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Abstract : Lifestyle factors such as smoking, obesity, physical inactivity and drug addiction
could be related to short telomere length. Telomere shortening reflects the balance between
cytotoxic stressors and antioxidant defense mechanisms. This  study  aimed  to  determine
leukocyte telomere length and oxidative stress in Egyptian Tobacco and Marijuana Smokers.
The study was carried out on 90 male persons divided into three groups. Group I was composed
of 30 non smokers, group II comprised 30 tobacco smokers and group III included 30 tobacco
and marijuana smokers. For all participants, Leukocyte Telomere Length (LTL)
malondialdehyde (MDA), total antioxidant capacity (TAC), urinary 8-hydroxydeoxyguanosine
(8-OHdG), Cotinine and Delta-9-tetrahydrocannabinol (THC) were estimated. There was a
highly statistically significant difference between the three groups regarding the LTL. MDA
and urinary 8HdG levels were significantly increased in groups II and III compared to the
control group On the other hand leukocyte telomere length and the level of total antioxidant
capacity were significantly decreased in the two groups as compared to the control one. There
were significantly negative correlations between the LTL and levels of MDA and urinary 8HdG
in group II and III as compared control group. In conclusion telomere length erosion was
greatly accelerated by tobacco smoking and marijuana addiction.  Oxidative stress due to heavy
smoking of either tobacco or marijuana plays a key role in DNA damage and shortening of
telomere length.
Keywords: leukocyte telomere length, cotinine, Delta-9-tetrahydrocannabinol, oxidative stress.

Introduction

        Telomeres are regions of tandem arrays of noncoding 5'-TTAGGG-3' repeats. They exist together with
their associated proteins, collectively termed the shelterin complex [1,2]. Telomeres has several functions
including capping the end of the chromosomes, protecting them from end-to-end fusion and ensuring genome
stability [3]. Telomere length is maintained by telomerase, a ribonucleoprotein reverse transcriptase which
slows but not entirely prevents telomere erosion, and this is due to end-replication problem [4]. Lifestyle factors
such as smoking, obesity, physical inactivity and drug addiction could be related to short telomere length [5].
Telomere shortening is not only related to the basic biology of aging as a trigger of cellular senescence but also
reflects the imbalance between cytotoxic stressors and antioxidant defense mechanisms [6].

Tobacco smoking is one of the great preventable causes of death worldwide, killing approximately five
million people who use it each year, it is expected to increase to more than eight million per year by 2030 [7].
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Tobacco smoking in Egypt is prevalent with 19 billion cigarettes smoked annually, making it the largest market
in the Arab world. Tobacco smoke contain approximately 5,000 chemicals [8], among them are reactive oxygen
species and free radicals that are present in the gas phase. In the tar phase radicals are stable and predominantly
organic, such as semiquinone which can react to produce superoxide anion. Short lived radicals in the gas phase
of cigarette smoke may be quenched immediately in the epithelial lining fluid; however, redox reactions in
cigarette smoke condensate may produce reactive oxygen intermediates for a considerable time [9].

         Marijuana is the most widely used illegal drug worldwide and is considered the second most commonly
smoked substance after tobacco. Marijuana is extracted from the dried flower tops and leaves of the Cannabis
sativa plant [10, 11]. In Egypt, cannabis plant has been cultivated for almost a thousand years but it has been
utilized for hashish production for at least the last eight or nine centuries [12]. Marijuana is abused for its mood
altering properties and is consumed by different routes, of which, the most common route is smoking.
Marijuana is usually smoked in hand-rolled cigarettes called joints or in blunts, which are leaf wrap of a
hollowed-out cigars filled with a mixture of tobacco and marijuana [13]. In marijuana, more than 500
constituents have been identified; the major psychoactive constituent in it is 1-δelta-9-tetra hydrocannabinol
(THC). Marijuana's strength as mind-altering drug is correlated to THC amount it has [10,14]. Other
compounds in marijuana include cannabinoids that are chemically related to THC. Some of these cannabinoids
have been shown to possess important pharmacological effects [15, 16].

          There is a strong link between consumption of cannabis and tobacco smoking as the majority of
cannabis users also smoke tobacco [17]. It  is  believed  that  cannabis  use  has  been  found  to  promote  the
transition to more profound tobacco smoking [18] and to make it more difficult to quit tobacco smoking [19,
20].

Human beings are continuously exposed to environmental free radicals, including ROS, in the form of
radiation, UV lights, smoking, some pesticides as well as certain medications used for cancer treatment. ROS
may induce damage of DNA, proteins, lipids and carbohydrates ending in change in the structure and functions
of the organism as a result of oxidative stress [21, 22]. The aim of the present study is to determine the impact
of tobacco and marijuana smoking   on leukocyte telomere length and oxidant/antioxidant status.

