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SUMMARY 

Hypertension is a common in Pakistani population.  Understanding genetic basis of 

this disease in local population is important, as Punjab population unique being part 

of ancient Indus valley civilization.  Genetic make up of Punjab population is poorly 

understood.  Study of polymorphisms related to hypertension would add to the global 

knowledge and contribute towards tailor made drug designing (pharmacogenomics).  

This knowledge SNP’s in future can also be used to design diagnostic assay to 

predict if one is going to get hypertension in future or not because hypertension has 

interaction with environment as well.  In pursuit of these objective a retrospective 

case-control study was designed.  Hypertensive samples were collected from the 

patients coming to chemical pathology section of, King Edward Medical College, 

University.  Consent of the patients was obtained on the history form and Ethical 

Committee, University of the Punjab, approved the study design.  In all three 

hundred and forty samples were collected and out of these 228 were cases and 119 

were controls.  Physical and biochemical parameters were also collected.  Average 

age of the patients was 52.8 ± 9.8 while age of the control group was 57.4 ± 10.05.  

Biochemical parameters like, serum glucose, urea, creatinine, ALT, and ALP were 

measured only in those cases where history of the patient suggested.     

To determine the polymorphism in RA system, a portion of AGT gene was 

sequenced after amplification.  Two already described polymorphisms M235T and 

T174M were confirmed.  Two additional nucleotides (A) were found in sample 153 

(EF646866) and 155 (EF646867).   Another A was found ten bases from previous 

one (after Base no 7048056) in sample No 155.  Apart from these there was a 

substitution of G with C in all of our samples which were sequenced.  

Fourteen hundred single nucleotide polymorphisms were determined in all using 

manual methods.  Among them two polymorphisms were studied in ACE gene I/D 

polymorphism was not associated with hypertension (total hypertensive vs. total 

normotensive: 2 = 5.611, 2 df, P < 0.10).  DD genotype had higher odds ratio for 

hypertension (1.63 with a 95% confidence interval of 0.88-3.02 and P = 0.62) but 

these results were non significant.  Association of ACE G2350A genotypes with 

clinical phenotype were statistically significant 2 = 28.4, 2 df, P < 0.001).  Odds of 

GG genotypes were 3.04 times more (but non significant) in hypertensive patients 
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(95% CI = 1.92-4.82, P = 0.75) as compared to normotensive patients. Combined 

effect of the four alleles was also evaluated through construction of the haplotypes 

on hypertension.  Haplotypes of I/G, and D/G were significantly higher in 

hypertensive group as compared to control group.  

GNAS1T393C polymorphism was determined by amplifying a 345 base pair 

fragment. There was no significant difference in distribution of the three genotypes 

among hypertensive and control groups (2 = 1.79, 2df, P ≤ 0.408).  Allele frequency 

was also similar in both cases with T allele slightly higher in normotensive patients 

(2 = 0.652, 1df, P ≤ 0.419).  Study sample for this polymorphism completely obeyed 

Hardy Weinberg principal, individually in hypertensive (2 = 0.700, P≤0.4951) as well 

as normotensive controls (2 = 0.065, P≤0.5147) and in combined sample (2 = 

0.269, P≤ 0.604). Nine samples 306 (EU307657), 308 (EU307658), 309 

(EU307659), 310 (EU307660), 311(EU307661), 312(EU307664), 313(EU307662), 

314(EU307663), and 315 (EU307665).  No new polymorphism was located in this 

region.   

A1166C polymorphism was determined in a sample of 327 individuals.  In Punjab 

population AA allele was found to be most abundant (58%, 190 cases out of 327) 

while CC genotype was least abundant.  Overall difference between hypertensive 

and normotensive samples was found to be non significant among Punjab population 

(2 = 4.13, 2df, P ≤ 0.248).  Frequency of the AA allele was higher (62%) in control 

group as compared to hypertensive group (56%) with odds ratio of 0.793 in favor of 

healthy subjects.  On the other hand, CC genotype was found to be significantly 

lower in control group (9%) than in hypertensive group (17.5%).  Odds of CC 

genotype in hypertensive group were high (2.12, CI 1.01-4.44, P = 0.679).  Eight of 

the samples were also sequenced in search of new polymorphisms and to confirm 

estimated polymorphisms.   

 

Polymorphism G640W in Adducin was determined in fewer samples and was not 

associated with hypertension (2 =3.93, P≤0.140). Heterozygous alleles (GT) were 

highest (52%) in our population.  GG genotype was in 40% of population.  G (66%) 

allele was common in our population as compared to T allele (34%).  Odds of GG 

alleles in hypertensive Pakistani population were 1.98 times in favor of hypertension 
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as compared to normotensive population but these results were non significant (P= 

0.664).   

 

Combined effect of these polymorphism was studied by constructing haplotypes.   

Haplotype analysis revealed that three haplotypes (IGCA, IGTA, and DGTA) were 

most abundant in Punjab population, while DATC was least prevalent.  Among 

haplotypes two “IACA” and “IATA” were significantly lower in hypertensive group 

than in normotensive group (p = 0.028 and P= 0.027 respectively) indicating positive 

relationship with lower blood pressure.     

Blood samples were analyzed on ICP-MS to measure trace elements.  

Concentration of these elements measured, in ug/kg of the solid weight (PPB), were 

correlated with each other and with other physical, biochemical and genetic 

parameters determined during the study.  In all twenty five elements were analyzed 

and out of those eighteen elements (Li, Al, Ti, V, Cr, Mn, Co, Ni, Cu, Zu, As, Se, Rb, 

Sr, Mo, Pb, and Th) were present in our samples while seven (Be, Sc, Y, Ba, Se, La, 

U) were below detection limit in all samples.  The proportion of Li, Al, Ti, Ni, (HP), As 

(HP), Rb (HP), Sr (HP), Cd and Pb (HP), Th (HP) was high in blood of males relative 

to that of respective females.  While relative amount of V (NT), Cr, Mn, (HP), Co, Ni 

(NT), Cu, Zn, As (NT), Se (NT), Sr (NT), Mo, Pb (NT) was higher in female 

population.  Difference between means of hypertensive and normotensive 

populations was calculated (unpaired t test) and among all the trace elements only 

Li, As, Se, Rb, Sr and Pb were significantly higher hypertensive group.  Correlation 

analysis in cases and controls, Al (with Li, Ti, V, Cr, Cu, As, Se, Rb, Sr, Mo), Li (with 

V, Cr, Ni, Cu, As, Sr, Mo, Pb), Ti (with Cu, Se, Rb, Sr,), V (with Cr, Ni, Cu, Sr, Mo, 

Pb), Cr (with Ni, Cu, As), Ni (with Cu, As, Se, Sr, Mo, Pb), Cu (with Zn, As, Se, Rb, 

Sr, Mo, Pb), Zn (with Se, Rb, Pb,) As (with Se, Sr, Mo, Pb), Se (with Rb, Sr, Mo), 

and Sr (with Mo) showed significant positive correlation.  Th-Zn gives significant 

negative correlation both in hypertensive and normotensive groups.  In normotensive 

group a significant correlation was observed between Ni-Co, Cd-Rb, Pb-Sr, and Th-

Cr.  Correlations such as Ti (Al), V (Al, Ti), Cr (Al, Ti), Ni (Al, Ti), As (Ti, V, Zn), Se 

(Li, V, Co), Rb (V, Cr, Co, As), Sr (Co, Zn, Rb), Mo (Ti, Zn, Rb), Cd (Se), and Pb (Al, 

Ti, Mn, Mo) were novel in hypertensive population.  Another interesting aspect of the 

data is to look for relationship between genotypes determined in the study and 
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accumulation of trace elements in the body with respect to hypertension.  All three 

genotypes of the I/D Polymorphism (DD, ID, II), contained significantly higher levels 

Li, V and Sr in hypertensive group.  Hypertensive individuals having ID and II 

genotype had higher levels of Cu, II genotype was related with Al, ID genotype was 

linked with Mo, and Cd.  ACE G235A polymorphisms (AA, AG, GG) in hypertensive 

group were higher in Rb only.   AG genotype had higher levels of Pb and AG 

genotypes had higher levels of Se in hypertensive groups and this difference was 

significant. Three genotypes of the GNASI T393C polymorphism (CC, CT, TT) had 

significantly higher concentrations of the Al, Cu, As, Cd, Pb and Th.  In addition to 

these CT genotype had higher levels of Mn, and Se.  Hypertensive persons having 

TT genotype had higher levels of Se in their blood.  AT1R A1166C polymorphism 

was also linked with several elements in hypertensive cases.  Hypertensive group 

having AA genotype had higher levels of Li, Cr, Sr and Pb in their blood.  AC 

genotype was linked with Li, Zn,Sr, and Pb in hp while CC genotyped persons had 

higher levels of Li, Cr, Zn, Rb, Sr and Pb. 
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CHAPTER 1 

INTRODUCTION 

Essential Hypertension is a common vascular disease caused by a combination of 

genetic and environmental factors.  Hypertension affects around one billion people 

worldwide, adding to the workload of the heart and arteries.  Over time, this can lead to 

heart and blood vessel damage resulting in hardening of the arteries, heart failure, 

stroke, kidneys problems, blindness, and brain damage.  Deaths due to ischemic heart 

disease and stroke are expected to rise to 10 million and 8 million respectively per year, 

in 2030 (World Health Statistics, 2007).  Today, the state of the art approach toward the 

diagnosis of primary hypertension involves analysis of the genetic bases for the 

disorder.  In recent years the research is directed towards analyzes of the disease on 

genetic level and explanation of the genetic bases of this disorder.  Development of 

powerful and sensitive molecular genetic techniques has resulted in widespread 

endeavors to dissect the genetic factors and their molecular defects accounting for 

hypertension in various populations. 

A blood pressure reading of 110/60 mmHg to 140/80 mmHg or below is considered to 

be in the normal range.  These reading are for the normal person if some sort of 

preconditions exits for example older age, diabetes, or kidney failure, then even reading 

of 140/80 mmHg is to be treated as hypertensive.  Table 1.1 describes the different 

stages of Blood pressure as recommended by “Seventh Report of the Joint National 

Committee on Prevention, Detection, Evaluation, and Treatment of High Blood 

Pressure” (Chobanian et al., 2003).  The first number (110 mmHg) is the systolic 

pressure, which measures the blood pressure in the arteries when the heart is 

contracting and pumping blood.  The second number (60 mmHg) is the diastolic 

pressure, which measures the blood pressure in the arteries when the heart is at rest.  

Blood pressure sustained at over 140/90 mmHg is diagnosed as hypertension (Kumar 

et al., 1997). 

Magnitude of the arterial blood pressure is dependent upon cardiac out put and total 

peripheral resistance.  Cardiac out put depends upon blood volume, which is greatly 

regulated by sodium homeostasis.   
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Table 1.1.  Different classes of blood pressure (Chobanian et al., 2003). 

 

Category 

Systolic Blood 

Pressure (mm Hg) 

Diastolic Blood 

Pressure (mm Hg) 

Normal Blood Pressure Below 120 Below 80 

Prehypertensive 120-139 80-89 

Stage 1Hypertension 140-159 90-99 

Stage 2 hypertension 160 or higher 100 or higher 

 

 

Total peripheral resistance is predominantly determined by lumen size of the arterioles.  

Lumen size is determined by thickness of the arteriolar wall and effect of hormones, 

which either constrict or dilate the vessels. 

Several factors influence blood pressure.  The nervous system helps maintain blood 

pressure by adjusting the size of the blood vessels by use of constrictors (α- adrenergic) 

and dilators (β-adrenergic), and by influencing the hearts pumping action (Kumar et al., 

1997).  Kidneys assist in regulating blood pressure by adjusting mechanisms (for 

example, Renin angiotensin system) that change blood volume (Rapp et al., 1990).  

Blood volume is maintained by sodium, mineralocorticoids, and atriopeptin and several 

vasoconstrictors for example angiotensin II, catecholamines, thromboxane, 

leukotrienes, and endothelin or vasodilators (for example prostaglandins, kinins, nitric 

oxide-endothelium derived relaxing factors), regulate the peripheral resistance (Kumar 

et al., 1997). 

Based on cause of hypertension we classify hypertension into two types, essential or 

primary hypertension, and secondary hypertension.  Ninety percent of all cases of 

hypertension fall into category of essential hypertension, (Mathew and Sigmund, 2006).  

It is defined as high blood pressure with no apparent cause.  However, there are a 

number of factors associated with the development of essential hypertension including: 
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*(Kumar et al., 1997) 

Table 1.2. Different factors causing secondary hypertension.* 

Endocrine  

Adrenocortical hyperfunction (Cushing 

syndrome) 

Oral contraceptives 

Pheochromocytoma 

Acromegaly 

Hypothyroidism (Myxedema) 

Hyperthyroidism (Thyrotoxicosis) 

Pregnancy induced hypertension 

Thyrotoxicosis 

Neurologic  

Psychogenic 

Increased intracranial pressure 

Polyneuritis, bulbar poliomyelitis 

Renal  

Acute glomerulonephritis 

Chronic renal disease 

Renal artery stenosis 

Renal vasculitis 

Renin-producing tumors 

 

vascular 

Coarctation of aorta 

Polyarteritis nodosa 

Increased intravascular volume 

Increased cardiac output 

Rigidity of the aorta 
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Genetics – Chances of developing this disorder are high if it is in family (Hottenga et al., 

2005). 

Race – for example, African Americans are more likely to develop hypertension as 

compared to Caucasians (Stewart et al., 2006).  

Gender and age - males between 35-50, and females past menopause are at greater 

risk for developing for hypertension (Oparil, 2006). 

Diet – high salt or fat in the diet has been linked to the onset of hypertension (Svetkey et 

al., 1996). 

Weight - obesity (Stamler et al., 1976) (being more than 25% over ideal weight) is linked 

to the development of hypertension. 

Lifestyle - smoking (Wilson et al., 1997) and alcohol consumption (Kannel et al., 1980) 

can increase blood pressure; also, sedentary lifestyle (Miall and Oldham, 1958) can 

increase hypertension. 

Psychosocial and environmental influence also play important role in inset of 

hypertension (Tomson and Lip, 2005). Actual outcome and intensity of hypertension is 

based upon collateral effort of some of these or even all of these factors (Dominiczak 

1999). 

Secondary hypertension is defined as high blood pressure caused by a pre-existing 

physical condition such as renal, endocrine, cardiovascular, and neurological 

conditions. Table 1.2 list some of the types of secondary hypertension. Most of the 

secondary hypertension is due to defect in single gene therefore; these are also called 

monogenic or Mendelian forms of hypertension. 

 

Genetics of hypertension 

Hypertension is a multigenic disorder and total number of genes related with 

hypertension is unknown.  Genes of all enzymes, substrates of the enzymes, hormones 

and their receptors involved in regulation of blood pressure are potential candidates for 

hypertension. Key word search in OMIM, a database at NCBI website, yielded 505 

candidate genes for hypertension (Okuda et al., 2002).  Single nucleotide polymorphism 

is being studied by the same institute in 179 of these genes (Iwai et al., 2006). 
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Monogenic forms of hypertension 

During the past several years, remarkable progress has been made in identification of 

causative genes for monogenic hypertension.  Genes have been identified for Liddle’s 

Syndrome, (Shimkets, 1994; Hansson, 1995) complications of mineralocorticoid excess 

(Mune, 1995) Glucocorticoid-remediable aldosteronism (Lifton, 1996) and several 

others.  More studied form of hypertension is dominant autosomal diseases.  Study of 

these autosomal diseases allowed pedigree analysis, classical form of linkage analysis, 

identification of loci and ultimately pinpointing the genetic defect. Some of the 

monogenic forms of autosomal diseases causing hypertension have been discussed 

here. 

Glucocorticoid –remediable aldosteronism (GRA) is a dominant disorder.  Working on a 

large pedigree Lifton and colleagues linked this disorder to a locus on chromosome 8q 

(Lifton et al., 1992a, b: Pascoe et al., 1992a).  This locus harbors 11β- hydroxyase 

synthase (CYPIIB1) and aldosterone synthase (CYPIIB2) genes in tandem.  These 

genes are highly homologous (95%) and because of high homology unequal meiotic 

crossing over happens, which give rise to a chimeric gene having promoter and 

regulatory region of 11 β-Hydroxylase and structural region for aldosterone synthase.  

Under the control of 11β-Hydroxylase promoter aldosterone synthase I express 

ectopically in adrenal glands.  Now this chimeric aldosterone synthetase gene is 

stimulated by actinocortico thyrotropin hormone (ACTH) instead of angiotensin II and 

mediates along with CYP17 (17 α-Hydrolxylase) the synthesis of abnormal 18-hydroxy- 

and 18-oxycortisol from glucocorticoid precursors and these are secreted in urine in 

excess.  18-hydroxy- and 18-oxycortisol binds to mineralocorticoid receptors (MR) in 

distal tubule and stimulate absorption of Na+ and release of K+ and H+.  This causes 

plasma volume expansion and decrease in plasma renin activity with normal or low 

aldosterone levels.  Inhibition of ACTH with exogenous glucocorticoids controls the 

hypertension (Lifton et al., 1992 a, b).  Genetic analysis of the two genes revealed the 

presence of nine molecular variants in CYP11B2 and three in CYP11B1. However, 

none of them could be established as diagnostic marker.  Hypertensive homozygous for 

the -344 T allele of CYP11B2 demonstrate altered 11beta-hydroxylase efficiency 

(CYP11B1) hinting thereby a role in hypertension (Freel et al., 2007).  Animal models 
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have been constructed with a gain of function mutation show that constitutive 

expression of this mutation leads to cardiac and renal fibrosis and this type of model is 

likely to shed new information on different forms of human hypertension (Billet et al., 

2007). 

First described by Liddle and colleagues, Liddle’s syndrome is also rare autosomal 

dominant disorder suppressing aldosterone and renin levels and starting at early age 

with characteristics of hypokalemia and metabolic alkalosis (Liddle et al., 1963).  Gene 

for Liddle’s syndrome based upon linkage analysis was located on chromosome 16 

(Inoue et al., 1998).  Mutation in ENaC channels therefore are no longer recycled and 

accumulate at luminal cell surface.  Hence, constant reabsorption of Na+ causes volume 

expansion leading to hypertension (Shimkets et. al., 1997). 

Several common polymorphisms have been identified in SCNN1A, gene for α-subunit of 

ENaC.  Among them, a polymorphism G2139A in promoter region was found to be in 

close linkage disequilibrium to a 5’ UTR polymorphism in exon 1 in large Japanese 

cohort. G2139 was associated higher SCNN1A promoter activity and hypertension while 

allele A appeared to protect hypertension (Iwai et al., 2002). Another polymorphism 

T594M located in C terminus of SCNN1B gene was found to be more prevalent in black 

hypertension population (8% heterozygous carriers) as compared to 2% in 

normotensive.  These results could not be reproduced in another black cohort (Hollier et 

al., 2006).  Another promoter polymorphism G173A in SCNN1G was associated with 

higher blood pressure in Japanese but not in Europeans (Nkeh et al., 2003). A frame 

shift mutation caused by an 'AGCTC' deletion at the 583 codon in SCNN1G resulted in 

a new termination site at the 585 codon of the gamma-subunit and the deletion of its PY 

motif in patient suffering from Liddle syndrome without family history was reported by 

Wang et al. (2007) in Chinese population.  

Another monogenic form of hypertension called Gordon’s syndrome (pseudohypo 

aldosteronism type II) is also autosomal dominant disorder associated with 

hyperkalemia, hyperchloremic metabolic acidosis, normal GFR (Glomerular Filteration 

Rate) and low Renin activity.  By Linkage analysis different loci on chromosomes 1q 

(PHA2A), 17p (PHA2B) and 12p13 (PHA2C) were identified (Disse-Nicodeme et al., 

2000) showing heterogeneity of this disorder.  A large deletion (41kb) on chromosome 
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12 in effective family members helped to identify the causative genes, WNK1 

(PRKWNK1 = protein kinase WNK1) and WNK4 on chromosome 17 (PRKWNK4; 

Wilson et al., 2001).  Both kinases regulate the function of the thiazide-sensitive Na+/Cl- 

transporter and other transporter proteins including ROMK (renal outer medullary) K+ 

channel (KCNJ1) and epithelial Ca2+ channels (TRPV4, 5).  WNK1 and WNK4 also 

phosphorylate synaptotagmin, a protein involved in membrane trafficking (Peng and Bell 

2006; Subramanya et al., 2006).  Two splice variants have been identified that are 

controlled by different promoters.  Longer kinase sufficient transcript L-WNK1 is 

involved in response to osmotic stressors including hyper- and hypotonicity, while KS-

WNK1, second shorter variant, regulate processes in aldosterone signaling (Yang et al., 

2003, Wilson et al., 2003).  WNK1 and WNK4 seem to be plying important role in 

control of renal sodium and potassium excretion.  Adrenal aldosterone release is 

stimulated either by volume contraction or by hyperkalemia, situations that require 

different adaptations of kidneys despite identical signals.  WNK4 activity could be the 

switch for this adaptation (Lalioti et el., 2006). In Framingham-Heart-study population, a 

segment of chromosome 17 was linked to hypertension through genome-wide linkage 

analysis.  This locus contains WNK4 gene (Levy et al., 2000).  A G/A polymorphism in 

intron 10 of WNK4 gene was found to occur in 13% vs. 7% in whites hypertensive and 

normotensive. This results was not confirmed in later studies (Erlich, et al., 2003; Speirs 

and Morris 2004; Tobin et al., 2005).  

Mineralocorticoid receptor (MR) mutations and hypertension in pregnancy are 

autosomal dominant early onset forms of hypertension resulting from mutations in 

mineralocorticoid receptor.  A mutation resulting in amino acid change (Ser810Leu) in 

steroid binding domain on chromosome 4q causes mineralocorticoid receptor to be 

constitutively expressed.  This receptor is further activated by aldosterone (Geller et al., 

1998).  Antagonist to receptors can be used to treat hypertension (Hu and Bolten, 

2006).  Despite two major steroidal MR antagonists, spironolactone and eplerenone, 

non-steroidal MR antagonists have also come up for the treatment of hypertension 

(Meyers and Hu, 2007).  Ser810Leu mutation also alters the receptor specificity and 

causing progesterone to become potent antagonist.  During pregnancy when 
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progesterone levels are hundred fold higher than normal, high blood pressure crises 

occur in carriers of this mutations.  

 

Primary or Essential hypertension 

In contrast to several monogenic forms of hypertension, essential or primary 

hypertension is much more wide spread and is based upon several factors as described 

in the beginning of this introduction.  Renin-angiotensin-aldosteron system (Abbreviated 

as RAS or RAAS) plays major role in blood volume homeostasis and is therefore the 

primary focus of the research looking for the culprit genes. 

 

Renin-angiotensin-aldosteron system (RAAS) 

When renal profusion pressure is less or at high salt loss, Renin an aspartyl protease is 

synthesized from the juxtaglomerular cells of the kidney.  It cleaves an inactive liver 

product, angiotensinogen (AGT) into angiotensinogen I.  Angiotensin I is further 

converted into angiotensin II (Ang II) by the angiotensin converting enzyme (ACE).  

Angiotensin II binds with its G protein coupled receptor (GPCR) on smooth muscle cells 

and causes vasoconstriction.  Ang II also induces mineralocorticoid secretion in adrenal 

glomerulosa.  Vasoconstriction along with aldosteron mediated sodium reabsorption 

counteract the fall in blood pressure.  High blood pressure can be treated using 

antagonist of these component proteins (Rosskopf et al., 2007).  By using multiple 

regression analysis, Walker et al., (1979), concluded that 15% to 20% of the blood 

pressure variance could be explained by genes of the renin-angiotensin system. RA 

system also related to environment as angiotensin-converting enzyme and AT1R 

A1166C polymorphisms were associated or marginally associated with incident 

hypertension among postmenopausal women and those with inadequate calcium and 

vitamin D intakes (Forman et al., 2008). Components of Renin-angiotensin-aldosteron 

system (RAS) are obvious targets for the hypertension research and therefore have 

been focus of several studies.  Major genes involved in the regulation of RAS system 

are discussed below.   
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Angiotensinogen (AGT) Gene 

Angiotensinogen (AGT) belongs to serpin gene superfamily and is expressed in liver, 

brain, heart, adipose tissue, vessel walls and kidneys.  The angiotensinogen gene is 

localized to the chromosomal region 1q42-43 and comprises five exons and spanning 

13 kb.  Expression of AGT is controlled by 1.6kb promoter region and is further 

augmented by an enhancer immediately downstream of a second poly adenylation site 

in the 3`flanking region. The gene product is a 55-to 60-kD5 globular protein called 

angiotensinogen that acts as the sole substrate for renin (Gillard and Clauser 1989).  

Watt et al., (1992), took a novel approach of identifying four groups of 864 young adults 

and their parents with high blood pressure.  These four groups included parents and 

offspring with higher blood pressure, parents, and offspring with high blood pressure, 

both parents and offspring with low blood pressure, parents with high and offspring with 

low blood pressure.  Highest angiotensinogen levels were in the groups with both 

parents and offspring were significantly associated with higher pressure, which 

suggests that higher levels of track with higher pressure through families.  These data 

provide support for a role of genetic determination of angiotensinogen in blood pressure 

regulation. First suggestion that angiotensinogen locus may be linked with human 

essential hypertension, came from Jeunemaitre and Soubrier (1992).  By using highly 

polymorphic dinucleotide repeat in 3` flanking region of angiotensinogen gene, they 

were able to demonstrate support for linkage in 215 siblings from Utah and Paris.  

Caulfield et al., (1994), reported linkage of angiotensinogen locus to essential 

hypertension in 63 white European families from the United Kingdom.  The same 

researchers obtained similar results in 1996, on African Caribbean’s with interesting 

observation that obese hypertensive individuals constitute a distinct genetic group of 

hypertensive individuals.  Jeunemaitre et al., (1997) identified 15 molecular variants and 

used them in case–controlled studies to test for association with hypertension.  Among 

these polymorphisms, one encoding threonine instead of methionine at position 235 

(M235T) and one encoding methionine instead of threonine at position 174(T174M) in 

the gene product were associated with hypertension and with plasma angiotensinogen 

levels in white Europeans and Americans. These two variants are at some distance 

from both the cleavage sites of the promoter region (Caulfield et al., 1996).  The 
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assumption is that they are important in angiotensinogen transcription and mRNA 

stability.  An extensive European population study including 447 hypertensive patients 

and 364 normotensives as a control demonstrated association between M235T 

polymorphism and essential hypertension (Jeunemaitre et al., 1997).  In Wangxin 

Township, Jiading District of Shanghai, China M232T polymorphism in Angiotensinogen 

was studied using RFLP- PCR and M232M genotype was found to be significantly 

correlated with essential hypertension (Liu et al., 2000).  Similarly, the ACE D allele and 

AGT 235T polymorphism were associated with early occurrence of hypertension.  The 

PCR study showed that ACE D and AGT genotypes of DD-TT and ID-TT were higher in 

Chinese Hypertensive patients (Kong et al., 2002; Suh et al., 2006).  There are several 

conflicting studies on association of M235T with hypertension. A study done in adult 

Caucasians (Slovenian) failed to find any link of M235T polymorphism with hypertension 

(Glavnik and Petrovic, 2007)  

 

Renin gene  

Renin is first enzyme, which cleaves Angiotensinogen to release angiotensin I.  Its gene 

is located on chromosome 1q32 (Middleton-Price et al., 1987).  Gene for renin spans 12 

kb and contains eight introns (Hobart et al., 1984, Qin et al., 1993). Precursor of renin 

gene consists of 406 amino acids.  One segment each from the beginning (20 amino 

acids) and end (46 amino acids) is excised to make it active (Imai et al., 1983). 

Morris and Griffiths (1988) reported no relationship between primary hypertension and a 

HindIII RFLP in the renin gene.  Masharani and Frossard (1988) described a variation 

by RFLP at the REN locus. Using the sib-pair method of linkage analysis, Naftilan et al. 

(1989) shown that there is no linkage by observing obligate recombinants among nine 

relatives with hypertension in a large Utah pedigree with a high incidence of 

hypertension. Jeunemaitre et al. (1992) demonstrated no role for the renin gene in the 

pathogenesis of essential hypertension.  Frossard et al. (1999) found a statistically 

significant association between alleles on which, the BglI site was present in two 

independent populations: one from the United Arab Emirates, a genetically 

homogeneous ethnic population with no history of smoking or alcohol consumption, and 

to a lesser extent, in a U. S. Caucasian group that was studied for hyper 

javascript:Anchor('179820_Reference28')
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cholesterolemia.  Using single strand conformation polymorphism, a new variable 

number of tandem repeat (VNTR) polymorphism in intron 7 was discovered by Hasimu 

and coworkers.  It was 18bp upstream from the boundary with exon 8. Nucleotide 

sequencing revealed that this VNTR polymorphism is a tandem repeat of the 4-

nucleotide sequence TCTG. There were six alleles of this VNTR polymorphism, ranging 

from seven repeats to 12 repeats but this variable region was not linked with 

hypertension (Hasimu et al., 2003).  Among 259 White hypertensive participants in a 

randomized double-blind clinical trial comparing a renin antagonist, aliskiren, with an 

angiotensin receptor blocker, losartan, the role of -5312 renin C/T enhancer 

polymorphism was studied and found to be able to reduce blood pressure variation in 

whites suggesting need for extensive genotyping at this locus to identify susceptibility to 

hypertension (Moore et al., 2007). Itani et al. (2007) identified a sigle polymorphism in 

enhancer region, one nucleotide downstream of the promoterdistal half site of the 

retinoic acid response element but variant was found to be transcriptionally silent in was 

transfection assays performed in renin-expressing As4.1 cells. 

 

Angiotensin converting enzyme (ACE) gene  

Angiotensinogen converting enzyme (ACE) is a Zinc metallopeptidase, which is widely 

distributed on the surface of the endothelial and epithelial cells.  ACE gene is located on 

chromosome 17q23.  Comparing with AGT gene, Ace is much larger spanning 21kb 

and consisting of 26 exons.  Two promoters give rise to two different forms of ACE 

products.  Widely expressed ACE is transcribed from exons 1 to 26 except exon 13.  

Second promoter gives rise to a testicular form from promoter 13 to 26, which is 

important for male fertility.  Another ACE homolog, ACE2 is encoded by X chromosome 

and expressed in hart kidney and testes and plays a role in the inactivation of Ang II 

(Sayed-Tabatabaei et al., 2006).  Several reports have linked a common insertion-

deletion (I/D) polymorphism in ACE with Hypertension, Atherosclerosis, renal artery 

stenosis, progressive kidney disease, cardiac hypertrophy and several others.  

Interaction of I/D polymorphism and daily salt intake is also linked with hypertension 

suggesting gene-environment interaction, which may be further augmented by 

overweight (Zhang et al., 2006).  D allele is recently suggested to be linked with 
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diastolic hypertension (Jiménez et al., 2007).  Same D allele along with AGT-6G allele, 

CYP11B2 -344CC genotype is associated with response to a drug hydrochlorothiazide 

(Jiang et al., 2007). On the other hand, no link of I/D polymorphism with essential 

hypertension was found in Slovene population (Glavnik and Petrovic, 2007).  In Another 

Polymorphism 2350A has also been linked with hypertension and Left ventricle 

hypertrophy (LVH) (Pan et al., 2007).  Another Korean population case control study 

(Kangwha study) failed to find linked to hypertension with several polymorphisms 

(A240T, C-93T, I/D, A2350G) (Suh et al., 2006). 

 

Angiotensin II receptor type I  

The angiotensin II type 1 (AT1R) receptor mediates the vasoconstrictor and growth-

promoting effects of Ang II.  Gene for this receptor is 55kb long and consists of five 

exons.  Role of a polymorphism A1166C that is confined to the 3`untranslated region of 

the gene (Wang et al., 1997) in hypertension is studied and was found to be linked with 

essential hypertension in several different studies (Bonnardeaux et al., 1994; 

Kainulainen et al., 1999; Henskens et al., 2003; Kobashi et al., 2004; Lapierre et al., 

2006).  The A1166C polymorphism is associated with hypertension in Caucasians, but 

not in Japanese (Sugimoto et al., 2004) and in Koreans (Suh et al., 2006). To identify 

the genetic variants of angiotensin II type 1 receptor (AT1) gene in a population of Han 

ethnicity in east China a study was conducted on 171 patients and 200 controls. 

Polymorphism in the promoter region (A-153G) of AT1 gene was indicated to be 

involved in the development of essential hypertension and coronary heart disease 

(CHD) (Zhang et al., 2005).  To investigate the association of two single nucleotide 

polymorphisms (SNPs) of beta 2-adrenoceptor (beta 2-AR) gene with hypertension in 

elderly patients, eighty seven elderly subjects were studied in Chinese population.  Wu 

et al. (2002) found that SNP at locus +1239 of beta 2-AR gene was associated with 

hypertension in these elderly patients.  Investigation of angiotensin type 1 receptor 

(AT1R A/C 1166) on 16434 Tohoku University students was unable to find any link with 

hypertension (Miyama et al., 2007). 
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Adducin gene  

Adducin is heterodimeric cytoskeleton protein having three subunits encoded by three 

genes ADD1, ADD2 and ADD3 residing on different chromosomes.  A series of 

experiments on hypertensive mice and human indicated that altered adducing function 

might cause hypertension through constitutive tubular sodium reabsorption (Manunta et 

al., 2007).  Two polymorphisms G640W and S586C have been linked with hypertension 

(Cusi et al., 1997).   The alpha-adducin polymorphism (G460W) was investigated in the 

offspring of both healthy (n= 50) and both hypertensive (n=101) parents.  No correlation 

was found with this polymorphism and hypertension (Skov et al., 2006). Same 

polymorphism (G640W) was found to be significant (P= 0.0403) in Korean population 

(Suh et al., 2006).  To investigate the relationship between the polymorphism of alpha-

adducin (ADD1) gene and with essential hypertension, classified by traditional Chinese 

medicine (TCM) approach 207 cases were investigated.  Gly460Trp polymorphism of 

the ADD1 gene was detected by MALDI-TOF mass spectrometry but no significant 

relationship with essential hypertension was found (Qian et al., 2006). 

 

GNAS gene  

G proteins are key signal transducers, which are composed of three subunits Gα Gβ 

Gγ, according to their decreasing molecular weights.  Gα is a GTPase and Gβ, Gγ are 

stable subunits of inactive G protein.  Loss of function and gain of function mutations in 

GNAS gene cause bone Calcium ion homoeostasis and mesenchymal growth 

abnormalities.  The gene for GNAS is located on Chromosome 20q and is highly tissue 

specific (Weinstein et al., 2006).  A silent polymorphism was discovered through 

systematic sequencing of the gene GNB3 (C825T) (Siffert et al., 1998).  GN3B is the 

gene for Gβ3 subunit and located on short arm of Chromosome 12, which has been 

implicated as hypertension locus (Siffert, 2003; Siffert et al., 1998).  Out of seven 

identified single nucleotide polymorphisms one GNAI2 –318 C>G SNP impairs 

transcriptional activity through specific binding of Sp1 in Inhibiting G subunit 2 protein, 

and was found to be associated with high SBP in Caucasians from Italy (Menzaghi et 

al., 2006) 
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Other genes linked with primary hypertension 

G Protein coupled receptors (GPCRs) are a huge family of membrane receptors that 

comprise 3% of all genes in our genome.  Typical GPCRs related to hypertension are 

the α- and β-adrenoceptors, receptors for endothelins, angiotensinII, vasopressin and 

many other agonists. 

Among these β-adrenoceptor gene (β1AR) is coded by an intronsless gene on 

chromosome 10. Most common Polymorphisms on β1AR gene are Gly389Arg and 

Ser49Gly.  The Gly389Arg amino acid exchange is on the C-terminus region of receptor 

that couples with G proteins.  In vitro studies suggested 2-3 fold higher increases in 

adenylyle cyclase activity for 389Arg allele as gain of function mutation (Mason et al., 

1999). 

Mare than 20 different Regulator of G protein signaling (RGS2) proteins have been 

identified, all of which stimulate the hydrolysis of GTP of the GTP-bound Gα subunits, 

thus accelerating G protein deactivation.  RGS2 is also expressed in heart, vascular 

smooth-muscle cells, in kidneys and in the brain (Ingi et al., 1998; Sinnarajah et al., 

2001).  RGS2 is most potent regulator for Gα subunit important for the signaling for 

most vasoconstrictors, including noradrenalin, AngII, endothelin I, thromboxane, 

vasopressin and thrombin (Heximer et al., 1997).  RGS2 knockout mice exhibit 

increased and protracted vasoconstriction sever hypertension, and vascular 

hypertrophy (Heximer et al., 2003).  All these information make RGS2 important 

candidate gene for hypertension.  RGS2 gene is located on chromosome 1q31.  Yang 

et al. (2003) identified five variations in this region in Japanese population. All of them 

however occurred as rare mutations (<1% allele frequency).  Riddle et al. (2006) 

identified 16 new variants in black and white American population in RGS2 gene.  

