
 

International Journal of Sciences: 
Basic and Applied Research 

(IJSBAR) 

 

ISSN 2307-4531 
(Print & Online) 

 
http://gssrr.org/index.php?journal=JournalOfBasicAndApplied 

---------------------------------------------------------------------------------------------------------------- 
 

ScaI Atrial Natriuretic Peptide Gene Polymorphism and 

Hypertension in the Tunisian Population 

Hayet Soualmiaa*, Ilhem Ayadib, Amani Kallelc, Fatma Midanid, Riadh Jemaae, 

Moncef Fekif, Haifa Sanhajig, Naziha Kaabachih 

a,b,c,d,e;f;g,hResearch Laboratory LR99ES11, Department of Biochemistry, Hospital La Rabta, Jebbary Tunis 1007, 

Tunisia 
aHigh Institute of Medical Technologies of Tunis, University of Tunis El Manar-Tunisia, 9 av. ZouheirEssafi, 

Tunis 1007, Tunisia 
aE-mail address: hayetsoualmia@yahoo.fr 

Abstract 

Numerous genetic variants have been linked to hypertension. Among these variants T2238C polymorphism in 

atrial natriuretic peptide gene has been investigated in the pathogeneses of hypertension, but studies have often 

generated controversial results. The aim of this study was to investigate the association between hypertension 

and the ANP/ T2238C variant gene that led to the loss of ScaI restriction site, thus eliminated the regular stop 

codon and involved an extension of the human ANP by two additional arginines. We genotyped 384 patients 

with hypertension and 435 healthy controls. The ScaI ANP gene polymorphism was determined by polymerase 

chain reaction-restriction fragment length polymorphism analysis. The results shows that the ScaI ANP gene 

polymorphism genotypes distribution and allele frequencies were not significantly different between the 

hypertensive and normotensive subjects (p>0.05). The frequencies of A2 wild allele and A1 mutant allele were 

48% and 52% respectively in hypertensive patients and 49% and 51% in control group (p=0.66). This 

polymorphism is not associated with hypertension (OR= 1.55, 95% CI [0.82-2.92]; p=0.17) for TC and 

(OR=1.80, 95% CI [0.81-3.98]; p=0.14) for CC after adjustment for age, gender, body mass index, fasting 

glucose concentration, dyslipidemia and smoking. Furthermore, no relationship was found between clinical 

characteristics and ScaI ANP genotypes. As a conclusion; this study suggested that the ScaI ANP gene 

polymorphism is not associated with hypertension in the Tunisian population. 

------------------------------------------------------------- 
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1. Introduction 

Blood pressure (BP) is influenced by genetic and environmental factors [1]. Atrial natriuretic peptide (ANP), a 

cardiac hormone with natriuretic, diuretic and vasodilatory properties [2,3] is one of factors that have an 

important role in the regulation of BP. Consequently, the ANP gene is considered as a candidate gene for 

hypertension (HTA). Several polymorphisms have been described in the human ANP gene. Among these 

variants, the rs5065 in exon three has been involved in vascular disease.This polymorphism consisted of theScaI 

restriction site loss in the ANP precursor gene as the substitution of a T for a C at position 2238 which 

eliminated the regular stop codon. A new stop codon arises six nucleotides further on, and translation results in a 

human ANP with two additional arginines [4,5]. This polymorphism has been shown associated particularly 

with salt sensitive hypertension [6,7] and vascular diseases, including stroke, left ventricular hypertrophy, and 

hypertension [8,9], but with variable results [10,11]. Indeed, some studies have reported association of ANP 

gene variant with left ventricular hypertrophy in hypertension [12]. However, other studies in a Japanese and 

Black South African populations [13,14] have reported no relationship between the exon 3 variant and 

hypertension. Moreover, other reports [15] have indicated that the rs5065 C allele is associated with a lower risk 

of blood pressure progression and in type 2 diabetes this polymorphism had a protective effect against coronary 

artery disease in patients of Afro-Carabbean population with type 2 diabetes[16]. 

However, the relationship between the ScaI ANP gene polymorphism and HTA is controversial and probably 

the role of this polymorphism on the HTA incidence could be different among ethnic groups with differences in 

genetic background and lifestyle. Therefore, in the present study, we examined the relationship between the ScaI 

ANP gene polymorphism and HTA in a sample of Tunisian population. 