Subjects and Methods

The present study was conducted on 90 male Egyptian persons. They were categorized into three
groups matched for age and socioeconomic status. Group I included 30 non smokers as a control group, group
II comprised 30 tobacco smokers and group III contained 30 tobacco and marijuana smokers.

All of the participants were free of serious illness, including infectious disease, cardiovascular diseases,
mental disorders, and cancer, at the time of participation. Most of the participants were recruited from one of
the largest hospitals for psychiatry and addiction in Giza, Egypt.

The present study was approved by the local ethical committee of National Research Centre, Egypt.
Informed Consent was taken from each participant in the study and all the included subject were interviewed to
fill a questionnaire, including personal, medical and smoking histories.

Samples collection

Peripheral whole blood samples were obtained from each individual into two vacationer tubes; the first
tube contained ethylenediaminetetra acetic acid (EDTA) for the determination of leukocyte telomere length
(LTL) and the second tube was a plain tube (without anticoagulant) to separate the serum for the determination
of Malondialdehyde (MDA) as a marker of oxidative stress and Total Antioxidant Capacity (TAC).

Urine sample was collected from each individual in sterile cups and directed for the determination of
levels of urinary 8-hydroxydeoxyguanosine (8-OHdG), as a biomarker of oxidative DNA damage and cotinine
as a biomarker of tobacco smoking.

https://en.wikipedia.org/wiki/Hashish
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Biochemical and molecular analysis

I -Molecular analysis

Estimation of Leukocyte Telomere Length (LTL):

Telomere length was measured by established quantitative PCR-based technique [23] (using applied
biosystems 7500 thermal cycler (Applied Biosystems, USA).

DNA extraction:

Leukocyte DNA was extracted using Blood DNA commercial extraction kit (Vivantis, Malaysia).
Genomic DNA extracted from 200μl whole blood using a specially treated glass filter membrane fixed into a
column to efficiently bind DNA in the presence of high salt. High-purity DNA is then eluted in water or low
salt buffers.

Telomere Length Measurement

The telomere assay contained SYBR green 1x master mix, 300 nmol Telomere F-primers, 300 nmol
Telomere R- primers, and 1 ng of template DNA in duplicate10 ml reaction within the same plate.

Telomere primers:

F: 59CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT-39

R: 59GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT-39.

The single copy assay included estimation of the level of RNase P gene expression as an internal
standard using 1x the primers and the TaqMan probe reagent, 1x TaqMan universal master mix, and 3 ng of
template DNA in duplicate10 ml reaction within the same plate.

The cycling conditions for the telomere and RNase P assays were as follows: 95°C incubation for 10
min, followed by either 50 cycles of 95°C for 15 sec and 65°C for 1 min.

Each run of the samples also contained a calibrator genomic DNA is used with each run of the samples.
Leukocyte  telomere  length  was  calculated  as  the  T/S  (telomere/single  copy)  ratio  using  RNase  P  gene  as  a
reference for each sample.

II-Biochemical analysis

Estimation of Malondialdehyde (MDA):

MDA was estimated by its thiobarbituric acid reactivity using spectrophotometric method [24] using
commercially available kit (Biodiagnostic Giza, Egypt). Briefly, the assay measures the reaction of MDA with
thiobarbituric acid (chromogenic substance) in acidic media at temperature 95°C for 30 min to form
thiobarbituric acid reactive product, the absorbance of the resultant pink product was measured at 534 nm.

Estimation of Total antioxidant capacity (TAC):

TAC  in  serum  was  estimated  by  using  spectrophotometric  method  [25].  TAC  was  assayed  in  serum
samples using commercially available kit (Biodiagnostic Giza, Egypt). Briefly, the assay measures the reaction
of TAC in the sample with a defined amount of exogenously provided hydrogen peroxide (H2O2). The residual
H2O2 is determined colorimetrically by an enzymatic reaction which involves the conversion of 3, 5dichloro-2-
hydroxy benzene sulphonate to a colored product which can be measured at 505 nm.

Estimation of urinary 8-hydroxydeoxyguanosine (8-OHdG):

8-OHdG was determined using high performance liquid chromatography with electrochemical
detection (HPLC-EC) according to [26]. 8-OHdG was assayed in urine sample using commercially available kit
(Sigma Chemicals St. Louis, MO, USA).
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Extraction:

8-OHdG was extracted from 1ml of each urine sample. The eluents were dried under ultrapure nitrogen
stream and were reconstituted in 5 ml deionized water. 20 μl from each sample and also from the different
concentrations of the standard were injected in HPLC, and the concentration of urinary 8-OHdG was obtained
from the standard curve.

HPLC condition:

HPLC column C18 (260 × 4.6, particle size 5 μl) using mobile phase acetonitrile/methanol/phosphate
buffer (25/10/965) v/v. The separation was performed at ambient temperature at a flow rate of 1 ml/min and
using electrochemical detector with cell potential 600 mv.