Among them 1891-1892TC insertion/deletion polymorphism was found to be in 

complete linkage disequilibrium with 2138-2139AA insertion deletion polymorphism.  

1891-1892 TC deletion allele was significantly increased in black hypertensive; there 

was no effect in whites (Riddle et al., 2006). 

In addition to RGS proteins G protein coupled kinases (GRKs) are another system for 

the GPCR mediated signals.  GRKs phospholrylate GPCRs.  Phosphorylated receptor 

then binds to arrestins and other adopter proteins leading to uncoupling of the activated 



15 

 

receptors from G protein complexes.  Several GRKsa are known among them GRK4 

has been found to be highly variable (Felder et al. 2002).  Among these variants, 486Val 

variant has been reported to be associated with salt-sensitive hypertension in Italians 

(Bengra et al., 2002).  These results were confirmed in white Australian population.  

This study involved several haplotypes that included Arg65Leu and the Ala142Val 

variants (Speirs et al., 2004).  Other GRKs also contribute to the pathogenesis of 

hypertension.  Overexpression of GRK2 in animal models leads to the increase in 

resting blood pressure and low β-adrenergic signaling (Eckhart et al., 2002).  GRK2 is 

also involved in the regulation of endothelial NO synthase (eNOS) (Liu et al., 2005).  

Similarly, GRK5 has also been associated with hypertension (Keys et al., 2005). 

Rho and Rho kinases present an additional pathway for the GPCR signaling.  RhoA 

along with Rac1 and Cdc42, forms a subfamily within the huge family of small GTPases.  

Recently a polymorphism in the rho kinase gene (ROCK2; Thr43Asn) has been 

identified.  Homozygous carriers of the 431Asn allele had an increased risk for 

hypertension and this allele accounted for ~5% of the observed blood pressure  

variations (Seasholtz et al., 2006).  

Endothelial nitric oxide synthase (eNOS), encoded by NOS3, is a potent regulator of 

vasomotor tone and peripheral resistance. A biallelic variable number of tandem repeats 

(VNTR) in intron 4 and an exon 7 variant that leads to an amino acid change 

(Glu298Asp) in eNOS, were genotyped by PCR and restriction digestion.  There was no 

association in a population of Anglo-Celtic whites in a population sample of 114 

(Benjafield and Morris, 2000). Endothelial nitric oxide synthase NOS3 genotype-

dependent correlation between blood pressure and physical activity was also found 

significant using PCR (Kimura et al., 2003). Endothelin-1 (ET-1) is a powerful 

vasoconstrictor peptide produced by endothelial and smooth muscle cells. Many lines of 

biological evidence suggest that the ET-1 gene is a candidate gene for hypertension. 

This possibility was assessed two large Japanese populations revealed a significant 

interaction between the ET-1 K198N (G/T) polymorphism and BMI in association with 

hypertension (P=0.027). The interaction was significant, even after adjustment for 

gender and age (P=0.045) and for all confounding factors (P=0.044). T carriers were 

more sensitive to weight gain than GG homozygotes in association with hypertension 
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(Jin et al., 2003).  The Glu298Asp, T786C and 4a/4b genetic polymorphisms within the 

endothelial nitric oxide synthase (e-NOS) gene were found to  play no role in essential 

hypertension through case control study (Dell'Omo et al., 2007) in Italian population on 

the other hand a recent study reports lack of association (Colomba et al., 2008).  

Data from Li et al., (2003) show an association between apolipoprotein E genotype and 

hypertension.   

Another functional single-nucleotide polymorphism (-254 C to G) in the TRPC6 gene 

was also reported to be associated with idiopathic pulmonary arterial hypertension 

(Safrina and Yu, 2006).  Study of variations in thioredoxin interacting protein (TXNIP) 

revealed that in diabetic subjects, carriers of the TXNIP-T variant had 1.6-fold higher 

triglyceride concentrations (P = 0.015; n = 136) and 5.5 mm Hg higher diastolic blood 

pressure (P = 0.02; n = 212) than homozygous carriers of the common C-allele (van 

Greevenbroek et al., 2007).  This indicates the role of this gene in essential 

hypertention. 

Essential hypertension has also been associated with -675A/T polymorphism of CYBA, 

a component of NADPH oxidase system (Moreno et al., 2007), methyl enetetrahydro 

folate reductase (MTHFR) gene polymorphisms (C677T and A1298C) in Indian 

population (Markan et al., 2007), matrix metalloproteinase (MMP-9-1562C>T ; Zhou et 

al., 2007 ), Inositol polyphosphate phosphatase-like 1 (INPPL1, SHIP2), three genetic 

polymorphisms (rs2276047, rs9886 and an insertion/deletion polymorphism in intron 1) 

(Marcano et al., 2007), calcitonin-related peptide alpha (CALCA) gene 2bp 

microdeletion polymorphism (Morita et al., 2007) and plasma kallikrein gene (KLKB1) 

SNPs rs2304595 and rs4253325 (Lu et al., 2007). 

 

Different approaches towards search for blood pressure loci 

Linkage refers to physical distance between the two loci.  If two loci are sufficiently close 

to each other, they tend to segregate together, a departure from Mendel’s second law of 

independent assortment.  Such close loci of haplotypes are broken up by 

recombination.  Chances of recombination become smaller if the distance between the 

two loci is short and vice versa.  Goal of linkage studies is to determine how often two 
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loci tend to co segregate, even if they are on different chromosomes.  The assumption 

is that genetic marker is linked to the gene causing the specific phenotype. Linkage 

studies have been commonly used for search of hypertension related genetic loci 

(Agarwal et al., 2005). 

There are several publications suggesting results of genome wide screening in an effort 

to localize hypertension related loci.  With vast collection of SNP markers covering all of 

human genome wide studies have been gaining importance for the complex multigenic 

diseases like hypertension (Bourgain et al., 2006).  Another study in UK reported a 

principal locus on chromosome 6q (LOD score 3.21) along with evidence of linkage on 

chromosome 2q, 5q and 9q (Caulfield et al., 2003).  Mein et al. have found through 

genome wide linkage analysis, regions linked with hypertension on all chromosomes 

except chromosome 13 and 20.  Out of these chromosomes 1, 2, 8, 11, 12, 15, 16, 18 

and 19 have been linked with hypertension in more than one studies (Mein et al., 2004).  

Linkage analysis targeted for Chromosome 14 in Chinese population revealed no 

association with blood pressure (Zhao et al., 2005).  A 10 centimorgan genome-wide 

screen for systolic blood pressure (SBP) and diastolic blood pressure (DBP) 1054 

individuals from 188 families in rural Nigeria concluded that several regions in 

chromosome 6 and 7  may harbor genetic variants affecting the variation in blood 

pressure (Adeyemo, 2005). Chromosome 9, 17 and 18 were also scanned by Guzmán 

et al., (2006) using several locus specific markers although chromosome 18 was linked 

with hypertension but this study failed to find any link of chromosome 9 and 17 with 

hypertension. 

Association studies 

Association of certain allele with a disease phenotype can provide three types of 

information.  One that allele may itself be a causative factor, two that allele may be in 

linkage disequilibrium with causative locus nearby, three that association could be due 

to chance, artifact or selection bias.  Association studies require that controls selected 

are true controls (Agarwal et al., 2005).  Development of extensive collections of single 

nucleotide polymorphisms (SNPs) raises the possibility that these SNPs can be used as 

markers in genome-wide association mapping studies to identify hypertension 



18 

 

susceptibility loci (Kato, 2002).  In this approach, large numbers of markers are typed in 

cases and controls with the expectation that markers interrogating SNPs that are 

involved in inheritance of disease susceptibility will emerge through their association 

with this trait in the affected population.  It also allows the possibility that nonrandom 

association of alleles (linkage disequilibrium, LD) can be used to reduce the number of 

SNP markers required to identify disease susceptibility alleles because a single marker 

can act as a surrogate for variation flanking it.  The influence of a number of important 

factors on the detect ability of hypertension susceptibility alleles by SNP mapping 

approaches is not yet fully defined.  These factors include the locus and allelic diversity 

of hypertension, the weaker relationship (compared with Mendelian traits) between 

genotype and phenotype, the accuracy of high throughput genotyping techniques, the 

extensive role of non genetic factors, and the extent and heterogenous nature of LD 

across the genome (Doris, 2002). Single nucleotide polymorphisms associated with 

hypertension were reported in 1999 when two SNP’s Arg16 to Gly and Gln27 to Glu 

were found to be associated with beta-2 adrenergic receptor (BAR2)-mediated vascular 

responses. Marked inter ethnic difference was found in the frequency of the BAR2 

polymorphisms among different ethnic groups, The Glu27 allele was more frequent in 

Caucasian-American (34.8%) than in African-American individuals (20.7%) (P = 0.0001) 

and much less frequent in Chinese individuals (7.2%) (Xie et al., 1999). Among 

Hispanics effects of the angiotensinogen T174M and M235T, angiotensin converting 

enzyme insertion/deletion (ACE I/D), and angiotensin II receptor 1 (AT1R) A1166C 

gene polymorphisms on the risk of hypertension was studied in cases (n=256) and 257 

age and sex group-matched controls from a random sample Colombians.  ACE DD 

genotype was the only genotype found associated with hypertension (Bautista et al., 

2008). 

Hypertension affects almost one billion people in America.  50% of all Americans over 

the age of 60 have hypertension.  High blood pressure is directly responsible for the 

deaths of more than 35,000 Americans each year and is a contributing factor in the 

deaths of over 180,000 more.  People with high blood pressure are seven times more 
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likely to have a stroke and three times more likely to have a heart attack than those with 

normal blood pressure. 

In Pakistan, no scientific data is available but there are estimated 14 million 

hypertensive patients in Pakistan and their number is increasing at the rate of five 

percent per year.  Only three percent have been able to control their blood pressure.  

Essential hypertension is a common disorder.  The term "common" has two 

implications: one that the disease is prevalent; and, second, that it is widespread.  Such 

frequency and distribution of characteristics could arise if the susceptibility alleles for 

hypertension were prevalent in the founding population of contemporary human beings 

and became distributed with human globally.  This common disease-common variant 

concept suggests that the genetic heterogeneity underlying hypertension susceptibility 

could be relatively small. Therefore, it makes sense that variation in genes related to 

hypertension should be studied.  This becomes more important when there is little 

information about genetic variation and diversity in Pakistani population is available.  

Single nucleotide polymorphism of hypertension related genes could help in developing 

sensitive assay for early diagnosis of the susceptibility to hypertension.  This will in turn, 

help patients to change eating habits and lifestyle accordingly to delay the onset of 

disease.  Information about single nucleotide polymorphism may lead to more efficient 

drug design and even gene therapy.  This study has been designed keeping in view the 

same benefits and is likely to be prerequisite to several other similar studies in genetics 

diseases. 

In the past few years, analyzing the hypertension related genes and different gene 

variations have been confirmed to be associated with essential hypertension. The 

results from many studies have shown statistically significant association between 

angiotensinogen gene Met235Thr-allele and essential arterial hypertension and in 

several other genes as well.  The completion of human genome project in 2001 and 

Hap Map project in 2005 enabled the researchers to go for whole genome discoveries.  

Recently availability of Microarray technology based upon SNP and novel sequencing 

approaches have doubled the interest of researchers in association studies.  It is 

estimated that about 10 million SNP exists in our genome (Kruglyak and Nickerson, 
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2001) and they contribute to our population diversity and phenotypic variations among 

individuals. So far, genetic analyses of patients having essential hypertension, has been 

carried out in Pakistani population on very limited scale.  Any drug designing or 

development of diagnostic markers based upon genetic data has to be validated in our 

local population as it represents and closed homogeneous population not mixing with 

other ethnic groups for centuries.  This project represents a step towards introducing the 

methods of recombinant DNA technology in analyses of essential hypertension.  The 

objectives set in this study were to analyze different loci thought to be linked with 

essential hypertension. 



21 

 

CHAPTER 2  

MATERIALS AND METHODS 

2.1. Study Population 

2.1.1. Patient information form 

This study included patients with essential hypertension and healthy controls 

(normotensive).  The diagnosis of essential hypertension was established at the 

Mayo Hospital Lahore.  Mayo hospital is largest hospital of Pakistan affiliated with 

King Edward Medical University.  History of the patients coming to the pathology 

department was recorded on a form (figure 2.1) specially designed for this study.  

Patient information form was designed to store the information specific to the 

essential hypertension.  Form contains the basic information like name, age, sex and 

contact of the patient.  Age at which, hypertension started and family history was 

also included in the form.  Other environmental and clinical features like history of 

smoking, alcohol intake or obesity were also noted on the form.  Proper kidney 

function can also be indicated by normal urine frequency, along with this urine and 

creatinine levels in the serum of the patients were also recorded.  Among other 

parameters glucose level in serum was measured to rule out diabetes mellitus, 

alkaline phosphatase enzyme and alanine aminotransferase (ALT) enzyme levels 

were recorded to ascertain that liver is working fine. All this information helped to 

make sure that patient is suffering from essential hypertension.  Patients were also 

asked about type of medication they have been on.  Blood pressure of the patients 

was recorded as well.  Consent of the patients was taken in Urdu to facilitate those 

patients who were unable to understand English.  Patients had the option to sign or 

leave thumb impression on the form.  The ethical committee of the University of the 

Punjab, Lahore, approved this study design. 

 

2.1.2. Sample collection 

Samples were collected during the period of two years from 08-07-2004 to 12-07-

2006.  Patients coming from all over Punjab to the out doors of Mayo hospital Lahore 

for high blood pressure and other reasons were referred to the Pathology 

Department, King Edward Medical College (now university) for various diagnostic 

tests.  Here at Department of pathology patients were interviewed and consent was 

taken on the prescribed form before drawing blood sample.  
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Figure 1.1.  Scanned image of sample patient information form.  In Urdu it is 

written that “I allow 3ml Blood for hypertension research”. Then space for 

signs or thumbs impression 
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2.1.3. Blood pressure measurement 
Blood pressure of the patients was checked after ten minutes of rest in sitting 

position using a mercury sphygmomanometer (China). Blood pressure was 

measured as follow: 

Placed the cuff over bare arm leaving an inch above the bend of the elbow and 

stethoscope bell was placed over the brachial artery at the side of the cuff.  Screw 

was tightened at the side of the rubber bulb and squeezed the bulb to fill air in the 

cuff.  Cuff was inflated until blood flow through brachial artery stopped.  Pressure 

was then slowly released by loosing the screw.  Noted the reading when sound 

called Korotkoff's sound (Kakuda, 1964) begins (systolic blood pressure) and then 

when sound comes to an end (diastolic blood pressure). This procedure was 

repeated to confirm the reading.  If the measurement was high then it was taken on 

both arms to further confirm the reading. 

 

2.1.4. Venipuncture 

Blood sample was drawn by a trained phlebotomist after confirming the identity of 

the patient according to method described (Burtis et al., 2006).  In almost all cases 

blood was drawn from median cubital vein in the crook of the elbow. In few cases 

blood was drawn from the back of the hand.  Skin was cleaned with alcohol swabs 

and allowed to air dry.  Tourniquet was applied approximately 4-6 inches above the 

intended puncture site.  Blood was drawn with 5ml syringe (BD, USA) 2 ml of the 

blood was saved for biochemical analysis and remaining was collected in EDTA 

containing vacutainer (BD, USA).  Blood in vacutainers was properly labeled and 

immediately stored at -20C until further analysis.   

 

2.2 Estimation of biochemical parameters 

Blood samples separated for biochemical analysis, were allowed to clot for one hour 

at room temperature. Then these were centrifuged at 4000 rpm for twenty minutes 

and serum was separated and analyzed immediately.   

 

2.2.1. Determination of urea level in blood 

Urea level in serum was estimated by using Kit manufactured by Human (Cat. 

No.10506). Principle of the kit is based upon Berthelot (1859), later modified by 

Fawcett and Scott (1960).  The method is based upon hydrolysis of urea present in 
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serum with urease in presence of water.  As a result ammonia and carbon dioxide 

are produced.  Ammonium ions react with hypochlorite and salicylate to form green 

colored dye.  The absorbance increase at 578nm is proportional to amount of urea in 

serum.  Kit components are described in table 2.1. 

 

Table 2.1 Enzymatic colorimetric test for urea 

composition of reagents 

Reagent 1 

 Phosphate buffer (pH 7.0) 120 mmol/l 

 Sodium salicylate 60 mmol/l 

 Sodium nitroprusside 5 mmol/l 

 EDTA 1 mmol/l 

Reagent 2 

 Phosphate buffer (pH < 13) 120 mmol/l 

 Hypochlorite 0.60 g/l 

Enzyme 

 Urease >500 KU/l 

Standard 

 Urea 13.3 mol/l 

 Sodium azide 0.095% 

 

 

Reagent 1a was prepared by pouring enzyme solution into reagent 1.  This mixture 

is stable for 4 weeks at 4C.  Reaction scheme has been shown in table 2.2. 

Absorbance of the sample and the standard was measured at 578nm against 

reagent blank with in 60 minutes.  Concentration of the urea was calculated as 

follow; 

 

 

 

 

 



25 

 

Table 2.2. Pipetting scheme for serum urea estimation 

Reagents added into test tubes Reagent Blank 
Sample / 

Standard 

serum or standard ---- 10 ul 

reagent 1a 1000 ul 1000 ul 

Mixed and incubated at 37C for 5 minutes   

Reagent 2  1000 1000 

Mixed and incubated at 37C for 5 minutes 

 

2.2.2. Determination of creatinine concentration in blood 

Serum creatinine level was also measured by Kit manufactured by Human (Cat. 

No.10051). Creatinne estimation is based upon Jaffe-reaction.  According to Jaffe 

reaction creatinine is treated with picric acid under alkaline conditions and an orange 

red colored Creatinine-picrate complex is formed (Rartels and Bohmer, 1971). The 

absorbance of this complex is proportional to the creatinine concentration in the 

sample.  Kit components are described in table 2.3.  

NaoH was diluted with water in the ratio 1+4 before use.  Equal volume of this diluted 

NaOH and picric acid was mixed to make working reagent.  Reaction scheme is 

shown in table 2.4. 

Table 2.3.  Photometric test for measurement of the creatinine 

Reagent 1 

 Picric acid 26 mmol/l 

Reagent 2 

 Sodium hydroxide 1.6 mol/l 

Standard 

 creatinine 176.8 mol/l 

 Table 2.4. Pipetting scheme for serum creatinine estimation 

Reagents added into test tubes Sample / Standard 

serum or standard  100 ul 

Working reagent  1000 ul 

Mixed and started stopwatch.  After 30 seconds read the absorbance 

A1 at 492nm.  Again read the absorbance A2 exactly after two minutes 

at 492nm.  A2 - A1 = ∆A sample or ∆A standard 
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Concentration of the creatinine was calculated as follow; 

 

 

 

2.2.3. Determination of glucose level in blood 

Glucose was determined after oxidation with glucose oxidase using kit from Human 

(10260).  Hydrogen peroxide produced reacts under phenol and 4-aminophenazone 

to a red-violet quinoneimine dye as indicator (Barham and Trinder, 1972). Kit 

component are described in table 2.5.  All reagents provided in the kit were ready to 

use. Test was carried out according to the scheme shown below (table 2.6). 

Glucose level was determined with the help of following equation. 

 

 

 

 

 

Table 2.5.  Colorimetric test for measurement of glucose (GOD-

PAP Method) 

Reagent 1 

 Phosphate buffer (pH 7.5) 0.1 mol/l 

 4-Aminophenazone 0.25mol/l 

 Phenol 0.75 mmol/l 

 Glucose Oxidase >15 KU/l 

 Peroxidase >1.5 KU/l 

 Mutarotase > 2.0 KU/l 

 Stabilizers  

Standard 

 Glucose 5.55 mmol/l 
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Table 2.6. Pipetting scheme for serum glucose estimation 

Reagents added into test tubes Reagent blank 
Sample / 

Standard 

serum or standard  ---- 10 ul 

Working reagent  1000 ul 1000 ul 

Mixed and incubated for five minutes at 37C. Measured the 

absorbance of standard and samples against the reagent blank with in 

60 minutes ∆A.  

 

2.2.4. Determination of alkaline phosphatase level in blood 

Serum alkaline phosphatase level was measured by Kit supplied by Human (Cat. 

No.12117). Alkaline phosphatase level estimation was based upon method approved 

by IFCC (International Federation of Clinical Chemistry).  Reaction principle is based 

upon action of alkaline phosphatase present in serum on its substrate p-Nitrophenyl 

phosphate in presence of 2-amino-2-methyl-1-propanol (AMP) to produce AMP- PO4 

and p-nitrophenol. Rate of change in absorbance over 3 minutes gives the gives the 

activity of Alkaline phosphatase in the serum (Tietz 1983).  Kit components have 

been described in table 2.7.  

 

 

Table 2.7. Kinetic measurement of alkaline phosphatase 

Buffer 

 2-amino-2-methyl-1-propanol (AMP) 435 mmol/l 

 Magnesium acetate 2.5mmol/l 

 Zinc Sulfate 1.2mmol/l 

 Sodium azide  0.095% 

Substrate 

 p-Nitrophenyl phosphate 60 mmol/l 

 Sodium azide 0.095% 

 

Working reagents was prepared adding 2ml of substrate with 8ml of buffer.  This 

mixture was stable for 2 weeks at 4C. Reaction was set as shown in table 2.8. 
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Table 2.8.  Pipetting scheme for alkaline phosphatase estimation 

Reagents added into test tubes Sample  

serum   20 ul 

Working reagent  1000 ul 

Three absorbance were taken at the interval of one minute each at 405 

nm. 

 

2.2.5. Determination of Alanine Aminotransferase (ALT) level in blood 

Serum alanine aminotransferase levels were measured to asses the health of liver of 

the patients by Kit supplied by Human (Cat. No.12012). Kinetic estimation of ALT 

levels was based upon method approved by IFCC (International Federation of 

Clinical Chemistry).  Reaction principle is based upon action of ALT present in serum 

on its substrate 2-oxaloglutrate in presence of NADH and L-alanine to produce L 

glutamate and pyruvate.  LDH catalyses oxidation of pyruvate with NADH  to yield L-

lactate and NAD+.  Kit components are described in table 2.9.  

 

 

Table 2.9. Kinetic measurement of alanine aminotransferase 

Buffer 

 Tris-buffer (pH 7.5) 150 mmol/l 

 L-alanine 750 mmol/l 

 LDH > 1.2kU/l 

Substrate 

 2-oxoglutrate 90 mmol/l 

 NADH 0.9 mmol/l 

   

Working reagents was prepared by mixing buffer with substrate 2ml of substrate with 

8ml of buffer.  This mixture was stable for 4 weeks at 4C. Reaction was set as 

shown in table 2.10. 
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Average change in absorbance during the period of one minute was multiplied by the 

factor (1780) provided with the kit manufacturers. 

 

Determination of trace elements in blood 

One milliliter of blood was freeze dried in small eppendorfs and covered with parafilm 

(3M).  Small holes were made in parafilm to allow escape of vapors.  These tubes 

were placed in freeze drier for overnight to dry the samples.  Samples took longer to 

dry because of narrow mouth of the eppendorf tubes.  We were forced to dry 

samples in these tubes because these were easier to transport.  Dried samples were 

sent to Australia to Dr. Watlings lab.  Dr Watlings has the facility to carry out trace 

element analysis by use of Inductively Coupled Plasma Mass Spectrometry (ICP- 

MS) on expensive equipment without any charge.  Analysis usually requires use of 

diluted samples because of high sensitivity of the techniques and sample 

pretreatment with nitric acid to break down biological material (Vandecasteele et al., 

1993).  Along with blood samples, empty vials and other plastic material used to 

collect blood samples were also sent.  These were used to establish base line so 

that environment influence could be minimized.  Throughout this thesis we have 

used the term trace elements, although elements determined by this techniques 

belonged to diverse groups including metals, heavy metals and transition elements.     

 

2.3. Genomic DNA Extraction 

Genomic DNA was extracted from blood stored in EDTA vacutainers using a 

standard protocol of phenol-chloroform extraction or by salting out (Poncz et a.l, 

1982).  This procedure requires multiple extractions with phenol-chloroform and 

isoamyl alcohol (25:24:1) followed by precipitation with two volumes of absolute 

Table 2.10. Pipetting scheme for serum alanine aminotransferase  

Reagents added into test tubes Sample at 37C  

serum   100 ul 

Working reagent  1000 ul 

Three absorbances were taken at interval of one minute each 

at 340nm. 
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ethanol in presence of 5M sodium acetate.  Precipitated DNA is then spooled, 

washed with 70% ethanol and resuspended in Tris-EDTA buffer for further analysis. 

DNA have to be isolated from large number of samples therefore most of DNA 

extractions were carried out using kits from two different manufactures.  Use of kits 

provides high quality DNA and several samples can be used for DNA extraction with 

homogeneous results.  Genomic DNAs from sample number 30 to 215 were isolated 

with the help of genomic DNA purification kit (Fermentas Cat. No. K0512).  

Experimental protocol of this kit is as follow: 

 Two hundred ul of EDTA containing blood was mixed with 400 ul of lysis solution 

and incubated at 65 C for five minutes with occasional mixing.   

 Added 600 ul of Chloroform (Merck, not included in the kit) and emulsified for 4-5 

minutes.  

 This emulsified mixture was centrifuged for 2 minutes at 14,000 g. 

 Upper clear solution was transferred to a new 1.5ml micro centrifuge tubes 

containing 800ul of precipitating solution (prepared by mixing 80 ul of supplied 

10X concentrated solution with 720ul of sterile deionized water). 

 Centrifuged the precipitates appeared after mixing, at 14,000 g for 2 min. 

 Removed the supernatant and dissolved the DNA pellet completely in 100ul of 

1.2M NaCl solution. 

 To the dissolved precipitates added 300 ul of cold ethanol (Merck) and DNA was 

allowed to precipitate for 10 min at -20C.  Then centrifuged at 14,000 rpm for 4 

min, poured off supernatant and washed pellet twice with 70% cold ethanol. 

 Air dried the DNA pellet for 15 min and dissolved DNA in 100ul of sterile 

deionized water.  This isolated genomic DNA was divided in two halves and one 

half was stored at 4C and other half was stored at -20C for long term storage.    

Wizard® Genomic DNA purification kit (Cat. No. A1125) from Promega, was used 

to isolate genomic DNA from sample number 216 to 345, and few other samples 

which gave poor yield with Fermentas genomic DNA purification kit (K0512). DNA 

isolation, method of the Wizard® Genomic DNA purification kit is slightly different 

and the protocol is described as follow: 

 To 300 ul of whole blood added 900ul of Cell Lysis Solution and mixed by 

inversion and allowed to stay at room temperature for 10 min to completely lyse 

the red blood cells. 
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 Centrifuged the sample at 16,000 x g for 20s and removed the supernatant as 

much as possible. 

 Microfuge tube was vortexed vigorously to completely resuspend the white pellet 

in residual (10-20 ul) Cell Lysis Solution. 

 To the resuspended white blood cells added 300 ul Nuclei Lysis Solution and 

mixed by pipetting 4-6 times unless solution becomes viscous. 

 Then added 100 ul Protein Precipitation Solution to precipitate the proteins and 

vortexed briefly.   

 Centrifuged the mixture at 16,000 x g for 3 minutes at room temperature. 

 Transferred clear supernatant to a new tube and added 300 ul of isopropanol 

(Merck, not provided with the kit) at room temperature.  White threads of DNA 

were visible at this stage. 

 Centrifuged at 16,000 x g for 1 minute at room temperature, decanted the 

supernatant and added 300 ul of 70% ethanol to washed pellet.  Centrifuge as 

before and then removed supernatant carefully.   

 Air dried the pellet for 20 minutes and then resuspended it in 100 ul of DNA 

Rehydration Solution and allowed to dissolve at 4C for overnight. 

 Again divided DNA in two parts one was stored at 4C and other at -20C. 

Concentration and purity of the genomic DNA was checked by agarose gel 

electrophoresis and by spectrophotometer. 

 

2.3.1. Spectrophotometry   

The assessment of the purity of a nucleic acid sample was performed by a taking 

A260/A280 ratio. This procedure was first described by Warburg and Christian (1942) 

as a means to measure protein purity in the presence of nucleic acid contamination, 

it is commonly used today to assess purity of nucleic acid samples. DNA was diluted 

1000 fold in same buffer in which it was resuspended and absorbance was taken at 

260 nm and at 280 nm respectively in spectrophotometer (Cecil, CE 7200).  

Absorbance ratio A260/A280 1.8 or above was taken as pure preparation (Glasel, 

1995). Concentration of the DNA was calculated by multiplying absorbance at 

260nm with 50 as fifty microgram of pure DNA solution gives absorbance equal to 1 

at 260nm (Sambrook and Russell, 2001).    

 



32 

 

2.3.2. Gel electrophoresis 

Quantity and integrity of the genomic DNA was also checked through gel 

electrophoresis.  Amplification of PCR products and completion of digestion 

reactions were also checked through agarose gel electrophoresis.  

All chemicals used for this study were from MP biochemicals (formerly ICN) unless 

otherwise stated.  Agarose gel (BioRad, Cat No. 161-3101) was prepared in either 

0.5X TBE (table 2.11) or in 1X TAE (table 2.12).  Concentration of the gel was kept 

according to application. For example genomic DNA was separated on 0.7% 

agarose gel. Running buffers were of similar composition and strength. 

To visualize the DNA fragments gel was stained with ethidium bromide (final 

concentration 0.5ug/ml) and seen under UV light on transilluminator (HAAKE 

BUCHLER UVT) and/or in Gel Documentation System (Gene Genius bio imaging 

system, Syngene) for taking and storing pictures. 

 

Table 2.11. 10X TBE  electrophoresis buffer 

Ingredients Amount per liter Final 1 X concentration 

Tris base 108g 90mM 

Boric acid 55g 90mM 

0.5M EDTA (pH 8.0) 40mL 2mM 

H2O To 1 liter  

 

Table 2.12.  50X TAE  electrophoresis buffer 

Ingredients Amount per liter Final 1 X concentration 

   

Tris base 242g 40mM 

Glacial acetic acid 57.1mL 20mM 

0.5M EDTA (pH 8.0) 100mL 2mM 

H2O To 1 liter  

 

2.4. PCR amplification of the hypertension related loci 

2.4.1 Primer designing 

Primers used in the study are listed in table 2.13.  Few of the primers were modified 

from the literature.  All primers were synthesized from Gene Link, USA through local 
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representative.  All primers were resuspended in Tris-HCl pH 8.0 (10mM) and EDTA 

(1mM) to make final concentration 100pmol/ul. Smaller aliquots of these primers 

were made and stored at -20C.     

Amplification of the required product was carried out in 200ul PCR tubes.  Volume of 

the reaction mixture was kept 25 ul or 50 ul according to the application.  We used 

2X PCR Master Mix (Fermentas, Cat. No. K0171), PCR Master Mix (Promega, Cat 

No. M7505) and GoTaq® Green Master Mix (Promega, Cat No. M7121). 

Composition of all three master mixes has been listed in table 2.14.  Green GoTaq® 

Reaction Buffer is a proprietary buffer containing a compound that increases sample 

density, yellow and blues dyes, which function as loading dye, when reaction  

 

 

Table 2.13 Primers and their sequences, used in the study 

Primer name Sequence 

AGT 18F  5`-GAT GCG CAC AAG GTC CTG-3` 

AGT 25R    5`-CAG GGT GCT GTC CAC ACT GGC TCG C-3` 

ACE 2350F  5`-CTG ACG AAT GTG ATG GCC GC-3` 

ACE 2350R  5`-TTG ATG AGT TCC ACG TAT TTC G-3` 

ACE I/DF  5`-CCC ATC CTT TCT CCC ATT TCT-3` 

ACE I/D Nested F  5`-GGT TTC ACC GTT TTA GCC GGG A-3` 

ACE I/DR  5`-CCA TGC CCA TAA CAG GTC TTC A-3` 

AT1R A1166CF  5`-GCA GCA CTT CAC TAC CAA ATG GGC-3` 

AT1R A1166CR  5`-CAG GAC AAA AGC AGG CTA GGG AGA-3` 

ADD G640WF  5`-GAC AAG ATG GCT GAA CTC TGG CCG G-3` 

ADD G640WR  5`-GAC TTG GGA  CTG CTT CCA TTC TGG C-5` 

RENG1051AF  5`-CCC ACC CCA GTA TGT CGT GAA GTG-3` 

RENG1051AR  5`-GGC CGA CTC GAA CCT CAC CTG AAA GA-3` 

GNAS1 T393CF  5`-CTC CTA ACT GAC ATG GTG CAA-3` 

GNAS1 T393CR 5`-TAA GGC CAC ACA AGT CGG GGT-3` 
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products are run on agarose gel (Promega Product Information, Part# 9PIM712 

revised 6/2005).      

All PCR mix, and primers were stored at -20C and thawed on ice just before use.  

All plastic ware used for carrying out PCR reaction were of highest quality.  

recommended for PCR and used once only.  All PCR reactions were carried out in 

mastercycler (Eppendorf, Hamburg, Germany).  

 

Table 2.14. PCR reaction mixes from different companies  

Composition of 2X PCR Master Mix (Fermentas #K0171) 

Taq DNA polymerase (recombinant) in reaction buffer 0.05 units*/ul 

MgCl2 4mM 

dNTPs (dATP, dCTP, dGTP, dTTP) 0.4mM each 

Composition of PCR Master Mix (Promega #M7505) 2X  

Taq DNA polymerase in proprietary reaction buffer (pH 8.5) 50 units/ml 

MgCl2 3mM 

dNTPs (dATP, dCTP, dGTP, dTTP) 400 uM 

GoTaq® Green Master Mix (Promega #M7121) 2X  

Taq DNA polymerase in 2X Green GoTaq® Reaction buffer (pH 8.5) 50 units/ml 

MgCl2 3mM 

dNTPs (dATP, dCTP, dGTP, dTTP) 400 uM 

*
One unit of Taq polymerase is defined as the amount of enzyme required to catalyze the 

incorporation of 10nmol of dNTPs into acid-insoluble material in 30 minutes at 74C.  

 

2.4.2. Amplification and genotyping of angiotensinogen (AGT) gene fragment  

Two neighboring polymorphisms, T174M and M235T were investigated by PCR 

amplification of genomic DNA. Two hundred nano gram of genomic DNA was 

amplified with 100 pmol of each of primers, AGT 18F and AGT 25R (table 2.13) in a 

total volume of 50 ul.  PCR conditions found optimum in our lab are mentioned in 

table 2.15.  Expected 303 base pair fragment was visualized after running on 1.0% 

agarose gel and staining with ethidium bromide on UV illuminator or photographed 

on Syngene’s bio imaging system.  PCR products were saved at -20C till further 

analysis.  
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Table 2.15.  Thermal cycler conditions for amplification of AGT 

fragment, Program name AGT 

Step 1 Lid temperature 95C 

94C 3 minutes 

Step 2-35  

94C 40 seconds 

55C 45 seconds 

72C 45 seconds 

Step 36  

72C 3 minutes 

Step 37  

4C till samples removed from thermal cycler. 

 

Guanosine residue near the 3` end in primer AGT 25R is mismatched with genomic 

DNA.  This mismatch creates an SfaNI restriction site during amplification.  If codon 

235 is ATG (M235), SfaNI digestion yields 266 bp fragment relative to the 

undigested 303 bp product (T235) (Caulfield et al., 1994).  In the present work 

enzyme Lwel was used from Fermentas (Cat No. ER1622) to find out AGT (M235) 

variants.  Reaction mixture was set as shown in table 2.16. 

Digestion was carried out at 37C for three hours.  Reaction was stopped by adding 

loading dye and heating in water bath at 65C for ten minutes. Digested DNA was 

resolved on 1.5% agarose gel to look for variants. 

 

Table2.16.  Restriction digestion with Lwel for M235T 

Amplified DNA 5ul (250 ng) 

10X buffer  Tango* 1.5 ul 

Lwel enzyme 0.5 ul (5u) 

d.H2O 8.0 ul 

*Tango is a general use buffer from Fermentas which is suitable for double 

digestion because several enzymes show optimal activity in it.  1X Tango buffer 

contains; 33mM Tris-acetate (pH7.9 at 37C), 10 mM Mg-acetate, 66mM K-acetate 

and 0.1mg/ml BSA.  
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TheT174M genotype was determined by digestion of same 303 bp amplified 

fragment with NcoI (Fermentas, Cat. No. ER0571).  Reaction mixture was designed 

as shown in table 2.17. 

 

Table 2.17.  Restriction digestion with NcoI for T174M 

Amplified DNA 5ul (250 ng) 

10X buffer  Tango 1.5 ul 

NcoI enzyme 0.5 ul (5u) 

d.H2O 8.0 ul 

 

Reaction was carried out for three hours then stopped by heating at 65C for ten 

minutes.  Digestion yields two fragments 211 bp and 92 bp (T174).  Genotype of the 

samples was determined by size fractionation on 1.5% agarose gel and staining with 

ethidium bromide.  

