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ABSTRACT 
 

Leukocytic DNA damage in treated essential hypertension patients in different blood pressure ranges and 
in normotensive healthy controls was assessed using the alkaline Single Cell Gel Electrophoresis (SCGE/Comet) 
assay which is a sensitive method for DNA damage detection at cell level. A total of 100 individuals were assessed 
after informed consent. Atenolol-treated (mean 1.2±0.5y of treatment) hypertensive individuals (n=75; mean age 
62.12±1.45y) visiting the local hospitals included 42 males and 33 females (mean systolic blood pressure (SBP) 
151.2 mmHg; mean diastolic blood pressure (DBP) 90.0 mmHg). The control group comprised 25 age- and sex-
matched controls (17 males, 8 females; mean age 64.50±1.95y; mean SBP 130.0 mmHg; mean DBP 76.0 mmHg). 
Using image analysis the comet parameters scored viz. Olive tail moment (OTM- 49.56±2.58), tail moment (TM-
44.11±6.37) and percent tail DNA (21.8±0.90%) were significantly (p≤0.001) higher in patient group than the 
respective values in controls (5.11±1.01, 2.36±0.62 and 3.5±0.66%). Within the patient group, significant increase 
was observed for OTM and TM (which give migration and pattern of DNA damage)  in mild hypertension and 
severe hypertension groups compared to high normal blood pressure group. Higher blood pressure levels and/or 
treatment with the drug (atenolol) could be causing the observed genetic damage in hypertensive patients. 
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INTRODUCTION 
 

Essential hypertension is sustained systolic blood pressure of >140mmHg and diastolic 
pressure of >90mmHg according to the Indian Hypertension Guidelines II [1]. Hypertension has 
become a major public health problem throughout the world and meta analysis has shown a 
rising trend in its prevalence also in different states of India over the last three decades [2]. 
Essential hypertension is known to be an independent risk factor for coronary artery disease, 
stroke and end stage renal diseases. Besides these susceptibilities, hypertension is also 
associated with decreased antioxidant status [3], and increase in oxidative stress [4] and 
reactive oxygen species [5]. Oxidative stress can cause genetic damage which can frequently 
promote age-related changes and malignancies thus adding to more complications for 
hypertensive individuals. High blood pressure requires treatment which in turn may also 
influence the level of oxidative stress. Beta-blockers act as antioxidants and are often 
prescribed to heart and hypertensive patients [6]. The imbalance of oxidant-antioxidant status 
manifests in genetic damage. Limited number of studies has assessed damage to genetic 
material in hypertensive patients on various treatment schedules [7,8] as well as in rat-models 
[9,10]. However, no studies have come to attention regarding atenolol-treated North-Indian 
patients. The present study hence investigated the relationship between leukocytic DNA 
damage in atenolol-treated hypertensive patients visiting the local hospitals. Of the number of 
methods used to assess genetic damage, the Single Cell Gel Electrophoresis (SCGE/comet) assay 
is a sensitive technique for the assessment of DNA damage [11]. Since damage to genetic 
material can cause cancer and other complications and as an earlier evaluation can assist in its 
management, it is important to assess genetic damage in hypertensive patients. 
 
Review of work- DNA damage in atenolol-treated hypertensive patients and in matched 
controls was investigated. An association of DNA damage was further studied in patients in 
different blood pressure ranges. The relevant literature at global, national and regional levels is 
briefly reviewed. 
 

The estimated total number of adults with hypertension in 2000 was 972 million 
worldwide- of these, 333 million were in economically developed countries and 639 million in 
economically developing countries [12]. The significance lies in the fact that these persons are 
susceptible to cardiovascular and renal problems. Increased blood pressure is also related to 
increased stress which can alter the genetic integrity.DNA damage was observed in blood, liver, 
brain and heart cells of animal models of renovascular hypertension; this was decreased by 
vitamin C implying that there is more oxidative stress in the hypertensive state [13]. 
Chromosomal telomere shortening has also been reported in hypertensive patients [14]. 
Treatment with atenolol increased frequency of micronuclei in treated essential hypertensive 
patients [15]. 