Determination of Cotinine:

Cotinine was estimated by Enzyme-Linked Immunosorbent Assay (ELISA) method [27]. Cotinine was
assayed in urine samples using commercially available kit (GenWay Biotech, San Diego). Briefly, cotinine in
the samples competes with a Cotinine enzyme conjugate for binding sites. Unbound Cotinine and Cotinine
enzyme conjugate is washed off by washing step. Upon the addition of the substrate, the intensity of color is
inversely proportional to the concentration of Cotinine in the samples. A standard curve is prepared relating
color intensity to the concentration of the Cotinine.

Measurement of Delta-9-tetrahydrocannabinol (THC):

THC was estimated by enzyme immunoassay method [28]. THC was assayed in urine samples using
commercially available kit (Microgenics Corporation, USA). Briefly, the assay uses specific monoclonal
antibody, the specific antibody binds the drug labeled with G6PDH and the enzyme activity is inhibited which
can detect the major metabolite of Δ9-THC in urine. This phenomenon creates a direct relationship between the
drug concentration in urine and the enzyme activity. The G6PDH activity was determined
spectrophotometrically at 340 nm.

Statistical analysis

Statistical analysis of the obtained data was performed using Statistical Program for Social Science
(SPSS) version 20.0.  Quantitative data were expressed as mean± standard deviation (SD). A One-way analysis
of variance test (ANOVA) was used for quantitative comparison between more than two means of the interest,
Post Hoc test was used for multiple comparisons between different variables of the interest, Pearson's correlation
coefficient (r) test was used for correlating data.

Results

LTL was measured in the three groups of the present study and it was calculated as the T/S ratio. The
average leukocyte telomere length was 0.84±0.03 T/S ratio with range 0.8-0.9 T/S ratio in control group,
0.69±0.11 T/S ratio with range 0.47-0.87 T/S ratio in tobacco smokers group and 0.61±0.09 T/S ratio with
range 0.46-0.79 T/S ratio in marijuana smokers group and it was observed that there was highly statistically
significant difference between the three groups as regards leukocyte telomere length.
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Table 1: comparison between the three groups regarding age, cotinine, THC, 8HdG, total antioxidant
capacity, malondialdehyde and leukocyte telomere length.

Groups LSD
Group I Group II Group III I vs. II I vs. III II vs. III

Mean
± SD 40.53±7.52 41.07±6.98 41.83±6.94Age

(years)
Range 25-53 25-55 27-55

0.773 0.483 0.679

Mean
± SD 37.25±15.21 602.60±138.47 739.82±170.59Cotinine

(ug/g creat) Range  14.2-75.2 356.6-903.9 383.6-1053
<0.001** <0.001** <0.001**

Mean
±SD 3.23±1.76 3.83±2.94 98.47±23.52THC

(ng/ml)
Range 1-8 1-14 64-155

0.866 <0.001** <0.001**

Mean
±SD 0.09±0.03 1.24±0.21 1.48±0.258-OHdG

(umol/molcreat)
Range  0.02-0.16 0.67-1.65 1.05-2.12

<0.001** <0.001** <0.001**

Mean
±SD 1.61±0.26 0.64±0.26 0.58±0.26Total antioxidant

capacity
 (mM/L) Range  1.01-1.98 0.19-1.21 0.12-0.99

<0.001** <0.001** 0.375

Mean
±SD 2.46±0.78 9.78±3.34 10.60±1.26Malondialdehyde

(nmol/ml)
Range 1.1-3.7 5.2-18.6 8.1-12.9

<0.001** <0.001** 0.136

Mean
±SD 0.84±0.03 0.69±0.11 0.61±0.09Leucocyte

telomere length
(T/S ratio) Range 0.8-0.9 0.47-0.87 0.46-0.79

<0.001** <0.001** <0.001**

** high significance

According to the statistical data of table1, MDA and urinary 8HdG levels were significantly increased
in group II and III compared to the control group. On the other hand leukocyte telomere length and the level of
total antioxidant capacity were significantly decreased in the two groups compared to the control one.

There was a significant negative correlation between cotinine level and LTL. Also cotinine level
correlated negatively with TAC in groups II and III. Meanwhile, there was a significant positive correlation
between cotinine and MDA and 8-OhdG in the smoker groups. In group III, THC level correlated negatively
with LTL and TAC level but there was a significant positive correlation between it and MDA and 8-OhdG as
showed in table 2.

Table 2:  Correlation between THC and cotinine and the other parameters in the three groups.