2. Materials and methods 

2.1. Study population 

The study population consisted of a total of 837 subjects living in the City of Tunis (Tunisia). We studied 384 

hypertensive patients (144 men and 240 women, age 54.06 ± 8.14 years) and 453 normotensive subjects (264 

men and 189 women, age 53.65 ± 8.45 years).The control group was volunteers, collected among the families of 

hospital staff without antihypertensive treatment, and their SBP and DBP were less than 140 and 90 mm Hg, 

respectively. Hypertension was defined according to World Health Organization Criteria [17]. These criteria 

include a sitting systolic blood pressure (SBP) of ≥ 140 mm Hg or diastolic blood pressure (DBP) of ≥ 90 mm 

Hg on three occasions spanning two months from the first medical examination, without administration of 

antihypertensive drugs. Patients and controls were homogeneous Tunisian subjects, all were from North Tunisia 

Body weight and height were measured on the subjects barefooted and lightly clothed. Body mass index (BMI; 

kg/m²) was calculated and obesity was defined as BMI > 30 kg/m² [18,19]. Diabetes mellitus was defined as 

hyperglycemia, requiring antidiabetic drugs fasting blood sugar over 7.0 mmol/L. Dyslipidemia was defined as a 

total cholesterol (TC) level > 6.47mmol/L and/or triglyceride (TG) level > 2.26 mmol /L. Cigarettes smoking 

233 
 



International Journal of Sciences: Basic and Applied Research (IJSBAR) (2014) Volume 16, No  2, pp 232-241 

 
was quantified based on daily consumption and duration of smoking.The ethical aspects of this study were 

approved by the local research committee (Rabta Hospital Ethics Committee, Tunis). For all participants, blood 

collection was performed after informed consent. 

2.2. Biochemical analysis 

Blood samples were obtained after an overnight fast. Fasting glucose, creatinine, uric acid concentrations, 

TG,TC, high-density lipoprotein-cholesterol (HDL-C) were determined by standardized enzymatic methods, 

using commercial kits (Roche Diagnostics, Mannheim, Germany), on a Hitachi 912 analyzer, low-density 

lipoprotein-cholesterol(LDL-C) was calculated according to Friedwald’s formula. 

2.3. DNA analysis 

Genomic DNA was prepared from white blood cells by phenol extraction [23]. Genotyping of the ANP gene 

variant T2238C (rs5065) was determined by polymerase chain reaction (PCR)-restriction fragment length 

polymorphism followed by restriction enzyme ScaI[5,13]. PCR was performed in a reaction volume of 50 µL 

containing 200 ng of genomic DNA and final concentrations of 250 pM for each primer (sens: 

5’GGCACACTCATACATGAAGCTGACTTTT3’ and antisens: 5’GCAGTCTGTCCCTAGGCCCA3’), 1.5 

mM MgCl2, 50 mMKCl, 0.2 mM of each dNTP and 1unity (U)Taq polymerase (FERMENTAS FRANCE). 

DNA was amplified on a thermal cycler (BIOMETRA UNO II) according to the following protocol : initial 

denaturation at 94°C for 3 min, than 30 cycles of denaturation at 94° C for 30 s, annealing at 63° C for 1 min 

and extension at 72° C for 60 s, followed by a final extension step at 72° C for 10 min. Afterwards, 20 µL of the 

amplification products were digested for 12 h at 37° C with5 U ScaI restriction enzyme (FERMENTAS 

FRANCE). Digestion products were separated in 2 % agarose gel electrophoresis and visualized with ethidium 

bromide and viewed under ultra-violet illumination. The different fragments obtained were 133 pb PCR in 

homozygous mutant that correspond to the absence of ScaI restriction site, two fragments 77 and 56 pb in 

homozygous wild type (presence of restriction site) and all of these fragments for heterozygous.  

2.4. Statistical analysis 

Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS 11.0 for Windows, 

SPSS Inc., Chicago, IL, USA) and Epi Info (version 6.04a). The Student t-test was used for continuous 

variables, and the chi-squared test was used for categorical variables to test for statistical significance. We 

calculated odds ratio (OR) together with their 95% approximate confidence intervals (95% CI) as estimators of 

the relative risk of hypertension for the T2238C genotypes. A binary regression analysis was performed to 

determine the independent predictors for hypertension. We calculated the power in our samples to detect 

associations with different odds rations, by using Quanto computer Program [21]. A two tailed p-value<0.05 

was considered statistically significant. 