 

2.4.2.1. Single Stranded Conformation Polymorphism (SSCP) 

Single stranded small (< 300bp) DNA sequences show different mobilities according 

to their sequences on naturing acrylamide gel.  This property of naturing gel 

electrophoresis can be used to detect single base variations in the small DNA 

sequence as shown by Orita et al. (1989).  For this purpose Medium sized 

acrylamide gel apparatus was used. 6% polyacrylamide gel was prepared as 

described in table 2.18. 

Solution was degassed and then mixed 50ul of freshly prepared 10% ammonium 

persulfate and 50 ul TEMED. Gel was immediately poured between glass plates and 

let it polymerized for three hours. 

Table 2.18.  Composition of 6% acryalamide gel 

Solution With glycerol Without glycerol 

30% acrylamide/bisacrylamide 

stock solution (29 +1) 

 

6ml 

 

6ml 

50% glycerol 3ml - 

10X TBE 1.5ml 1.5ml 

dH2O 19.5 ml 22.5 ml 

Total 30 ml 30 ml 
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2.4.2.1.1. Sample preparation and loading 

Each amplified DNA sample was loaded in two wells.  For each well 5ul of PCR 

amplified fragment was mixed with either gel loading dye (0.05% bromophenol blue, 

0.05% xylene cyanol, 40% sucrose, 20mM EDTA) or formamide gel loading dye 

(0.05% bromophenol blue, 0.05% xylene cyanol, 95% fromamide, 20mM EDTA).  

Formamide dye containing sample was placed in boiling water bath for five minutes, 

and then plunged into ice to keep DNA in denatured form.  Double stranded and 

denatured samples were then quickly loaded side by side on natured 6% acrylamide 

gel.  Gel was run in 0.5X TBE, pre-cooled to 4C prior to run.  Samples were run at 

different voltage (100 to 225 volts) to achieve optimum separation. Different running 

conditions including room temperature and in cold room at 4C were also tried.  

Different concentration of gel were tried to achieve separation among polymorphic 

ssDNA.  

 

2.4.2.1.2. Visualization of DNA fragments 

DNA fragments were stained with either ethidium bromide (0.5ug/dl) or silver nitrate 

staining.  Silver nitrate staining was performed as follow (Sanguinetti, 1994).   

 Gel was removed from apparatus, briefly washed with distilled water and then 

soaked in 10% ethanol for fifteen minute. 

 Ethanol was replaced with fresh 10% ethanol to further fix the gel for fifteen 

minutes. 

 Removed ethanol and soaked the gel in 0.7% nitric acid for exactly 6 minutes. 

 After completion of six minutes washed the gel three times with distilled water 

and added 0.2% silver nitrate solution for 30 minutes. 

 Again washed the gel three times with water and then soaked the gel in 

developing solution (2.2 g sodium carbonate and 125ul formaldehyde per 100ml).  

 Developing solution was removed after appearance of black precipitates and 

replaced with fresh solution. 

 Incubation continued till appearance of bands (5-30 minutes). 

 Color development was stopped by addition of 3% acetic acid. 

 Photographed the gel for record. 
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2.4.3. Amplification and genotyping of ACE gene fragment  

Codon 2350 genotyping was done by modified method of Saeed et al. (2003).  

Primers described in table 2.13 (ACE 2350F and ACE 2350R) were used to amplify 

122bp ACE gene fragments.  Ingredients and PCR conditions are described in table 

2.19.  For amplification of this fragment 200ng of genomic DNA and 100pmole of 

each of reverse and forward primers were mixed in 200ul PCR tube containing 25ul, 

2X, PCR mixture.  Expected 122 base pair fragment was visualized after running on 

1.5% agarose gel and staining with ethidium bromide on UV illuminator or 

photographed on Syngene’s bio imaging system.  PCR products were saved at -

20C till further analysis.   

 

2.4.3.1. Genotyping of G2350A polymorphism 

PCR Product (5ul) was digested with 5 U of Bsh1236I (Fermentas Cat No. ER0921) 

(an Isoschizomer of FnuDII and BstU1) for overnight at 37°C to make sure that 

digestion was complete.  Reaction mixture has been described in table 2.20.  

Digested fragments were separated by 10% acrylamide gel and identified by 

ethidium bromide or by silver nitrate staining as described in previous section. A 

fragment of 122 bp after digestion corresponds to GG and AA genotype was 

visualized as 100 and 22 bp fragments.  Appearance of all three fragments 

confirmed the presence of AG genotype. 

Table 2.19.  Thermal cycler programming for amplification of 

ACE fragment, (Program name ACE) 

Step 1 Lid temperature 

95C 

94C 3 minutes 

Step 2-35  

94C 45 seconds 

58C 45 seconds 

72C 30 seconds 

Step 36  

72C 3 minutes 

Step 37  

Hold at 4C till samples were removed from thermal cycler 
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Table2.20.  Restriction digestion with Bsh1236I for G2350A 

Amplified DNA 5ul (250 ng) 

10X buffer  R* 1.5 ul 

 Bsh1236I enzyme 0.5 ul (5u) 

d.H2O 8.0 ul 

*1X R buffer contains; 10mM Tris-HCl (pH8.5 at 37C), 10 mM MgCl2, 100 mM KCl 

and 0.1mg/ml BSA. 

2.4.4. ACE I/D genotyping  

ACE I/D polymorphism was detected by method of Rigat et. al. (1990), with minor 

modification. Polymerase Chain Reaction (PCR) with two specific forward primers 

ACE I/DF and ACE I/D nested F and one reverse primer ACE I/DR  (table 2.13) was 

performed in a volume of 25 ul. The primers were slightly modified from Clark et. al. 

(2000) to achieve similar annealing temperature. The reaction mixture contained 300 

ng DNA, 100 pM of each of three primers, and 2X PCR mix (Fermentas Cat. No. 

K0171).  DNA amplification was performed in thermal cycler (Master cycler, 

Eppendorf). Reaction conditions are listed in table 2.21.  PCR products were 

resolved on 2% agarose (BioRad) gel and visualized on Syngene’s Bio Imaging 

System (Gene Genius) after staining with ethidium bromide.  

In presence of insertion (allele I) two bands 490 bp and 285 bp were seen, while a 

190 bp band appeared in the case of deletion (allele D). Use of second forward  

 

Table 2.21.  Thermal cycler programming amplification of ACE 

fragment, Program name ACENESTED 

Step 1 Lid temperature 95C 

94C 3 minutes 

Step 2-30  

94C 30 seconds 

60C 30 seconds 

72C 60 seconds 

Step 31  

72C 3 minutes 

Step 32  

Hold at 4C till samples were removed from thermal cycler 
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primer which was inside the deleted region doubly insured that there was no 

mistyping of the DD genotype. 

 

2.4.5. Amplification and genotyping of RENIN G1051A polymorphism 

One single nucleotide polymorphism (G1051A) in exon 9 of rennin gene yields an 

amino acid change (V351I).  For the determination of this genotype forward primer 

RENG1051A F and RENG1051AR (table 2.13) were used (Hasimu et al., 2002).  

Two hundred nanogram of genomic DNA was amplified with 100 pmol of each of 

forward and reverse primers, in a total volume of 50 ul.  PCR conditions optimized 

are mentioned in table 2.22  Expected 126 base pair fragment was visualized after 

running on 2.0% agarose gel and staining with ethidium bromide on UV illuminator or 

photographed on Syngene’s bio imaging system.  PCR products were saved at -

20C till further analysis.   

PCR amplified fragment was digested with PsyI (Frements Cat No. ER1331).  PsyI is 

an isoschizomer of Tth111I (Hasimu et al., 2002).  Reaction scheme has been 

metioned in table 2.23.  Digestion with PsyI yields 82 and 44 bp fragments 

respectively. 

 

Table 2.22  Thermal cycler programming for 

amplification of Renin gene fragment, Program name 

RENG 

Step 1 Lid temperature 95C 

94C 5 minutes 

Step 2-35  

94C 45 seconds 

55C 45 seconds 

72C 30 seconds 

Step 36  

72C 3 minutes 

Step 37  

Hold at 4C till samples were removed from thermal 

cycler 
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Table 2.23. Restriction digestion with PsyI for G1051A 

Amplified DNA 5ul (250 ng) 

10X buffer  B* 1.5 ul 

PsyI enzyme 0.5 ul (5u) 

d.H2O 8.0 ul 

*1X B buffer contains; 10mM Tris-HCl (pH 7.5 at 37C), 10 mM MgCl2, 

and 0.1mg/ml BSA. 

 

2.4.6. Genotyping for G640W polymorphism in Adducin gene 

This gene fragment was amplified by adding 200ng of genomic DNA in 200ul PCR 

tube.  Hundred pmol of each of primers, ADDG640W F and ADD G640WR (table 

2.13) were added in a total volume of 50ul.  Optimized PCR conditions are 

mentioned in table 2.24.  Expected 72 base pair fragment was visualized after 

running on 2% agarose gel and staining with ethidium bromide on UV illuminator or 

photographed on Syngene,s bio imaging system.  PCR products were saved at -

20C till further analysis.  For genotyping of this fragment it was digested with 

Mva1269I (Fermentas Cat. No. ER0962) enzyme as detailed in table 2.25.  Digested 

fragments were run either on 

 

Table 2.24.  Thermal cycler conditions for amplification 

of adducin fragment, Program name ADD 

Step 1 Lid temperature 95C 

94C 3 minutes 

Step 2-30  

94C 30 seconds 

65C 40 seconds 

72C 50 seconds 

Step 31  

72C 3 minutes 

Step 32  

Hold at 4C till samples were removed from thermal cycler 
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3% agarose gel or on 5% acrylamide geI.  GG genotype was present then no 

digestion takes place and if TT genotype was present then 72 bp fragment splits into 

50 and 22 bp fragments (Clark et al., 2000). 

Table 2.25. Restriction digestion with Mva1269I for ADD 

G640W 

Amplified DNA 5ul (250 ng) 

10X buffer  R 1.5 ul 

 Mva1269I enzyme 0.5 ul (5u) 

d.H2O 8.0 ul 

 

2.4.7. Amplification and Genotyping of AT1R receptor for A1166C 

polymorphism 

The A1166C polymorphism at AT1R gene locus was analysed using method 

described by Bonnardeaux et al. (1994).  Hundred picomoles of two primers 

AT1RA1166CF and AT1RA1166CR (table 2.13) (Dzida et al., 2001) were mixed with 

two hundred microlitre of genomic DNA and amplified using 2XPCR mix according to 

the conditions described in the table 2.26.  Fragments of 255 bp was visualized on 

UV illuminator, after running on 1.5% agarose gel and staining with ethidium 

bromide, or photographed on Syngene’s bio imaging system.  PCR products were 

saved at -20C till further analysis.   

Table 2.26.  Thermal cycler conditions for amplification of 

AGT1R gene fragment, Program name AT1R 

Step 1 Lid temperature 95C 

94C 3 minutes 

Step 2-35  

94C 45 seconds 

56C 45 seconds 

72C 60 seconds 

Step 36  

72C 3 minutes 

Step 37  

Hold at 4C till samples were removed from thermal cycler 
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PCR amplified fragment was genotype by digestion for three hours with enzyme 

BsuRI (Fermentas cat no. ER0151).  Reaction conditions are described in table 2.27. 

 

Table 2.27.  Restriction digestion with BsuRI for AT1R 

A1166C 

Amplified DNA 5ul (250 ng) 

10X buffer  R 1.5 ul 

 BsuRI enzyme 0.5 ul (5u) 

d.H2O 8.0 ul 

 

After digestion reaction mixture was stopped with heat denaturation and run on 1.5 

% agarose gel to visualize genotype.  AA genotype yielded no digestion while CC 

genotype yields two fragments of 231 and 24 bp.   

 

2.4.8. Amplification and genotyping of GNAS I gene for T393C polymorphism 

For the determination of T393C polymorphism forward (GNASI T393C F) and 

reverse primers (GNASI T393C R) were used (Abe et al., 2002).  Two hundred 

nanogram genomic DNA was amplified with 100 pmol of each of primers (table 2.13) 

in a total volume of 50 ul.  PCR conditions found optimum in our lab are mentioned in 

table 2.27.  A fragment of 345 bp was obtained after running it on 1.5% agarose gel.  

PCR products were saved at -20C till further analysis. This 345 bp fragment was 

digested with BseGI (Fermentas Cat No. ER0871).  The digestion scheme is given in 

table 2.28.  This digestion yields two fragments of 263 and 82 bp if genotype CC was 

present when run on 1.5% agarose gel. In case of no digestion Genotype was TT.  

 

2.5. Search for new polymorphism by sequencing of the selected genes loci  

Few randomly selected amplified DNA fragments were sent for sequencing to doubly 

check polymorphisms and to search for new variations in the region. Samples were 

first gel purified to get rid of unused primers, dNTP’s.  For gel purification two 

different kits were utilized. DNA Extraction Kit (Fermentas, Cat No. K0513) is 

designed according to modified protocol of Vogelstein and Gillespie (1979).  It is 

based upon solubilization of agarose gel and binding DNA with specially designed  
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Table 2.27.  Thermal cycler conditions for amplification 

of GNAS I fragment, Program name GnaseI 

Step 1 Lid temperature 95C 

94C 3 minutes 

Step 2-35  

94C 40 seconds 

56C 45 seconds 

72C 60 seconds 

Step 36  

72C 3 minutes 

Step 37  

Hold at 4C till samples were removed from thermal cycler 

 

Table 2.28. Restriction digestion with BseGI for GNASI 

T393C polymorphism 

Amplified DNA 5ul (250 ng) 

10X buffer  R 1.5 ul 

 BsuRI enzyme 0.5 ul (5u) 

d.H2O 8.0 ul 

 

silica particles in presence of high salt concentration.  Silica particles bound with 

DNA are washed and then eluted with water or TE.  Exact protocol is as follow: 

Gel slices, containing fragments of interest, were excised from the gel trying to keep 

their size minimum. 

These were weighed and resuspended in half volume of TBE conversion buffer 

(proprietary concentrated salts) and 4.5 volumes of Binding Solution (6M sodium 

Iodide) in microfuge vial.   

This solution was incubated at 55C for five minutes to dissolve agarose.  

Then added silica particles, 5ul of the supplied concentration, which is sufficient to 

bind about 2.5ug of the DNA.  

This mixture was kept for further five minutes at 55C and the centrifuged at 

14000rpm for 5 seconds only. 
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Supernatant was discarded and silica pellet was resuspended in 500 ul of Wash 

Buffer.  Wash Buffer was prepared by diluting 15 ml concentrated wash buffer of 

Tris., NaCl and EDTA (concentration not mentioned in the kit) with 285 ml of 

deionised water and 300ml of 95% ethanol. This mixture was stored at -20C 

between uses. 

Silica gel was again centrifuged at 14000 rpm for five seconds and supernatant 

discarded.  Silica gel was again discarded and washed as before for two more times.  

After last wash centrifuged the tube once again and pipette out last remains of the 

wash buffer.  Silica gel was air dried for about 10 minutes at room temperature.  

DNA was eluted from the gel by resuspending silica in 50ul of the deionized water 

and keeping it at 55C for 5 minutes. 

Tube was again centrifuged and this time water containing DNA was removed to a 

new tube.  This tube was again centrifuged for about one minute to remove last 

traces of silica particles which may interfere with sequencing. 

Eluted DNA fragments were run on agarose gel and photographed before sending 

for sequencing. 

Several samples were gel extracted, using Jetquick Spin Column Technique 

Genomed, cat. No.400050). This kit is simple to use and provides highly purified 

DNA fragments.  Brief protocol is described below:  

DNA fragment containing smallest possible gel slices were resuspended in three 

volumes of L1 solution (concentrated NaClO4, sodium acetate and TBE solubilizer) 

and incubated at 50C for fifteen minutes with occasional mixing.   

For smaller fragments where agarose concentration was higher than 2%, 6 volumes 

of L1 solution was used and incubation time was increased to 30 minutes, 600ml at a 

time and then centrifuged for one minute at 12000 rpm. 

   

This mixture was loaded on JETQUICK spin column fixed on 2ml receiver.  

Flow through was discarded and again loaded with remaining solution and repeated 

the step.  

Reinserted the column into the receiver tube and added 500ul of reconstituted wash 

solution L2 (Tris-HCl, EDTA, NaCl and reconstituted by mixing 30ml of ethanol). 

Centrifuged and discarded flow through, again reinserted column and centrifuged for 

one minute at maximum speed (14000rpm) to remove traces of wash buffer. 
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Then added 50ul of sterile deionized water to the centre of the column and kept at 

65C for one minute to get maximum elution. 

Placed column in new centrifuge tube and then centrifuged for two minutes at 14000 

rpm. 

Collected DNA in water was run on agarose gel and photographed. 

For sequencing approach mentioned in Sambrook and Russell (2001) was applied.  

Samples along with forward primers were sent to DNA sequencing and analysis 

facility of National Centre of Excellence in Molecular Biology (CEMB), 87 West Bank 

Road Thokar Niaz Beg Lahore, for sequencing on payment.  Samples were 

sequenced on Applied Biosystem DNA sequencer Model 3100.  Several samples 

were also sent abroad to Macrogen, Korea for sequencing through a local agent. 

 

2.6. Statistical analysis 

Most of the basic Statistical analysis (e.g; average, standard deviations etc.) was 

performed on Microsoft Excel.  Hardy Weinberg equilibrium was checked using the 


2 test.  Gene frequencies, allele frequencies, and Difference in genotype and allele 

frequencies between the hypertension group and the control group were also 

examined by 2 analysis.  2 test and other non parametric tests were applied by 

SPSS® Software version 12 for windows (SPSS Inc., Chicago Illinois, USA 1989-

2003) and MINITAB Student version, release 12 for Windows (Minitab Inc.)  Odds 

ratio were calculated using an online calculator (Bland and Douglas, 2000).  Further 

detail of the tests will follow in appropriate chapters. 
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CHAPTER 3   

PHYSICAL AND BIOCHEMICAL CHARACTERISTICS OF 

PATIENTS AND CONTROLS UNDER STUDY 

Mayo Hospital is a teaching hospital linked with King Edward Medical University, situated 

in the centre of Lahore; second largest city of Pakistan and capital of Punjab province.  

With capacity of 2700 beds it is also the largest hospital in Pakistan.  People come from all 

over Punjab province to its out doors.  Patients referred to the Department of Pathology for 

investigation were requested to join the study.  Patients agreeing to join were interviewed 

and consent was recorded on a history form designed for this purpose (fig 3.1).  History 

form contained basic information of the subject like name, age, sex and address, blood 

pressure history of the patient and its family.  Since some damage to the kidneys by any 

other reason can also lead to high blood pressure (secondary hypertension), therefore 

patients were also tested for the health of the Kidneys.  Sample under study consisted of 

226 hypertensive patients and 119 controls coming to Mayo Hospital Lahore.  Control 

group consisted of individuals with an average age of 50 or above and there was no 

reported hypertension in their family.  This study design was approved from Research 

Ethics Committee, University of Punjab. 

Largest part of the Patients included in the study come from Lahore itself (181 

hypertensive and 63 normotensive subjects), representing 70% of the population.  Rest of 

the patients come from the neighboring major cities, like Shiekhupura, Kasur, 

Gojuranwala, Sargodha, Faisalabad, and Sialkot as shown in figure 3.2 and 3.3.  

Physical and biochemical parameters of patients and controls included in the study are 

listed in table 3.1.  It shows that ages of the control group were significantly higher as 

compared to the hypertensive group (p < 0.0001).  Essential hypertension generally 

develops after the age of 40.  More aged people still without hypertension and no family 

history are likely to serve as reliable controls.  Normotensive group was on the average 4.6 

years older than the hypertensive group.  This difference is much more visible in males 

than in females (5.9 years).  Other physical parameters  
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Figure 3.1. Examples of the completed patient history forms. 
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Table 3.1 Clinical characteristics of patients under study 

 Total Number of Cases (345)  Male (148)  Female (197) 

Characteristics HP  (226) NT  (119)  HP (87) NT (61)  HP (139) NT (58) 

Age, y 52.8 ± 9.8 57.4 ± 10.05
*  54.49 ± 10.20 60.42 ± 10.97

**  52.07 ± 9.31 54.34 ± 7.97 

SBP, mm Hg 152.44 ± 12.37 116.24 ± 13.24
*  155.29 ± 11.36 118.33 ± 14.98

*  150.88 ± 12.56 114.29 ± 10.76
* 

DBP, mm Hg 92.49 ± 6.72 73.55 ± 6.13
*  94.30 ± 6.56 74.00 ± 5.73

*  91.57 ± 6.58 73.21 ± 6.50
* 

Urea,  mmol/L 5.20 ± 1.34 4.98 ± 1.38  5.10 ± 1.65 4.68 ± 1.77  4.60 ± 1.44 4.33 ± 1.52 

Creatinine 

umol/L 
87.76 ± 8.05 87.39 ± 8.55  88.45 ± 8.32 87.67 ± 8.5  87.07 ± 7.8 87.12 ± 8.6 

Sugar mmol/L 4.74 ± 0.37 4.69 ± 0.42  4.72 ± 0.51 4.66 ± 0.48  4.27 ± 0.47 4.01 ± 0.53
**** 

Values are mean ± SD 

HP, hypertensive; NT, normotensive; SBP, systolic blood pressure; DBP, diastolic blood Pressure  

*P<0.0001, **P<0.0010, ****P<0.0384 (unpaired t test) 
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included in the study were blood pressure measurements and urine frequency, with 1-3 

times a day was taken as normal.  Higher urine frequency was supposed to be due to 

kidney malfunction.  Biochemical parameters were estimated to make sure that patients 

are properly diagnosed for essential hypertension.  Average Urea and creatinine 

concentrations in blood were slightly higher in hypertensive patients as compared to 

normotensive patient.  Difference between glucose levels of the two groups was non-

significant.  Diabetic patients were excluded.  Only those patients were included in the 

study who, were suffering from hypertension for at least two years and were already on 

medication.  Difference of systolic and diastolic blood pressure between hypertensive and 

control group was significant (p < 0.0001).  

Two biochemical tests alkaline phosphatase (ALP) and alanine amino transferase (ALT) 

indicating proper working of the liver were also performed on selected patients, where liver 

damage was suspected.  Results of these tests are listed in the table 3.2 and 3.3.  

Arithmetic mean of these two parameters are above normal values with very large 

standard deviation.  There for results of these two parameters have been shown in groups 

to reflect the actual status.   

Genomic DNA Isolations 

Blood Samples in EDTA vials were either immediately used for DNA isolation or stored at -

20ºC until isolation of DNA.  Example of the genomic DNA isolated from few samples are 

shown in fig 3.3.  DNA purity and concentrations were confirmed either on gel or with 

spectrophotometer by taking OD at 260nm and 280nm.  Generally, yield was higher when 

genomic DNA was isolated from fresh samples than from frozen samples.  Each isolated 

DNA sample was divided in two vials and stored at -20ºC for further study.  Recent gel 

electrophoresis shows that DNA isolated in early 2005 is still intact figure 3.4. 

Discussion 

This study was designed in the middle of the 2004.  At that time association studies were 

providing hope to researchers, searching for candidate genes linked with complex genetic 

disorders after the publication of human genome.  Most of the studies reported were  
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Figure 3.2. Map of Punjab showing Distribution of samples from different 

regions  
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Table 3.2. Table showing number of samples falling in different ranges of serum 

ALAT Level for the assessment of liver function of selected patients 

Range of 

ALAT* (U/L) 

levels in 

serum 

Total samples 

(89) 

Male  

(39) 

Female  

(50) 

HP 

(57) 

NT 

(32) 

HP 

(21) 

NT 

(18) 

HP 

(36) 

NT 

(14) 

9-50 U/L 49 17 18 11 31 6 

51-100 U/L 1 8 0 2 1 6 

101-150 U/l 2 3 0 3 2 0 

151-200 U/L 1 2 1 1 2 1 

>200 U/L 4 2 2 1 0 1 

ALAT, Alanine amino transferase; HP, Hypertensive; NT, Normotensive;  
*Normal Value for ALAT is upto 43 U/l for Men and 34U/L for women.  

 

Table 3.3. Table showing number of samples falling in different ranges of serum 

ALP Level for the assessment of liver function of selected patients 

Range of 

ALP* (U/L) 

levels in 

serum 

Total samples 

(76) 

Male  

(31) 

Female  

(45) 

HP 

(46) 

NT 

(30) 

HP 

(15) 

NT 

(16) 

HP 

(31) 

NT 

(14) 

50-150 U/L 10 6 3 2 7 4 

151-250 U/L 26 15 8 10 18 5 

251-350 U/l 9 6 3 3 6 4 

>351 U/L 1 3 1 1 0 1 

ALP, Alkaline Phosphatase; HP, Hypertensive; NT, Normotensive;  
*Normal Value for ALP, normal values are less than 306 U/ for adults. 
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Fig 3.4. Results of a typical genomic DNA isolation in a batch of 24 samples run on 1% 

agarose gel and stained with ethidium bromide. 

showing positive association with the candidate locus with sample size in the range of 200 

to 450 (Clark et al, 2000; Iqbal et al., 2004; Saeed et al 2003; Hasimu et al., 2003; Dzida et 

al., 2001; Gesang et al., 2002) with several researchers working in groups.  A simple 

literature search using key words, “Genetic Association Study’’ yielded 18658 

articles/research papers/review articles till 2003 in “Web of Science” database of ISI web 

of Knowledge (http://portal.isiknowledge.com).  Sample size for this study was decided 

based on previous studies.   

Pathology department of King Edward Medical College (Now it is an independent 

university) was chosen because most of the patients are referred to this department for the 

routine diagnosis from Mayo hospital Lahore.  A variety of patients from all over Punjab 

come to this hospital for treatment.  Generally, people coming to this hospital are from 

rural Punjab. Samples were collected from patients coming to hospital during 08-07-2004 

to 12-07-2006.  Those patients were included in the study, which were willing to give 5ml 

http://portal.isiknowledge.com/
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blood sample and signed the consent form regardless of sex, education level, and 

socioeconomics status.  After collection of sample at analysis stage it turned out that 

sample includes more female (197) than the males (148).  More hypertensive women (139 

out of 197) were included in the study.  Although it does not clearly tells that women are 

more hypertensive than men, as reported previously (Oparil, 2006), but almost all ladies 

claim to be having blood pressure.  Further enquiry would clear that they mean to tell that 

they are suffering from low blood pressure.  It was difficult to collect accurate information 

from the patients as mostly they were illiterate, although some doctors, bankers and 

teachers willingly donated the blood samples and tried to follow the outcome of this study.  

Patient’s information form also required to fill type of medicine used by patients. This part 

was mainly left blank because patients were either not taking medicine regularly (that’s 

why they were in hospital for poorly managed hypertension) or unaware with the name of 

medicines (remembered by color or shape of the tablet) because of illiteracy or had 

already changed medicines so many times that they were unable to decide which 

medicine worked.  Patients were also reluctant to give complete home address and 

contact numbers.  Rest of the information was easier to get.  Patients in the study 

represent low-income group as Mayo hospital is a general government hospital.  Patients 

from low-income group come to this hospital because it is cheaper and several emergency 

services along with medicines are free.    

Average systolic and diastolic blood pressures are higher in men than in women in both 

normotensive and hypertensive groups.  This is in agreement with previously reported 

research (August and Oparil, 1999).  According to this report men are generally more 

prone to hypertension than women, Similarly systolic and diastolic hypertension readings 

are higher in men than in women.  How ever both groups are equally prone to strokes and 
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heart related illnesses. Age of the normotensive group was chosen to be higher than 

hypertensive patients to reduce the chance of including false normotensive as depending 

upon other factors as well essential hypertension usually starts in early fifties.     

Biochemical parameters were estimated at chemical pathology lab of Department of 

Pathology King Edward medical college, where such tests are routinely carried out.  Urea 

and Creatinine levels in serum were estimated to make sure that kidneys are working fine.  

Both parameters were slightly higher in hypertensive group though this difference was 

non-significant (unpaired t test) except in creatinine levels of hypertensive and 

normotensive groups where the difference was significant (P< 0.0015). Hypertension is 

also linked with diabetes (Epstein and Sowers, 1992; Messerli et al., 2007).  Therefore 

serum glucose levels were also estimated.  We found little difference of glucose levels 

between hypertensive and normotensive patients except in women where difference was 

significant (P< 0.0015).  ALAT of the suspected patients was high on average but there is 

lot of variation in serum levels of this parameter (Burtis and Ashwood 1998).  Normal 

range in patients is less than 43U/l (depends upon the method used) and in case of liver 

damage for example due to hepatitis A virus infection, serum ALAT levels may even rise 

from three to 4000 U/l.  This huge variation in ALAT levels has actually distorted our 

average therefore these have been shown in groups in table 3.2 and 3.3.  Median value of 

the ALAT in our study is 33U/l with few abnormal subjects.  This study includes patients 

with moderate liver damage (ALAT levels < 400 U/l).  Although complete precautions were 

adopted and all sample were treated as possible source of infections and disposed off 

according to the recommendations of safety rules of the Pathology lab King Edward 

medical college and Punjab University.  Genomic DNA isolations were carried out using 

two different kits manufactured by Fermentas and Promega.  Kits were preferred over 
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manual methods as they provide clean, reproducible results, and saves time.  Although 

purity of the preps were fine and genomic DNA were easily amplified in a typical PCR 

reaction, Yield of the preps prepared by Promega were found to be higher.  
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Chapter 4 

Hypertension and its relationship with Trace Elements  

Normal homeostatic mechanisms maintain standard, in general narrow levels of 

heavy minerals and other trace elements in human plasma (Matsuda et al., 1989).  

Some time environmental variables like quality of food or municipal water supply 

may change this balance.  Scientists have correlated vascular diseases with the 

hardness of drinking water (Masironi 1970; Crawford et al. 1971; Hajjar and Kotchen, 

2003).  Similarly food habits in different parts of the world may result in different 

concentrations of trace elements in serum as has been shown in Indian population, 

where higher Zn levels in vegetables were correlated with higher levels of serum Zn 

levels in hypertensive patients (Taneja and Mandal 2007).  Low concentrations of 

serum calcium levels were associated with arrhythmias, and sudden death.  Sodium, 

copper, (Kanabrocki et al., 1967) iron, (Masironi 1969) zinc, cobalt (D’Alonzo and 

Pelt, 1963) and nickel, (Wester, 1965) have been linked with malfunctioning of 

cardiovascular system.  Other trace elements like magnesium were reported to exert 

protective role in ischemic heart disease (Abraham et al., 1978).  Among Chinese 

and American populations imbalance of Zn, Cu, Mg and Mn have been reported to 

be significantly associated with hypertension (Loyke, 1991; Liu et al., 2004).  A high 

ratio of Zn and Cu fed to the rats elevated the blood pressure of the rats 

(Yanagisawa et al., 2004).  Major role of these elements seems to be to act as 

cofactor in several enzymatic pathways.  Oxidative stress may result into arterial 

damage and this damage leads to essential hypertension (Hajjar and Kotchen, 

2003).   

Angiotensin converting enzyme (ACE) contains Zn in its peptide structure (Bakhle 

and Reynard 1971). The increased serum levels of Zn were reported to correlate 

positively with the levels of ACE in hypertensive patients (Ekmekci et al., 2003).  Zn 

also takes part in acidification of blood and arterial pressure regulation by influencing 

other hormonal systems particularly aldosterone (Gekle et al., 1996; Gekle et al., 

1997).  Mg is involved in renal vasodilatation, prostacyclin release (Rude et al., 

1989), and acceleration of the cell membrane sodium pump (Satio et al., 1988).  Cu 

has been reported to inhibit ACE activity (Loyke 1991).  Selenium (Se) is part of the 

several enzymes including glutathione peroxidase, which keeps nitric oxide in its 



59 
 

reduced form and hence protects against oxidative stress.  Due to this role of Se it is 

thought that its deficiency might lead to cardiovascular diseases.  A study in 710 

randomly selected subject of western European origin does support this hypothesis 

(Nawrot et al., 2007).   

Trace elements make up just 0.012% of the human body weight (Kieffer, 1991). 

Trace element determination in body fluids is very important because of their role in 

normal biological functions as well as under abnormal situations.  Some of these are 

crucial for life while others are inert or innocuous or even toxic at abnormal 

concentrations.  Analysis of trace elements in biological fluids demands a versatile 

and reliable technique. The analytical method used must be sensitive, precise, 

accurate, and relatively fast. Inductively coupled plasma mass spectrometry (ICP-

MS) hybrid technique is an important method for the analysis of trace elements in 

biological fluids.  ICP-MS is capable of direct analysis of samples in solution with 

coverage of most elements in the periodic table with sensitivity as high as one 

microgram of element in one kg (ppb) of the sample.  

Lead (Pb) levels were determined by atomic absorption spectroscopy in a sample of 

244 Pakistani adults and were found to be positively correlated with systolic blood 

pressure (Rahman et al., 2006).  Another study in Pakistani hypertensive and 

ischemic heart disease patients found higher levels of copper and cobalt while zinc 

and iron level were low in patients when determined by chemical means (Khan et al., 

1984).  Therefore in addition to the other physical parameters elemental analysis in 

normal and hypertensive samples was carried out to find out correlation of these 

trace elements with hypertension and certain other parameters. 

Analysis of the samples for trace elements was carried out through the courtesy of 

Dr Anwar Chaudhry by Professor Dr J. Watling’s lab situated in the Centre for 

Forensic Sciences, School of Applied Chemistry, University of Western Australia, 

Perth, W. A. Australia.  Twenty five elements were analyzed and out of those results 

of eighteen samples are summarized in tables 4.1 – 4.18.  Remaining seven 

elements (Be, Sc, Y, Ba, Se, La, U) were below detection limit in all samples.  One 

male sample had 20 ug/kg of solid mass (20 ppb) of uranium in his blood.  Patient 

was undergoing radiotherapy.  Looking at the tables 4.1 to 4.18 it is apparent that 

average amount of Li, V, Mn, Co, As, Mo, Cd, and Th in blood samples of both 
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hypertensive and normotensive groups was relatively low (mean <26ug/kg of the 

solid).  The mean concentration of Ti, Cr, Ni, Sr ranged between 50-204 ug/kg of 

solid, whereas average values of Al, Se, Pb in the blood of tested population ranged 

from 295 to 517 ug/kg.  Cu (>5000 ug/kg), Zn (27937 ug/kg) and Rb (7131 ug/kg of 

solid) were comparatively high.  The concentration of Zn in blood of the study 

population was highest flowed by Rb.  The presence of these elements while 

arranged in decreasing order of magnitude is Zn < Rb < Cu< Se < Pb< Al < Ti < Cr< 

Ni< Sr< Mo < As< Th< Cd< Li< Mn< V< Co.  The proportion of Li, Al, Ti, Ni, (HP), As 

(HP), Rb (HP), Sr (HP), Cd and Pb (HP), Th (HP) was high in blood of males relative 

to that of respective females.  While relative amount of V (NT), Cr, Mn, (HP), Co, Ni 

(NT), Cu, Zn, As (NT), Se (NT), Sr (NT), Mo, Pb (NT) was higher in female 

population.  

Tables 4.1-4.18 also indicate that amount of Li (significant), Cr, Mn, Cd, Ni, Cu, Zn, 

Mo, Th (non-significant), As, Se, Rb, Sr, Pb (non-significant in females), was higher 

in hypertensive individuals.  These tables also show distribution of trace elements 

according to gender and also according to their hypertension status.  Ni was also 

higher in hypertensive population but in male population increase in V and Ni were 

significant.  Whereas Al and Co (significant only in females) were significantly higher 

in normotensive, Ti and V (total and females) showed variations in results.  

Difference between means of hypertensive and normotensive populations was 

calculated (unpaired t test) and among all the trace elements only Li, As, Se, Rb, Sr 

and Pb were significantly higher in males and in total samples hypertensive groups 

when compared with normotensive group.  Only Co (P = 0.0416) was showing 

significantly higher value among hypertensive females relative to that of 

normotensive groups.   

