zou A.E, Krishnan AR,
Tsui T, Aguilera JA, Advani S, Alexander LEC, Brumund KT,
Wang-Rodriquez J, Ongkeko WM. Electronic cigarettes induce
DNA strand breaks and cell death independently of nicotine in
cell lines. Oral oncology.2016;52:58-65.
Lee HW, Park SH, Weng MW, Wang HT, Huang WC, Lepor H,
Wu XR, Chen LC, Tang MS. E-cigarette smoke damages DNA
and reduces repair activity in mouse lung, heart, and bladder as
well as in human lung and bladder cells. Proc Natl Acad Sci U
S A. 2018;115: E1560-E1569.
Bagatini MD, dos Santos Jaques JA, de Oliveria GS, de
Olivera GA, Pillat MM, Manica A, dos Santos Moser C, dos
Santos LD, Ulrich H. Oxidative Stress: Noxious but Also
Vital. IntechOpen, IntechOpen, https://doi.org/10.5772/
i nt e ch o p e n .7339 4D O -10. 5772 /i nt e ch o p e n . 2 018;7339
4SN-978-1-789
De Bont R, van Larebeke N. Endogenous DNA Damage
in Humans: a Review of Quantitative Data. Mutagenesis.
2004;19:169-185.
Sanders LH, Greenamyre JT. Oxidative damage to macromolecules
in human Parkinson’s disease and the rotenone model. Free Radic
Biol Med.2013;62:111-120.
Liu B, Xue Q, Tang Y, Cao J, Guengerich FP, Zhang H.
Mechanisms of mutagenesis: DNA replication in the presence
of DNA damage. Mutat Res Rev Mutat Res. 2016;768:
53-67.
Qasim H, Alarabi AB, Alzoubi KH, Karim ZA, Alshbool FZ.,
Khasawneh FT. The Effects of Hookah/Waterpipe Smoking on
General Health and the Cardiovascular System. Environmental
Health and Preventive Medicine. 2019;24:58.
Alhmoud JF, Woolley JF Al-Moustafa AE ,Malki MI. DNA
Damage/Repair Management in Cancers.Cancers(Basel).
2020;12:1050.
Phaniendra A, Jestadi DB, Periyasamy L. Free Radicals:
Properties, Sources, Targets, Their Implication in Various
Diseases. Indian J.Clin Biochem. 2015;30:11-26.
Salem, MSZ. Pathogenetics. An Introductory Review. Egyptian
Journal of Medical Human Genetics. 2016;17:1-23.
Nur A, Nusrat JB ,Rafiquzzaman. Review on in vivo and in vitro

IJDDT, Volume 11 Issue 2 April 2021 – June 2021

Page 301

Evaluation of Malondialdehyde, C-reactive Protein and DNA Damage Related with the Smoking Habit by Comet Assay in Iraq

19.
20.
21.
22.
23.

24.

25.

26.

methods evaluation of antioxidant activity. Saudi Pharmaceutical
Journal. 2013; 21:143-152.
Buege JA ,Aust SD. Microsomal lipid peroxidation, methodsenzymol. 1978;52:302-310.
Peggy, L ,Judit, PB. The comet assay: a method to measure DNA
damage in individual cells. Brit. Columbia Cancer Res.h Center.
2006;1(1):23-29.
Safyudin ,subandrate. Smoking tends to decrease glutathione
and increase malondialdehyde levels in medical students. Univ.
Med. 2016;35:89-95.
Bello HA, Dandare A ,Danmaliki G. Effect of cigarette smoking
on lipid peroxidation and serum antioxidant vitamins. IOSRJPBS. 2017; 12:40-44.
Chung SH, Makambi KH, Soldin OP.Tobacco Smoke Exposure,
C - reactive protein and Steroid Hormones Measured by Tandem
Mass Spectrometry in Healthy Women. J Steroids Horm Sci.
2014;5:147.
Diab OA, Abdelrahim EM ,Esmail M. Effect of water pipe
tobacco smoking on plasma high sensitivity C reactive protein
level and endothelial function compared to cigarette smoking.
The Egyptian Heart Journal. 2015;67:233-241.
Aldaham S, Foote JA, Chow HHS ,Hakim IA.Smoking status
effect on inflammatory markers in a randomized trial of current
and former heavy smokers. International journal of inflammation.
2015;2015:1-6.
Söylemez E, Kayaalt Z, Aliyev V, Söylemezoğlu T. Effect of
cigarette smoking on DNA damage according to nine comet assay

27.

28.
29.
30.
31.
32.
33.
34.

parameters in female and male groups. Ankara Üniversitesi Tıp
Fakültesi Mecmuası. 2012;65:39-46.
Kashinakunti SV, Kollur P, Kallaganada GS, Rangappa M ,Ingin
JB. Comparative study of serum MDA and vitamin C levels in
non-smokers, chronic smokers and chronic smokers with acute
myocardial infarction in men. J Res Med Sci. 2011;16(8):993-998.
Chaitanya KV, Pathan AAK, Mazumdar SS, Chakravarthi GP,
Parine N ,Bobbarala V. Role of oxidative stress in human health:
An overview. J Pharm Res. 2010; 3:1330-1333.
Rahman T, Hosen I, Islam MMT ,Shekhar HU.Oxidative stress
and human health. Adv Biosci Biotechnol. 2012; 3:997-1019.
Bernhard D, Wang X.L. Smoking, oxidative stress and
cardiovascular diseases- Do anti-oxidative therapies fail? Curr
Med Chem. 2007;14(16):1703-1712.
Holvoet P, Collen D. Oxidation of low-density lipoproteins
in the pathogenesis of atherosclerosis. Atherosclerosis. 1998
;137(Suppl): S33-S38.
Azar R, Richard A. Elevated salivary C-reactive protein levels
are associated with active and passive smoking in healthy youth:
A pilot study. J Inflamm (Lond). 2011; 7; 8(1): 37.
Johnson GK, Hill M. Cigarette smoking and the periodontal
patient. J Periodontol.; 2004;75(2): 196-209.
O’Loughlin J, Lambert M, Karp I, McGrath J, Gray-Donald K,
Barnett TA, Delvin EE, Levy, Paradis G. Association between
cigarette smoking and C-reactive protein in a representative,
population-based sample of adolescents. Nicotine Tob Res.
2008; 10(3): 525.

IJDDT, Volume 11 Issue 2 April 2021 – June 2021

Page 302