2. Results 

Clinical characteristics of hypertensive and normotensive groups are shown in Table 1. Compared to control 
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subjects, hypertensive patients had a statistically higher mean of SBP, DBP, BMI and biological 

parameters:fasting glucose, TC, TG, LDL-C, creatinine and uric acid concentrations (p<0.001), but there were 

Table 1: Demographic and clinical characteristics of the study population 

 

Variable NT (n=453) HT (n=384) p value 

Age (years) 53.65 ± 8.45 54.06 ± 8.14 <0.10 

BMI (Kg/m2) 27.26 ± 4.90 30.90 ± 6.76 <0.001 

Systolic BP (mmHg) 119.06 ± 10.49 151.41 ± 18.35 <0.001 

Diastolic BP(mmHg) 71.62 ± 6.80 87.30 ± 10.13 <0.001 

Heart rate (beats/min) 78.83 ± 7.58 79.66 ± 7.96 0.09 

Diabetes mellitus (%) 6.8 33.5 <0.001 

Obesity (%) 27.3 47.5 <0.001 

Dyslipidemia (%) 20.1 32 <0.001 

Smoking (%) 38.3 20.6 <0.001 

TC (mmol/L) 4.86 ± 0.98 6.30 ± 1.01 <0.001 

TG (mmol/L) 1.50 ± 0.94 1.97 ± 1.00 <0.001 

HDL-C (mmol/L) 1.24 ± 0.33 1.49 ± 0.33 0.3 

LDL-C (mmol/L) 2.80 ± 0.85 3.22 ± 0.90 <0.001 

Fasting glucose (mmol/L) 5.62 ± 1.68 6.90 ± 3.36 <0.001 

Creatinine (μmol/L) 81.41 ± 13.34 84.98 ± 31.55 <0.001 

Uric acid (μmol/L) 294.64 ± 86.63 322.90 ± 102.45 <0.001 

 

NT: normotensive; HT: hypertensive; BMI: body mass index; BP: blood pressure; 

TC: total cholesterol; TG: triglycerides; HDL-C: high-density lipoprotein-cholesterol; 

LDL-C:low-density lipoprotein-cholesterol. The data presented are means ± SD or 

% of patients, p<0.05 was considered significant. 

no significant differences between the two groups in HDL-C (p=0.3). 

The genotype frequencies were in agreement with those predicted by Hardy-Weinberg equilibrium conditions in 

healthy control (χ2 =1.69; p=0.42) and in hypertensive group (χ2 = 1.82; p=0.40). 

In total population, the distribution of genotypes in patients with hypertension was not significantly different 

from that in the control subjects (p=0.17) (Table 2). No significant difference in the frequency of C risk allele 

was detected between the hypertensive group and controls (52% vs 51% p = 0.68). We also performed stratified 

analysis of population by gender, because sex hormones might influence the mechanism of cardiovascular risk 

in patients, but results revealed also no significant genotypic and allelic differences between the two groups 

(Table 2).After adjustment for confounding factors (age, sex, BMI, fasting glucose concentration, dyslipidemia 

and smoking), and in comparison to the TT homozygous, OR for hypertension remained no significant (OR 
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=1.55; 95% CI [8.82-2.92]; p=17) for TC heterozygous and (OR =1.80; 95% CI [0.81-3.98]; p=0.14) for CC 

homozygous (Table 2).  

Table 2: Genotype and allele distributions of the ANP T2238C polymorphism in hypertensive patients and 
controls, with adjusted Odd ratios for hypertension in the total population and by gender. 

 
 Controls  

(n = 453) 

Hypertensive 
patients  
(n = 384) 

p OR 95% CI 

Total population      

Genotype n (%)      

TT 50 (11%) 27 (7%)  1a  

TC 348 (76.8%) 318 (82.8%) 0.17 1.55 [0.82-2.92] 

CC 55 (12.1%) 39 (10.2%) 0.14 1.80 [0.81-3.98] 

Allele frequencyn (%)      

T 49% 48%  1a  

C 51% 52% 0.68 1.04 [0.86-1.27] 

Men 
 (n=264) (n=144)    

Genotype n (%) 
TT 29 (11%) 8 (5.5%) 1a   

TC 202 (76.5%) 12 (84.6%) 0.35 2.51 [1.06-5.93] 