Tables 4.19 and 4.20 give correlations between trace elements in hypertensive and 

normotensive subjects respectively.  Significant correlations common in both groups 

have been highlighted with purple color; blue color denotes significant correlations in 

hypertensive samples while green color denotes significant correlation unique to 

normotensive group only.  In HP and NT, Al (Li, Ti, V, Cr, Cu, As, Se, Rb, Sr, Mo), Li 

(V, Cr, Ni, Cu, As, Sr, Mo, Pb), Ti (Cu, Se, Rb, Sr,), V (Cr, Ni, Cu, Sr, Mo, Pb), Cr (Ni, 

Cu, As), Ni (Cu, As, Se, Sr, Mo, Pb), Cu (Zn, As, Se, Rb, Sr, Mo, Pb), Zn (Se, Rb, 

Pb,) As (Se, Sr, Mo, Pb), Se (Rb, Sr, Mo), and Sr (Mo) showed significant positive
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Li, Lithium; NT, Normotensive; HP, Hypertensive; NS, Non significant; *Difference between means of respective NT and HP 

samples (unpaired t test, *P = 0.0022, 
‡
P = 0.0700,

 +
 P = 0.0029) 

Table 4.2   Values of Al in total, female and male samples according to HP status 
Al  Total samples Female samples Male samples 

Parameters Total NT HP Total NT HP Total NT HP 

Mean (ug/Kg of solid) 333.81 353.16 322.59 NS * 295.82 307.16 291.11 NS ‡ 395.82 398.35 393.42 NS + 

Standard Error 14.27 25.79 16.86 13.27 20.67 16.73 29.89 46.39 38.55 

Range 1467 1420 1422 1467 883 1422 1385 1385 1335 

Minimum 19 19 64 19 19 64 54 54 64 

Maximum 1486 1439 1486 1486 902 1486 1439 1439 1399 

Count 308 113 195 191 56 135 117 57 60 

Confidence Level (95.0%) 28.07 51.11 33.26 26.17 41.43 33.08 59.21 92.93 77.13 
Al, Aluminium; NT, Normotensive; HP, Hypertensive; NS, Non significant; *Difference between means of respective NT and HP 

samples (unpaired t test, *P = 0.3025,
 ‡

P = 0.5832, 
+
P = 0.9347) 

Table 4.1   Values of Li in total, female and male blood according to HP status 

Li  
Total samples Female samples Male samples 

Total NT HP Total NT HP Total NT HP 

Mean (ug/Kg of solid) 11.75 5.80 15.19* 10.40 5.21 12.56 NS ‡ 13.94 6.39 21.12+ 

Standard Error 1.49 1.60 2.12 1.85 2.29 2.41 2.50 2.25 4.19 

Range 119 82 119 119 79 119 118 82 118 

Minimum 0 0 0 0 0 0 0 0 0 

Maximum 119 82 119 119 79 119 118 82 118 

Count 308 113 195 191 56 135 117 57 60 
Confidence Level 
(95.0%) 2.937 3.17 4.19 3.64 4.60 4.77 4.95 4.51 8.39 
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Ti,Titanium; NT, Normotensive; HP, Hypertensive; NS, Non significant; *Difference between means of respective NT and HP samples 

(unpaired t test, P = 0.8644, 
‡
P = 0.6596, 

+
P = 0.5439 ) 

Table 4.4   Values of V in total, female and male samples according to HP status 
V  Total samples Female samples Males samples 
Parameters Total NT HP Total NT HP Total NT HP 

Mean (ug/Kg of solid) 5.23 4.03 5.93NS* 5.22 5.50 5.10NS‡ 5.25 2.58 7.78+ 

Standard Error 0.52 0.75 0.69 0.65 1.19 0.78 0.87 0.88 1.41 

Range 35 32 35 35 28 35 35 32 35 

Minimum 0 0 0 0 0 0 0 0 0 

Maximum 35 32 35 35 28 35 35 32 35 

Count 308 113 195 191 56 135 117 57 60 
Confidence Level (95.0%) 1.03 1.48 1.38 1.29 2.38 1.55 1.73 1.77 2.81 

V, Vanadium; NT, Normotensive; HP, Hypertensive; NS, Non significant, *Difference between means of NT and HP samples (unpaired 

t test, *P = 0.0794, 
‡
P = 0.8348, 

+
P = 0.0025) 

Table 4.3   Values of Ti in total, female and male samples according to HP status 
Ti  Total samples Female Sample Male samples 
Parameters Total NT HP Total NT HP Total NT HP 

Mean (ug/Kg of solid) 173.23 174.49 172.50NS* 166.53 171.05 164.66NS‡ 184.15 177.86 190.13NS+ 

Standard Error 5.60 8.33 7.43 6.59 10.41 8.27 10.05 13.04 15.25 

Range 593 453 591 593 453 591 531 411 524 

Minimum 46 46 48 46 46 48 78 78 85 

Maximum 639 499 639 639 499 639 609 489 609 

Count 308 113 195 191 56 135 117 57 60 

Confidence Level (95.0%) 11.02 16.50 14.65 12.99 20.86 16.36 19.91 26.13 30.52 
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Cr, Chromium; NT, Normotensive; HP, Hypertensive; NS, Non significant; *Difference between means of NT and HP 

samples (unpaired t test, *P = 0.4347, 
‡
P = 0.8470, 

+
P = 0.5671) 

 

 

 

 

 

 

 

 

Mn, Manganese; NT, Normotensive; HP, Hypertensive; NS, Non significant; *Difference between means of NT and HP 

samples (unpaired t test, P = 0.0703, 
‡
P = 0.1219, 

+
P = 0.4301) 

Table 4.5   Values of Cr in total, female and male samples according to HP status 

Cr  Total samples Female samples Male samples 
Parameters Total NT HP Total NT HP Total NT HP 

Mean (ug/Kg of solid) 161.11 149.07 168.09NS* 163.50 151.87 168.33 NS ‡ 157.21 146.32 167.57 NS + 

Standard Error 11.71 18.38 15.14 15.17 25.78 18.65 18.45 26.41 25.94 

Range 689 661 689 689 661 689 647 647 645 

Minimum 0 0 0 0 0 0 0 0 0 

Maximum 689 661 689 689 661 689 647 647 645 

Count 308 113 195 191 56 135 117 57 60 

Confidence Level (95.0%) 23.05 36.41 29.86 29.92 51.66 36.88 36.54 52.91 51.90 

Table 4.6   Values of Mn in total, female and male samples according to HP status 

Mn Total samples Female samples Male samples 

 
Total NT HP Total NT HP HP NT HP 

Mean (ug/Kg of solid) 8.56 7.93 8.93 NS * 8.73 7.93 9.06 NS ‡ 8.29 7.93 8.63 NS + 
Standard Error 0.27 0.45 0.33 0.33 0.62 0.39 23.05 24.03 22.27 

Range 23 23 23 23 20 23 22 22 20 
Minimum 0 0 0 0 0 0 1 1 2 
Maximum 23 23 23 23 20 23 23 23 22 
Count 308 113 195 191 56 135 117 57 60 

Confidence Level (95.0%) 0.52 0.88 0.65 0.65 1.24 0.78 0.88 1.30 1.22 
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Co, Cobalt; NT, Normotensive; HP, Hypertensive; NS, Non significant;*Difference between means of NT and HP samples (unpaired t 

test, P = 0.0734, 
‡
P = 0.0416, 

+
P = 0.6411) 

 

 

 

 

 

 

 

 

Ni, Nickel; NT, Normotensive; HP, Hypertensive; NS, Non significant; *Difference between means of NT and HP samples (unpaired t test, P 

= 0.4631, 
‡
P = 0.4054, 

+
P = 0.0064) 

Table 4.7   Values of Co in total, female and male samples according to HP status 

Co  
Total samples Female samples Male samples 

Total NT HP Total NT HP Total NT HP 

Mean (ug/Kg of solid) 1.81 2.48 1.43 NS * 2.02 3.45 1.43‡ 1.47 1.53 1.42 NS + 
Standard Error 0.28 0.75 0.10 0.45 1.49 0.13 0.12 0.17 0.16 
Range 73 73 12 73 73 12 4 4 4 
Minimum 0 0 0 0 0 0 0 0 0 
Maximum 73 73 12 73 73 12 4 4 4 
Count 308 113 195 191 56 135 117 57 60 
Confidence Level (95.0%) 0.56 1.48 0.20 0.89 3.00 0.26 0.23 0.35 0.32 

Table 4.8   Values of Ni in total, female and male samples according to HP status 

Ni   
Total samples Female samples Males samples 

Total NT HP Total NT HP Total NT HP 

Mean (ug/Kg of solid) 139.79 126.30 147.60 NS * 131.60 153.98 122.32 NS ‡ 153.15 99.11 204.48+ 
Standard Error 13.96 23.83 17.22 17.27 41.49 17.42 23.62 23.77 39.22 
Range 1920 1920 1403 1920 1920 742 1403 743 1403 
Minimum 0 0 0 0 0 0 0 0 0 
Maximum 1920 1920 1403 1920 1920 742 1403 743 1403 
Count 308 113 195 191 56 135 117 57 60 
Confidence Level (95.0%) 27.47 47.22 33.95 34.07 83.14 34.44 46.78 47.61 78.48 
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Table 4.9   Values of Cu in total, female and male samples according to HP status 

Cu  

Total samples Female samples Male samples 

Total NT HP Total NT HP Total NT HP 

Mean (ug/Kg of solid) 5413.46 5090.58 5600.56 NS * 5664.68 5399.14 5774.82 NS ‡ 5003.35 4787.44 5208.47 NS + 
Standard Error 135.97 207.32 177.02 179.13 335.87 211.78 201.65 241.35 319.24 
Range 11557 10876 10732 11557 10876 10509 10469 9370 10469 

Minimum 896 896 1721 896 896 1944 1721 1786 1721 

Maximum 12453 11772 12453 12453 11772 12453 12190 11156 12190 

Count 308 113 195 191 56 135 117 57 60 

Confidence Level (95.0%) 267.54 410.77 349.14 353.33 673.10 418.87 399.40 483.48 638.79 
Cu,Copper; NT, Normotensive; HP, Hypertensive; NS, Non significant; *Non significant difference between means of NT and HP samples 

(unpaired t test, P = 0.0705, 
‡
P = 0.3410, 

+
P = 0.2987). 

 

Table 4.10   Values of Zn in total, female and male samples according to HP status 

Zn  
Total samples Female samples Male samples 

Total NT HP Total NT HP Total NT HP 

Mean (ug/Kg of solid) 27937 26692 28658 NS * 28726 28155 28963 NS ‡ 26649 25255 27973 NS + 
Standard Error 496.88 838.28 612.11 643.33 1328.73 726.81 768.31 1004.11 1137.14 
Range 44860 41832 44618 41108 40295 40866 40882 32933 40882 
Minimum 9403 12431 9403 13155 13968 13155 9403 12431 9403 
Maximum 54263 54263 54021 54263 54263 54021 50285 45364 50285 
Count 308 113 195 191 56 135 117 57 60 
Confidence Level(95.0%) 977.71 1660.95 1207.25 1268.99 2662.82 1437.5 1521.74 2011.47 2275.40 

Zn, Zinc; NT, Normotensive; HP, Hypertensive; NS, Non significant; *Difference between means of NT and HP samples (unpaired t test, P 

= 0.0564, 
‡
P = 0.5691, 

+
P = 0.8394) 
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As, Arsenic; NT, Normotensive; HP, Hypertensive; NS, Non significant;*Difference between means of NT and 

HP samples (unpaired t test, P = 0.0017,
 ‡

 P = 0.0952, 
+
P = 0.0027) 

Table 4.12   Values of Se in total, female and male samples according to HP status 

Se  

Total samples Female samples Male samples 

Total NT HP Total NT HP Total NT HP 

Mean (ug/Kg of solid) 487.16 452.20 507.42* 493.28 469.50 503.15 NS ‡ 477.16 435.21 517.02+ 
Standard Error 7.46 11.69 9.36 9.09 16.43 10.83 12.86 16.46 18.29 

Range 962 806 717 707 543 707 879 762 634 
Minimum 0 0 245 255 263 255 0 0 245 

Maximum 962 806 962 962 806 962 879 762 879 
Count 308 113 195 191 56 135 117 57 60 

Confidence Level (95.0%) 14.68 23.16 18.46 17.92 32.92 21.41 25.48 32.97 36.61 
Se, Selenium; NT, Normotensive; HP, Hypertensive; NS, Non significant;*Difference between means of NT and HP 

samples (unpaired t test, P = 0.0003, 
‡
P = 0.0919, 

+
P = 0.0012) 

Table 4.11   Values of As in total, female and male samples according to HP status 

As  

Total samples Female samples Male Samples 

Total NT HP Total NT HP Total NT HP 

Mean (ug/Kg of solid) 21.98 18.62 23.92* 22.09 19.32 23.24 NS ‡ 21.79 17.93 25.47+ 

Standard Error 0.82 1.30 1.03 1.07 1.99 1.26 1.27 1.67 1.78 

Range 62 58 62 62 57 62 58 58 56 

Minimum 0 0 0 0 0 0 0 0 0 

Maximum 62 58 62 62 57 62 58 58 56 

Count 308 113 195 191 56 135 117 57 60 

Confidence Level(95.0%) 1.61 2.57 2.03 2.11 4.00 2.48 2.52 3.35 3.57 
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Rb, Rubidium; NT, Normotensive; HP, Hypertensive; NS, Non significant; *Difference between means of NT and HP samples (unpaired t test, 

P = 0.0138, 
‡
P = 0.1289, 

+
P = 0.0288) 

Table 4.14   Values of Sr in total, female and male samples according to HP status 

Sr  

Total sample Female sample Male sample 

Total NT HP Total NT HP Total NT HP 

Mean (ug/Kg of solid) 83.58 59.79 97.35* 80.42 66.89 86.03 NS ‡ 88.73 52.83 122.83+ 

Standard Error 9.23 13.13 12.34 11.12 19.27 13.57 16.17 17.99 25.89 

Range 623 590 623 600 590 600 623 520 623 

Minimum 0 0 0 0 0 0 0 0 0 

Maximum 623 590 623 600 590 600 623 520 623 

Count 308 113 195 191 56 135 117 57 60 

Confidence Level(95.0%) 18.15 26.02 24.34 21.94 38.62 26.84 32.03 36.04 51.81 
Sr, Stronsium; NT, Normotensive; HP, Hypertensive; NS, Non significant;*Difference between means of NT and HP 

samples (unpaired t test, P = 0.0496,
 ‡

P = 0.4350, 
+
P = 0.0299) 

Table 4.13   Values of Rb in total, female and male samples according to HP status 

Rb  

Total samples Female samples Male samples 

Total NT HP Total NT HP Total NT HP 

Mean (ug/Kg of solid) 7131.63 6815.41 7314.88* 7126.79 6819.84 7254.12 NS ‡ 7139.54 6811.05 7451.60+ 

Standard Error 97.97 152.03 125.64 130.08 243.12 153.21 147.02 186.03 219.71 

Range 7787 7492 7787 7787 7492 7787 6976 6313 6976 

Minimum 3445 3562 3445 3445 3562 3445 4100 4295 4100 

Maximum 11232 11054 11232 11232 11054 11232 11076 10608 11076 

Count 308 113 195 191 56 135 117 57 60 

Confidence Level(95.0%) 192.77 301.24 247.78 256.59 487.23 303.01 291.19 372.68 439.65 
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Table 4.15   Values of Mo in total, female and male samples according to HP status 

Mo  

Total sample Female sample Male sample 

Total NT HP Total NT HP Total NT HP 

Mean (ug/Kg of solid) 24.09 20.86 25.97* 24.67 21.19 26.10 NS ‡ 23.16 20.53 25.67 NS + 

Standard Error 1.21 1.85 1.57 1.61 2.61 1.99 1.82 2.64 2.49 

Range 80 73 80 80 73 80 79 67 79 

Minimum 0 0 0 0 0 0 0 0 0 

Maximum 80 73 80 80 73 80 79 67 79 

Count 308 113 195 191 56 135 117 57 60 

Confidence Level(95.0%) 2.38 3.66 3.10 3.17 5.23 3.94 3.61 5.29 4.99 
Mo, Molybdenum; NT, Normotensive; HP, Hypertensive; NS, Non significant;*Difference between means of NT and HP 

samples (unpaired t test, *P = 0.0419, 
‡
P = 0.1647, 

+
P = 0.1597) 

 

 

 

 

 

 

 

Cd,Cadmium; NT, Normotensive; HP, Hypertensive; NS, Non significant;  *Non significant difference between means of 

NT and HP samples (unpaired t test, P = 0.2798, 
‡
P = 0.1139, 

+
P = 0.7433 ) 

Table 4.16   Values of Cd in total, female and male samples according to HP status 

Cd  
Total sample Female sample Male sample 

Total NT HP Total NT HP Total NT HP 

Mean (ug/Kg of solid) 9.48 8.31 10.16 NS * 8.53 6.00 9.58 NS ‡ 11.04 10.58 11.48 NS + 
Standard Error 0.83 1.36 1.04 1.03 1.69 1.27 1.37 2.10 1.79 
Range 51 51 48 48 46 48 51 51 47 
Minimum 0 0 0 0 0 0 0 0 0 
Maximum 51 51 48 48 46 48 51 51 47 
Count 308 113 195 191 56 135 117 57 60 
Confidence Level(95.0%) 1.62 2.70 2.04 2.03 3.39 2.51 2.72 4.21 3.58 
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Pb,Lead; NT, Normotensive; HP, Hypertensive; NS,Non significant;  *Difference between means of NT and HP 

samples (unpaired t test, *P = 0.0014 
‡
P =0.1287, 

+
P = 0.0018)  

 

 

 

 

 

 

 

 

Th,Thorium; NT, Normotensive; HP, Hypertensive; NS, Non significant;  *Difference between means of NT and HP samples 

(unpaired t test, P = 0.7381 
‡
P = 0.5067 

+
P = 0.0629)

Table 4.17  Values of Pb in total, female and male samples according to HP status 

Pb  

Total sample Female sample Male sample 

Total NT HP Total NT HP Total NT HP 

Mean (ug/Kg of solid) 338.24 293.94 363.91* 345.40 312.11 359.22 NS ‡ 326.55 276.08 374.48+ 

Standard Error 10.64 16.07 13.69 14.10 25.99 16.71 15.98 18.99 23.95 

Range 901 786 901 901 775 901 744 608 722 

Minimum 0 101 0 0 112 0 101 101 123 

Maximum 901 887 901 901 887 901 845 709 845 

Count 308 113 195 191 56 135 117 57 60 

Confidence Level(95.0%) 20.94 31.85 27.00 27.82 52.09 33.04 31.65 38.05 47.93 

Table 4.18   Values of Th in total, female and male samples according to HP status 

Th  

Total sample Female sample Male sample 

Total NT HP Total NT HP Total NT HP 

Mean (ug/Kg of solid) 10.56 10.44 10.63 NS* 10.19 10.55 10.04 NS ‡ 11.15 10.32 11.93 NS + 

Standard Error 0.27 0.45 0.35 0.35 0.66 0.41 0.44 0.57 0.64 

Range 21 20 21 20 19 20 21 20 20 

Minimum 2 3 2 3 4 3 2 3 2 

Maximum 23 23 23 23 23 23 23 23 22 

Count 308 113 195 191 56 135 117 57 60 

Confidence Level(95.0%) 0.54 0.86 0.69 0.69 1.32 0.81 0.86 1.15 1.27 
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Table 4.19.  Correlation between trace elements in hypertensive patients 

Li 0.45‡                 

Ti 0.68‡ 0.41‡                

V 0.41‡ 0.49‡ 0.35‡               

Cr 0.31‡ 0.41‡ 0.28‡ 0.42‡              

Mn 0.07 -0.10 -0.02 0.01 -0.04             

Co 0.02 0.03 0.08 0.13 0.16‡ 0.04            

Ni 0.46‡ 0.37‡ 0.41‡ 0.36‡ 0.46‡ -0.02 -0.02           

Cu 0.41‡ 0.44‡ 0.43‡ 0.41‡ 0.40‡ -0.04 -0.04 0.34‡          

Zn 0.02 0.09 0.14 0.07 0.12 -0.02 0.09 0.11 0.33‡         

As 0.39‡ 0.07‡ 0.42‡ 0.35‡ 0.15‡ -0.08 0.00 0.23‡ 0.46‡ 0.19‡        

Se 0.28‡ 0.27‡ 0.43‡ 0.32‡ 0.17 .004 0.17* 0.23‡ 0.41‡ 0.33‡ 0.40‡       

Rb 0.16* 0.09 0.25‡ 0.25‡ 0.24‡ .006 0.16* 0.12 0.32‡ 0.25‡ 0.32‡ 0.47‡      

Sr 0.45‡ 0.46‡ 0.34‡ 0.49‡ 0.47‡ 0.06 0.17* 0.49‡ 0.54‡ 0.25‡ 0.29‡ 0.20‡ 0.16*     

Mo 0.28‡ 0.23‡ 0.34‡ 0.23‡ 0.37‡ 0.04 0.03 0.32‡ 0.46‡ 0.15‡ 0.36‡ 0.19* 0.24‡ 0.42‡    

Cd 0.06 0.08 -0.02 0.05 -0.01 0.05 0.02 0.04 -0.01 0.12 0.09 0.16* 0.08 0.03 0.07   

Pb 0.15* 0.35‡ 0.14 0.33‡ 0.39‡ -0.05 0.08 0.19‡ 0.37‡ 0.19‡ 0.22‡ 0.32‡ 0.05 0.03 0.20‡ 0.11  

Th 0.09 0.05 -0.01 0.09 -0.90 0.15* 0.00 0.07 0.02 -.17* -0.04 0.01 -0.05 0.08 0.02 0.04 -0.02 

Elements Al Li Ti V Cr Mn Co Ni Cu Zn As Se Rb Sr Mo Cd Pb 

‡ Correlation is significant 
at 0.01 level in HP and NT  

*Correlation is significant at 0.05 
level in HP and NT 

*Correlation is significant at 0.01 
level in HP 

*Correlation is significant at 
0.05 level in HP 

All others are non significant. DF = 191
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Table 4.20.  Correlation between trace elements in normotensive patients 

Li 0.25‡                 

Ti 0.71‡ 0.13                

V -0.06 0.37‡ -0.00               

Cr 0.06 0.22‡ 0.06 0.50‡              

Mn 0.07 -0.03 0.09 -0.13 -0.03             

Co -0.05 -0.04 -0.02 0.07 -0.03 0.11            

Ni 0.15 0.26‡ 0.14 0.46‡ 0.42‡ 0.07 0.33‡           

Cu 0.39‡ 0.33‡ 0.37‡ 0.26‡ 0.27‡ -0.00 0.00 0.28‡          

Zn -0.16 0.12 0.08 0.09 0.01 0.02 0.10 0.18 0.27‡         

As 0.23‡ 0.20* 0.18 0.15 0.27‡ -0.02 -0.04 0.23* 0.19‡ 0.09        

Se 0.25‡ 0.15 0.19* 0.17 0.13 0.05 0.08 0.21* 0.40‡ 0.21* 0.21*       

Rb 0.23* 0.13 0.22* -0.05 -0.00 0.00 0.07 0.05 0.22* 0.32‡ 0.11 .32 ‡      

Sr 0.47‡ 0.44‡ 0.43‡ 0.26‡ 0.28‡ -0.01 -0.05 0.28‡ 0.47‡ 0.10 0.31‡ .26 ‡ 0.14     

Mo 0.29‡ 0.27‡ 0.15 0.19* 0.52‡ 0.05 -0.02 0.39‡ 0.26‡ -0.07 0.29‡ .27 ‡ 0.12 0.39‡    

Cd 0.05 0.08 -0.07 -0.07 -0.05 -0.02 -0.03 -0.02 -0.01 -0.02 0.08 -0.03 0.25‡ -0.01 0.12   

Pb -0.00 0.24* -0.04 0.28‡ 0.23* 0.04 0.02 0.27‡ 0.28‡ 0.29‡ 0.26‡ 0.13 0.01 0.23* 0.17 0.02  

Th 0.08 0.02 0.06 0.01 0.21* 0.11 -0.08 0.07 0.06 -.22* 0.14 0.17 -0.08 0.09 0.18 0.04 -0.03 

Elements Al Li Ti V Cr Mn Co Ni Cu Zn As Se Rb Sr Mo Cd Pb 

‡ Correlation is significant at 0.01 
level in HP and NT 

*Correlation is significant at 0.05 
level in HP and NT 

*Correlation is significant at 0.01 level 
in NT 

*Correlation is significant at 
0.05 level in NT 

All others are non significant. DF = 113 
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correlation.  Th-Zn gives significant negative correlation both in hypertensive and 

normotensive groups.  In normotensive group a significant correlation was observed 

between Ni-Co, Cd-Rb, Pb-Sr, and Th-Cr.  In hypertensive individuals metallic 

composition of these metals seems to be leading to loss of relationship.  

Nonetheless many other correlations such as Ti (Al), V (Al, Ti), Cr (Al, Ti), Ni (Al, Ti), 

As (Ti, V, Zn), Se (Li, V, Co), Rb (V, Cr, Co, As), Sr (Co, Zn, Rb), Mo (Ti, Zn, Rb), Cd 

(Se), and Pb (Al, Ti, Mn, Mo) were novel in hypertensive population.            

Discussion   

Generally trace elements values remain constant around a narrow range in human 

serum but this distribution varies according to environmental conditions and food 

habits of the different populations of the world.  Different trace elements in Pakistani 

population have been estimated by different techniques including colorimetric, flame 

photometric and atomic absorption (Khan et al., 1984; Rahman et al., 2006).  

Analytical sensitivities of the elements have improved by graphite furnace atomic 

absorption spectrometry (GFAAS), inductively coupled plasma atomic emission 

spectroscopy (ICP-AES) and inductively coupled plasma mass spectrometry.  

Among these ICP-MS provides excellent sensitivity upto ppt level and have 

established itself as sensitive technique for the determination of trace elements in 

biological samples (Fujimore et al., 1996).  Out of 25 elements determined six (Be, 

Sc, Y, Ba, La, and Ce) were totally absent in all samples while uranium was found in 

one subject (20 PPB), a sixty six years old normotensive, undergoing radiotherapy.  

Al is very common in environment and due to the ubiquitous nature of this metal it is 

difficult to determine the accurate blood Al level because of fear of contamination 

from the environment.  Results of these trace elements in all samples coincide with 

the normal values in human serum.   

Average values of all eighteen trace elements have been listed in tables 4.1 to 4.18 

along with standard errors and range of values to provide some idea of the 

distribution of the element in hypertensive and normotensive samples.  Level of 

significance between mean values of hypertensive and normotensive groups were 

determined and significant difference between mean values of hypertensive and 

normotensive group was found in Lithium, with relatively similar but non significance 

in (p ≤ 0.07) female samples.  This is in contrast to study done in 150 Polish 
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hypertensive and normotensive subjects and no difference between two groups was 

noted in that study (Goch, 2005).  As is a naturally occurring metalloid, ubiquitously 

present in environment.  Its toxicity is related with hypertension, skin lesions, 

peripheral vascular disease, Blackfoot disease and high incidence of cancer (Flora et 

al., 2007).  Additionally rats fed with arsenic for long time developed high blood 

pressure (Yang et al., 2007).  Long exposure of As has also been linked with 

hypertension in Bangladeshi as well as in Taiwanese populations (Chen et al., 

2007a, b). Results of our study follow similar trend as level of As in blood is 

significantly higher (p = 0.0017) in hypertensive group as compared to control group.  

When sample were divided into genders, As values were found to be highly 

significant in male sample (0.0027) as compared to female sample (p= 0.090), which 

were non significant.  This indicates a role of As in onset of hypertension in local 

population.  Exact mechanisms by which arsenic induces high blood pressure are 

not clear. Low concentrations of arsenite (As3þ) have been associated with 

increased superoxide accumulation in porcine aortic endothelial cells (Chen et al., 

2007b).  Arsenic is also thought to impair formation of endothelial nitric oxide; a 

potent vasoconstrictor (Chen et al., 2007b).  In addition to these two elements 

selenium, rubidium, molybdenum and lead values were also significantly increased 

in hypertensive group relative to normotensive group.  As a general rule values of 

these elements were significantly high in males as compared to females, which were 

showing non significant p values.  Deficiency of Se has been linked with 

hypertension in European population (Nawrot et al., 2007).  Blood Se levels are 

higher in hypertensives as compared to normotensives in both males and females 

groups (table 4.12).  Averages Se values in our study population seems to be slightly 

higher than normal serum values (70-130 ug/L).  This indicates that toxic levels of Se 

may also have role in hypertension, although Se toxicity in human is not known to be 

a problem.  Rb in Punjab population is also significantly high in hypertensive group 

as compared to control group (p = 0.0138).  It was also higher in female (but non 

significantly) and in male (significant) hypertensive groups. Relationship of Rb with 

hypertension has been reported to be non significant among Nigerian hypertensive 

population (Akanle et al., 1999).  Mo levels in serum were significantly higher in total 

samples and also higher in males and females non- significantly.  While a study in 

Polish population failed to link Mo levels with hypertension (Goch, 2005).  Lead is 

another important mineral linked with environmental pollution.  Significantly higher 
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values of Pb in hypertensive subjects were found in our study indicating its role in 

hypertension especially in males.  Pb has been linked with many disease conditions 

in different populations including low IQ and poor learning in children, minimal brain 

dysfunction, cardiovascular disease cerebrovascular disease and nephritis (Acien et 

al., 2007).  Toxic effects of Pb on Kidney have also been associated with 

hypertension.  Even low levels of exposure to Pb may lead to hypertension (Muntner 

et al., 2003).  High Pb values have also been estimated by Rahman et al., (2006) in 

Pakistani population.  Nickel and vanadium serum levels were only linked with 

hypertensive male population while Co level in serum was significantly higher in 

female hypertensive population. Nevertheless Cu, Zn, and Cr levels were higher in 

hypertensive population. 

Our study did not find any significant difference in Cu, Zn and Cr concentrations 

between hypertensive and normotensive groups.  Several studies link Cu and Zn 

with hypertension also Cu/Zn ratio is linked with hypertension.  In Polish study higher 

values of Cu/Zn ratios were linked with hypertension while lower Cu values were 

associated with hypertension.  In present study Cu/Zn ratio was slightly higher in 

hypertensive group (0.1954), when considered total sample and in case of females 

but results were opposite in case of male groups.  These were lower as compared to 

Female Cu/Zn ratios as shown in figure 4.21.  
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All the trace elements studied were higher in hypertensive group as compared to 

normotensive groups except Al which is slightly less in hypertensive group.  Increase 

of oxidative and decrease of elements promoting anti oxidative activities in serum 

may contribute to the essential hypertension pathogenesis probably through 

oxidative stress development.  Since these metals despite being structural parts of 

several enzymes, also act as cofactors for the activity of the enzymes and combined 

effect of these trace elements may determine severity of hypertension.   

Calculation of correlation among all trace elements provided interesting results as 

indicated in Tables 4.19 and 4.20.  Significant correlations common to hypertensive 

and normotensive groups indicates that these trace elements may or may not be 

related to hypertension but these are related with each other in over all population.  

Correlation between Al and Ti are strongest in both hypertension and normotensive 

group (0.68 and 0.71 respectively) in our study samples.  This correlation may be 

due to the use of several household gadgets made with Al-Ti alloys.  Aluminum is 

also showing moderately strong correlation with V, Cr, and Ni in hypertensive group 

while weak but significant correlation was observed with Pb.  Aluminum and Lead 

have been shown to be positively correlated with arterial hypertension (Granadillo et 

al., 1995).  There is a possibility that these two may be linked with hypertension in 

Punjab population as well.  Same authors investigating the role of trace elements in 

small sample of 20 arterial hypertensive patients from Turkey reported lack of 

association of Vanadium with hypertension (Granadillo et al., 1995).  Among other 

notable correlations were between Ti and Ni (r = 0.41), Ti and V (0.35), Ti and As 

(0.42), and Cr is correlated with Sr, Pb and Mo in the same order.  These elements 

may have important role in the onset of the hypertension.  Some the trace elements 

can be visualized as how these might influence high blood pressure by influencing 

the activities of enzymes controlling complex mechanism which maintain blood 

pressure.  Only four metal combinations have been found to be significantly 

correlated with each other in normotensive group indicating role in maintenance of 

blood pressure probably in a beneficial way.  Ni and Co show highest correlation 

(0.33) in normotensive group, while Cd and Th show significant correlation though r 

value is low for Th. Thorium (Th232, IV) accumulates in liver, spleen and femur.  Its 

accumulation increases oxidative stress in the body resulting in inhibition of the 

enzymes of oxidative pathways (Kumar et al., 2008).  This metal has not been 
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shown to link with hypertension directly but our results indicate some correlation.  In 

hypertensive group interaction of Th with Mn (positive) was significant and 

normotensive group Th is correlated with Cr.  Th is in negative correlation with Zn in 

both groups indicating thereby that Th may somehow inhibit Zn uptake or storage.  
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Chapter 5 

POLYMORPHISMS IN ANGIOTENSINOGEN (AGT) GENE 

Among components of Renin-Angiotensin-aldosterone system (RAAS), 

angiotensinogen (AGT) gene regulates the expression of angiotensinogen, a 

polypeptide mainly produced in liver.  Angiotensinogen is the substrate for renin 

enzyme which cleaves it to angiotensin I and then ACE enzymes converts it to 

angiotensin II. This product exerts vasoconstriction and sodium retention thus 

regulating the blood pressure (Gardes et al., 1989). Levels of AGT in blood have 

been correlated with hypertension (Gardes et al., 1989 ; Menard et al., 1991).  In 

animal models mice having two copies of the AGT gene were found to be 

hypertensive (Kim et al., 1995), further consolidating believe that AGT gene plays 

important role in hypertension. 

 

AGT gene is located on long arm of chromosome 1(1q42-43) containing five exones 

(Gaillard et al. 1989).  More than 23 variants of the AGT gene have been identified 

(NCBI Single nucleotide polymorphism build 127) out of these three have been 

linked with hypertension (Yee-How et al., 2005).  M235T encodes threonine instead 

of methionine at position 235 (Jeunemaitre et al., 1992; 1993).  T174M encodes 

methionine instead of threonine at position 174 (Jeunemaitre et al., 1992; 1993) and 

a GT-repeat was reported to be present in 11 different allelic forms (Caulfield et al., 

1994). The role of these variants has been investigated in several ethnic groups and 

mixed results were obtained. TT genotype of M235T polymorphism was found to be 

associated with high blood pressure in Brazilian (Pereira et al., 2003), Russian 

(Babunova et al., 2003; Glotov et al., 2007), Romanian (Procopciuc et al., 2002; 

2005), Spanish (Giner et al., 2000), Turkish (Agachan et al., 2003), Mongols (Xu et 

al.,  2004; Gui-yan et al., 2006), and Taiwanese populations (Tsai et al., 2003).  On 

contrary several studies have failed to find any link between M235T polymorphism 

with hypertension in Dutch (Schmidt et al., 1993), Greek (Vassilikioti et al., 1996) and 

Brazillian population (Freitas et al., 2007). 

Recent evidence suggests that variants of the AGT and other members of RAS 

system may respond differently to different anti hypertension treatments (Xiao et. al., 

2007). While studying these SNP’s we faced difficulties in RFLP analysis. Almost all 

samples studied were found to be resistant to Nco I digestion though PCR amplified 



78 

 

 

 

fragments were showing variations in Single Stranded Conformational Polymorphism 

(SSCP). Because of the conflicting results and importance of these variant, It was 

decided to investigate further in this region through sequencing. Pakistani population 

of Punjab is unique because of centuries of traditions of marrying within family or 

cast. Objective of the study was to search for new SNPs in the vicinity of M235T and 

T174M SNPs which may be linked with essential hypertension. 

 

Polymerase Chain reaction using reverse and forward primers was performed as 

described in materials and methods.  Resulting 303 bp fragment (Shown in figure 

5.1) was subjected to digestion with NcoI which cuts at 5’…C↓CATGG…3’ sequence 

within amplified fragment.  Through several attempts we were unable to digest this 

fragment.  Which should yield 211 and 92 after digestion as previously reported 

(Caulfield et al., 1994).  

 

 

  

 

Figure 5.1. 303 bp amplified fragments of angiotensin gene in some of the samples 
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Due to the difficulty we faced in RFLP analysis of PCR amplified fragments , we 

decided to get selected fragments sequenced.  Sequencing was carried out on 

applied biosystem DNA sequencer.  Sequencing results of the seven samples are 

shown in figure 5.2-5.8.   

Variations found after sequencing were analyzed using Blast (Basic Local 

Alignments Tool). and Clustal W: a multiple sequence alignment tool.  Two already 

described polymorphisms M235T and T174M were present in our samples (table 

5.1). For M235T genotype, two were heterozygous (CT genotype) and five were 

having CC genotype.  No TT genotype was found in our tiny sample. Heterogeneity 

was more in T174M genotype as five samples were having CT genotype and one 

each having TT and CC genotypes.  Sample 153 and 155 were found to be having 

one additional nucleotide A, after base no 7048066 of chromosome 1 (GenBank. 

NT_004559.13, GI:88943888).  Another A was found ten bases from previous one 

(after Base no 7048056) in sample No 155 only. Apart from these two new variations 

found in our population there was a substitution of G with C in all of our samples. 

This substitution is only one base apart from T174M polymorphism hence disrupting 

the restriction site. 

 

Discussion 

RAAS plays a pivotal role in regulation of the blood pressure. Among the 

components of the RAAS Polymorphism in AGT has been more consistently linked 

with hypertension (Glotov 2007). While trying to study its role in local population we 

were unable to digest PCR products with restriction enzymes (PsyI and Nco I). 