Group I Group II Group III

THC
 (ng/ml)

Cotinine
(ug/g creat)

THC
(ng/ml)

Cotinine
(ug/g creat)

THC (ng/ml) Cotinine
(ug/g creat)

r p r p r p r p r p r p
Age
 (years) 0.103 0.590 0.066 0.730 -0.297 0.111 0.239 0.204 -0.070 0.714 -0.428 0.078

8-OHdG
 (umol/mol creat) -0.117 0.539 0.320 0.059 0.101 0.596 0.344 0.025* 0.326 0.029* 0.493 0.006*

Total antioxidant
capacity
(mM/L)

-0.162 0.394 0.138 0.468 -0.014 0.942 -0.299 0.043* -0.300 0.031* -0.257 0.046*

Malondialdehyde
(nmol/ml) -0.177 0.350 0.009 0.962 -0.015 0.937 0.275 0.050* 0.368 0.017* 0.381 0.016*

Leukocyte
telomere length
(T/S ratio)

0.178 0.346 -0.167 0.376 -0.031 0.873 -0.343 0.024* -0.294 0.041* -0.295 0.040*

 *p<0.05 = Significant
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Discussion

In the present study the levels of MDA were significantly increased in both Group II (tobacco smokers)
and Group III (P-value <0.001) as compared to the control group.  The obtained results correlate with those
published by [29] who reported that MDA levels were significantly higher in smokers than in non–smokers.
Elevated plasma levels of MDA indicate increase in the level of production of oxygen free radicals. Therefore,
quitting smoking represents an irreplaceable preventive strategy against tobacco– induced oxidative stress. In
the same concern, [30] reported an increase in the level of MDA in marijuana smokers. Marijuana cigarettes
stimulated the formation of reactive oxygen species (ROS) by 80% over control levels and lowered intracellular
glutathione levels by 81%. Also, activation of endothelial cells, neutrophils, and hepatocytes, results in
amplified reactive oxygen and nitrogen species.

In the current study the levels of 8-OHdG were significantly increased in groups   II and III (P-value
<0.001) as compared with the control group. The urinary biomarker, 8-OHdG is generated by the interaction of
hydroxyl radical with guanine. It acts as a biomarker to detect systemic oxidative DNA damage associated with
oxidative stress [31]. Previous studies have reported that the increase in the concentration of 8-OHdG in the
urine of smokers, indicates DNA damage and the genotoxic action of cigarette smoke [32].

        A comparison of TAC level among the three groups of the present study demonstrated that there was
significantly decrease in TAC level in both tobacco smokers and tobacco and marijuana smokers. Those
findings are in accordance with a study by [33] who reported that smokers had lower levels of total antioxidant
capacity. This could be due to the effects of cigarette smoking on antioxidant defense system, also the progress
of oxidative stress with cigarette smoking. Also [30] reported that reduction of the TAC confirm the
involvement of hepatic damage as a result of marijuana smoking. TAC was decreased indicating the presence of
a state of oxidative stress. The reduction in the antioxidants mechanisms in the blood of marijuana smokers may
favor the reaction of NO with the excessive free radicals; including superoxide anion forming peroxynitrite
which  results in  decreased NO bioavailability.

In the present study, the comparison between the three groups as regards leukocyte telomere length
(T/S ratio) showed highly statistically significant difference between them. It reflected significant decrease in
leukocyte telomere length (T/S ratio) in smokers of both groups compared to the control group. This could be
probably due to disturbances which occur during cell division, occurrence of oxidative stress, impairment of
antioxidant function, and or interference with telomerase activity [34].

Our results agreed with those obtained by [35] who studied the effects of cigarette smoking and
nicotine metabolite ratio on LTL [36] also reported that heroin; amphetamine, cocaine, and marijuana addiction
significantly increased the levels of oxidants and decreased the levels of antioxidants. When oxidant/antioxidant
balance is affected, oxidative damage to telomeric DNA occurs.

The rate of telomeric erosion has been reported to be associated with oxidative stress. The latter
provides a potential mechanism by which it could interfere with replication of telomeric DNA and accelerating
its erosion [37].

The  present  results  showed  a  positive  significant  correlation  between  LTL  and  THC  and  cotinine  in
smokers confirming the relation between telomere shortening and smoking habit of tobacco and marijuana.
MDA levels in tobacco smokers showed significant negative correlation with cotinine in group Π and with both
cotinine and THC in group III. Moreover, biomarkers of tobacco and marijuana correlated negatively with
TAC. Those findings confirm results of previous studies [34, 35, 36, 38].

Conclusion

Telomere length erosion was greatly accelerated by smoking habit and addiction. The present study
indicates that imbalance of oxidant/antioxidant status (oxidative stress) due to heavy tobacco smoking and
marijuana addiction plays a key role in DNA damage and shortening of telomere length. Since the telomeric
damage is hard to repair, the process of cell senescence and early aging will occur. Those findings may help in
explanation of many diseases and cancers which are associated with shortening of leukocyte telomere length
resulting from smoking and addiction.
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