CC 33 (12.5%) 15(10.5%) 0.22 1.89 [0.68-5.31] 

Allele frequency   n (%)      

T 49% 47% 1a   

C 51% 53% 0.58 1.09 [0.81-1.46] 

Women (n=189) (n=240)    

Genotypen (%) 
TT 21 (11.1%) 20 (8.3%) 1a   

TC 146 (77.2%) 196 (81.7%) 0.32 1.39 [0.73-2.67] 

CC 22 (11.6%) 24(10.0%) 0.78 1.13 [0.48-2.62] 

Allele frequency   n (%)      

T 49.7% 49.1% 1a   

C 50.2% 50.8% 0.86 1.02 [0.77-1.35] 

 
a  Reference genotype 
OR: odds ratio; CI, confidence interval 
OR adjusted for age, sex, BMI, diabetes, dyslipidemia and smoking. 
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Additionally, no relationship was found between clinical parameters and ANP/T2238C genotypes (Table 3). 

 

 

 

Table 3: Clinical characteristics of hypertensive patients and normotensive subjects according to ANP T2238C 
genotype 

 
Parameters TT TC CC p 
Age (years)     

NT 50.10 ± 9.63 52.57 ± 8.49 56.08 ± 7.10 0.45 
HT 53.38 ± 8.85 56.15 ±8.24 50.39 ± 7.89 0.80 

BMI (Kg/m2)     
NT 27.58 ± 4.53 27.51 ± 5.08 27.31 ± 5.45 0.96 
HT 31.51 ± 8.53 31.12 ± 6.80 30.95 ± 6.94 0.94 

SBP (mm Hg)     
NT 119.54 ± 11.90 118.47 ± 10.41 119.49 ± 9.86 0.71 
HT 149.96 ± 20.88 150.94 ± 18.36 156.89 ± 20.41 0.09 

DBP (mm Hg)     
NT 71.44 ± 6.53 71.29 ± 6.75 72.41 ± 6.66 0.55 
HT 85.27 ± 10.11 87.59 ± 11.08 90.32 ± 12.58 0.19 

Fastingglucose (mmol/L)     
NT 5.62 ± 1.90 5.39 ± 1.29 5.53 ± 1.13 0.25 
HT 6.38 ± 2.05 7.71 ± 3.27 5.74 ± 2.10 0.21 

Creatinine (μmol/L)     
NT 79.00 ± 12.64 80.53 ± 13.70 82.38 ± 12.02 0.80 
HT 85.27 ± 25.37 87.16 ± 35.27 81.50 ± 14.58 0.55 

Uric acid (μmol/L)     
NT 295.09 ± 80.50 293.69 ± 87.28 294.29 ± 66.93 0.48 
HT 331.11 ± 96.73 312.67 ± 97.04 327.38 ± 105.73 0.40 

TC (mmol/L)     
NT 5.96 ± 0.85 5.66 ± 0.53 5.68 ± 0.79 0.41 
HT 6.45 ± 0.87 6.32 ± 0.89 7.27 ± 1.31 0.69 

TG (mmol/L)     
NT 1.62 ± 1.11 1.50 ± 0.88 1.45 ± 0.82 0.52 
HT 1.42 ± 0.91 1.87 ± 0.78 1.84 ± 0.81 0.84 

HDL-C (mmol/L)     
NT 1.35 ± 0.43 1.19 ± 0.25 1.39 ± 0.48 0.78 
HT 1.48 ± 0.53 1.31 ± 0.39 1.22 ± 0.27 0.88 

LDL-C (mmol/L)     
NT 2.96 ± 0.76 2.89 ± 0.65 2.98 ± 0.60 0.69 
HT 3.12 ± 0.77 3.21 ± 0.76 3.45 ± 1.02 0.58 

 
BMI: body mass index; DBP: diastolic blood pressure; HDL-C: high-density lipoprotein-cholesterol; LDL-C: 

low-density lipoprotein-cholesterol; HT: hypertensive subjects; NT: normotensive subjects; SBP: systolic blood 
pressure; TC: total cholesterol; TG: triglycerides. Data are expressed as mean ± SD; <0.05 was considered 

significant. 