Similar problem was observed by Lizanecz et al. (2006). We decided to investigate 

this region further since linkage to this region with hypertension has been reported 

(Caulfield 1994, Tsai 2003). After sequencing of this approximately 300 bp region we 

were able to confirm the presence of these polymorphisms in our population and we 

have found two additional bases in two of the samples we have sequenced (figure 

5.10).  Both additional bases were from hypertensive patients which have history of 

hypertension in the family.  Addition of these bases shifts the reading frame and two 

stop codons are created in the down stream sequences. Since the angiotensin I and 

II are towards the 3’ end of the gene therefore normal function of these hormones is 

less likely to be disturbed. 
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Figure 5.2.  Electropherogram of sample no. 153. 
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Figure 5.3. Electropherogram of sample No. 155. 
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Figure 5.4. Electropherogram of sample No. 156. 
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Figure5.5. Electropherogram of sample no. 167. 
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Figure 5.6. Electropherogram of sample No. 337 
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Figure 5.7. Electropherogram of sample No. 339. 



86 

 

 

 

 

Figure 5.8. Electropherogram of sample No. 345. 



87 

 

 

 

 

153   -----------------GGCCTGCTAGTGGCCCAGGGCAGGGCTGATAGCCAGGCCCAGC 43 

155   -----------------GGCCTGCTAGTGGCCCAGGGCAGGGCTGATAGCCAGGCCCAGC 43 

156   -----------------GGCCTGCTAGTGGCCCAGGGCAGGGCTGATAGCCAGGCCCAGC 43 

339   -----------------GGCCTGCTAGTGGCCCAGGGCAGGGCTGATAGCCAGGCCCAGC 43 

345   -----------------GGCCTGCTAGTGGCCCAGGGCAGGGCTGATAGCCAGGCCCAGC 43 

167   -----------------GGCCTGCTAGTGGCCCAGGGCAGGGCTGATAGCCAGGCCCAGC 43 

337   -----------------GGCCTGCTAGTGGCCCAGGGCAGGGCTGATAGCCAGGCCCAGC 43 

agt   CCCTGCAGGCTGTACAGGGCCTGCTAGTGGCCCAGGGCAGGGCTGATAGCCAGGCCCAGC 720 

                       ******************************************* 

 

153   TGCTGCTGTCCACGGTGGTGGGCGTGTTCACAGCCCCAGGCCTGCACCTGAAGCAGCCGT 103 

155   TGCTGCTGTCCACGGTGGTGGGCGTGTTCACAGCCCCAGGCCTGCACCTGAAGCAGCCGT 103 

156   TGCTGCTGTCCAYGGTGGTGGGCGTGTTCACAGCCCCAGGCCTGCACCTGAAGCAGCCGT 103 

339   TGCTGCTGTCCAYGGTGGTGGGCGTGTTCACAGCCCCAGGCCTGCACCTGAAGCAGCCGT 103 

345   TGCTGCTGTCCACGGTGGTGGGCGTGTTCACAGCCCCAGGCCTGCACCTGAAGCAGCCGT 103 

167   TGCTGCTGTCCACGGTGGTGGGCGTGTTCACAGCCCCAGGCCTGCACCTGAAGCAGCCGT 103 

337   TGCTGCTGTCCACGGTGGTGGGCGTGTTCACAGCCCCAGGCCTGCACCTGAAGCAGCCGT 103 

agt   TGCTGCTGTCCACGGTGGTGGGCGTGTTCACAGCCCCAGGCCTGCACCTGAAGCAGCCGT 780 

      ************ *********************************************** 

 

153   TTGTGCAGGGCCTGGCTCATCTATACCC-CTGTGGTCCTCCCACGCTCTCTGGACTTCAC 162 

155   TTGTGCAGGGCCTGGCTCATCTATACCCACTGTGGTCCTCCCACGCTCTCTGGACTTCAC 163 

156   TTGTGCAGGGCCTGGCTC-TCTATACCC-CTGTGGTCCTCCCACGCTCTCTGGACTTCAC 161 

339   TTGTGCAGGGCCTGGCTC-TCTATACCC-CTGTGGTCCTCCCACGCTCTCTGGACTTCAC 161 

345   TTGTGCAGGGCCTGGCTC-TCTATACCC-CTGTGGTCCTCCCACGCTCTCTGGACTTCAC 161 

167   TTGTGCAGGGCCTGGCTC-TCTATACCC-CTGTGGTCCTCCCACGCTCTCTGGACTTCAC 161 

337   TTGTGCAGGGCCTGGCTC-TCTATACCC-CTGTGGTCCTCCCACGCTCTCTGGACTTCAC 161 

agt   TTGTGCAGGGCCTGGCTC-TCTATACCC-CTGTGGTCCTCCCACGCTCTCTGGACTTCAC 838 

      ****************** ********* ******************************* 

 

153   AGAACTGGATGTTGCTGCTGAGAAGATTGACAGGTTCATGCAGGCTGTGACAGGATGGAA 222 

155   AGAACTGGATGTTGCTGCTGAGAAGATTGACAGGTTCATGCAGGCTGTGACAGGATGGAA 223 

156   AGAACTGGATGTTGCTGCTGAGAAGATTGACAGGTTCATGCAGGCTGTGACAGGATGGAA 221 

339   AGAACTGGATGTTGCTGCTGAGAAGATTGACAGGTTCATGCAGGCTGTGACAGGATGGAA 221 

345   AGAACTGGATGTTGCTGCTGAGAAGATTGACAGGTTCATGCAGGCTGTGACAGGATGGAA 221 

167   AGAACTGGATGTTGCTGCTGAGAAGATTGACAGGTTCATGCAGGCTGTGACAGGATGGAA 221 

337   AGAACTGGATGTTGCTGCTGAGAAGATTGACAGGTTCATGCAGGCTGTGACAGGATGGAA 221 

agt   AGAACTGGATGTTGCTGCTGAGAAGATTGACAGGTTCATGCAGGCTGTGACAGGATGGAA 898 

      ************************************************************ 

 

153   GACTGGCTGCTCCCTGAYGCGAGCCAGTGTGGACAGCACCCTGA---------------- 266 

155   GACTGGCTGCTCCCTGAYGCGAGCCAGTGTGGACAGCACCCTGA---------------- 267 

156   GACTGGCTGCTCCCTGAYGCGAGCCAGTGTGGACAGCACCCTGA---------------- 265 

339   GACTGGCTGCTCCCTGAYGCGAGCCAGTGTGGACAGCACCCTGA---------------- 265 

345   GACTGGCTGCTCCCTGAYGCGAGCCAGTGTGGACAGCACCCTGA---------------- 265 

167   GACTGGCTGCTCCCTGAYGCGAGCCAGTGTGGACAGCACCCTGA---------------- 265 

337   GACTGGCTGCTCCCTGACGCGAGCCAGTGTGGACAGCACCCTGA---------------- 265 

agt   GACTGGCTGCTCCCTGATGGGAGCCAGTGTGGACAGCACCCTGGCTTTCAACACCTACGT 958 

      ***************** * ***********************                  

Figure 5.9.  Alignment of the seven sequences with angiotensinogen gene 

sequence downloaded from genbank accession number NM_000029. 



88 

 

 

 

  

Table5.1.  Additions and substitutions in the angiotensinogen gene of local 

population.  

Patient ID and 

GenBank  

Acc. numbers 

HP 

/Sex 

Chromosome 1 Base position* 

NCBI Ac: NT_004559.13/GI:88943888 

M235T 

7048132 

Addition

7048066 

Addition

7048056 

T174M 

7047948 

G → C 

7047946 

153 (EF646866) HP/F C A - Y  C 

155 (EF646867) HP/F C A A Y C 

156 (EF646868) NT/M Y  - - Y C  

167 (EF646869) HP/F C - - Y C 

337 (EF646870) HP/M C - - C C 

339 (EF646871) HP/F Y  - - Y C 

345 (EF646872) HP/M C - - Y C 

HP hypertension, NT normotensive,  
Y = C/T.   
*Homo sapiens chromosome 1 genomic contig, reference assembly length = 
11394365 (GenBank). 
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Figure 5.10. Alignment of relevant portion of electropherograms, highlighting 

Polymorphisms , base aditions and substitutions.    
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M235T polymorphism indicated that CC genotype was found in five hypertensive 

samples. Sample size is not big enough to be indicating anything but this is 

consistent with Mondry et al (2005) and in contrast to what has been described by 

Glotov (2007). One sample was found to be heterozygous CT. Genotype of the 

normotensive patient was also CT. Majority of the T174M genotypes were 

heterozygous including normotensive sample. Only one sample was homozygous for 

the CC genotypes. 

Another substitution found in Punjabi population was presence of C instead of G in 

all the samples (table 5.1). This substitution causes change in amino acid from 

glycine a neutral-non polar amino acid to arginine a basic amino acid at this point.  

Significance of this substitution is yet to be realized.  

Trying to look for the possible enzyme which could digest this sequence we used 

online tool NEBCutter, which revealed that enzyme SsmI (5`…C↓TGATGCGA…3`), 

a blunt end cutter. can recognize the T variant in T174M polymorphism.   

These sequences were compared with sequence submitted to Gene bank by Celera 

and variations identical to the sequences submitted by Human Genome 

Organisation, (HUGO) were found.  These variants were also compared with other 

species to look for clue to the origin of these variations through NCBI’s sequence 

alignment tool BLAST but we found these variations to be unique to our study. 

Population of Punjab Province represents a genetically homogenous population due 

to inbreeding for centuries.  People like to marry within cast or with first cousins. 

There are chances that genomic structure of the local population may be unique. 

Finally we conclude that different ethnic populations should be characterized for 

more variations and more samples to be studied to confirm these variations, base 

substitution G to C need to be further confirmed whether it is dominant change or 

not. Looking at the variations in hypertension of the patients we also support the idea 

that along with M235T polymorphism several other polymorphisms in the AGT gene 

may contribute to the onset of hypertension (Lizanecz et al., 2006). 
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CHAPTER 6 

POLYMORPHISMS IN ANGIOTENSIN I CONVERTING 

ENZYME GENE 

Angiotensin I Converting Enzyme (ACE) or dipeptidyl carboxypeptidase I is the key 

component of the Rennin Angiotensin Aldosterone System (RAAS).  ACE enzyme 

breaks down inactive decapeptide angiotensin I to active vasoconstrictor angiotensin 

II.  Another role of the ACE enzyme is to katabolize bradykinin (Sayed-Tabatabaei et 

al., 2006), a strong vasodilator, to inactive bradykinin1-5.  Angiotensin I converting 

enzyme inhibitors are among the most common group of antihypertensive drugs, 

further indicating role of its gene in hypertension.  ACE gene has been mapped on 

chromosome 17 (17q23) by Mattei et al. (1989) through hybridization. 

Serum ACE levels show variations among individuals (Alhenc-Gelas et al., 1991).  

Variations in the plasma levels of the enzymes suggest a possible link with the gene 

polymorphism.   ACE gene harbors an insertion/deletion polymorphism (I/D) in exon 

16 that accounts for 47% of the variance in plasma ACE concentration (Rigat et al., 

1990).  This polymorphism is characterized by presence (D allele) or absence (I 

allele) of 287 bp Alu repeat.  ACE I/D polymorphism has been extensively studied in 

connection with hypertension and several other disease conditions (Sayed-

Tabatabaei et al., 2006) and in different ethnic populations.  There seems to be 

demographic effects which link essential hypertension with I/D polymorphism as 

most of the association studies have been reported in Chinese (Yi et al., 2006; Xu et 

al., 2004; Wang et al., 2004; Shan et al., 1999), Japanese (Todoroki et al., 2003; 

Yoshida et al., 2000), Mongolian (Xu et al., 2004; Gui-yan et al., 2006), Pakistani 

(Ismail et al., 2004), Bangladeshi (Morshed et al.,  2002), Tibetan (Gesang et al., 

2002) and Serbian populations (Stankovic et al., 2002) and no association have 

been reported in Caucasian (Glavnik and Petrovic, 2007), Cuban (Companioni et al., 

2007), Japanese (Tamaki et al., 2002), German population (Adrian et al., 2005).  

These studies indicate that there may be some environmental or ethnic factors 

involved (Joseph and Lip, 2005). 

Another polymorphism in neighboring exon 17, ACE G2350A (dbSNP rs4343) was 

found to exert 19% effect on plasma ACE concentrations Zhu et al. (2001).  This 

polymorphism was shown to be in strong linkage disequilibrium with hypertension, at 
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this locus by several researchers (Rigat et al., 1990; Zhu et al., 2001; McKenzie et 

al., 1995).  This polymorphism has been found to be associated with hypertension in 

Emirati population (Saeed et al., 2003).  G2350A polymorphism is reported to be 

linked with left ventricular hypertrophy in Chinese population but no association was 

found with essential hypertension in same population (Pan et al., 2007).  G2350A 

polymorphism was also indicated to be associated with Kawasaki disease in a 

sample of 107 children from Taiwan (Wu et al., 2004).  This polymorphism was not 

associated with myocardial infarction in a sample comprising of 470 hypertensive 

and control Pakistani subjects (Iqbal et al., 2004).  These results prompted us to look 

for I/D and G2350A polymorphisms in local Punjabi population of Pakistan and to 

see if these polymorphisms are associated with hypertension in our population.   

 

ACE I/D Polymorphism 

ACE I/D polymorphism was determined by nested PCR.  Two forward and one 

reverse primer were used in same reaction.  Second forward primer was inside the 

inserted region in Alu repeat.  Amplification products were run on 2.0% agarose gel.  

Amplification of the one (210 bp) indicated II, two (264 bp and 210 bp) indicated DD 

and three bands (498 bp, 264 bp, and 210 bp) indicated presence of ID 

polymorphisms respectively (figure 6.1).  Genotypes and allele frequencies of the 

population under study are summarized in table 6.1.  II genotype was prevalent in 

both hypertensive and normotensive population (60%) as compared to DD genotype 

(40%).  Three ACE I/D polymorphisms (DD, II, ID) were not associated with essential 

hypertension (total hypertensive vs. total normotensive: 2 = 5.611, 2 df, P < 0.10).  

DD genotype was more related to hypertension (odds ratio of 1.63 with a 95% 

confidence interval of 0.88-3.02 and P = 0.62) as compared to II (odds ratio 0.60 with 

a 95% of confidence interval of 0.38-0.95 and P = 0.375).  D allele frequency (0.43) 

was more in hypertensive subjects as compared normotensive controls (0.34).  I 

allele was less in hypertensive patients (0.57) as compared to controls (0.67). 

Overall difference between hypertensive and controls was not significant as 

determined by 2 = 5.611.  Allele frequencies were found to be according to Hardy 

Weinberg Equilibrium (2 = 2.633). 
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Figure 6.1. A typical result of the ACE nested PCR run on 2.0% 

agarose.  II genotype is determined by the presence of two fragments 

498 bp and 264 bp (Lane No. 1, 2, 4, 8, 9, 12, 16, 17, 20, 30, and 31).  

A single fragment of the 210 bp shows the presence of DD genotype 

(Lane No. 5, 13, 22, 23, and 29). ID genotype is marked by presence 

of all three fragments (Lane No. 3, 7, 14, 15, 18, 19, and 21).  Markers 

(3ul each) were loaded in Lane 6 and 24, (Fast RulerTM DNA ladder, 

Low range, Fermentas cat no. SM1103). 
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Table 6.1. Distribution of genotypes and alleles for ACE I/D polymorphisms in 

hypertensive  and normotensive population 

HWE, Hardy Weinberg Equilibrium; HP, hypertensive; NT, normotensive; OR, Odds ratio; CI, 

Confidence interval.  *Not in HWE 

 

 

 

Table 6.2 distribution of three  I/D genotypes according to sex 

Female 

 
Normotensive Hypertensive OR (95% CI) 

I/I 22 40 1.00 

I/D 27 70 3.44 (0.68-17.30) 

D/D 9 26 1.26 (0.20-7.90) 
 

Male 

I/I 33 36 1.00 

I/D 20 32 1.15 (0.19-6.79) 

D/D 8 20 2.79 (0.14-57.30) 
 

Test for interaction in the trend: 0.5 

 

 

 

 

 

Phenotype

/genotype 

HP 

Subjects 

NT 

Subjects 


2   

 

OR (95%CI) 

HP vs. NT 

ACE I/D    5.611 

(P ≤ 0.10) 

 

DD 46 (0.20) 16 (0.14) 1.63 (0.88-3.02, P = 0.62) 

ID 102 (0.45) 47 (0.40) 1.24 (0.79-1.95 P = 0.55) 

II 78 (0.35) 55 (0.47) 0.60 (0.38-0.95 P = 0.375) 


2    

(for HWE) 

1.406 

(P≤0.4951) 

1.318 

(P≤0.5147) 

  

D 0.43 0.34 2.633 

(P ≤ 0.1047) 

 

I 0.57 0.67  
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ACE G2350A Polymorphism 

A small fragment 122 bp was amplified using primers, ACE 2350F and ACE 2350R 

(table 2.13).  Example of the amplified fragments is shown in Figure 5.2.  Genotype 

was determined by digestion with enzyme Bsh1236I (Figure 5.2. B and C).  Since 

digestion with Bsh1236I results in two fragments (100 bp and 22 bp), two different 

approaches were used to identify digested fragment.  Several digestion reactions 

were rechecked on acryl amide gel, for confirmation.  A few samples were also 

checked with SSCP but with limited success (Figure 5.3). SSCP was tried with 

limited resources on minigel apparatus.  Several different approaches were used but 

reliable separation was not achieved.  Therefore this approach was discontinued.  

Genotypes and allele frequencies have been described in Table 5.2.  Allele 

frequencies in hypertensive group deviate from Hardy Weinberg Equilibrium 

significantly (2 = 24.15 P ≤ 0.0001, male 2 = 14.922 P ≤ 0.0006, female 2 = 

9.413 ≤ 0.009).  But allele frequencies are according to Hardy Weinberg equilibrium 

in control subjects (2 = 0.273 P ≤ 0.872; Table 5.2).  Association of ACE G2350A 

genotypes with clinical phenotype were statistically significant 2 = 28.4, 2 df, P < 

0.001).  Odds of GG genotypes were 3.04 times more in hypertensive patients (95% 

CI = 1.92-4.82, P = 0.75) as compared to normotensive patients.  

Combined effect of the four alleles was also evaluated through construction of the 

haplotypes on hypertension.  Table 5.3 shows the distribution of haplotypes in 

experimental and control groups.  Our all effect of four haplotypes was found to be 

significant in hypertensive group as compared to normotensive group 2 = 39.75, df 

= 3 P≤ 0.001.  Haplotypes of I/G, and D/G were significantly higher in hypertensive 

group as compared to control group.  

 

Discussion 

ACE I/D polymorphism was determined by triple primer method, which is considered 

to be a reliable technique (Ueda et al., 1996).  Third primer is situated completely 

within insertion sequence of I allele.  Bands were clearly separable on the 2.5% 

agarose gel as shown in figure 5.1.  This method has one advantage that a single 

gel would reveal genotype although suspected cases were repeated for confirmation. 
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 A                              B 

 

C 

Figure 6.2. (A). Example of amplified 122 bp fragment of ACE gene.  (B) 

agarose gel electrophoresis (2.0%) of the 122 bp ACE fragment after 

digestion with Bsh1236l (Fermentas ER 0921), No digestion GG genotype 

(Lane 2, 7, 11), Complete digestion 100 bp + 22 bp fragment mean AA 

genotype (Lane 3, 5, 9, 10), three fragment (122 bp, 100 bp, 22 bp) mean AG 

genotype (Lane 6).  (C) More samples run on acryl amide gel to get better 

separation, lanes 3, 18, 19, 20, 21, 22 show AG genotype rest of them show 

GG.  Marker is same in all three pictures (FastRulerTM DNA ladder, Low 

range, Fermentas cat. no. SM1103).  
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A                              B 

Figure 6.3.  Two examples of attempts to separat single stranded DNA on the basis 

of presence or absence of SNP.  On 10% Acrylamide gel Lanes 2, 4, 6, 8 (gel A) and 

1,6, 9 (gel B) were loaded with double stranded PCR products and adjacent lanes 

were loaded with same product mixed with formamide loading dye and  denatured by 

heating in boiling waterbath.  Marker is same as in figure 5.2.  Gel was stained with 

silver nitrate.  

 

Table 6.3. Distribution of genotypes and alleles for ACE G2350A polymorphisms in 

hypertensive  and normotensive population 

HWE, Hardy Weinberg Equilibrium; HP, hypertensive; NT, normotensive; OR, Odds ratio; CI, 

Confidence interval.  *Not in HWE    

Phenotype/g

enotype 

HP 

Subjects 

NT 

Subjects 


2  

 

OR (95%CI) HP vs. NT 

ACE G2350A     

GG 151 (0.67) 47 (0.40) 28.4  

(df = 2, P≤0.001)  

3.04 (1.92-4.82, P = 0.75) 

AG 48 (0.21) 57 (0.48) 0.29 (0.18-0.47, P= 0.22) 

AA 27 (0.12) 14 (0.12) 1.01 (0.507-2.00, P= 0.50) 


2  

(for HWE) 

24.15* 

(P≤ 0.0001) 

0.273 

(P≤ 0.872) 

  

G 0.77 0.64 6.18  

(df = 1, P≤0.0129) 

 

A 0.23 0.36  
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Table 6.4 distribution of three  G2350A genotypes according to sex 

Female 

 
Hyp=0-nt Hyp=1-hp OR (95% CI) 

G/G 22 71 1.00 

A/G 26 44 0.39 (0.08-1.94) 

A/A 10 22 0.87 (0.15-5.14) 
 

Male 

 
Hyp=0-nt Hyp=1-hp OR (95% CI) 

G/G 20 75 1.00 

A/G 34 9 0.10 (0.01-0.67) 

A/A 7 5 0.15 (0.00-7.17) 
 

Test for interaction in the trend: 0.45 

 

 

No difference in genotypes of I/D polymorphism between hypertensive and 

normotensive population was found.  A study of I/D polymorphism in Dutch 

population found that allele frequencies were similar in controls and experimental 

couples (Schmidt et al., 1993).  Similarly Harrap et al. (1993) could not find any 

evidence of linkage of this polymorphism with hypertension.  But D allele was found 

to be associated in Japanese population with early onset of hypertension and with 

left ventricle hypertrophy.  D allele, in our sample, was more prevalent in 

hypertensive population (43%) as compared to normotensive (34%) population.  II 

genotype was higher in normotensive (67%) population as compared to hypertensive 

population (57%).  I allele was more common in males as compared to female in 

control as well as hypertensive sample.  I/D polymorphism have been studied in 

several populations and in several diseases with conflicting results (for example; 

Companioni et al., 2007; Tripathi et al., 2006; Gubaev et al., 2006; Zhang et al., 

2006; Hotta et al., 2004).  In a sample of 211 hypertensive patients of Islamabad 

region of Pakistan I allele was also higher (55%) than D Alleles (45%) but with no 

association with hypertension (Ismail et al. 2004).  Similarly no association was 

found in Chinese populations of Han and Dongxiang regions (Wang et al., 2004).  

Forty three percent D allele frequency is lower than previously reported but higher 

than Japanese population (Tamaki et al., 2002).  Variation in plasma ACE levels 

among individuals (Alhence-Gelas et al., 1991) and linkage of ACE polymorphism 

with variations in serum enzyme level (Rigat et al., 1990) have forced the 

researchers to focus on ACE gene and its polymorphism.  European and African 
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populations have been shown to be in strong disequilibrium with 16 kb region of ACE 

gene (Zhang et al., 2006) and the presence of QTL in ACE gene influencing ACE 

levels in serum suggesting links with either ACE I/D polymorphism or some other 

nearby locus (Soubrier et al., 2002; Villard et al., 1996).  In Japanese male 

population combination of II+ID genotype and daily salt intake raises hypertension by 

an average of 10.5 mm Hg hence suggesting gene environment interaction (Zhang 

et al., 2006).   

 

Out of thirteen polymorphisms reported by Zhu et al. (2001) polymorphism in exon 

17, ACE G2350A had most significant effect on plasma ACE level after I/D 

polymorphism. Therefore we also checked the prevalence of G2350A in our 

population.  Two approaches were adopted to identify this SNP in local population.  

Single strand conformational polymorphism was tried with minigel apparatus and at 

room temperature, 4ºC or by using already cooled buffer.  We also tried different 

running voltage to keep the gel cool and several additives for example with or 

without Urea (Yip et al., 1999), different concentration of glycerol and formamide in 

gel or in loading buffer and use of ethidium bromide dye before or after running the 

gel (McKee and Thomson, 2004).  Under all conditions results were not repeatable, 

therefore we decided RFLP to identify this SNP.  Complete digestion shows the 

presence of AA genotype.  Doubtful digestion products were repeated by using more 

units of Bsh1236I, which is an isoschizomer of BstUI.   

Our data suggests significant association of G2350A polymorphism with 

hypertension in Punjabi population (2 = 28.4, 2 df, P < 0.001).  These results are 

consistent with Saeed et al. (2003) but in contrast to a recent study in Japanese 

population where no direct association have been found with hypertension but a 

significant association was reported with left ventricular hypertrophy (Pan et al., 

2007).  Genotype GG was found to be 67% in hypertensive groups higher than the 

control group (40%).  Among hypertensive patients male have higher percentage of 

GG genotype as compared to hypertensive females.  Over all G allele frequency 

(0.73) in both groups was a bit higher then previously reported G = 0.70 (Iqbal et al., 

2004; Saeed et al., 2005) in Pakistani population.  G2350A genotype in hypertensive 

patients did not occur in Hardy Weinberg equilibrium in our study group.  Punjabi 

population is relatively, close and homogenous population having high degree of 
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consanguinity.  Another reason may be that we used small number of subjects but 

genotype in control group was in agreement with Hardy Weinberg equilibrium.    

We investigated the influence of combined genotypes on level of systolic and 

diastolic blood pressure in hypertensive as well as control group.  We have not found 

any significant difference among all genotypes in control group as well as in 

hypertensive group.  DD allele has been reported to be associated with diastolic 

blood pressure in Argentina population (Jimnez et al., 2007).  We divided our data 

according to systolic and diastolic blood pressure and then checked the distribution 

of two genotypes.  Combination of DD and AA genotypes in male population was 

indicated to be linked with higher systolic and diastolic blood pressure in 

hypertensive groups (Figure 6.4).   
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Distribution of genotypes according to systolic blood pressure 

in males
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Distribution of genotypes according to diastolic blood 
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Distribution of Genotypes and Systolic Blood Pressure females
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Distribution of genotypes and diastolic blood pressure in 

females
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Figure 6.4.   Distribution of genotypes and their effect on systolic and diastolic 

blood pressure.  
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Table 6.5:  Haplotypes frequency of the ACE I/D and G2350A polymorphisms.   

 

  Values indicate frequency of haplotypes.  χ
2 
(4x2) = 39.75, df = 3, P ≤ 0.001  

Looking at the combined effect of the genotypes, association of the GG genotype 

with the I/D genotypes (DD, ID, II) seems to be significant (2 = 12.86, 2df, P ≤ 

0.01).  Similarly II genotype was found to be significantly associated with G2350A 

polymorphism (GG, AG, AA).  To study the allele interaction haplotypes were 

constructed.  Among the possible haplotypes combination of I/G was most frequent 

and was likely to be present 1.545 times more in hypertensive subjects (table 6.5).  

I/A combination was least present in hypertensive patients.  These results are similar 

to that found in Emirati population (Saeed et al., 2005).  Gene interaction studies 

gives much more insight to the understandings of the complex genetics disease as 

recently indicated by a recent study in Korean population where interaction between 

GNB3 C825T and ACE I/D polymorphisms is linked with Essential hypertension (Bae 

et al., 2007). 

Case control studies are extensively applied to genetic association studies used for 

testing genomic loci that may contribute to onset of diseases.  Despite being low cost 

and easy collection of the cases, case control studies can lead to false-positive 

associations unless confirmed by other studies.  In conclusion our data strongly 

support the association of G2350 polymorphism with the hypertension and no 

association of ACE I/D polymorphism.  Our data suggests that this polymorphism is 

linked with hypertension.  Because of complex nature of the disease, we suggest 

that further studies with combined effect of several SNPs. 

Haplotypes Hypertension Controls OR 

(95%CI) 
P-value 

I/G (216) 0.48 (89) 0.37 1.545 

(1.121-2.130) 
0.607 

D/G (165) 0.37 (64) 0.27 1.574 

(1.11-2.22) 
0.611 

I/A (48) 0.11 (68) 0.29 0.636 

(0.329-1.231) 
0.389 

D/A (21) 0.05 (17) 0.07 0.298 

(0.198-0.450) 
0.230 
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Chapter 7  

T393C POLYMORPHISM IN GNAS1 

G proteins are part of a family of Guanosine Nucleotide Triphosphate (GTP) binding 

proteins and are involved in signaling through the cyclic AMP-protien kinase A signal 

transduction pathway.  G proteins consist of three subunits, Gα, Gβ and Gγ, named 

according to decreasing molecular weight.  Gβ and Gγ help to form stable dimer and 

its third subunit Gα acts as GTPase.  All three subunits regulate several important 

effector systems (for example system of adenylyl cyclases).  Human genome 

contains more than 20 genes for Gα, 5 genes for Gβ and 12 genes for Gγ.  Gα 

proteins are further divided depending upon the ability to stimulate (GαS) or to inhibit 

(Gαi) isoforms of adenylyl cyclase.  GαS couples with β-adrenoreceptors (β-AR) to 

activate adenylyl cyclase resulting in accumulation of second messenger, cAMP 

(Emorine, et al. 1989).  The β-adrenoreceptors and Gs protein system has been 

shown to play important role in cardiovascular system.  Alpha subunit (GαS) of G 

protein is located on Chromosome 20 (20q13.2) and its gene is designated as 

GNAS1.  Several single nucleotide polymorphisms have been reported in this gene 

(Jia et al. 1999), by SSCP and RFLP analysis, among them a silent polymorphism 

GNAS1 T393C in exon 5 has been shown to be strongly linked with hypertension 

(Jia et al. 1999) and Diabetes (Yamamoto et al 2004).  Modest associations of 

T393C polymorphism with hypertension have also been reported in smokers (Abe et 

al. 2002) and in alcoholics (Chen et al. 2003).  This hypertension is also reported to 

be linked with several other diseases like migraine (Oterino et al. 2007), 

Interahepatic Cholangiocarcinoma (Schmitz et al. 2007), disease progression and 

survival in chronic lymphocytic leukemia (Frey et al., 2003), and also can be used as 

marker to predicts survival in clear cell renal cell carcinoma (Frey et al. 2006) and in 

Bladder Cancer (Frey et al. 2005), One recent report failed to find any link between 

heart rate and blood pressure during exercise (Tuomo et al. 2006).   

Because of the variable results obtained in different population it was decided to 

include this polymorphism was included in the study to check its influence in local 

population as there is as yet no information regarding GNAS1gene polymorphism in 

Pakistani population.  The objective set was to find association if there is any with 

hypertension. 
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GNAS1T393C polymorphism was determined by amplifying a 345 base pair 

fragment by using primers described in table 2.13 (GNAS1 T393CF and GNAS1 

T393CR).  Figure 7.1 shows examples of the some of the amplified sequences.  

These amplified fragments were diluted three fold and digested with BseGI 

(neoschizomer of FokI) at 55 ºC.  If both alleles have T in the sample then there will 

be no digestion (Genotype TT). If there are three bands (345, 263 and 82 bp 

respectively) then patient is heterozygous (CT) and if there are two bands (263 and 

82) then patient is homozygous for C allele (CC).  Figure 7.2 shows the result of 

such digestions.  Table 7.1 gives the detail of the genotypes and Allele frequencies.  

This polymorphism was measured in 326 samples (224 hypertensive and 112 

normotensive subjects).  According to results heterozygous (CT) genotype was most 

frequent in the population (51.2% in all).  There was not much difference among TT 

and CC genotype frequencies though TT genotype was more frequent in 

Hypertensive as well as in control groups as compared to CC genotype.  There was 

no significant difference among distribution of the three genotypes among 

hypertensive and control groups (2 = 1.79, 2df, P = 0.408).  Allele frequency was 

also similar in both cases with T allele slightly higher in normotensive patients (2 = 

0.652, 1df, P = 0.419).  Study sample for this polymorphism completely obeyed 

Hardy Weinberg principal, individually in hypertensive (2 = 0.700, P = 0.4951) as 

well as normotensive controls (2 = 0.065, P=0.5147) and in combined sample (2 = 

0.269, P= 0.604).  

There was no difference when genotypes and allele frequencies were measured in 

terms of gender.  table 7.2 describes the results of genotype and allele frequencies 

in female.  TT genotype was more prevalent in normotensive female (31%) as 

compared to Hypertensive females (19%).  Again CT genotype was predominant in 

female population as well.  No association was found between T393C polymorphism 

and hypertension in females as well (2 = 3.02, 2df, P = 0.221).  Odds of 

heterozygous genotype (CT) were 1.5 times higher in hypertensive as compared to 

normotensive female sample.  T allele was higher in normotensive cases as 

compared to hypertensive cases but not significantly (2 = 0.648, 2df, P = 0.421). 
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Figure 7.1 Figure shows example of the samples amplified for the determination 
T393C polymorphism. 

 

 

Figure 7.2 Digestion of the amplified fragment with BseGI for T393C 
polymorphism determination.  345 bp band shows TT, two bands 263 and 82 bp 
show CC polymorphism and three bands 345, 263 and 82 bp show TC 
polymorphism in the sample. 
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Table 7.1 Distribution of T393C genotypes and allele frequencies among 

hypertensive and normotensive patients. 

Phenotype/ 
genotype 

GNASIT393C 

HP Subjects 
214 

NT Subjects 
112 


2 OR (95%CI) HP vs. NT 

TT 54 (0.25) 36 (0.32) 1.79 

(P ≤0.408) 

0.712 (0.43-1.18, P = 0.416) 

CT 113 (0.53) 54 (0.48) 1.20 (0.76-1.9, P = 0.545) 

CC 47 (0.22) 22 (0.20) 1.15 (0.65-2.03, P = 0.534) 

T 0.52 (110.5) 0.56 (63) 0.652  

(P ≤0.419) 

 

C 0.48 (103.5) 0.44 (49)  


2  (for HWE) 0.700 

(P≤0.4951) 
0.065 
(P≤0.5147)   

  


2  (HWE) 0.269 (P≤ 0.604) 

HP, Hypertensive; NT, normotensive; OR, Odds Ratio; HWE, Hardy Weinberg Equilibrium. 

 

Similarly no significant difference of genotype distribution was found in hypertensive 

or normotensive male fraction of the sample.  table 7.3 describes the results of 

genotype and allele frequencies in male.  CC genotype was less in normotensive 

male (19%) as compared to Hypertensive males (33%).  CT genotype was 

predominant in female population as well.  No association was found between 

T393C polymorphism and hypertension in males (2 = 0.1906, 2df, P = 0.9091).  

Odds of all three genotypes were around one signifying no difference.  Frequency of 

T allele was higher as compared to C allele but the difference between hypertensive 

and normotensive controls was not significant (2 = 0.010, 2df, P = 0.92).   

Nine of the amplified fragments were sequenced to confirm polymorphism and to 

look for new polymorphisms in the vicinity (figure 7.3, a-e).  After manually editing 

these sequences C/T polymorphism was confirmed.  Sample number 306, 314 and 

315 had C allele and three samples 308, 310 and 311 had T allele, while three 

samples 309, 312 and 313 were having 
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Table 7.2 Distribution of T393C genotypes and allele frequencies among 

hypertensive and normotensive female patients. 

HP, Hypertensive; NT, normotensive; OR, Odds Ratio; HWE, Hardy Weinberg Equilibrium.  

 

Table 7.3. Distribution of T393C genotypes and allele frequencies among 

hypertensive and normotensive male patients 

HP, Hypertensive; NT, normotensive; OR, Odds Ratio; HWE, Hardy Weinberg Equilibrium.