 
It is well recognized that hypertension is also a major health problem in India [16]. The 

prevalence of hypertension has been increasing in India, both in rural and urban regions. In 
1960-1980’s the prevalence of hypertension in urban area was between 2.6-5.2% and it 
increased to 20-33% in the last decade [17, 18, 19]. In studies from Punjab, Ahlawat et al. 2002 
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[20] reported a prevalence of 45.80% in women from Chandigarh while Sidhu et al. 2001 [21] 
reported a prevalence of only 15.10% in the women of Punjab and in a later study, the 
prevalence of hypertension was 20.15% [22]. In 2008, Yadav et al. [23] reported a prevalence of 
32.2% in a north Indian upper socio-economic status population. Dhawan and Jain (2005) [24] 
documented increased levels of 8-Hydroxy-2’-deoxyguanosine (8-OHdG) in hypertensive 
patients from North West region of India Garlic supplementation reduced this oxidative DNA 
damage and increased the total antioxidants status as observed in their blood and urine 
samples. In our laboratory, hypertensive patients from local hospitals on different drugs were 
observed to have increased genetic damage compared to healthy controls [25]. The review 
shows that atenolol-treated hypertensive patients from Punjab have not been assessed for 
genetic damage and so this study was carried out. 
 

METHODOLOGY 
 

A case-control study was carried out which included 75 patients on atenolol- therapy 
and 25 healthy controls, matched for socio-economic status, age and sex. The patients were 
diagnosed with essential hypertension by the doctors and were on atenolol (a beta-blocker 
agonist) treatment. The informed voluntary written consent was obtained from all the 
participants of the study and the study was cleared by the Institutional Ethics Committee. The 
demographic information of the subjects was recorded on a questionnaire. For each individual 
an average of three readings, for systolic blood pressure (SBP) and diastolic blood pressure 
(DBP), were taken using a mercury sphygmomanometer and about one ml of intravenous blood 
sample was drawn. Cell viability of each sample was checked before performing the alkaline 
SCGE assay by the method of Singh et al. (1988) [26] with slight modifications. For the assay, 
agarose pre-coated slides were layered with blood samples mixed in low melting point agarose 
(0.75%, LMPA) and sandwiched with  a third agarose layer. Preparations were lysed, 
electrophoresed at pH ≥ 13 and stained using silver nitrate. Coded slides were scored for DNA 
damage (100cells/sample) using image analysis software (Comet assay software program 
(CASP)-http://www.casp.of.pl). The comet parameters taken were Olive tail moment (OTM), tail 
moment (TM) and percent DNA tail [27, 28]. Values were taken as means ± S.E.M. Group 
differences for the extent of primary DNA damage were tested by the Student’s t-test using 
SPSS version 16.0 for windows 7. The p-values, p≤ 0.05 and p≤ 0.01, were taken as significant.  

 
Presentation and Analysis of Data 
 

The study included 75 essential hypertensive patients and 25 age- and sex- matched 
healthy individuals (control group) with no family history of hypertension. The patient group 
comprised 42 males and 33 females who were on 50mg daily dose of atenolol for an average of 
1.2±0.5 years. There were 17 males and 8 females in the control group. In Table1, the base line 
characteristics of patients and control group are presented. The patients were in the age range 
of 40-83y with mean of 62.12±1.45 years and the control group was in the range of 48-83y 
(mean 64.50± 1.95y). The mean SBP/DBP for patients and control group was 151.2/90 mmHg 
and 130/76 mmHg, respectively. Most of the patients (n=51) and controls (n=21) were taking 
vegetarian diet. All the individuals in the study were non smokers. Alcohol drinking was also not 
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so common both, in patient and control groups. The individuals in the patient group were 
divided into different hypertension stages on the basis of blood pressure levels (IHG-II) and 
included the high normal (n=23;130-139/85-89mmHg), mild stage I hypertension (n=26;140-
159/90-99mmHg), moderate stage II hypertension (n=12;160-179/100-109mmHg) and severe 
stage III hypertension (n=14;≥180/≥110mmHg). The DNA damage parameters as also studied by 
Dhawan et al. (2009) [29] included Olive tail moment (product of tail length and the fraction of 
total DNA in the tail), tail moment (combines information on tail length and tail intensity) and 
percent DNA tail (the intensity of the tail compared with the intensity of the whole comet) are 
given in Table 2. The comet assay results demonstrated that average values of OTM 
(49.56±2.58), TM (44.11±6.37) and percent DNA tail (21.8±0.9%) in essential hypertensive 
patients were significantly increased from the respective values in the control group (5.11±1.01; 
tcal=16.06, df = 98, p < 0.001;2.36±0.62; tcal=6.52, df = 98, p < 0.001;3.5±0.66 %; tcal=16.19, df = 
98, p < 0.001). Within the patient group, though there was a non-significant increase in percent 
DNA tail in mild hypertension (23.34±1.8%) and severe hypertension (22.41±1.9%) when 
compared with that in the high-normal blood pressure group (19.58±1.2%), yet a significant 
increase (p<0.05) was found for OTM when values in mild hypertension group (55.38±5.24) and 
severe hypertension group (54.06±4.87) were compared to the high normal blood pressure 
group (40.23±3.36). Similarly, a significant increase was also observed for TM for values in 
severe hypertension (61.70±21.1) and mild hypertension (42.39±5.71 groups compared to 
those in high normal blood pressure (64.19±27.7) group. 
 