4. Discussion 

Previous studies analyzing the role of ANP polymorphisms in the pathogenesis of hypertension have been 

controversial. In this study, we have not found association between the ScaI ANP gene genotype and the HTA 

in our sample of Tunisian population. This result was in contrast to some studies [6,22,23], but in accordance 

with others. Indeed, a lack of association between the ANP/T2238C and hypertension in the Japanese population 

and in Black South African subjects was found [13,14]. Moreover, Conen et al. [15] have reported that 2238C 

allele is associated with lower BP progression and in another study in Afro-Carabbean population with type 2 
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diabetes, the rs5065 had a protective effect against coronary artery disease [16]. 

Otherwise, Nakayama et al. [24] have also reported that the mutation of 5’ flanking region of the human ANP 

gene induced susceptibility to essential hypertension or left ventricular hypertrophy in Japanese population. 

However, another study in Italian subjects supported the role of T2238C mutation as a direct contributor to 

stroke [8]. So association studies suggest the significant impact of the stop codon polymorphism on pathologies 

linked to hypertension complications such as left ventricular hypertrophy, renal disease and cerebrovascular 

accidents. We could explain these controversial studies by differences in ethnicity, the heterogeneity of study 

designs, endpoints considered, data computing and analysis [6,13,22,25,26]. 

Furthermore, we observed that the prevalence of the 2238 C allele (52 %) in our study was more frequent than 

in Asians. Indeed, allelic frequency for the ScaI mutant was 2% in the Japanese population [27] and 12 % in 

Chinese hypertensive subjects [28]. In Italian population, the allelic frequency of C variant was 11 % in the 

Tuscany hypertensive patients [25] and 17 % in the Milanese population [22]. Besides, the prevalence of the A1 

allele in the Black hypertensive was 42 % [6] and 44 % in South African people [14]. Therefore, there is 

considerably clear ethnic difference in allele frequency, depending on background populations and the different 

form of hypertension that could explain the inconsistent results concerning the association of ScaI ANP gene 

polymorphism with hypertension. 

However, data on the function of the ANP/T2238C variant are limited and to understand the biological 

significance of the T2238C ANP gene polymorphism with hypertension, we must dissect out the ANP peptide 

wild role. In physiological situation, high BP induced atrial stretch, the main trigger factor for ANP secretion 

[29] which is involved in the regulation of electrolytes and water balance, thus contributing to BP homeostasis. 

In the hypertension status, the regulation mechanism would be disrupted in subject carrier of mutant ANP, thus 

inducing high perfusion pressure in heart which induces hypertension and involves left ventricular hypertrophy. 

The mutant peptide could not settle on natriuretic receptors, therefore the vasodilatation will be disturbed, 

causing endothelial damage on vessels by vasoconstrictor substances which will not be counterbalanced by ANP 

vasodilator effects. This mechanism could confer vessels damage particularly in brain, inducing stroke. Besides, 

the mutant peptide could disturb the regulation of glomerular filtration in kidney.  

In another study, Pankaj et al. [30] have reported a novel mechanism of ANP to regulate PB and salt 

homeostasis. In this study, authors have identified micro-RNA, miR-425 which is expressed in human atria and 

ventricles, and binds at noncoding region to regulate ANP production. Indeed, they have shown that a single 

base pair change in the type A natriuretic peptide receptor gene prevents binding of miR-425 and results in 

higher ANP levels [30]. So, genetic variants can have an influence on physiologic response. Currently, real 

mechanisms of ANP gene mutations and disease are more to dissect. 

Our findings illustrate lack of association between the ANP/T2238C variant and the hypertension, but we must 

acknowledge certain limitation because our study was conducted with a limited sample size that might lead to a 

low statistical power that requires a sample size 1756 patients and 2055 Controls to reach a power of 80 % at a 

p=0.05. 
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5. Conclusion 

This study indicates that ScaI ANP gene polymorphism is not associated with hypertension in the Tunisian 

population. The lack of association does not exclude the relevance of the ANP polymorphism gene on the 

incidence of hypertension. Further investigations need to be performed in other polymorphisms of ANP gene 

and their interaction might be evaluated. We could also identify the mechanism underlying the effect of this 

polymorphism on the release or the activity of ANP by identifying micro-RNA and their interaction with this 

variant. 

Acknowledgements 

This work was supported by a grant from the “Ministry of Higher Education, Scientific Research and 

Technology” of Tunisia. 

Conflict of interest 

None declared. 

References 

[1] Ward R (1990): Familial aggregation and genetic epidemiology of blood pressure, in Hypertension: 

Pathophysiology, Diagnosis, and Management,Laragh, JH and Brenner BM, editors,Raven Press, New York; 

81-100.  