Phenotype/ 
genotype 

GNASI T393C 

Female HP 

129 

Female NT 

55 


2 

 

OR (95%CI) 

HP vs. NT 

TT 25 (0.19) 17 (0.31) 3.02  

(P ≤ 0.221) 

0.54 (0.26-1.1, P = 0.351) 

CT 74 (0.57) 26 (0.47) 1.5 (0.8-2.83 P = 0.6) 

CC 30 (0.23) 12 (0.22) 1.085 (0.51-2.32, P = 
0.53) 

T 0.48 (62) 0.55(30)  

C 0.52 (67) 0.45 (25) 0.648 

(P ≤ 0.421) 

 


2    

(for HWE) 

2.87  

(P ≤ 0.090) 

0.156  

(P ≤ 0.693) 

 

0.648 (P ≤   0.421) 

Phenotype/ 
genotype 

GNASI T393C 

Male HP 

85 

Male NT 

57 


2 

 

OR (95%CI) 

HP vs. NT 

TT 29 (0.25) 19 (0.33) 0.1906 

(P ≤ 0.9091) 

1.036 (0.51-2.11, P = 0.509) 

CT 39 (0.53) 28 (0.49) 0.878 (0.45-1.72, P = 0.467) 

CC 17 (0.22) 10 (0.18) 1.175 (0.49-2.79, P = 0.540) 

T 0.57(48.5) 0.58(33)  

C 0.43 (36.5) 0.42 (24) 0.010 

(P ≤ 0.920) 

 


2    

(for HWE) 

0.379 

(P≤0.538) 

0.103 

(P≤0.748) 

 

0.189 (P≤0.909) 
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306 

308 

Figure 7.3 (a) Sequence of the sample 307 (up) and 308 (below), with highlighted polymorphic sites.   
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309 

310 

Figure 7.3 (b) Sequence of the sample 309 (up) and 310 (below), with highlighted polymorphic sites. 
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311 

312 

Figure 7.3 (c) Sequence of the sample 311 (up) and 312 (below), with highlighted polymorphic sites. 
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313 

314 

Figure 7.3 (d) Sequence of the sample 313 (up) and 314 (below), with highlighted polymorphic sites. 
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315 

Figure 7.3 (e) Sequence of the sample 307, with highlighted polymorphic sites. 
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Figure 7.4 Alignment of the sequences, (W = A/T and Y C/T).  

both C and T alleles. These sequence polymorphisms also confirmed the 

authenticity of the RFLP method.  In addition to this polymorphism a few bases 

upstream to this polymorphism three of the samples gave mixed peaks showing 
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presence of heterozygous condition (Shown W = A/T).  Rest of the sequences in 

all samples were homologous to chromosome number 20 Celera assembly 

(contig, NW_927339.1) and Reference assembly (Contig, NT_011362.9) from 

DNA sequence databases.   

 

Discussion 

GNAS is an important candidate gene for hypertension because “gain of 

function”and “loss of function” changes in its gene results in complex 

phenotypes involving hoiostasis of calcium ions in bones and mesenchymal 

growth abnormalities, leading to rare certain diseases like McCune-Albright 

osteodystrophy or pseudohypoparathyroidism type Ia and Ib (Rosskopf and 

Schurks, 2007).  T393Polymorphism has been linked with hypertension (Jia et 

al., 1999), therefore it was included in the study.  Selection of the 345 bp 

difference between the primers was optimal as it allows digestion of the 

fragments with FokI or its neoschizomer BseGI.  FokI has been used in previous 

studies but we used BseGI from Fermentas because it is relatively cheaper and 

can be purchased through local representative.  Resulting fragments after 

digestion could be resolved easily on simple agarose gel.  Therefore this 

polymorphism was easier to study.  In RFLP studies there is always danger of 

misreading genotype because of absence of restriction site.  Usually this could 

be checked by addition of the positive control or trying to digest again those 

samples which were resistant to digestion with slightly more units of enzyme and 

for more time.  We also sequenced nine of the samples this further confirmed 

authenticity of polymorphism.  

Difference in distribution of genotypes between hypertensive and normotensive 

group was found to be non significant in our study sample.  These result are in 

contrast to an earlier study, which reported “risk-increasing” effect of TT and CT 

genotypes among non heavy smokers (Abe et al., 2002).  In Finnish population 

CC genotype is much lower (12%) than that of shown in Japanese as well as in 

our population (20%; this study), with corresponding increase in TT genotype, 

which was found to be 38% (Nieminen et al., 2006), while our study show that 
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this frequency is 32% in Punjab population.  In East Anglian population TT 

genotype is slightly higher (Jia et al. 1999). Genotype frequency is comparable 

with previous studies done in Japanese population for all three genotypes.  Abe 

et al. (2002) reported, genotype frequency of 31% for TT, 48% for TC and 21% 

for CC in a sample size of 1609, similarly Chen et al. (2003) and  Yamamoto et 

al. (2004) reported similar genotype frequency in 821 Japanese individuals, Our 

results also show similar genotype frequency (table 7.1) in relatively smaller 

samples size.  T allele frequency was shown to be more common in Japanese 

population our results also show higher allele frequency fort the T allele.  

Although T allele was found to be more common in normotensive subjects as 

compared to hypertensive subjects.  All of our samples were obeying Hardy 

Weinberg Law and difference between expected and observed allele 

frequencies was non significant. 

This data was further dissected to look for any association according to gender 

differences.  Among females TT genotype was more prevalent normotensive 

controls as compared to hypertensive female patients (table 7.2).  This 

difference was higher than the difference in combined samples as well as in 

males sample but statistically it was non significant (2 = 3.02).  Odds of finding 

CT genotype were 1.5 times in favor of Hypertension.  T allele frequency is less 

in hypertensive as compared to normotensive subjects.  This data hints that 

presence of TT allele may favor normotensive phenotype in females.  Table 7.3 

show the genotype and allele frequency distribution among male population.  

Frequency of TT allele males is higher but it seems to be the same in 

experimental as well as in control groups.   

A few samples were sent for sequencing.  Resulting sequences were used to 

search similar sequences in database through BLAST, a popular tool available 

on NCBI website.  These sequences only showed alignment to the GNAS1 

gene.  All sequences were aligned with each other as well using another popular 

tool for multiple sequence alignment, called Clustal W (figure 7.4).  This 

alignment revealed presence of another possible polymorphism (A/T) in three 

out of nine samples (Indicated in the figures 7.3 a-e).  Selecting CDS feature of 

the BLAST revealed that presence of base A instead of T at this point replaces 

amino acid from tyrosine containing neutral polar R group to asparagines a 
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slightly less but neutral polar R group in resulting protein.  This amino acid 

change is likely to exert a little but maybe significant change in three 

dimensional structure of the protein as compared to T393C polymorphism which 

does not change amino acid.  This makes this polymorphism an interesting point 

for further study.  Sequences containing this polymorphic site were checked for 

presence of any restriction sites through another web based tool called 

NEBCutter.  This tool failed to find any enzyme cutting in this region.     

In conclusion this part of the study shows that GNAS1 T393C polymorphism is 

not associated with hypertension in Punjab population.  Genotype and allele 

frequencies were similar to Japanese population but different from Finnish 

population.  Our Data also suggests that TT allele may be associated with 

normotensive phenotype in females.  Sequencing confirmed presence of T393C 

polymorphisms and revealed a potential new polymorphism in our population, 

which needs further characterization.   
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Chapter 8 

A1166C POLYMORPHISM IN ANGIOTENSIN II RECEPTOR 

TYPE 1 

Proteolytic action of angiotensin converting enzyme (ACE) on Angiotensin 1 makes 

even smaller but more active product called angiotensin II.  Angiotensin II binds to 

several types of receptors to fulfill its different roles.  Among others, two of best 

known receptors are coupled with G protein systems.  Binding of angiotensin II to 

type 1 receptor (AT1R) results in vasoconstriction and cell proliferation while, binding 

to type 2 receptor (AT2R) inhibits cell proliferation and mediates apoptosis (Murphy 

et al., 1991).  Antagonists to AT1R (e.g; Losartan) make effective drugs for 

controlling hypertension, indicating its important role in hypertension regulation 

(Bonnardeaux et al. 1994).  The angiotensin II receptor type 1 gene has been cloned 

and mapped by Curnow et al. (1992) to the long arm of chromosome 3 (3q21-q25).  

AGTR1 gene consists of 5 exons and occupies 55 kb of genomic DNA.  Four of the 

exons encode 5’ untranslated sequences (Guo et al. 1994). A polymorphism A1166C 

(rs5186) in this gene was reported to be linked with hypertension by Bonnardeaux et 

al. (1994).  This polymorphism was found to be present in 3’ untranslated region of 

the gene so this polymorphism could be related with the regulation of the gene.  This 

indeed was confirmed by Sethupathy et al. (2007), through reporter silencing assay 

that use of miR155 down regulates the expression of 1166A and not the 1166C.  

This fact was further demonstrated by Martin et al. (2007) very convincingly in a 

recent publication. 

This polymorphism has been linked with other disease conditions like Left ventricular 

hypertrophy, depending upon renal function (Tom et al. 2007), carotid 

atherosclerosis (Zhu and Meng, 2006), with aortic stiffness (Benetos et al. 1995) and 

coronary artery disease (Canavy et al. 2000).  Kobashi et al. (2004) genotyped 114 

Japanese patients with severe hypertension in pregnancy and 291 normal 

pregnancy controls, genotype frequency of AC and CC was significantly higher in 

hypertensive patients.  In Caucasian population a sample of 108 hypertensive 

patients correlated with early onset of the disease (Wang et al. 1997).  A1166C 

polymorphism was not associated with resistant hypertension in two different studies 

in Brazilian population (Freitas et al., 2007a, b).  This SNP has also been linked with 
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risk factor for cardiovascular diseases in San Luis population of Argentina (Lapierre 

et al. 2006) and is associated with ischemic stroke in hypertensive smokers 

(Szolnoki et al. 2006).  A1166C polymorphism was included in the study.  This will 

help us to determine its role in hypertension of Punjab population.  Objective was to 

assess association of A1166C polymorphism with essential hypertension in local 

population. 

 

Primers (AT1R A1166CF and AT1R A1166CR, table 2.13) were designed to amplify 

a 255 bp fragment of AT1R gene (figure 8.1).  A1166C polymorphism was only 24 

bases away from the end of the fragment.  This polymorphism was resolved after 

digestion with BsuRI.  Digested product revealed CC polymorphism while no 

digestion was indicative of AA polymorphism.  Small difference in size of the 

digested samples (255 bp, 231 bp and 24 bp) made detection of the polymorphism 

slightly complex as it was difficult to resolve two fragments of the 255 bp and 231 bp 

on even 3% agarose gel.  Therefore most of the amplified and then digested 

samples were resolved on 6% acrylamide gel to get the clear picture (figure 8.2).  

Two different lots of BsuRI from Fermentas were tried.  Digestion was also carried 

out in access of the enzyme (upto 5U/ul for 300 ng amplified product in a volume of 

15 ul) and for longer time (overnight) just to ensure that digestion is complete.   

 

A1166C polymorphism was determined in a sample of 327 individuals.  Out of these 

217 were Hypertensive and 110 were normotensive.  Genotypes and alleles 

frequencies of these individuals are listed in table 8.1.  In Punjab population AA 

allele was found to be most abundant (58%, 190 cases out of 327) while CC 

genotype was least abundant.  Overall difference between hypertensive and 

normotensive samples was found to be non significant among Punjab population.  

Frequency of the AA allele was higher (62%) in control group as compared to 

hypertensive group (56%) with odds ratio of 0.793 in favor of healthy subjects (table 

8.1).  On the other hand CC genotype was found to be significantly lower in control 

group (9%) than in hypertensive group  
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Figure 8.1 255 bp fragment of AT1R gene amplified for the study of the A1166C 

polymorphism. 

 

Figure 8.2. Acryamide gel showing samples run after digestion with BsuRI. 
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Table 8.1 Distribution of AT1R genotypes and allele frequencies among 

hypertensive and normotensive patients. 

Phenotype
/ genotype 

AT1R 

HP Subjects 
217 

NT 
Subjects 

110 


2 OR (95%CI) HP vs. NT 

AA 122 (0.56) 68 (0.62) 4.13 

(P ≤0.248) 

0.79 (0.50-1.27, P = 0.442) 

CA 57 (0.26) 32 (0.29) 0.87 (0.52-1.45, P = 0.465) 

CC 38 (0.18) 10 (0.09) 2.12 (1.01-4.44, P = 0.679) 

A 0.72 (272.5) 0.81 (152) 1.767  

(P ≤0.413) 

 

C 0.28 (104.5) 0.19 (36)  


2  (for 

HWE) 

31.32 
(P≤0.0001) 

4.07 
(P≤0.0437)   

  


2  (HWE) 35.54 (P≤ 0.0001) 

HP, Hypertensive; NT, normotensive; OR, Odds Ratio; HWE, Hardy Weinberg Equilibrium. 

Table 8.2 Distribution of AT1R genotypes and allele frequencies among 

hypertensive and normotensive female patients. 

HP, Hypertensive; NT, normotensive; OR, Odds Ratio; HWE, Hardy Weinberg Equilibrium.  

 

 

Phenotype
/ genotype 

GNASI 
T393C 

Female HP 

128 

Female NT 

52 


2 

 

OR (95%CI) 

HP vs. NT 

AA 69 (0.54) 33 (0.63) 1.87  

(P ≤ 0.599) 

0.67 (0.35-1.31, P = 0.401) 

CA 38 (0.30) 14 (0.47) 1.15 (0.56-2.36 P = 0.534) 

CC 21 (0.16) 5 (0.09) 1.844 (0.66-5.19, P = 0.648) 

A 0.69 (88) 0.77(40)  

C 0.31 (40) 0.23 (12) 1.202 

(P ≤ 0.548) 

 


2    

(for HWE) 

12.39  

(P ≤ 0.0004) 

3.04  

(P ≤ 0.081) 

 

15.93 (P ≤ 0.0001) 
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Table 8.3 Distribution of AT1R genotypes and allele frequencies among 

hypertensive and normotensive male patients. 

 

HP, Hypertensive; NT, normotensive; OR, Odds Ratio; HWE, Hardy Weinberg Equilibrium.  

 

(17.5%).  Odds of CC genotype in hypertensive group were high (2.12, CI  1.01-4.44, 

P = 0.679).  Prevalence of A allele in Punjab population is higher as well, that is 72 

% in combined sample.  C allele was found to be only 28 % of the sample.  This 

sample was not obeying Hardy Weinberg equilibrium.  Deviation was more in 

hypertensive sample as compared to normotensive samples.  Overall deviation in 

the sample of 327 was also high as shown in table 8.1. 

 

This data was split according to gender; genotype and allele frequency distribution is 

shown in table 8.2 and table 8.3.  Table 8.2 lists data from female subjects.  General 

picture is very similar to the over all results with AA genotype higher (63%) in 

normotensive controls as compared to hypertensive group (54%).  Sixty three 

percent AA genotype is a little higher than over all and also than in male subjects.  

Association between hypertensive and normotensive controls was non significant but 

CC genotype was again higher in Hypertensive group.  Odds of AC and CC 

genotypes were also higher than 1 (1.15, CI; 0.56-2.36, P = 0.534 and 1.844, CI; 

0.66-5.19, P = 0.648 respectively).  C allele frequency was more in female sample as 

compared to male samples.  Male sample data shown in table 8.3 also gives similar 

Phenotype
/ genotype 

GNASI 
T393C 

Male HP 

89 

Male NT 

58 


2 

 

OR (95%CI) 

HP vs. NT 

AA 53 (0.60) 35 (0.61) 3.90  

(P ≤ 0.272) 

0.97 (0.49-1.9, P = 0.492) 

CA 19 (0.21) 18 (0.32) 0.60 (0.28-1.28, P = 0.376) 

CC 17 (0.19) 5 (0.09) 2.50 (0.87-7.21, P = 0.714) 

T 0.70 (62.5) 0.76(44)  

C 0.30 (26.5) 0.24 (14) 2.09 

(P ≤ 0.352) 

 


2    

(for HWE) 

21.43         
(P ≤ 0.0001) 

1.36              
(P ≤ 0.243) 

 

20.14 (P ≤   0.0001) 
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picture, with CC genotype even higher (19%) in hypertensive group.  Even in male 

population no overall association with hypertension was found, though CC genotype 

was higher in hypertensives as compared to normotensive controls with highest odds 

ratio of 2.50 (CI 0.87-7.21, P = 0.714). 

 

Some of the samples were also sequenced to look for new polymorphism in the 

vicinity in our population and second objective was to confirm fidelity of the estimated 

polymorphism.  Figures 8.3 a-h. show the electropherograms and figure 8.4 gives 

the alignment of the sequences with each other.  Since A1166C polymorphism is in 

the beginning and sequences in the extremities are not reliable therefore these could 

not be confirmed rest of the sequences were conserved and were not different when 

compared with human AT1R gene sequences submitted in GenBank through 

BLAST.   

Discussion 

A1166C polymorphism has been linked in several studies with hypertension in 

several studies.  Our data though suggests no significant link with hypertension but 

high frequency and odds ratio of the CC genotype in male and female hypertensive 

population of Punjab suggests linkage.  Similar linkage was also reported in 

Argentinean (Lapierre et al. 2006), Polish (Dzida et al. 2001), French (Bonnardeaux 

et al. 1994) and in Caucasian populations (Wang et al. 1997).  This polymorphism is 

not in the structural region of the gene in fact it is in the 3` untranslated region of the 

gene and hence it might effect the regulation of the expression of the gene.  This 

polymorphism is in regulatory site essential for binding of microRNA (miR-155), 

which are non coding regulatory RNA used to silence the gene.  So when C allele is 

present sequence complementarily is interrupted and this prevents binding of miR-

155 to bind to this site hence AT1R receptor is over expressed (Martin et al. 2007).   
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a         b 

Figure 8.3 Electropherogram of sample numbers 306 (a) and 309 (b).    



123 
 

 

c       d 

Figure 8.3 Electropherogram of sample numbers 311 (c) and 312 (d).    
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e       f 

Figure 8.3 Electropherogram of sample numbers 313 (e) and 314 (f).   
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g        h 

Figure 8.3 Electropherogram of sample numbers 316 (g) and 315 (h).   
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Figure 8.4: Alignment of the eight different sequences after sequencing by use of the 

multiple sequence alignment tool ClustalW. 
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C allele frequency in our sample was comparable with Japanese population in fact 

AA allele was reported to be in range of 86% in diabetic subjects (Hiroshi et al. 

2006), which is much higher than estimated in our sample.  AA genotype is higher as 

compared to reported allele frequency in Polish (Dzida et al. 2001) and other 

Caucasian populations (Wang et al. 1997), which show it to be around 55% while our 

results show 70% percent.  Similarly heterozygous population is also lower in our 

sample as compared to already reported data.  Significantly higher AA genotype 

suggests that introduction of C in our population is relatively recent as it may be in 

Argentinean population.   

Genotype in our sample was not in Hardy Weinberg Equilibrium.  Punjab population 

is highly conserved, people only marry within cast or even more importantly within 

family (high consanguinity).  This has been going on for centuries.  Hardy Weinberg 

disequilibrium observed in homogeneous populations suggests strong linkage of the 

marker with phenotypic characteristics.  In our results disequilibrium is more in 

hypertensive samples as compared to control group hinting cosegregation of 

A1166C polymorphism with hypertensive phenotype.  In conclusion our data shows 

linkage of CC genotype hypertensive population and sequence analysis has shown 

that there are no other specific SNP or mutation around this region in eight of the 

samples sequenced. 
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Chapter 9  

G640W POLYMPOPHISM IN ADDUCIN 

Adducin is a cytoskeletal protein that was isolated from human erythrocytes in 1986 

by Gardner and Bennett (1986).  Adducin is a 200-kD heterodimer protein and binds 

with high affinity to calcium (Ca2+)/calmodulin and acts as a substrate for protein 

kinases A and C.  Adducin is linked with cell to cell adhesion process (Kaiser et al. 

1989), transport of ions across cell membrane (Tripodi et al. 1996), and with signal 

transduction (Mische et al. 1987).   Mutations in adducin gene result in abnormalities 

of membrane sodium transport in the kidney and hence play an important role in 

onset of hypertension.  The related subunits, alpha (ADD1) beta (ADD2) and gamma 

(ADD3) are produced from distinct genes located on Chromosome 4, 2 and 10 

respectively.  All three subunits are conserved among different species indicating a 

ubiquitous role in cytoskeleton formation (Manunta and Bianchi, 2006).  ADD1 and 

ADD2 share similar structure, with a protease-resistant N-terminal and a protease-

sensitive, hydrophilic C-terminal.  Investigations in rats and in vitro human 

transfection studies revealed that a point mutation resulting in Gly (G) to Trp (W) 

transition at position 460 in the adducin alpha subunit gene leads to higher activity of 

the sodium pump, resulting in elevated tubular sodium reabsorption in the kidneys 

and hence leading to hypertension (Cusi et al. 1997).  Subsequent studies of the 

blood pressure responses of untreated hypertensive patients to diuretics and 

epidemiologic observations provided indirect evidence for the higher salt sensitivity 

of W allele carriers.  Different case control studies and linkage analysis link this locus 

with hypertension in Japanese (Nakamura et al. 2007), Italians and French 

population (Cusi et al. 1997).  A study on 256 hypertensive patients from Chinese 

Han population also found association of this polymorphism with hypertension 

(Huang et al. 2007).  Association of this polymorphism was also reported in 

Japanese population recently (Nakamura et al. 2007).  Similarly G460W 

polymorphism was also found to influence blood pressure when body mass index 

and sex were considered in Swedish population (Fava et al. 2007).  On the other 

hand studies in Japanese (Kato et al. 1998), Italian (Glorioso et al. 1999), Canadian 

(Busch et al. 1999), Scottish (Kamitani et al. 1998), Danish (Skov et al. 2006) and 

Korean populations (Shin et al. 2004) were not able to associate this polymorphism 

with hypertension.  There is no information available about the status of Adducin 
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G460W polymorphism in Pakistani population therefore this polymorphism was 

included in the study to find out role of this polymorphism in local population. 

 

This polymorphism was determined after amplifying a fragment of 72 bp (figure 9.1) 

and digesting it with Mva1269I (Fermentas cat No. ER 0961).  Digestion with this 

enzyme results in two fragments 50 and 22bp respectively if T alleles are present 

otherwise fragment remains undigested (G) as shown in figure 9.2.  This 

polymorphism could be studied in 121 samples only because difficulties in 

separation of the relatively smaller fragments and low yield of the amplified 

fragments.  Results of the polymorphism are tabulated in table 9.1. Overall 

distribution of the polymorphism followed Hardy Weinberg Law (2 = 2.92, P= 

0.0875).  Similarly normotensive subjects also followed Hardy Weinberg Law but 

Hardy Weinberg law was significantly deviating in case of hypertensive sample only.  

Deviation from the law was also observed in case of male hypertensive population.  

Rest of the sample followed the hardy Weinberg law.   

 

According to results shown in table 9.1, heterozygous alleles (GT) were abundant 

(52%) in our population.  GG genotype was in 40% of population.  G (66%) allele is 

much common in our population as compared to T allele (34%).  Odds of GG alleles 

in hypertensive Pakistani population were 1.98 times in favor of hypertension as 

compared to normotensive population but these results were non significant (P= 

0.664).  T allele was more in favor of normotensive subjects with Odds ratio of 0.37 

but theses results were again non significant.  Except hypertensive population and 

male hypertensive group all other data obeyed the Hardy Weinberg principal.  But 

combine samples control and HP obeyed the Hardy Weinberg rule.  

 

There was slightly stronger association of GG genotype with hypertension in female 

group as compared to the male population as shown in tables 9.2 and 9.3.  G allele 

was common in female population (68%) as compared to male sample (60%).  No 

TT genotype was found in female hypertensive population.  GG genotype was also 

higher in female and male (Odds ratio 2.38 and 1.72 respectively but not significant).  

Like wise TT allele was less or absent in both normotensive groups.   
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Figure 9.1 Amplification of 72 bp fragment from human adducin gene 

harboring G460w polymorphism.   

 

Figure 9.2.  Digestion of the amplified fragment with restriction 

enzyme Mva126I results in two fragments 50 bp and 22 bp 
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Table 9.1 Distribution of Adducin genotypes and allele frequencies among 

hypertensive and normotensive patients. 

Phenotype
/ genotype 

ADD 

HP 
Subjects 

86 (%) 

NT 
Subjects 

35 (%) 


2 OR (95%CI) HP vs. NT 

GG 38 (44) 10 (29) 

3.93  
(P= 0.140) 

1.98 (0.85-4.62, P = 0.664) 

GT 43 (50) 20 (57) 0.75 (0.85-1.66, P = 0.429) 

TT 5 (5.8) 5 (14) 0.37 (0.10-1.37, P = 0.270) 

G 0.69 (119) 0.57 (40) 4.01  
(P= 0.135) 

 

T 0.31 (53) 0.43 (30)  


2  (HWE) 

 

9.99  
(P= 0.001) 

0.93   
(P= 0.335)   

  

2.92 (P= 0.0875) 

HP, Hypertensive; NT, normotensive; OR, Odds Ratio; HWE, Hardy Weinberg Equilibrium. 

 

 

Table 9.2 Distribution of Adducin G640W genotypes and allele frequencies 

among hypertensive and normotensive female patients. 

HP, Hypertensive; NT, normotensive; OR, Odds Ratio; HWE, Hardy Weinberg Equilibrium 

Phenotype/ 
genotype 
Adducin 
G640W 

Female HP 

35 

Female NT 

13 


2 

 

OR (95%CI) 

HP vs. NT 

GG 18 (0.51) 4 (0.31) 3.69  
(P= 0.158) 

2.38 (0.62-9.2, P = 0.704) 

GT 14 (0.40) 9 (0.69) 0.29 (0.08-1.15 P = 0.225) 

TT 3 (0.09) 0 (-) - 

G 0.71 (50) 0.65(17) 0.329 
 (P=0.566) 

 

T 0.29 (20) 0.35 (9)  


2    

(HWE) 

0.014  
(P ≤ 0.906) 

3.539  
(P ≤ 0.059) 

  

0.893 (P ≤ 0.359) 
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Table 9.3 Distribution of Adducin G640W genotypes and allele frequencies 

among hypertensive and normotensive male patients. 

HP, Hypertensive; NT, normotensive; OR, Odds Ratio; HWE, Hardy Weinberg Equilibrium.  

 

 

Discussion 

Role of Adducin in sodium ion transportation in kidneys makes its gene a potential 

candidate for hypertension.  Indeed G640W polymorphism in alpha adducin which 

cause amino acid change from glycine to tryptophan has been linked with 

hypertension in several studies among different populations of the world.  This 

polymorphism was found to be difficult to study in our hands.  Therefore results of 

only 121 samples are presented in this chapter.  

G allele frequency in Pakistani population was similar (69%) to whites population of 

Glasgow (Clark et al. 2000) and Hans population of China (64.8%, Huang et al. 

2007) but higher than G allele frequency in Japanese Patients (Kato et al. 1998).  

Tryptophan allele frequency (W) is intermediate between reported frequencies in 

Japanese population (as high as 55.6 %) and whites (as low as 20.7%). 

Our study did not find any significant association of this polymorphism with 

hypertension although two of the already known mutations in this region have been 

reported to be linked with up to 50% of the differences in blood pressure between 

Phenotype/ 
genotype 
Adducin 
G640W 

Male HP 

51 

Male NT 

22 

X 2 

 

OR (95%CI) 

HP vs. NT 

GG 20 (0.39) 6 (0.27) 6.42 

(P = 0.040) 

1.720 (0.58-5.14, P = 0.632) 

GT 29 (0.57) 11 (0.50) 1.32 (0.48-3.59, P = 0.569) 

TT 2 (0.04) 5 (0.23) 0.139 (0.02-0.78, P = 0.122) 

G 0.68 (69) 0.52(23) 3.12  

(P = 0.077) 

 

T 0.32 (33) 0.48 (21)  

X2    

(HWE) 

4.57          

(P =  0.033) 

0.00001    

(P= 0.997) 

  

2.25 (P = 0.134) 
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Milan hypertensive and normotensive rats (Bianchi et al. 1994).  Additionally 

introduction of hypertensive and normotensive alpha adducin variants into rat renal 

epithelial cells resulted in increased sodium potassium pump activity in hypertensive 

variants as compared to normotensive variants (Tripodi et al. 1996).  Several other 

studies have reported direct association of this polymorphism with hypertension in 

different populations.  Among Chinese population of Han origin this polymorphism is 

linked with hypertension (Huang et al. 2007) and salt sensitive hypertension (Lu et 

al. 2008) and in Japanese (Nakamura et al. 2007).  Our results are in contrast to 

these findings although allele frequencies match with other populations of the world.  

Although over all result do show agreement with Hardy Weinberg Equilibrium but 

departure from Hardy Weinberg Equilibrium is significant in case of hypertensive 

subjects and in male hypertensive subjects.  This could be due to number of 

samples and also indicate degree of consanguinity among local population.  Data of 

Female subjects clearly demonstrate the Hardy Weinberg Equilibrium while male 

population deviates from it.  Odd of finding TT genotype in our population were low in 

hypertensive subjects (0.37) against high but non significant odds ratio (1.98) among 

hypertensive patients.  A study among Netherland Population 3025 hypertensive 

subjects also failed to find association of this polymorphism with hypertension or its 

influence on hypertension medication (Schelleman et al. 2006). In conclusion we 

have carried out search for G460W polymorphism in relatively small sample and our 

results did not show any linkage with hypertension.  But further studies will be 

required to make a conclusive decision.   
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Chapter 10 

GENERAL DISCUSSIONS 

Hypertension is among the most prevalent of the diseases affecting through out the 

world population.  It is a complex multigenic disease with severe consequences.  

Several evidence show that onset of the hypertension depends upon environmental 

factors.  Among other factors dust and noise pollution may have a role in onset of 

hypertension.  A study on a pre recorded data of 9442 adults indicates that there are 

more hypertensive patients (22.7%) in cities as compared to rural areas (18.1 %) of 

Pakistan (Jafar et al., 2003).  At the same time the fact that it runs in the family 

indicates major involvement of genetic factors.  Although gene therapy is still in its 

infancy despite valiant efforts of the thousands of scientists working day and night 

success has been modest.  But environmental factors can be tamed to some extent 

for our benefit.  If a person can be predicted with reasonable certainty, based upon 

its genetic testing, whether he is going to develop hypertension in future or not then 

at least, it can be delayed by adopting healthier life style.  Hypertension affects 18-20 

million people in Pakistan and this number is increasing every year by 3%.  So it is a 

serious problem which should be tackled.  

Population of the Punjab, most populated province of Pakistan, represents a 

genetically homogenous population due to inbreeding for centuries.  People specially 

those living in villages of far flung areas, like to marry within cast or with close 

relative (mostly first cousins).  This has advantage that chances of selection bias and 

population stratification are less.  On the other hand this population stratification also 

necessitates the importance of studying genetic variants among local populations so 

that this genetic information could be compared with world population.  This sort of 

comparison will tell us whether we can rely on imported technology based upon 

knowledge derived in west or we have to develop our own technology based upon 

knowledge of variations in local population for specific and accurate results.  Lahore 

being the capital of Punjab is the center of political, cultural and economic activities.  

People from all over Punjab come to Lahore for better jobs and living facilities.  Mayo 

hospital is not only largest hospital of Punjab but also of Pakistan with 2700 beds 

capacity.  It is an old hospital linked with King Edward Medical College (Now it is a 

University).  For decades people have developed trust in this hospital and for the 
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treatment of complications they like to visit this hospital.  Samples were collected at 

the biochemistry section of the department of Pathology, King Edward Medical 

College.  Here trained phlebotomists were available and state of high blood pressure 

could be ascertained by trained doctors and biochemical parameters of persons 

suspected of other diseases could be estimated.  

This study was designed during 2004.  This was the time when excitement in Single 

Nucleotide Polymorphism (SNP) was at its peak.  After publishing of the early drafts 

of human genome, determination of variations and their role in progression of 

disease, among different individuals were considered to be next milestone to be 

achieved.  At that time people were publishing a lot of articles linking SNP with 

hypertension with limited number of samples.  For example Association of I/D 

polymorphism was reported in 103 hypertensive and 123 normotensive Tibetan 

individuals in, “Hypertension Research” (Gesang et al., 2002).  Two I/D association 

studies published in Journal of Biochemistry and Molecular Biology, reported 

association or lack of association in 319 Pakistani individuals (211 Hypertensive and 

108 normotensive) and in 105 Bangladeshi individuals (49 Hypertensive and 59 

normotensive) respectively (Ismail et al., 2004; Morshed et al., 2002).  Two more 

studies, one in “Hypertension” (Hasimu et al., 2003) and other in “Journal of Human 

Hypertension” (Saeed et al., 2003) could be presented as examples with total 

numbers of samples including controls were 421 and 254 respectively.  Therefore 

keeping in mind our limitations of resources and expertise number of samples were 

kept near 350.  Now with the development of several sophisticated equipments the 

efficiency and turnover of SNP analysis has increased thousands folds, hence we 

see larger collaborative studies with several thousands samples being published 

these days.   

Study design was chosen as retrospective case- control as case control study along 

with Cohort studies are main tools or research for such type of studies.  Comparing 

with cohort studies case control study is less expensive, takes relatively little time 

and can be done with smaller sample size.  On the other hand it is prone to selection 

bias as information based upon prior disease history may be subject to recall bias.  

Selection of control group particularly in hypertension is another tricky situation as 

one never know when a person is going to develop hypertension.  Use of statistical 

techniques can eliminate confounding factors like age and sex and other 
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environmental factors among study and control group to a great extent.  Measure of 

association between hypertensive and control groups is mainly odds ratio which is a 

good estimate of relative risk. 

Patients were briefed about objectives of the research before interview.  Only 

consenting individuals were requested to give blood sample and sign on Patient 

information form or give thumb impression if they are illiterate.  Although form was in 

English and history was by recorded competent person or doctor taking hypertension 

measurement but last sentence giving consent for the research was written in Urdu 

so that it could be understood easily by every one.  Some of the patients were 

unable to give information about family history because they were very old and 

unable to recall the reason of their parent’s death.  Since state of high blood 

pressure does not show distinct symptoms, often it goes unnoticed in the family.  

Another information, we wanted to collect was of history of medication.  This 

information would have provided group of medicines effectively used in local 

hypertensive population.  We could also correlate for example medicines belonging 

to ACE inhibitors group with polymorphisms of this enzyme but unfortunately mostly 

illiterate patients coming from far flung areas of Punjab were unable to give this 

information.   Suspected patients were requested to under go further investigation to 

access damage to liver, and kidneys.  Patients having abnormal blood chemistry 

specially pertaining to kidneys were not included in the study to avoid possibility of 

adding a case of secondary hypertension.  Patients with known history of diabetes 

were excluded from the study.   Patient positive for hepatitis C or hepatitis B virus 

were also rejected for the study.   

Patients coming to mayo hospital and those included in the study belong to low 

income group.  There was high percentage of women with hypertension (139 

hypertensive cases out of 197).  Along with genetic factors this could be due to 

general stress women bear while handling house holds and in some cases job 

problems.  A study based upon National health survey gives break up of 

hypertensive population in Pakistan (Jafar et al., 2003).  According to it hypertension 

among Baluchis was 25.3% in men and staggering 41.4% in women, among 

Pashtuns it was 24.1% in men and 24.65 in women, then in Sindhis and Punjabis it 

was more in men (17.3% and 19.05% respectively) than in women (16.4% and 

9.9%).  Although this study was carried out some time ago but gives general idea 
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about trend of hypertension in local population.  Another study by same group 

reports place women more on coronary artery disease risk, based upon risk factors 

including diabetes, hypertension, obesity and hyper lipidemia (Jafar et al., 2008).  In 

our study 61% of the hypertensive sample is represented by women.  This indicates 

that incidence of hypertension are on the rise in women population of Punjab as well.  

For the purpose of this study, control individuals were carefully selected and had 

neither personal nor family history of the high blood pressure or diabetes.  Since it 

could not be predicted that individuals of control group would develop hypertension 

later on, age of the control group was set at 50 years or higher (average 57.4 years) 

to minimize sampling error.  Still it is possible that some patients predisposed to 

hypertension might have been included in control group but this sort of error is 

impossible to avoid.    

Biochemical parameters  

Patients referred for biochemical testing were based upon family history and physical 

examination by a physician.  A small part of blood was separated from the sample 

collected genotyping, centrifuged and biochemical analysis was carried out.  Two 

enzymes Alanine Aminotransferase (ALT) and Alkaline Transferase (ALP) are raised 

whenever there is a liver damage due to any reason.  Liver is sensitive organ of the 

body and one of its role is detoxification therefore a small dose of even aspirin raises 

the liver enzymes.  Fewer than 50 samples had elevated ALT levels in the range of 

60U/L to 156U/L.  Rechecking the history of these patients revealed that high ALT 

levels were only transient due to minor causes and not due to any major liver 

disease or infection of HCV.  Similarly some patients (less than 15) had elevated 

alkaline phosphatase level.  Gamma GT is anther liver enzyme linked with 

alcoholism and with hypertension as well (Saverio et al., 2005).  Since no patient 

presented with the history of alcoholism this parameter was not estimated.  Due to 

malfunction of kidneys serum urea and creatinine levels are raised.  Patients and 

control groups with normal kidneys and liver functions were included in the study.  

Glucose estimation was also carried out to rule out diabetes.   

Several trace elements and heavy metals have been linked with high blood pressure 

in several different studies.  There are numerous reports in which metals have been 

determined in blood and other body fluids from Pakistani population.  Techniques to 
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determine those metals in biological samples were rather old and less sensitive.  We 

decided to determine the concentration of the elements in these samples on ICP-MS 

available through the courtesy of Dr Watling, Australia.  Blood samples were 

lyophilized and sent to Australia for analysis.  Along with samples several empty 

blood collection vials and containers in which lyophilized blood was stored, were also 

sent to act as blank.  Blood samples were initially collected in EDTA containing vials, 

divalent ions like Ca, were not likely to be detected in this technique with accuracy.  