Table1 Characteristics of Essential Hypertensive Patients and Control Individuals 
Group Sex Age range in 

years (mean) 
SBP (mmHg) 

(mean±S.E.M) 
DBP (mmHg) 

(mean±S.E.M) 
Diet Smokers Alcohol 

Drinkers 

Male 
(%) 

Female 
(%) 

Veg. Non-veg Yes No Yes No 

Patients 
(n=75) 

42 
(56) 

33 
(44) 

40-83 (62.10) 151.5±2.79 90.0±1.18 51 24 - 75 19 56 

Controls 
(n=25) 

17 
(68) 

8 
(32) 

48-83 (64.50) 130.0±1.53 76.0±1.24 21 4 - 25 3 22 

 
Table 2 DNA Damage in Patients in different Blood Pressure Ranges 

Group Blood pressure 
group

*
 (SBP/DBP) 

mmHg 

No. of 
individuals 

(M/F) 

Olive tail moment  
mean±S.E.M 

(range) 

Tail moment  
mean±S.E.M 

(range) 

Percent DNA tail  
mean±S.E.M 

(range) 

Patients High normal 
(131-139/85-89) 

23 
(10/13) 

40.23±3.36**
a 

(9.80-71.93)
 

24.88±2.74**
a 

(3.40-53.48) 
19.58±1.20**

a 

(4.10-32.13) 

Mild 
(140-159/90-99) 

26 
(15/11) 

55.38±5.24**
a,b 

(13.90-108.60)
 

42.39±5.71**
a,b 

(1.83-100) 
23.34±1.80**

a 

(7.80-46.48) 

Moderate 
(160-179/100-109) 

12 
(10/2) 

49.57±6.59**
a 

(21.85-98.90) 
64.19±27.70**

a 

(5.64-359.70) 
22.29±2.50**

a 

(11.19-40.90) 

Severe (≥180/≥110) 14 
(7/7) 

54.06±4.80**
a,b 

(30.55-35.40) 
61.70±21.10**

a,b 

(15.07-326.79) 
22.41±1.90**

a 

(13.05-38.77) 

Total 75 
(42/33) 

49.56±2.58**
a 

(9.80-108.60) 
44.11±6.37**

a 

(1.83-359.70) 
21.8±0.90**

a 

(4.10-46.48) 

Controls Normal 
(130-76) 

25 
(17/8) 

5.11±1.01 
(0.00-15.75) 

2.36±0.62 
(0.04-13.17) 

3.5±0.66 
(0.00-9.88) 

*
According to Indian Hypertension Guidelines-II, 2007. 