[2]  De Bold AJ, Borenstein HB, Veress AT, Sonnenberg H (1981): A rapid and potent natriuretic response 

to intravenous injection of atrial myocardial extract in rats. LifeSci; 28:89-94. 

[3] Levin ER, Gardner DG, Samson WK (1998):Natriuretic peptides. N EnglJ Med;339:321-8. 

[4] Masharani U, Nakashima P, Lim DW, Frossard PM, Nsi I (1988):Sca I restriction fragment length 

polyporphisms at the atrial natriuretic peptides (ANP) gene locus. Hum Genet; 80:307. 

[5] Ramasawmy R, Kotea N, Lu C, Sayada C, Baligadoo S, Krishnamoorthy R (1992):Investigation of the 

polymorphic Sca I site by a PCR-based assay at the human atrial natriuretic peptide (hANP) gene locus. Hum 

Genet. 90:323-4. 

[6] Rutledge DR, Sun Y, Ross FA (1995): Polymorphisms within the atrial natriuretic peptide gene in 

essential hypertension. J Hypertens;13:953-5.   

[7] Schorr U, Beige J, Ringel J,Turan S, Kreutz R, Distler A et al.(1997): HpaII polymorphism of the atrial 

natriuretic peptide gene and the blood pressure response to salt intake in normotensive men. J Hypertens; 

15:715-8. 

239 
 



International Journal of Sciences: Basic and Applied Research (IJSBAR) (2014) Volume 16, No  2, pp 232-241 

 
[8] Rabattu S, Stanzione R, Angelantonio ED, Zanda B, Evangelista A, Tarasi D et al.(2004): Atrial 

natriuretic peptide gene polymorphisms and risk of ischemic stroke in humans. Stroke 35: 814-8. 

[9] Newton-Cheh C, Larson MG, Vasan RS, Levy D, Bloch KD, Surti A et al. (2009): Association of 

common variants in NPPA and NPPB with circulating natriuretic peptides and blood pressure. Nat Genet ;41 : 

348–353. 

[10] Kato N, Sugiyama T, Murita H, Nabika T, Kurihara H, Yamori T et al.(2000): Genetic analysis of the 

atrial natriuretic peptide gene in essential hypertension. ClinSci; 98: 251–258. 

[11] Beige J, Ringel J, Hohenbleicher H, Rubattu S, KreutzR, Sharma AM (1997):HpaII polymorphism of 

the atrial natriuretic peptide gene and essential hypertension in whites. Am J Hypertens; 10: 1316–1318. 

[12] Xue H, Wang S, Wang H, Sun K, Song Y, Zhang W et al. (2008): Atrial natriuretic peptide gene 

promoterpolymorphism is associated with left ventricularhypertrophy in hypertension ClinSci (Lond); 114: 

131–137 

[13] Rahmutula D, Nakayama T, Soma M, Takahashi Y, Kunimoto M, Uwabo J et al.(2001):Association 

study between the variants of the human ANP gene and essential hypertension. Hypertens Res; 24: 291-4. 

[14] Nkeh B, Tiago A, CandyG, Woodiwiss AJ, Badenhorst D, Luker F.et al. (2002): Association between 

an atrial natriuretic peptide gene polymorphism and normal blood pressure in subjects of african ancestry. 

Cardiovasc J South Afr; 13:97-101. 

[15] Conen D, Glynn RJ,Buring JE, Ridker PM, ZeeRYL (2007): Natriuretic Peptide Precursor A Gene 

Polymorphismsand Risk of Blood Pressure Progression andIncident Hypertension.Hypertens;50:1114-1119. 

[16] Larifla L, Maimaintiming S, Velayoudom-Cephise FL, Ferdinand S, Deverly AB, Ben Abdallah S et al. 

(2012): Association of 2238T/C polymorphism of the atrial natriuretic peptide gene with coronay artery disease 

in Afro-Caribbens with type 2 diabetes. Am J Hypertens; 25:524-7 

[17] World Health Organisation (1999): International society of Hypertension Guide-line for the 

Management of hypertension. J Hypertens; 17:151-83. 

[18] World Health Organization (1995): Physical status: the use and interpretation anthropometry: Report of 

a WHO expert committee, WHO Technical Report Series, no. 854. Geneva: WHO; p. 321-44. 