Analysis of the elements included members from all groups of periodic table except 

group of VII and VIII, which include gases.  Group 1 was represented by Li, Rb, and 

Cs.  Be, Sr, Ba were analyzed from group II.  Al, Pb, As and Se were from groups III, 

IV, V and VI respectively.  Among transition metals Sc, Y, La, Ti, V, Cr, Mo, Mn, Co, 

Ni, Cu, Zn, and Cd were analyzed.  Ce was from lanthanides series while Th and U 

were from actinides series.  Most of these elements are part of human blood or 

enzymes systems present in human blood, for example Zn is found in almost 300 

enzymes and performs catalytic, or co-catalytic role and/or as part of the structural 

protein (Tubek et al., 2008).  The other source of these elements in the blood is due 

to extra deposition of these trace elements in different parts of the body due to 

several environmental factors.  These factors include vegetables contaminated with 

high concentration of these metals, contaminated water and atmospheric pollution 

containing smoke from different sources.  Optimal dose of trace elements or ultra 

trace element is required to maintain the normal homeostasis of the body.  At low 

intake of essential trace elements a deficiency disease particular to that element may 

be seen.  Supplementary intake of elements in diet may restore the abnormality but 

continuous intake of the element may result in adverse toxic effects.  Among 

elements analyzed in samples from Punjab Be, Sc, Y, Ba, La, and Ce were below 

detection limit.  Uranium was also not supposed to be present in Punjab population 

but it appeared in one patient in a minute quantity (20 ppb).   This patient was 

receiving radiotherapy.  Uranium in all other samples was below detection limit of 

1PPB.  Results of all elements were expressed in micrograms per kilogram of solid 

(parts per billion, PPB).  One microgram of solid (Lyophilized powder) sample of 

blood is equivalent to several liters of liquid blood.  There fore it is difficult to 

compare levels of elements in our samples with normal serum levels in human 

being.  But a cursory look on the data shows that elements usually present at high 

levels in blood are also in high concentrations in our Punjab samples.  Normal values 
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for Cu and Zn in human serum are 0.95-1.19 ug/ml and 5.87-8.03ug/ml respectively, 

while normal serum values of Pb (18.1-75.3 ng/ml), Cd (0.04-1.92 ng/ml) and Se (91-

141ng/ml) are comparatively low (Moreno et al., 1999).  Quantity of trace elements 

determined in whole blood of Punjab population samples was comparable as Cu 

(5413.46 ± 135.97 ug/kg) and Zn (27937 ± 496.88 ug/kg) were also high in samples 

under study.  Accordingly levels of Pb, Cd, and Se were low (338.24 ± 10.64 ug/kg, 

9.48 ± 0.83 ug/kg, 487.16 ± 7.46 ug/kg respectively) in our sample.  Whole blood 

may have much more trace elements level as compared to serum level of these 

trace elements because of intracellular elements.  Bivariate correlation revealed that 

only selenium in negatively correlated with age in hypertensive and normotensive 

group while with ALT in hypertensive group only.  Selenium is an essential element 

being a constituent of glutathione peroxidase, its chemistry is similar to that of Sulfur, 

its most important biological compound is called selenocystein.  This results by the 

substitution of sulfur with selenium in cysteine.  Regarded was as amino acid 

number twenty one.  Selenium enters into the body through food mainly in the form 

of selenomethionine from plants that take up element from the soil.  Whole body 

selenium is about 15mg as measured by tissue analysis and radio isotopic 

techniques.   Selenium deposits more in kidneys and liver.  Deposition of extra 

selenium in kidneys may cause damage to kidneys or influence renin angiotensin 

aldosterone system (RA system) active in kidneys.  Hence selenium is showing 

negative correlation with age in all samples.  Average amount of all other elements in 

our study sample are higher among hypertensive population as compare to normal 

individuals.  

Effect of these elements on each other and on different physical and biochemical 

parameters was studied through Pearson’s correlation.  Results show that among 

normotensives As, Se, and Sr showed significant negative correlation with age, 

hence reflecting the amount of the element decreases with the age in the blood.  

Negative correlation of selenium with age in both hypertensive and normotensive 

groups is puzzling, but at least one study in USA indicates that Se deposition in 

tissues is not age related (Swanson et al., 1990).  On the other hand relatively 

modern study in Czech Republic indicates that Se level do increase with age (Benes 

et al., 2005).  Significant positive correlation was observed between SBP and Li, as 

well as SR.  Mo and Ti exhibited significant positive correlation with urea in the 
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blood.  Cd (ALT) and Co show positive correlation with liver enzymes.  Except for Se 

(with age) and Mo (with urea), other correlations were altered in hypertensive 

population.  Bivariate correlation analysis (table 10.1 and 10.2) of trace elements and 

physical/ biochemical factors revealed that there is a significant correlation of Mo 

with Diastolic blood pressure (r= 0.179, N = 193, p< 0.05) in hypertensive sample.  

Among other biochemical parameters urea, an indicator of kidney function, was 

correlated with Cu, Zn, and Mo.  Serum Sr level was found to be correlated with ALT, 

an enzyme linked with liver function.  Se is negatively correlated with age (in both HP 

and NT groups) and ALT in hypertensive population.  Strontium and molybdenum 

exhibit positive correlation with age.  Urea had strong correlation with Mo and Th in 

normotensive population.  Other notable correlations among normotensive patients 

are of Cd with liver enzymes (ALT and ALP), Sr and Ti with systolic blood pressure, 

and Co with ALP (r = 0.597, N = 27, p< 0.01).  Alkaline phosphatase in linked with 

cobalt and cadmium in normotensive samples only, indication positive role of this 

enzyme in maintaining blood pressure in collaboration with Co and Cd.  Correlation 

of Cd with two liver specific enzymes ALT and ALP in control group and absence of 

correlation with hypertensive group may hint some role of this element in 

hypertension initiation. 

Genetic analysis 

Search for genes having direct role in onset of hypertension is ongoing.  More than 

hundred genes are thought to be linked with hypertension.  In fact one website 

maintained by Case Western Reserve University (http://cmbi.bjmu.edu.cn/genome/ 

candidates) lists 117 candidate genes. Although several of these genes are believed 

to be linked with hypertension because of their obvious role in maintaining of blood 

pressure by adjusting blood volume as well as keeping the blood vessels in shape 

but scientific evidence linking these genes with hypertension is still not very 

convincing.  After publishing of the human genome sequencing role of SNP as 

marker for pinpointing causative locus have sparked interest in scientific community.  

This resulted in thousand of studies and development of techniques for speedy 

detection of SNP.  For his purpose several new instruments and technologies were 

designed but most of them are still being improved and are very expensive and not 

yet available in Pakistani markets.  We decided to use conventional manual methods 

to locate SNPs in local population.  Among most popular and reliable techniques   

http://cmbi/
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Table 10.1. Correlation of trace elements with physical data among hypertensive 

group. 

*Correlation is significant at 0.05 
level 

‡ Correlation is significant at 
0.01 level 

non significant 

Figures in Parenthesis show degrees of freedom for each column.  

Table 10.2. Correlation of trace elements with physical and biochemical data among 

normotensive subjects. 

Elements 
Age 
(111) 

DBP 
(111) 

SBP 
(111) 

Urea 
(28) 

Creatinine 
(88) 

Sugar 
(14) 

ALT 
(29) 

ALP 
(27) 

Al -0.115 0.090 0.183 -0.043 -0.270 -0.212 -0.208 0.127 

Li -0.160 -0.077 0.056 0.051 -0.017 -0.313 -0.136 -0.206 

Ti -0.008 0.161 0.206* -0.085 -0.104 -0.114 -0.182 0.074 

V -0.098 -.049 -0.072 0.09 0.07 -0.163 -0.017 -0.086 

Cr 0.084 -0.054 -0.100 0.225 -0.085 -0.076 0.001 -0.098 

Mn 0.058 -0.087 0.007 -0.130 -0.133 0.248 -0.044 -0.025 

Co 0.073 0.083 0.030 -0.083 -0.079 0.056 0.150 0.597‡ 

Ni -0.057 -0.090 -0.077 -0.145 -0.086 -0.171 -0.139 -0.056 

Cu -0.026 0.083 0.019 -0.072 -0.138 -0.307 -0.067 0.324 

Zn -0.019 -0.105 -0.133 -0.294 0.007 -0.070 -0.056 0.260 

As -0.22* 0.080 0.040 0.351 -0.080 -.294 -0.084 0.154 

Se -0.29‡ 0.038 -0.050 0.103 -0.232 -0.030 -0.100 -0.075 

Rb -0.133 0.137 0.121 -0.171 -0.241 0.220 0.235 0.202 

Sr -0.185‡ 0.006 0.196* -0.006 -0.140 -0.107 -0.171 -0.059 

Mo -0.088 0.042 0.062 0.381* -0.092 -0.98 -0.099 -0.035 

Cd -0.073 0.088 0.029 0.005 -0.098 -0.162 0.440* 0.424* 

Pb -0.023 -0.024 -0.092 0.148 0.013 -0.251 -.017 -0.274 

Th -0.094 0.025 0.042 0.433* -0.022* -0.314 -0.232 -0.249 

*Correlation is significant at 0.05 
level 

‡ Correlation is significant 
at 0.01 level 

non significant 

Figures in Parenthesis show degrees of freedom for each column.  

Elements 
Age 
(191) 

DBP 
(191) 

SBP 
(191) 

Urea 
(63) 

Creatinine 
(171) 

Sugar 
(26) 

ALT 
(50) 

ALP 
(42) 

Al -0.056 0.068 -0.015 -0.183 -0.157* 0.069 0.015 -0.001 

Li 0.05 0.082 0.000 0.159 0.011 -0.136 0.079 -0.149 

Ti -0.094 0.040 -0.020 -0.061 -0.079 0.047 -0.097 0.054 

V 0.020 0.093 -0.041 0.151 -0.030 0.126 -0.184 -0.024 

Cr -0.050 0.084 -0.044 0.343 0.075 0.130 0.154 -0.214 

Mn 0.088 -0.047 -0.153 -0.202 -0.098 0.113 -0.113 0.039 

Co -0.081 -0.078 0.106 0.100 0.084 0.521 0.161 -0.042 

Ni -0.128 0.084 -0.043 0.202 0.028 0.022 0.132 0.040 
Cu 0.01 0.056 -0.024 0.329‡ -0.002 0.136 0.069 -0.134 

Zn 0.080 -0.065 -0.013 0.419‡ 0.122 0.264 0.082 0.047 

As -0.035 0.038 0.041 0.068 -0.078 0.011 0.023 -0.064 

Se -0.180* 0.116 -0.059 -0.107 -0.084 0.175 -0.299* -0.084 

Rb -0.079 0.056 0.095 0.137 0.025 -0.041 -0.290 0.239 

Sr 0.042 -0.002 -0.015 0.261 -0.038 0.250 0.285* -0.104 

Mo 0.006 0.179* -0.020 0.287* -0.084 -0.023 0.338* -0.071 

Cd -0.170 0.053 0.047 -0.167 -0.035 0.057 0.167 0.090 

Pb -0.002 0.161 0.002 0.079 -0.006 0.163 0.257 -0.053 

Th 0.000 0.081 -0.026 0.071 -0.056 0.446* -0.208 -0.067 
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used to detect SNP is to use the ability of type II restriction enzymes to recognize 

specific sequences very efficiently and digest within the sequence or in close 

proximity of the sequences on either side of the recognition sequences (Restriction 

Fragment Length Polymorphism, RFLP).  Type I and Type III enzyme also recognize 

particular sequence but they cut randomly.  There are so many restriction enzymes, 

in fact one popular database “Rebase” (Roberts et al., 2007; http://rebase.neb.com) 

lists 3760 type II restriction enzymes and this list is still (now rather slowly) 

expanding.  All these enzymes cover hundreds of specifications so there is a strong 

possibility to find out one enzyme which may recognize a sequence containing 

polymorphic base.  Presence of absence of one allele may hinder digestion.  Single 

nucleotide polymorphism can be detected by amplifying a small region harboring 

SNP site and then after digesting it with restriction enzyme we can tell presence or 

absence of SNP.  This method has one very dangerous drawback that some times 

partial digestion or no digestion may result due to some other factors resulting in 

wrong genotype.  Factors causing failure of digestion could be the quality of reagents 

buffers, amplified fragment, or enzyme and may be wrong restriction digestion plan.  

There is even more danger when some of the samples in a batch get digested and 

one or two samples remain undigested because of extra salts in the vial.  We tried to 

randomly check undigested or partially digested samples for confirmation of 

polymorphism.  Digestion reaction was also designed in a way that inhibiting salts 

and unused dNTP’s in amplified fragment were sufficiently diluted.  Enzyme was also 

used slightly in excess just sufficient to cut completely.  Digestion reaction was 

carried out for over night again just to be sure that digestion is complete.  

Appearance of bands of required sizes confirmed that there was no star activity or 

non specific cutting due to excess use of the enzyme and there is no degradation 

due to longer digestion time. 

RFLP was used to detect polymorphism in ACE (G2350A), GNASI (T393C), 

angiotensin II receptor type 1 (A1166C) and adducin (G640W).  Another 

polymorphism in ACE gene (I/D) was determined through nested PCR.   

Out of more than 23 known variants of angiotensinogen gene (AGT), two very 

popular polymorphisms M235T and T174M have been well studied in relation to 

hypertension.  Since these two polymorphisms were near to each other therefore 

these could be amplified together in one PCR reaction.  This amplified fragment 
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could be digested with different enzyme to identify these two polymorphisms.  

Failures to digest these samples lead us to send few samples for sequencing.  

Seven randomly chosen samples out of 344 samples were sent for sequencing.  

Sequencing results confirmed our hypothesis that Punjab population may have some 

additional polymorphisms in its genome as in two unrelated samples (sample 

number 153, a female from district Sheikhupura and sample number 155 a female 

from district Gujranwala) two additional adenine were present at the same position.  

Both samples were from hypertensive patients so this additional A may have role in 

onset of hypertension in Punjab population.  Despite so many restriction specificities 

available we could not find any suitable commercially enzyme to identify this 

polymorphism by RFLP.  This could have helped us to further confirm this 

polymorphism in all samples.  Presence of C just two bases downstream to 

polymorphic site in all seven samples.  This may explained why we were not able to 

digest with NcoI to study T174M polymorphism.  Since M235T is near to the 3`end of 

the amplified fragment Lwel enzyme from Fermentas may have failed to digest.  

Results of the sequencing only emphasized the need to further explore genomes of 

Punjab population.   

ACE gene contains either insertion or deletion of 288 bp fragment containing Alu 

repeat among different individuals.  Simple PCR containing this repeat can result in 

fragments of two different sizes one larger 498 bp in case of insertion and in case of 

deletion resulting fragment should be of 210 bp.  To confirm whether same deletion 

is absent another primer was used nested to the previous pair of primers in same 

reaction.  Resulting fragments have been discussed in chapter 6.  Some of the 

samples were randomly rechecked for the confirmation of the polymorphism.  In our 

study I/D polymorphisms were not linked with hypertension.  DD and ID genotypes 

were common in hypertensive patients as compared to normotensive patients.  

Results were non significant when adjusted for age and sex but odds ratio remained 

comparably high for DD (OR = 1.45, CI: 0.32-6.65 at 95% confidence interval) and ID 

(OR = 2.14, CI: 0.65-7.0 at 95% confidence interval) polymorphisms.  Since first 

report of I/D polymorphism published it has been studied for association with 

hypertension and other diseases as diverse as tendency to suicide (Sparks et al., 

2008).  This polymorphism in ACE gene is one of the most studied polymorphism; 

still there are conflicting reports about the association of this polymorphism with 
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hypertension.  Study in Punjab population reports no significant association but there 

is a hint of association as frequency of DD and ID genotypes is higher in 

hypertensive groups of Punjab population.  A recent study in hypertensive Hispanics 

(n=256) links DD genotype with hypertension with very similar odds ratio (OR = 1.56, 

CI: .33-1.05 at 95% confidence interval) to those calculated in our study (Bautista et 

al., 2008).  Another polymorphism G2350A in ACE gene was also linked with 

hypertension in Emirati population (Saeed et al., 2003) and studies in Pakistani 

population reported no linkage with myocardial infarction (Iqbal et al., 2004).  In 

Punjab population this polymorphism was found to be significantly linked with 

hypertension.  GG genotype was significantly higher in hypertensive group as 

compared to normotensive group.  AG heterozygous genotype frequency was high in 

normotensive cases.  Significant association remained when tested after adjusting 

for confounding factors (sex and age).  Odds ratio between genotypes in 

hypertensive and normotensive groups were significant after adjustment for the sex 

and age (OR = 0.29, CI: 0.1-0.88 at 95% confidence interval, P = 0.025).  In the 

present study, G2350A genotype distributions did not occur in Hardy Weinberg 

proportions in the hypertensive group, it was in equilibrium in normotensive group.  

Punjab population is homogeneous due to high consanguinity. This observation that 

control is in Hardy Weinberg equilibrium in a homogeneous population further 

strengthens our results linking G2350A polymorphism with hypertension.  Although 

this polymorphism is synonymous but may be a functional change resulting in 

elevation of ACE level; an observation which need further support from larger 

studies.  Alternatively, SNP may not itself be involved in hypertension but anther 

variation in neighborhood of this polymorphism may have direct role in hypertension, 

hence G2350A marker can make up important milestone on chromosome 17 for 

further exploring the area around it.  Linkage disequilibrium analysis between I/D and 

G2350A polymorphisms was non significant as revealed by D statistics (0.0033), D` 

statistic (0.0189) and r statistics (0.0148) with P = 0.6983.  Haplotypes studies 

revealed that combination of I and G (IG) alleles to be more frequent (0.4283) in the 

population.  While DA combination was least frequent (0.1197).  Differences 

between haplotypes frequencies of hypertensive and normotensive groups were not 

significant.  These odds ratios remained non significant even after adjustment for 

age and sex but in male haplotype DA (OR = 0.07, CI; 0.02-0.23) was significantly 

lower as compared to female population (OR = 1.10, CI; 0.36-3.38).  
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All other polymorphisms T393C (GNASI), A1166C (AT1R) and G640W (Adducin) 

were not found to be associated with hypertension.  T393C polymorphism was 

according to the Hardy Weinberg equilibrium while distribution of A1166C did not 

followed the law in total and hypertensive sample while it obeyed the Hardy 

Weinberg law in case of normotensive group.  G640W was also obeying the Hardy 

Weinberg law in total and normotensive sample but not in hypertensive group.  

Among three polymorphisms fragment size in T393polymorphism was good enough 

to be easily separated on the gel, Chances of errors were minimized by repetition of 

these polymorphisms and also by excluding doubtful results.  The β-adrenoceptor (β-

AR)-stimulatory guanine nucleotide-binding protein (Gs) system already has been 

shown to play important roles in the cardiovascular system.  Since one of the risk 

factor in cardiovascular system is hypertension investigation of involvement of Gs 

proteins was carried out.  Alpha subunit of Gs proteins has been reported to be 

linked with hypertension in several studies.  A silent polymorphism T393C in alpha 

subunit of the Gs protein (GNAS1) has been linked with hypertension (Feldman et 

al., 1995) and poor responsiveness to beta blockade (Jia et al., 1999).  CC genotype 

of this polymorphism has also been shown to have protective role on the 

development of hypertension in non heavy smokers (Abe et al., 2002).  Since 

Hypertension is a complex disorder therefore it is possible that several factors mask 

the actual role of this polymorphism in determining hypertension.  This polymorphism 

has been linked with hypertension depending upon alcohol consumption (Chen et 

al., 2003) and on smoking status (Abe et al., 2002).  Our study shows no association 

of this polymorphism with hypertension even in males or in females.  Association 

remained non-significant even after adjustment for age and sex in a multivariate 

correlation analysis.  In our study sample the difference of CC genotype between 

hypertensive and normotensive groups was not significant.  This genotype has been 

thought to exert protective role in onset of hypertension, while TT and TC genotypes 

have been linked with risk increasing factors of hypertension (Yamamoto et al., 

2004).  A1166C polymorphism in AT1R gene was also not associated with 

hypertension.  CC genotype in the hypertension groups (0.18) was higher than 

normotensive group (0.09).  This provides some clue towards involvement of CC 

genotype with hypertension.  These results are very similar to the association study 

done in the Polish population (Dzida et al., 2001) according to which CC genotype 

was higher in hypertensive population (0.1) as compared to normotensive population 
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(0.04).  C allele in both studies is the minor allele with allele frequencies of 0.29 and 

0.28 in hypertensive groups of Polish study and in our study respectively.  Both 

studies show this association to be stronger in males as compared to female 

population.  C allele is much less in Hispanics where it is 0.4 in controls and 0.0 

among cases in a total sample of 513 individuals (Bautista et al., 2008).  This study 

in Hispanic population links C allele with hypertension but number of homozygous 

CC carriers was not adequate to derive conclusion with confidence.  Since AT1R has 

several other roles and those interfering factors were not documented in all cases so 

control group may not be adequate control group in our case and in several other 

studies reporting positive association.  A1166C was not related even when 

association was calculated after adjustment for age and sex.  AT1R was not 

associated with the incidence of hypertension in a well conducted large prospective 

cohort study (Hindorff et al., 2002).  The A1166C, like GNAS1 T393C polymorphism 

is a non-functional mutation occurring in the 3′ untranslated region of the AT1R gene 

and does not seem to be in linkage disequilibrium with multiple single nucleotide 

polymorphisms identified in the promoter region of the gene (Poirier et al., 1998).   

 Adducin was included in the study because of its role in transport of ion across the 

cell membrane.  G640W is the functional polymorphism reported in its genes.  It 

leads to higher activity of sodium pump when there is a change of tryptophan (W) 

from glycine (G) at position 640.  This enhanced activity of the sodium pump causes 

reabsorption of the sodium in the kidneys and thus resulting high sodium level in 

serum causes the blood pressure to be elevated.  G640W was again non significant 

in our population over all samples were in accordance with Hardy Weinberg 

equilibrium but hypertensive group was not obeying the law.  G allele frequency 

(0.69) was a little lower in our population under study as compared to the G allele 

frequency (0.83) obtained in UK population (Clark et al., 2000).  In Japanese 

population W allele was found to common (54-60%) as compared to G allele (Kato et 

al., 1998).  Results of our study show that GG genotype is common among 

hypertensive group as compared to normotensive group, while WW allele was 

common in normotensive group.  These results are in contrast with Tamaki et al. 

(1998), who found GG genotype was common among normotensive group but Kato 

et al. (1998) were unable to confirm these results.  Furthermore a study involving 

parent and their offspring revealed that W allele was not related to blood pressure 
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and did not affect working of sodium pump.  Dutch hypertensive women carrying this 

polymorphism were linked with increased risk of stroke (Zafarmand et al., 2008).  

This polymorphism was studied in fewer samples because of contamination/ 

degradation of DNA samples.  Major part of the blood samples were sent for the 

trace element analysis after lyophilization.  Therefore fresh DNA could not be 

extracted from stored blood samples.  Genomic DNA isolated two years ago were 

thought to be sufficient for the study because those were used several times during 

the study and also for the research of undergraduate students, these were 

contaminated and a non specific band in PCR always appeared in all samples size 

of the band was such that it was difficult to study this polymorphism even with new 

set of primers and another batch of PCR mix. Due to this problem fewer patients and 

controls were genotyped.  Same problem was faced when we tried to genotype 

polymorphism in renin gene (G1051A).  Renin is a major component of RA system 

responsible for the conversion of angiotensinogen to angiotensin. Conditions for this 

polymorphism were standardized as shown in figures 10.1. and 10.2. show the 

digestion with Psy1.  But later due to contamination of DNA fragments we were 

unable to amplify this fragment and digest it with Psy I for genotyping.  

  

Figure 10.1 Amplification of three 

polymorphisms A1166C in At1R, 
G1051A in Renin and T393C in 
GNAS1to standardize PCR 
conditions.  
 

 
 
 
 
 

Figure 10.2 Digestion of the samples in 
same order shown in 10.3.  Emphasis is 
on digestion of renin fragment for G1051A 
polymorphism.  Since yield of the fragment 
is low we can not see 40bp fragment 
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Multiple SNP Analysis 

Correlation between different polymorphisms located nearby or on the same 

chromosomes can be determined by Linkage equilibrium.  Linkage disequilibrium is 

also the measure of association between alleles at different loci.  The term linkage 

disequilibrium can be confusing because loci on the different chromosomes can also 

be in linkage equilibrium; association can exist even if alleles are unlinked.  For 

example if two populations having different allele frequencies are mixed then the 

overall population can display disequilibrium.  Non random mating can also cause 

disequilibrium in absence of linkage (Wray and Visscher, 2008).  Since we have 

checked association for the individual SNP, assessment of association of all SNPs 

together with hypertension is important.  We can estimate linkage disequilibrium 

because frequency of multilocus haplotypes can be calculated. Pair wise linkage 

disequilibrium (LD) was calculated as D (deviation between expected and observed 

haplotypes frequency) using EM (Estimation Maximization) algorithm.  In addition to 

it D` (D`= D/Dmax when D>0 and D`= D/Dmin when D < 0) and correlation coefficient r 

values (r2 = D2/p1p2q1q2) were also calculated using an online calculator called 

SNPStat (Xavier et al., 2006., http://bioinfo.iconcologia .net / index .php ? Module = 

Snpstats).  Calculating D` has an advantage that it can be standardized to allow 

comparisons across loci or populations.  Results are shown in table 10.3.  According 

to these results only worth mentioning correlation was found between I/D 

polymorphism of ACE gene locus and T393C from GNAS1 gene locus.  Even this 

was non significant (P = 0.0535).  ACE gene resides on chromosome 17 while 

GNAS1 has been mapped on chromosome 20.  Linkage disequilibrium was absent 

in all other cases.  Table 10.4 displays results of four locus haplotypes frequency 

analysis for the genes under study in hypertensive and normotensive.  Fifth locus 

(G640W) because of less number of participants was not included in this analysis.  

Haplotypes were measured by maximum likelihood estimation based upon EM 

algorithm because it can accommodate several loci.  SNPstat use this algorithm for 

LD and haplotypes analysis (Xavier et al., 2006).  Haplotype analysis revealed that 

three haplotypes (IGCA, IGTA, and DGTA) were most abundant in Punjab 

population, while DATC is least prevalent.   

Among haplotypes two IACA and IATA were significantly different between 

hypertensive and normotensive groups (p = 0.028 and P= 0.027) respectively.   
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Table 10.3.  Linkage disequilibrium between candidate SNPs estimated 

during the study.  Blue color shows significant P values. 
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Table 10.4. Haplotype frequencies in hypertensive and normotensive groups.  

Haplotype frequencies estimation (n=345) 

 
I.D G2350A T393C A1166C Total HP NT OR (95% CI) 

P-
value 

1 I G C A 0.168 0.184 0.1221 1.00 --- 

2 I G T A 0.1497 0.1419 0.1668 
0.67         

(0.30 - 1.51) 
0.34 

3 D G T A 0.1201 0.1404 0.0807 
1.03   

(0.44 - 2.43) 
0.94 

4 D G C A 0.0831 0.0886 0.0809 
0.74   

(0.23 - 2.44) 
0.62 

5 I G T C 0.0634 0.0653 0.0576 
0.57   

(0.17 - 1.86) 
0.35 

6 I A C A 0.0622 0.0412 0.1124 
0.26 

(0.08 - 0.86) 
0.028 

7 I A T A 0.0595 0.0374 0.0943 
0.31   

(0.11 - 0.87) 
0.027 

8 D A T A 0.054 0.0399 0.0888 
0.36   

(0.12 - 1.05) 
0.062 

9 I G C C 0.0465 0.0465 0.0632 
0.97   

(0.27 - 3.50) 
0.96 

10 D G T C 0.0407 0.0465 0.0337 
1.67   

(0.21 - 13.24) 
0.63 

11 D G C C 0.0371 0.0501 0 
2.02   

(0.17 - 23.56) 
0.58 

12 D A C C 0.0255 0.0288 0.0178 
0.59   

(0.15 - 2.33) 
0.45 

13 I A C C 0.0254 0.026 0.02 
0.62   

(0.14 - 2.74) 
0.53 

14 D A C A 0.0249 0.0226 0.0273 
0.83   

(0.08 - 8.39) 
0.87 

15 I A T C 0.0242 0.0245 0.0232 
0.87   

(0.07 - 11.59) 
0.92 

16 D A T C 0.0156 0.0163 0.0111 
1.24   

(0.16 - 9.65) 
0.84 
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Table 10.5. Haplotype distribution according to gender. 

  

Haplotype and Sex cross-classification interaction table (n=345, 
adjusted by Age) 

  
Female Male 

Haplotype Frequency OR (95% CI) OR (95% CI) 

IGCA 0.165 1.00 0.48 (0.19 - 1.22) 

IGTA 0.1398 0.74 (0.27 - 2.05) 0.29 (0.12 - 0.70) 

DGTA 0.1244 0.37 (0.14 - 0.97) 2.29 (0.38 - 13.96) 

DGCA 0.0879 0.55 (0.18 - 1.71) 0.66 (0.12 - 3.69) 

IATA 0.0703 0.33 (0.09 - 1.18) 0.07 (0.01 - 0.38) 

IACA 0.0616 0.18 (0.05 - 0.64) 0.16 (0.03 - 0.85) 

DATA 0.0488 0.70 (0.16 - 3.08) 0.00 (-Inf - Inf) 

IGCC 0.0444 2.89 (0.30 - 28.05) 0.43 (0.11 - 1.73) 

DGCC 0.0387 3.16 (0.35 - 28.97) 0.09 (0.01 - 1.08) 

DGTC 0.0364 Inf 1.35 (0.15 - 11.68) 

IACC 0.0263 0.60 (0.12 - 3.07) 0.08 (0.01 - 1.24) 

DACC 0.0241 0.32 (0.07 - 1.44) Inf 

DACA 0.0238 1.13 (0.09 - 14.73) 0.00 (-Inf - Inf) 

IATC 0.0193 Inf 0.11 (0.01 - 1.45) 

DATC 0.017 Inf 0.00 (-Inf - Inf) 

IGTC 0.0722 0.18 (0.05 - 0.62) 0.63 (0.12 - 3.27) 

Interaction p-value: 0.00031 
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Frequencies of these haplotypes were lower in hypertensive group as compared to 

normotensive.  This indicates that these haplotypes might be positively linked with 

hypertension.  Another haplotype (DATA) was also much higher in normotensive 

group as compared to hypertensive but it was non significant (P= 0.062). Two 

haplotypes IGCA and DGTA were among those haplotypes, which showed higher 

allele frequency in hypertensive group.  DGCC haplotypes was absent in 

normotensive group.  This haplotype may be associated with hypertension but we 

can not say with certainty.  When haplotypes distribution was divided according to 

gender as shown in table 10.5 three haplotypes were found to be significantly 

associated with females those were DGTA, IACA and IGTG.  IACA was only 

haplotypes significant in males and females. Other significant haplotypes in males 

were IGTA and IATA.   Four haplotypes were absent in male  

samples under study indicating thereby that females population may be a little more 

heterogeneous as compared to males population in Punjab.  Haplotype studies and 

examination of variants in linkage disequilibrium with the polymorphism are needed 

to more exactly assess the relationship between different polymorphisms and 

hypertension.  This initial work provides valuable insight into the genetic structure of 

the Punjab population. 

Genotypes and trace elements 

Another interesting aspect of the data is to look for relationship between genotypes 

and accumulation of trace elements in the body with respect to hypertension.  

Average values of each of the trace element were plotted against three genotypes 

from four loci under study.  Figures 10.3 to 10.7 show this relationship in form of 

graphs.  To find variance among data statistical trests like ANOVA and least 

significant difference were performed using statistical software SPSS (ver. 12).  

Hypertensive cases are shown in red bars while normotensive cases are shown in 

green bars.  Checkered bars show significant difference between means of the two 

groups of samples.  

In general, concentrations of trace elements in hypertensive group are higher than 

concentrations in normotensive groups, therefore red bars seems to be more visible.   
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All three genotypes of the I/D Polymorphism (DD, ID, II), contained significantly 

higher levels Li, V and Sr in hypertensive group.  Hypertensive individuals having ID 

and II genotype had higher levels of Cu, persons having II genotype had elevated Al 

in their blood, Mo and Cd were higher in ID genotype.  Highest concentration of Li 

was found in persons having Genotype II, While people having DD had lower 

concentration of Li.  On the contrary, hypertensive persons having DD genotype 

were having higher levels of Al, Ti, Cr, Mn, Co, Ni, Cu, Zn, As, Se, Rb, Mo, Pb and 

Th in control group.  While concentrations of these trace elements were lowest in 

control group having II genotype.  Interestingly in several studies, DD genotype have 

been linked with hypertensive phenotype, while our study could not find any 

association of this genotype with hypertension.  Although levels of trace elements in 

general were higher in hypertensive group but distribution of these elements 

according to genotype were not on a set pattern except in case of Mo and Pb.  DD 

genotype had high Mo concentration and II had low of Mo but difference between the 

mean values of the HP and NT groups was only significant in ID genotypes.  

Hypertensive individuals having II genotype were having slightly higher Th values 

compared to DD genotype.  Co levels in serum of control group containing DD 

genotype relatively higher but the difference was non significant.             

ACE G235A polymorphisms (AA, AG, GG) in hypertensive group were higher in Rb 

only.   AG genotype had higher levels of Pb and AG genotypes had higher levels of 

Se in hypertensive groups and this difference was significant.  Normotensive group 

with GG genotype had highest levels of Li, Al, Ti, Sr, Cd and Pb while Ni and Mn 

levels in serum were lowest in this group. So concentration of these elements may 

some how linked with blood pressure.  AA genotype in hypertension group had 

highest concentration of Li, Mn, Zn, and Sr.  Interestingly Li was absent in 

normotensive AA genotype group but pattern of Li concentrations in three genotypes 

were opposite in NT and HP groups.  Highest concentration of Li was in AA 

genotype while the lowest Li concentration was in GG genotype.  In NT group AA 

genotype had highest concentration of Li was Zero while it was highest in Gg 

genotype.No HP group with AA genotype had highest concentration of Li, and lowest 

concentration was in GG genotype.  Mn concentration were high in AA genotypes 

and lowest in GG genotypes in both hypertensive and normotensive groups.   
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Three genotypes of the GNASI T393C polymorphism (CC, CT, TT) had significantly 

higher concentrations of the Al, Cu, As, Cd, Pb and Th.  Arsenic is considered to be 

toxic causing several different complications among human beings including 

neurotoxic effects, cancer and cardiovascular disease (Tseng, 2008: Chabowska et 

al., 2007).  Concentrations of arsenic in hypertensive groups are higher than 

normotensive groups but this difference between average values of the HP and NT 

groups is significant only in GNAS1 locus.  In addition to these CT genotype had 

higher levels of Mn, and Se.  Hypertensive persons having TT genotype had higher 

levels of Se in their blood.  NT individuals having TT genotypes had higher levels of 

Al, Co, and As, while CC genotype had higher levels of Mn, Sr, and Cd.  In 

hypertensive group Ti concentrations were almost equal in patients having CC or CT 

genotype in Al, Ti, Co, and Cd. In fact Cd is present in equal quantity in all three 

genotypes.  TT genotype in hypertensive group also show higher levels of Al, Co, Ni, 

Se, Rb, Sr, and Mo.  Other notable difference is presence of significantly high levels 

of Pb and Th in normotensive group.        

AT1R A1166C polymorphism was also linked with several elements in hypertensive 

cases.  Hypertensive group having AA genotype had higher levels of Li, Cr, Sr and 

Pb in their blood.  AC genotype was linked with Li, Zn, Sr, and Pb in hp while CC 

genotyped persons had higher levels of Li, Cr, Zn, Rb, Sr and Pb.  AA genotype of 

this polymorphism had highest levels of Li, Ti, Cr, Ni, Zn, As, Se, Rb, Sr, Pb and Th 

in normotenive group. Among hypertensive group Al, V, Cr, Cu, Sr, Pb, were in 

higher concentration as compared to CC genotype, which had lowest concentrations.  

Sr was significantly higher in hypertensive group as compared to normotensive 

group in all three genotypes but pattern of distribution of average values of Sr were 

same in both groups. Zn was significantly linked with AC and CC genotypes.      

Disturbances in Zn metabolism in arterial hypertension leads to renal excretion of the 

Zn causing Zn Deficiency but Zn continent of the erythrocytes, cardiac muscles and 

kidneys increase, like in our study where Zn concentration is higher in hypertensive 

group in all cases.  As we have mentioned before Zn has a role in over 300 enzymes 

among others it moderates the activities of ACE, and endothelin converting (EC) 

enzymes (Tubek, 2007).   