**a 
Statistically significant when compared to total control 

group (p≤0.001, Student’s t-test). 
**b   

Statistically significant when compared to high normal blood pressure group 
(p≤0.05, Student’s t-test ). SBP- Systolic Blood Pressure; DBP- Diastolic Blood Pressure. 
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DISCUSSION 
 

The results revealed that DNA damage was significantly higher in the atenolol- treated 
essential hypertensive patients as compared to normotensive individuals.  Patients in different 
blood pressure categories were studied also to find any association between leukocyte DNA 
damage and different blood pressure ranges. In the patient group, TM was highest in moderate 
hypertension group and percent DNA tail and OTM in mild hypertension group. .These 
differences may be resulting from the varying life style activities of the patients within these 
ranges. The overall results reveal that OTM was ~10 times, TM ~22 times and percent DNA tail 
~7 times higher in patient group than in control group and these values are highly significant (p 
< 0.001). OTM, TM and percent DNA tail reflect overall DNA damage in the cells. OTM 
represents the migration and pattern of DNA damage [30], TM represents the amount of DNA 
and distance it migrates into the comet tail and percent DNA tail gives a relative indication of 
the number of DNA strand breaks within the cell [31]. Tail Moments (OTM and extent tail 
moment) and percent DNA tail are most sensitive parameters and are most frequently used. 
Among these TM is preferred parameter for both high and low damaged cells as it provides 
most stable estimates for DNA damage [32]; in the present study, these comet parameters 
were studied and their values observed to be highly significant from controls (p < 0.001) 
indicating DNA damage in the hypertensive patients.  A loss of balance between status of 
oxidative stress and level of antioxidants in hypertension occurs [33] generating reactive 
oxygen species which caninteract with nitrogenous bases of DNA strands causing oxidative 
damage to DNA resulting in base or sugar modifications, covalent cross links and single- and 
double strand-breaks [34]. The treatment modalities of hypertension can also influence the 
level of oxidative stress. Though the prescribed beta-blockers also possess antioxidant 
properties [35] however their genotoxicity has also been reported [7] indicating that treatment 
with these can also cause DNA damage. 

 
The findings of increased DNA damage in essential hypertensive patients in the present 

study are in accordance with those reported in literature. Dincer et al. (2008) [36] observed 
increased 8-OHdG levels in hypertensive patients with chronic kidney disease with low  
antioxidant status Similar results were also observed by Yilidz et al. (2008) [37]. They found that 
DNA damage was significantly increased in white-coat hypertensive patients and the total 
antioxidant status was decreased. Treatment modalities could also influence the level of 
genetic damage in hypertension [10]. Among main cardiovascular risk factors, hypertension was 
observed as the strongest determinant of oxidative stress and DNA damage [38]. However, a 
significant decrease in DNA damage and blood pressure and increase in antioxidant status was 
observed with grape juice supplementation [39]. Recently, Subash et al. (2010) [40] also 
reported increased DNA damage and decreased antioxidant status in treated compared to 
untreated hypertensive patients. Both genetic and lifestyle factors can contribute to the 
development of hypertension and DNA damage. Lifestyle factors such as smoking, age, gender, 
alcohol consumption [41], mobile phone usage [42], dietary supplements [43] can modify the 
level of DNA damage in humans. Genotoxicity and carcinogenicity of antihypertensive agents 
have also been reported for many drug classes (Brambilla et al., 2006). Atenolol among other 
beta-blockers was observed to cause chromosomal damage in those treated with it [7]. 
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Therefore, the observed increase in DNA damage in patient group in the present study may be 
due to disease or treatment as patient and control groups were matched for other parameters. 
The results imply that these patients are at a risk of developing neoplasia and target organ 
damage as compared to healthy controls. 

 
Anthropological Significance 
 
              Human beings shuttle between home, work, community and family, forming a conduit 
through which life is constantly protected and supported.  This scenario can increase the 
oxidative stress which can result in hypertension. Drug specifications and dietary 
supplementation have been reported to reduce blood pressure and counteract oxidative stress, 
and thereby offer cardio-protection in essential hypertensives on one hand, while having a 
capacity to induce genetic damage on the other. As the hypertensive condition can be managed 
after appropriate intervention, the results of the study can be utilized to promote strategies to 
prevent and/or delay hypertension and associated genetic damage and to improve the care of 
the patient with associated disorders. 
 

CONCLUSION 
 

                 Significantly increased DNA damage was detected in hypertensive patients on 
treatment with atenolol compared to normal individuals. DNA damage can produce gross 
chromosomal alterations in addition to point mutations and thus can be involved in the 
inactivation or loss of proto-oncogenes and tumor suppressor genes which can lead to cancer. 
Therefore, treated essential hypertension seems to be an important clinical situation requiring 
a close follow-up. 
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