[19] National Institutes of Health National Heart Lung and Blood Institute Obesity. Education Initiative 

(1998): Expert panel on the identification, evaluation, and treatment of overweight and obesity in adults; 98-

4083:1-226. 

[20] Marcadet A, O’Connel P, Cohen D (1987): Standardized Southern blot workshop techniques. In 

:Dupont B, editor. Histocompatibility Testing. New York : Springer; p. 587-90. 

240 
 

http://www.ncbi.nlm.nih.gov/pubmed?term=Woodiwiss%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=12193960
http://www.ncbi.nlm.nih.gov/pubmed?term=Badenhorst%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12193960
http://www.ncbi.nlm.nih.gov/pubmed?term=Luker%20F%5BAuthor%5D&cauthor=true&cauthor_uid=12193960


International Journal of Sciences: Basic and Applied Research (IJSBAR) (2014) Volume 16, No  2, pp 232-241 

 
[21] Gauderman WJ, Morrison JM (2006): QUANTO 1.1: A computer program for power and sample size 

calculations for genetic-epidemiology studies. http://hydra.usc.edu/gxe. 

[22] Rabattu S, Bigatti G, Evangelista A,  Evangelista A, Lanzani C, Stanzione Ret al. (2006): Association 

of atrial natriuretic peptide and type A natriuretic peptide receptor gene polymorphisms with left ventricular 

mass in human essential hypertension. J Am CollCardiol; 48:499-505. 

[23] Rubattu S, Evangelista A, Barbato D, Barba G, Stanzione R, Iacone R et al. (2007): Atrial natriuretic 

peptide (ANP) gene promoter variant and increased susceptibility to early development of hypertension in 

humans.J Hum Hypertens; 21, 822–824. 

[24] Nakayama T, Soma M, Takahashi Y, Rehemudula D, Danmatsuse K, Furuya K (2000): Functional 

deletion mutation of the 5’-flanking region of type A human natriuretic peptide receptor gene and its association 

with essential hypertension and left ventricular hypertrophy in the Japanese. Circ Res; 86:841-5. 

[25] Mannipieri M, Manganiello M, Pezzartini A, De Bellis A, Seghieri G, Ferranini E (2001): 

Polymorphisms in the h ANP (human atrial natriuretic peptide) gene, albuminuria, and hypertension. Hypertens; 

37:1416-22.  

[26] Nannipieri M, Posadas R, Williams K, Politi E, Gonzales-Villalpando C, Stern MPet al. (2003): 

Association between polymorphisms of the atrial natriuretic peptide gene and proteinuria: a population-based 

study. Diabetologia; 46:429-32. 

[27] Kato N, Sugiyama T, Morita H, Nabika T, Kurihara H, Yamori Yet al.(2000): Genetic analysis of the 

atrial natriuretic peptide gene in essential hypertensio. ClinSci (Lond); 98: 251-8. 

[28] Cheung BMY, Leung R, Shiu S, Tang KCB, Lau CP, Kumana CR (1999):Hpa II polymorphism in the 

atrial natriuretic peptide gene and hypertension. Am J Hypertens; 12:524-7.  

[29] De Bold AJ, Ma KK, Zhang Y, De Bold ML, Bensimon M, Khoshbaten A (2001):  The physiological 

and pathophysiological modulation of the endocrine function of the heart. Can J PhysiolPharmacol; 79: 705-14. 

[30] Pankaj A, Connie W, Abigail MK, Donald BB, Brandi NDD, Anahita G et al. (2013): Atrial natriuretic 

peptide is negativelyregulated by microRNA-425. J Clin Invest; 123: 3378-82. 

 

241 
 

http://hydra.usc.edu/gxe
http://www.ncbi.nlm.nih.gov/pubmed?term=Politi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12687344
http://www.ncbi.nlm.nih.gov/pubmed?term=Gonzales-Villalpando%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12687344
http://www.ncbi.nlm.nih.gov/pubmed?term=Stern%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=12687344
http://www.ncbi.nlm.nih.gov/pubmed?term=Nabika%20T%5BAuthor%5D&cauthor=true&cauthor_uid=10677382
http://www.ncbi.nlm.nih.gov/pubmed?term=Kurihara%20H%5BAuthor%5D&cauthor=true&cauthor_uid=10677382
http://www.ncbi.nlm.nih.gov/pubmed?term=Yamori%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=10677382