Polymorphism in Adducin gene was not compared with this data due to fewer of 

genotypes.  What effect these relation might have on hypertension and what   
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LSD ACE I/D = 5.48 ACE G2350A = 58.9 GNASI T293C= 41.33 AT1R A1166C = 7.77 

  
LSD ACE I/D = 286 ACE G2350A = 613.04 GNASI T293C= 27.76 AT1R A1166C = 99.29 

 
LSD ACE I/D = 141.38 ACE G2350A = 168.07 GNASI T293C= 73.98 AT1R A1166C = 123.96 

 
LSD ACE I/D = 3.61 ACE G2350A = 13.34 GNASI T293C= 9.23 AT1R A1166C = 7.33 

Figure 10.3. Distribution of Li, Al, Ti and V according to genotypes of four loci.  
Checkered bars show significant difference between means of HP and NT at 95% 
level of confidence. Solid bars show non significant differences. 
 

  

0

10

20

30

40

50

DD ID II AA AG GG CC CT TT AA AC CC

L
i 
(P

P
B

)

Hypertensive Normotensive

4

0

200

400

600

800

1000

DD ID II AA AG GG CC CT TT AA AC CC

A
l 

(P
P

B
)

Hypertensive Normotensive

4

0

100

200

300

400

500

DD ID II AA AG GG CC CT TT AA AC CC

T
i 
(P

P
B

)

Hypertensive Normotensive

0

5

10

15

20

DD ID II AA AG GG CC CT TT AA AC CC

V
 (

P
P

B
)

Hypertensive Normotensive



156 
 

 
LSD ACE I/D = 252.55 ACE G2350A = 130.12 

GNASI T293C= 
204.47 

AT1R A1166C = 19.03 

 
LSD ACE I/D = 11.25 ACE G2350A = 8.42 GNASI T293C= 2.87 AT1R A1166C = 8.64 

 
LSD ACE I/D = 27.36 ACE G2350A = 42.52 GNASI T293C= 2.13 

AT1R A1166C = 18.52 
 

 
LSD ACE I/D = 348.28 ACE G2350A = 474.02 

GNASI T293C= 
185.57 

AT1R A1166C = 165.81 

Figure 10.4. Distribution of Cr, Mn, Co and Ni, according to genotypes of four loci.  
Checkered bars show significant difference between means of HP and NT at 95% 
level of confidence. Solid bars show non significant differences 
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LSD ACE I/D = 4167 ACE G2350A = 4228.3 GNASI T293C= 377.95 AT1R A1166C = 1371.9 

 
LSD ACE I/D = 46808 ACE G2350A = 13091 GNASI T293C= 6473.5 AT1R A1166C = 6530.5 

 
LSD ACE I/D = 35.92 ACE G2350A = 27.92 GNASI T293C= 7.04 AT1R A1166C = 33.30 

 
LSD ACE I/D = 661.15 ACE G2350A = 124.94 GNASI T293C= 106.76 AT1R A1166C = 190.88 

Figure 10.5. Distribution of Cu, Zn, As and Se, according to genotypes of four loci.  
Checkered bars show significant difference between means of HP and NT at 95% 
level of confidence. Solid bars show non significant differences. 
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LSD ACE I/D = 10087 ACE G2350A = 266.49 GNASI T293C= 2841.8 AT1R A1166C = 2037.6 

 
LSD ACE I/D = 8.32 ACE G2350A = 428.22 GNASI T293C= 159.34 AT1R A1166C = 22.58 

 
LSD ACE I/D = 32.89 ACE G2350A = 9.27 GNASI T293C= 25.25 AT1R A1166C = 23.24 

 
LSD 13.54 ACE G2350A = 18.37 GNASI T293C= 105.31 AT1R A1166C = 35.18 

Figure 10.6. Distribution of Rb, Sr, Mo, and Cd, according to genotypes of four loci.  
Checkered bars show significant difference between means of HP and NT at 95% 
level of confidence. Solid bars show non significant differences. 
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LSD 513.85 ACE G2350A = 192.74 GNASI T293C= 140.48 AT1R A1166C = 61.09 

 
LSD 14.93 ACE G2350A = 7.00 GNASI T293C= 1.18 AT1R A1166C = 9.04 

 Figure 10.7. Distribution of Pb, and Th, according to genotypes of four loci.  
Checkered bars show significant difference between means of HP and NT at 95% 
level of confidence. Solid bars show non significant differences 

 

mechanism is involved is yet to understand.  It might be possible that presence of 

several trace element in blood may be due to the environmental pollution, which may 

have found its rout from soil to blood through fruits and vegetables.  To exclude this 

possibility a base line for the normal concentration of trace elements in blood has to 

be established.     

Concluding remarks 

Linkage analysis and association studies are two popular methods of searching the 

susceptibility genes of multifactorial diseases like hypertension.  Linkage analysis 

requires collection of family history and genotyping of the samples from whole 

members of the family.  This method is difficult because it is not easy to recruit whole 

family for the study because some time all members may not be available or willing 

to participate in the study, hence it is very tedious to collect samples for linkage 

analysis.  Analysis of the data obtained was also difficult but now several software 

are available, which makes calculation of LOD score easy.  It is rather easy to collect 

blood samples for association studies that can be carried out in two different ways 
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one is candidate gene approach and the other is whole genome scanning.  Whole 

genome scanning is carried out by selecting genetic markers on whole genome 

those markers may be microsatellites or SNP (both available).  This approach has an 

advantage that association can be found on any locus regardless of the gene 

function, whether its function is uncertain.  Whole genome scanning requires use of 

the large number of markers sufficiently spread apart to provide high resolution.  

Because of this cost and labor required, this study is very expensive.   

Candidate gene approach as we tried in this study is low cost and requires relatively 

less labor.  Sample collection is easy.  Candidate genes can be selected by 

biophysical, biochemical, and pharmacological findings and based on work done on 

knockout mouse.  In candidate gene approach the function of the gene is clear.  

Disadvantage of this study is that there are some times false positive results 

obtained, specially, when case control study is carried out in diverse population but 

population in Punjab belongs to ancient Indus valley civilization and relatively 

homogeneous.  Only few closely related races live here.  This makes Punjab 

population to be very suitable for such studies.  To minimize the cases of false 

positive correction of Bonferroni can be applied.  This can be carried out by 

increasing level of significance on the basis of number of markers.  We have 

provided P values through out this dissertation, whether significant or non significant, 

and reader can easily draw one’s own conclusion.  Selection of controls especially in 

disease like hypertension is very difficult.  One never know if a person included in the 

study as control develops hypertension later in his life.  Keeping in mind this rational 

we tried to select those normotensive individual, which have no family history and 

were of higher age group (57.4 in NT as compared to 52.8 in HP, P<0.0001) 

because essential hypertension generally develops in susceptible individuals after 

the age of forty.  Still on many occasions in this manuscript word normotensive has 

been used for controls.  Another question arises whether our sample represents all 

population of Punjab.  Map in figure 3.2 describes the distribution of samples from 

different regions of Punjab.  Although most of the samples come from Lahore itself 

but Lahore is a big city and because it is capital of the Punjab, more facilities of 

health, education and jobs are available here, so people come from all over Punjab 

in search of jobs and better living conditions.  Since information of the participant 

regarding their origin was not gathered, it is difficult to say that our study represents 
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population of the Punjab.  Nevertheless, we can make reasonably good inference 

about genetic make of our population.   

This study had limited power to detect the association of susceptible loci with 

hypertension, as detection by association is not straight forward.  So far confirmed 

variations due to common variants are few and far between one examples is the is 

the association between SNP in gene encoding apolipiprotein E (APOE) and 

Alzheimer’s diseases (Corder et. al., 1993).  More recently several studies have 

reported associations of gene variants with different diseases and body parameters 

for example, SLE, (Kozyrev et al., 2008), colorectal cancer (Tenesa et al., 2008), 

gastric cancer (Sakamoto et al., 2008),  serum glucose level (Bouatia-Naji et al., 

2008), height (Gudbjartsson et al., 2008),  with many thousands of samples and 

using advanced techniques.  Another point to be noted here is that all these studies 

were carried out with large resources and groups (24 to 58 authors in above 

examples).  Several authors have given rough estimates of the sample size.  

Number of the samples required for the good association study depends upon the 

susceptibility allele frequency, higher the allele frequency lower number of the 

sample are required similarly stronger associations can be detected, with fewer 

number of the samples (McCarthy and Hattersley 2005).  Another limitation of the 

study was use of the fewer controls.  Controls in this study were acted as 

comparison group rather than true controls because of uncertain blood pressure 

level of this group in future.  A large number of the controls were rejected due to 

different reasons (younger age, diabetes, HCV infection etc.).  Another information 

we failed to collect was the history of antihypertensive medication, because most of 

the patients were illiterate, they could only explain the size or color of the medicine 

not the name.  Very important role of the SNP analysis should be toward 

pharmocogenetics, since these polymorphisms show promising in forecasting 

patients responsiveness towards antihypertensive treatment.   

Results of this study needs to be further confirmed by use of larger sample size and 

by using several SNPs in candidate loci.  To cover the complete genetic association 

study for hypertension in Pakistan, study has to be designed involving several 

regional centers and large number of scientific personnel working to collect samples 

take history and then analyze marker SNP on the bench.  Analysis of the results 

obtained and then making correct inference is very important.  This will also require 
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huge financial and technical resources and scientist have to work in collaboration 

with each other.  Nevertheless this study provides several valuable information 

regarding genetic structure of local population, that local population may contain 

additional polymorphisms as indicated in case of AGT gene locus.  Before this work 

there was only couple of association studies were reported in Pakistani population.  

This study in Punjab population has provided the necessary skills and valuable 

experience required to carry out large scale studies along with an insight into the 

genetic make up of local population.   
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Abstract
Background. The renin-angiotensin-aldosterone
system (RAAS) plays a key role in blood pressure
(BP) regulation. Among the components of the
RAAS, the gene for the angiotensinogen (AGT)
has been extensively studied. Several studies in
different populations link Threonine instead of
methionine at position 235 (M235T) and
Methinine instead of threonine at position 174
(T174M) polymorphisms with essential
hypertension.We were unable to study these
polymorphisms in the Punjab population of
Pakistan through routine Restriction Fragment
Length Polymorphism (RFLP) method.
Considering the importance of this region we
decided to further investigate the 300 bp region
harbouring these two single nucleotide
polymorphisms.
Methods. Samples were derived from a larger
study group. Polymerase chain reaction
amplified fragments were subjected to either
RFLP or Single Strand Conformation
Polymorphism. Single stranded DNA showing
mobility shift on denaturing gel were sequenced.
Results. Sequencing confirmed the presence of
M235T and T174M polymorphisms in the local
population. In addition to these polymorphisms
one additional base was found at an identical
position in two of the samples.We found a
substitution of G with C just adjacent to T174M
polymorphism in all seven of our samples
studied.
Conclusions. We report two additional bases
and one substitution in the angiotensinogen gene
of Punjab population. We also suggest that SsmI
can be used for the investigation of T174M
polymorphism.

Introduction
The renin-angiotensin-aldosterone system (RAAS)
is an important regulator of blood pressure (BP)
and salt homeostasis. Among its components, the
gene for angiotensinogen, a polypeptide mainly
produced in liver has been extensively studied
as a candidate marker for hypertension.
Angiotensinogen (AGT) is the substrate for the
renin enzyme which cleaves it to angiotensin
(Ang) I and then another component,
angiotensin-converting enzyme (ACE) converts it

to Ang II. This product produces vasoconstriction
and sodium retention, thus regulating BP.1 Levels
of AGT in blood have been found to be correlated
with hypertension.1-2 Mice inserted with additional
copy of the AGT gene became hypertensive,3

indicating its importance in BP regulation.

The AGT gene is located on the long arm of
chromosome 1(1q42-43) and contains five
exons.4 More than 23 variants of the AGT gene
have been identified (National Centre for
Biotechnology Information [NCBI] single
nucleotide polymorphism build 127) and of these
three have been linked with hypertension.5

Recently a polymorphism at position 6 (G-6A) in
the promoter region has been  shown to modulate
the association between hypertension and carotid
artery intima-media thickness (IMT) in a recessive
manner.6  Another widely studied polymorphism,
encodes theronine instead of methionine at
positions 235 (M235T). Methionine instead of
threonine at position 1747 (T174M) and a two base
guanine thymine (GT)-repeat was reported to be
present in 11 different allelic forms.8 The role of
these variants has been investigated in several
ethnic groups and variable results were found. The
TT genotype of M235T polymorphism has been
associated with high BP in Brazilian,9 Russian,10,11

Romanian,12,13 Spanish,14 Turkish,15 Mongols,16,17 and
Taiwanese populations.18 By contrast, several
studies have failed to find any link between M235T
polymorphism with hypertension in Dutch,19

Greek20 and Brazilian population.21

Recent evidence suggests that those with variants
of the AGT and other members of renin
angiotensin-system (RAS) system may respond
differently to different antihypertensive
treatments.22 While studying these single
nucleotide polymorphisms (SNPs) we faced
difficulties in restriction fragment length
polymorphism (RFLP) analysis. Almost all
samples studied were found to be resistant to
Nco I digestion though polymerase chain
reaction (PCR) amplified fragments were showing
variations in Single Stranded Conformational
Polymorphism (SSCP). Because of the conflicting
results and importance of these variants, it was
decided to investigate further in this region. The
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Pakistani population of the Punjab is unique
because of centuries of traditions of marrying
within family or caste. Therefore, the objective of
the study was to find new SNPs in the vicinity of
M235T and T174M SNPs which may be linked
with essential hypertension.

Material and methods
Study Group
The study population consisted of hypertensive
patients coming to Mayo Hospital Lahore. Mayo
Hospital is the largest hospital in Pakistan.
Patients were interviewed and consent was taken
on a history form designed for this purpose. Out
of these samples 50 were screened for the
presence of M235T and T174M Polymorphism by
RFLP and SSCP methods. Seven (six hypertensive
and one normotensive) were sequenced to look
for new polymorphisms in the region of
approximately three-hundred bases. Study
design was approved by the Research Ethics
Committee of the Punjab University.

PCR amplification of the M235T and T174M
variants
From each patient 5 ml of the venous blood was
drawn into an EDTA containing tube and stored
frozen at -20°C until analysis. Genomic DNA was
prepared using Genomic DNA isolation kits
(Fermentas, Cat. No. K0512). PCR with forward
primers (5'-GAT GCG CAC AAG GTC CTG-3')
and reverse primer (5'-CAG GGT GCT GTC CAC
ACT GGC TCG C-3') was performed in a volume
of 50 ul following method described by Caulfield
et al.8 The reaction mixture contained 250 ng
DNA, 100 pM of each of two primers, and 2X
PCR mix (Fermentas Cat. No. K0171) which
comes premixed with Taq Polymerase, dNTP’s
and buffer containing optimum amount of
magnesium chloride. DNA amplification was
performed in thermal cycler (Master cycler,
Eppendorf). Initial denaturation at 94°C for three
minutes was followed by 30 cycles of
denaturation at 94°C for 40 seconds, annealing at
55°C for 45 seconds and chain elongation at 72°C
for 30 seconds, followed by final extension at
72°C for three minutes. PCR products were
digested with PsyI enzyme (Fermentas Car No.
ER 1331) for genotyping of M235T
polymorphism and with NcoI (Fermentas Cat No.
ER 0571), for T174M genotyping.

SSCP and sequencing
SSCP analysis was performed as previously
described.23 Briefly, natured and denatured PCR
products were run on 10% acrylamide gel for
four hours at 4°C. Single-stranded DNA bands
were stained by a rapid method of silver nitrate
staining.24 PCR products showing mobility shift
were in SSCP were sequenced on automated
sequencer ABI PRISMTM 3100 (Applied
Biosystems, Perkin Elmer USA). Sequences thus

obtained were compared with the GenBank
sequences for homology. Comparison was done
with AGT gene of human origin as well as with
apes and gorilla AGT gene sequences.

Results
Samples described in this work are part of a
larger study on hypertensive patients coming to
Mayo hospital for the treatment. The Punjab
population stems from a very old civilisation and
we hypothesised that it may have unique
variations in its genome. We faced difficulty in
RFLP analysis in PCR amplified fragments though
RFLP analysis was indicating variable mobility
shifts in single stranded DNA fragments on the
acrylamide gel. Therefore, we decided to sequence
fragments showing difference in mobility in
anticipation of finding new SNPs in the region.

Variations found after sequencing (figure 1) were
analysed using Basic Local Alignments Search
Tool (BLAST).25 Two already described
polymorphisms, M235T and T174M, were present
in our samples (table 1). M235T polymorphism
could be interpreted in all samples, among them,
two were heterozygous (CT genotype) and five
were having CC genotype. No TT genotype was
found in our tiny sample. Heterogeneity was
greater in the T174M genotype as five samples had
the CT genotype and one each the TT and CC
genotypes. Samples 153 and 155 were found to
have one additional A after base no. 7048066 of
chromosome 1 (GenBank, NT_004559.13,
GI:88943888). Another additional base (A) was
found ten bases further downstream (after Base no
7048056) in sample no. 155 only. Apart from these
two new variations found in our population there
was a substitution of guanine (G) with cytosine (C)
in all of our samples. This substitution is only one
base apart from T174M polymorphism hence
disrupting the restriction site.

Discussion
RAS plays a pivotal role in the regulation of BP.
Among the components of the RAS
Polymorphism in AGT has been more
consistently linked with hypertension.11 While
trying to study its role in the local population we
were unable to digest PCR products with
restriction enzymes (Psy I and NcoI). A similar
problem was observed by Lizanecz et al.26 We
decided to investigate this region further since
linkage of this region with hypertension has
been reported.8,18 After sequencing this
approximately 300 bp region we were able to
confirm the presence of these polymorphisms in
our population and we have found two
additional bases in two of the samples we have
sequenced (table 1). Both additional bases were
from hypertensive patients who had a history of
hypertension in the family. Addition of these
bases shifts the reading frame and two stop
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Patient ID

156

T C C A Y G G T C T G A Y G C G A G CC T C T C T A T A C C C C T G T

167

T C C A C G G T G C T C  T C T A T A C C C C T G T

337

T C C A C G G T C C T G A C G C G A G CG C T C  T C T A T A C C C C T G T

339

T C C A Y G G T C T G A Y G C G A G CG C T C  T C T A T A C C C C T G T

345

T C C A C G G T C C T G A Y G C G A G CG C T C  T C T A T A C C C C T G T

T C C A C G G T

155

C C T G A T G C G A G CG C T C  T C T A T A C C C  C T G T
A A

153

T C C A C G G T C T G A Y G C G A G CG C T C  T C T A T A C C C C T G T
A

C C T G A Y G C G A G C

Figure 1
Electropherograms of seven samples showing base alterations (highlighted) in three different regions of the angiotensinogen
gene.
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codons are created in the down stream
sequences. Since the Ang I and II are towards the
3' end of the gene normal function of these
hormones is less likely to be disturbed.

M235T polymorphism indicated that the CC
genotype was found in five hypertensive
samples. The sample size is not big enough to be
conclusive but this is consistent with Mondry et
al.27 and in contrast to what has been described
by Glotov et al.11 Samples obeyed a Hardy-
Weinberg equilibrium (p=0.16 and 0.17 for two
genotypes respectively). One sample was found
to be heterozygous CT. The genotype of the
normotensive patient was also CT. The majority
of the T174M genotypes were heterozygous
including the normotensive sample. Only one
sample was homozygous for the CC genotype.
Another substitution found in Punjabi population
was presence of C instead of G in all the samples.
This substitution causes a change in amino acid
at this point from glycine, a neutral-non polar
amino acid, to arginine a basic amino acid. The
significance of this substitution is not yet clear.
Trying to look for the enzyme which could digest
this sequence we used the online tool
NEBCutter,28 which revealed that enzyme SsmI
(5'…C?TGATGCGA…3'), a blunt end cutter and
not yet commercially available, can recognise the
T variant in the T174M polymorphism.

These sequences were compared with sequences
submitted to GenBank by Celera (Celera
Genomics, Rockville, MD and Alameda, CA USA.
GenBank sequence ID, NW 927128.1) and
variations identical to the sequences submitted by
HUGO (The Human Genome Organisation,
www.hugo-international.org) were found. These
variants were also compared with other species
to look for clues to the origin of these variations
through NCBI’s sequence alignment tool BLAST25

but we found, these variations to be unique to

our study. The population of Punjab Province
represents a genetically homogenous population
due to inbreeding for centuries. People generally
marry within caste or with first cousins.
Therefore, it is possible that the genomic
structure of the local population may be unique.

Finally, we conclude that different ethnic
populations should be characterised for more
variations and more samples should be studied to
confirm these variations. Additional A and base
substitution G to C need to be further confirmed
in larger samples. Looking at the variations in
hypertension of the patients we also support the
idea that along with M235T polymorphism
several other polymorphisms in the AGT gene
may contribute to the onset of hypertension.26
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Abstract 

Several studies in different population have shown mixed association of hypertension with 

ACE I/D and G2350A polymorphisms.  To assess the link of these two polymorphisms 

with hypertension in population of Punjab; most populated province of Pakistan, we 

carried out this retrospective case control study in a mixed sample of 344 hypertensive and 

normotensive controls.  Genotype of the ACE I/D was determined by nested PCR and 

G2350A polymorphism was determined by amplification of a small fragment containing 

SNP and digesting it with the restriction enzyme.  Statistical analysis revealed that I/D 

polymorphism is not associated with hypertension in Punjabi population χ2 (df = 2) = 

5.611, P ≤ 0.10.  Over all D allele frequency was 0.43 and I allele frequency was 0.57.  

G2350A polymorphism was found to be significantly associated with hypertension χ2 (2df, 

χ2 = 28.4, P ≤ 0.001).  G allele frequency (0.77) in our population was higher than 

previously reported. Combination of AA and DD genotype seems to be linked with higher 

than average blood pressure level both in hypertensive and control groups.  Our data 

suggests that ACE I/D polymorphism is not associated with hypertension but G2350A 

polymorphism is associated with hypertension in Punjabi population.

Key Words:   angiotensin converting enzyme, essential hypertension, ACE I/D, 

G2350 Polymorphism, Pakistani Population.
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Introduction

Essential hypertension is very common but complex and multigenic disorder among world 

populations.  The onset of disease depends upon demographic, environmental, vascular, 

and genetic factors (1). Angiotensin Converting Enzyme (ACE) is the key component of

the Rennin Angiotensin Aldosterone System (RAAS), which controls blood pressure.

ACE enzyme breaks down inactive decapeptide angiotensin I to active vasoconstrictor 

angiotensin II.  Another role of the ACE enzyme is to catabolize bradykinin (2), a strong 

vasodilator, to inactive bradykinin1-5.  Angiotensin converting enzyme inhibitors are 

among the most common group of antihypertensive drugs indicating involvement of ACE

gene in hypertension.  Serum ACE levels show variations among individuals (3).

Variations in the plasma levels of the enzymes also suggest possible link with the 

polymorphisms in this gene.  ACE gene harbors an insertion/deletion polymorphism (I/D) 

in exon 16 that accounts for 47% of the variance in plasma ACE concentration (4).

Therefore ACE I/D polymorphism has been widely studied to explore its role in 

hypertension and several other disease conditions (2).  Most of the association studies have 

been reported in Chinese (5, 6, 7, 8), Japanese (9, 10), Mongolian (6, 11), Pakistani (12), 

Bangladeshi (13), Tibetan (14) and Serbian populations (15). No association has been 

reported in Caucasian (16), Cuban (17), Japanese (18), and German populations (19).  The 

conflict in the outcome of these studies indicates that there may be some involvement of 

environmental or ethnic factors (20).  Gene environment interaction is also indicated in a 

recent study on Japanese male population and according to it combination of II+ID 

genotype and daily salt intake raises hypertension by an average of 10.5 mm Hg (21). 
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Another polymorphism in neighboring exon 17, ACE G2350A (dbSNP rs4343) was found 

to exert 19% effect on plasma ACE concentrations (22). This polymorphism was shown to 

be in strong linkage disequilibrium with hypertension, at this locus by several researchers 

(4, 22, 23). This polymorphism has been found to be associated with hypertension in 

Emirati population (24).  Our aim was to look for the status of these polymorphisms in 

local population and association of these polymorphisms with hypertension.

Methods

Study Group

The study population consisted of 226 patients coming to Mayo Hospital Lahore.  Mayo 

Hospital is a teaching hospital linked with King Edward Medical University, Lahore.

People come from all over Punjab province to its out doors.  Every patient was interviewed

and consent was taken on a history form designed for this purpose. History form also 

contained information on blood chemistry indicating liver and kidney status. Another 

sample of 118 persons coming to out doors of Mayo hospital for reasons other than 

hypertension was also collected in a similar fashion and acted as control. Study design 

was approved by the Research ethics committee of the Punjab University.

From each patient 5 ml of the venous blood was drawn into EDTA containing tube and 

DNA was prepared using Genomic DNA isolation kits (Fermentas, Cat No. K0512 and 

Promega, Cat No. A1125).
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ACE I/D genotyping

ACE I/D polymorphism was detected by method of Rigat et al., (4) with minor 

modifications.  Polymerase Chain Reaction (PCR) with two specific forward primers (5`-

CCC ATC CTT TCT CCC ATT TCT C-3`) and (5`-GT TTC ACC GTT TTA GCC GGG

A-3`) and one reverse primer (5`-CCA TGC CCA TAA CAG GTC TTC A-3`) was 

performed in a volume of 25 ul.  The primers were slightly modified from Catherine et al.,

(25) to achieve similar annealing temperature.  The reaction mixture contained 300 ng 

DNA, 100 pM of each of three primers, and 2X PCR mix (Fermentas Cat. No. K0171) 

which comes premixed with Taq Polymerase, dNTP’s and buffer containing optimum 

amount of magnesium chloride. Initial denaturation at 94°C for 5 minutes was followed by 

35 cycles of denaturation at 94°C for 30 s, annealing at 58°C for 40 s and chain elongation 

at 72°C for 1 minute, followed by final extension at 72°C for 3 minutes. PCR products 

were resolved on 2% agarose (Bio Rad) gel and visualized on Syngene’s Bio Imaging 

System (Gene Genius). In presence of insertion (allele I) two bands 490 bp and 285 bp 

were seen, while a single 190 bp band appeared in the case of deletion (allele D). 

ACE G2350A genotyping

Codon 2350 genotyping was done by modified method of Saeed et al., (24) using primers 

(forward) 5`-CTG ACG AAT GTG ATG GCC GC-3` and (reverse) 5`-TTG ATG AGT 

TCC ACG TAT TTC G-3`.  Rest of the ingredients and PCR conditions were as described 

by Saeed et al., (24).  PCR Product (5ul) was digested with 5 U of Bsh1236I (Fermentas 

Cat No. ER0921) for overnight at 37°C to make sure that digestion was complete.
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Digested fragments were separated by 10% acrylamide gel and identified by ethidium 

bromide or by silver nitrate staining.  A fragment of 122 bp after digestion corresponds to 

GG and AA genotype was visualized as 100 and 22 bp fragments. Appearance of all three 

fragments was due to AG genotype.

Statistical analysis

Clinical characteristics were expressed as mean ± SD.  To compare the difference between 

means of hypertensive and normotensive characteristics unpaired t test was used.  Hardy 

Weinberg equilibrium was checked using χ2 test. Difference in genotype and allele 

frequencies between the hypertension group and the control group were also examined by 

χ2 analysis.  Odds ratio were calculated using an online calculator (26).  Interaction of the 

ACE I/D polymorphism with G2350A polymorphism was studied by Chi square test. A 

value of P < 0.05 was considered statistically significant unless otherwise stated.

Results

Demographic information

Details of patients and controls included in the study are listed in Table 1.  It shows that 

ages of the control group were higher as compared to the hypertensive group.  Biochemical 

parameters were estimated to make sure that patients were properly diagnosed for essential 

hypertension.  Patients with higher serum urea or serum creatinine level (showing 

malfunction of the kidneys) were excluded from the study.  Similarly diabetic patients 

were not included.  Only those patients were included in the study which were suffering 
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from hypertension for at least two years and were already on medication.  

Genetic Analysis

Distribution of alleles and genotypes for two polymorphisms in hypertensive as well as 

control population are listed in Table 2.  Allele frequencies both in control and 

hypertensive groups are in Hardy Weinberg equilibrium for ACE I/D polymorphism but 

differs in hypertensive patients for ACE G2350A (total χ2 = 24.15, P ≤ 0.0001, male χ2 = 

14.92, P ≤ 0.0006, female χ2 = 9.41, P≤ 0.009).  

Association of three ACE I/D genotypes (DD, II, and ID) with essential hypertension was

not found to be significant (total hypertensive vs. total normotensive: χ2 = 5.61, 2 df, P < 

0.10) in our sample.  DD genotype was related to hypertension (odds ratio of 1.63) as 

compared to II (odds ratio 0.60) but this difference was not statistically significant.

Association of ACE G2350A genotypes with clinical phenotype were significant χ2 = 28.4, 

2 df, P < 0.001). Odds of GG genotypes were 3.04 times more in hypertensive patients 

(95% CI = 1.92-4.82, P = 0.75) as compared to normotensive patients (Table 2). 

We also evaluated the combined effect of the four alleles through construction of the 

haplotypes on hypertension.  Table 3 shows the distribution of haplotypes in cases and 

controls.  Haplotypes frequency of I/G, and D/G were higher in hypertensive group as 

compared to control group.

Page 7 of 19

URL: http:/mc.manuscriptcentral.com/lceh  Email: mlokhandwala@uh.edu

Clinical and Experimental Hypertension

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

8

Discussion

Population of the Punjab, most populated province of Pakistan, represent a genetically 

unique population due to inbreeding for centuries.  People like to marry within cast or with 

close relative (mostly first cousins).  For the purpose of this study control individuals were 

carefully selected and had neither personal nor family history of hypertension.  Since it 

could not be predicted that individuals of control group would develop hypertension later 

on, age of the control group was set at > 50 years (average 57.4 years) to minimize 

sampling error.

Variation in plasma ACE levels among individuals (3) and linkage of ACE polymorphism 

with variations in serum enzyme level (4) have forced the researchers to focus on ACE 

gene and its polymorphisms.  European and African populations have been shown to be in 

strong disequilibrium with 16 kb region of ACE gene (21) and the presence of QTL in 

ACE gene influencing ACE levels in serum suggests links with either ACE I/D 

polymorphism or some other nearby locus (27, 28).  We found no difference in genotypes 

of I/D polymorphism between hypertensive and normotensive population.  D allele was 

more prevalent in hypertensive population (43%) as compared to normotensive (34%) 

population.  II genotype was higher in normotensive (67%) population as compared to 

hypertensive population (57%).  I allele was more common in males as compared to 

female in control as well as hypertensive group. I/D polymorphism have been studied in 

several populations and in several diseases with variable results (6-15). In a sample of 211

hypertensive patients of Islamabad region of Pakistan I allele was also higher (55%) than 
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D Alleles (45%) but with no association with hypertension was indicated (12).  Similarly 

no association was found in Chinese populations of Han and Dongxiang regions (7). Forty 

three percent D allele frequency is lower than previously reported but higher than Japanese 

population (18). 

 

Out of thirteen polymorphisms reported by Zhu et al., polymorphism in exon 17, ACE 

G2350A had most significant effect on plasma ACE level after I/D polymorphism (22). 

Our study shows significant association of G2350A polymorphism with hypertension in 

Punjabi population.  These results are consistent with Saeed et al., (24) but in contrast to a 

recent study in Japanese population where no direct association have been found with 

hypertension but a significant association was found with left ventricular hypertrophy (29).  

Genotype GG was found to be 67% in hypertensive groups higher than the control group 

(40%).  Among hypertensive patients male have higher percentage of GG genotype as 

compared to female patients.  Over all G allele frequency (77%) in both groups was a bit 

higher then previously reported G = 0.70 (30, 31).  G2350A genotype in hypertensive 

patients did not occur in Hardy Weinberg equilibrium in our study group. Punjabi 

population is relatively close and homogenous population having high degree of 

consanguinity.  G allele may have pooled in our population, increase in sample size may 

provide more accurate picture. Genotype in control group was in agreement with Hardy 

Weinberg equilibrium.

Influence of both genotypes on systolic and diastolic blood pressure was investigated by 

dividing data according to systolic and diastolic hypertension (Figure 1). DD allele has 
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been reported to be associated with diastolic blood pressure in Argentina population (32).  

Interestingly combination of DD and AA genotypes seems to be linked with higher systolic 

and diastolic blood pressure values in both hypertensive and normotensive groups (Figure 

1).  This combination is more pronounced in male.

Haplotype construction revealed that among the possible haplotypes I/G was most frequent

(OR 1.545). D/G combination is also significantly higher in hypertensive group (OR 

1.574).  These results are similar to that found in Emirati population (31).  Gene interaction 

studies gives much more insight to the understandings of the complex genetics disease as 

recently indicated by a recent study in Korean population where interaction between GNB3 

C825T and ACE I/D polymorphisms is linked with essential hypertension (33). 

 

Case control studies are extensively applied to search for genomic loci that may contribute 

to onset of genetic diseases.  Despite being low cost and easy collection of the cases, case 

control studies can lead to false-positive associations unless confirmed by other studies in 

different populations. Because of complex nature of the disease, we suggest that further 

studies with combined effect of several SNPs be carried out.  Our data supports the 

association of G2350 polymorphism with the hypertension and do not support the 

association of ACE I/D polymorphism with hypertension.
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Figure 1.   Genotypes and their effect on systolic and diastolic blood pressure.
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Table 1. Clinical characteristics of patients under study

Total Number of Cases (345) Male (148) Female (197)

Characteristics HP  (226) NT  (119) HP (87) NT (61) HP (139) NT (58)

Age, y 52.8 ± 9.8 57.4 ± 10.05* 54.49 ± 10.20 60.42 ± 10.97** 52.07 ± 9.31 54.34 ± 7.97

SBP, mm Hg 152.44 ± 12.37 116.24 ± 13.24* 155.29 ± 11.36 118.33 ± 14.98* 150.88 ± 

12.56
114.29 ± 10.76*

DBP, mm Hg 92.49 ± 6.72 73.55 ± 6.13* 94.30 ± 6.56 74.00 ± 5.73* 91.57 ± 6.58 73.21 ± 6.50*

Urea,  mmol/L 5.20 ± 1.34 4.98 ± 1.38 5.10 ± 1.65 4.68 ± 1.77 4.60 ± 1.44 4.33 ± 1.52

Creatinine 

umol/L
87.76 ± 8.05 87.39 ± 8.55*** 88.45 ± 8.32 87.67 ± 8.5 87.07 ± 7.8 87.12 ± 8.6

Sugar mmol/L 4.74 ± 0.37 4.69 ± 0.42 4.72 ± 0.51 4.66 ± 0.48 4.27 ± 0.47 4.01 ± 0.53****

Values are mean ± SD
HP, hypertensive; NT, normotensive; SBP, systolic blood pressure; DBP, diastolic blood Pressure 
*P<0.0001, **P<0.0010, ***P<0.0015, ****P<0.0384 (unpaired t test)
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Table 2: Distribution of genotypes and alleles for ACE I/D and G2350A polymorphisms in hypertensive 

and normotensive population

HWE, Hardy Weinberg Equilibrium, other abbreviations are same as shown in Table 1. *Not in HWE

Phenotype/

genotype

HP Subjects NT 

Subjects

χ2 OR (95%CI)

HP vs. NT

ACE I/D 

DD 46 (0.20) 16 (0.14) 1.63 (0.88-3.02, P = 0.62)

ID 102 (0.45) 47 (0.40) 1.24 (0.79-1.95 P = 0.55)

II 78 (0.35) 55 (0.47)

5.611

(df = 2, P ≤ 0.10)

0.60 (0.38-0.95 P = 0.375)

χ2

(for HWE)

1.406

(P≤0.4951)

1.318

(P≤0.5147)

D 0.43 0.34

I 0.57 0.67

2.633

(P ≤ 0.1047)

ACE G2350A

GG 151 (0.67) 47 (0.40) 3.04 (1.92-4.82, P = 0.75)

AG 48 (0.21) 57 (0.48) 0.29 (0.18-0.47, P= 0.22)

AA 27 (0.12) 14 (0.12)

28.4 

(df = 2, P ≤0.001)

1.01 (0.507-2.00, P= 0.50)

χ2

(for HWE)

24.15*

(P ≤ 0.0001)

0.273

(P ≤ 0.8724)

G 0.77 0.64

A 0.23 0.36

6.18 

(df = 1, P ≤0.0129)
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Table 3:  Haplotypes frequency of the ACE I/D and G2350A polymorphisms. 

Values indicate frequency of haplotypes. χ2 (4x2) = 39.75, df = 3, P ≤ 0.001 

Haplotypes Hypertension Controls OR

(95%CI)
P-value

I/G (216) 0.48 (89) 0.37 1.545

(1.121-2.130)
0.607

D/G (165) 0.37 (64) 0.27 1.574

(1.11-2.22)
0.611

D/A (21) 0.05 (17) 0.07 0.636

(0.329-1.231)
0.389

I/A (48) 0.11 (68) 0.29 0.298

(0.198-0.450)
0.230
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