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ABSTRACT

The study was carried to find the association of single nucleotide polymorphisms of the
angiotensin- converting enzyme (ACE) gene with hypertension, in the north Indian population of
Punjab region. The ACE gene is part of the renin-angiotensin system, which regulates blood
pressure, body fluids and salts in the body. Previous studies have shown that ACE is associated
with high blood pressure and hypertension. However, the exact mechanism and its role in the
context of the biochemical parameter were not clear. In this study, 39 patient’s blood samples were
collected from Ludhiana region and genetic polymorphism of ACE gene was carried out by PCR
method. We got PCR amplification in only 24 samples. Based on PCR band size we infer that
polymorphism in intron 16 (Alu) of ACE gene, there were propensity of deletion homozygote
(DD) i.e., 71.4 % in hypertensive and 75 % in normotensive individuals, respectively. The
insertion/deletion heterozygote (I/D) and insertion homozygote (I/1) were 14.3% in hypertensive
and absent in normotensive individuals. Further samples might be needed to significantly draw

any conclusions.
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Chapter - 1

INTRODUCTION

Hypertension (HT), also called high blood pressure (HBP), is clinical phenotype harmful
to human health (Kannel et al; 1999). High circulatory strain generally does not bring about
symptoms, however, long-term hypertension is hazards and responsible for cardiovascular
diseases, strokes, vision impairment and kidney diseases (Griendling KK et al; 1993),
(Lindpaintner K et al; 1991). About 90-95% of individuals are affected by essential hypertension,
which is due to sedentary lifestyle (high intake of dietary salt, obesity, smoking, and alcohol
(Neuringer IR etal., 1993, Navar LG etal., 1994). Rest 5-10% individuals are affected by auxiliary
hypertension, which leads to kidney disease and organ damage (Neuringer IR et al., 1993).

When the heart pumps the blood, the pressure exerted in blood vessels is called as systolic
(left ventricle) and when the heart rests is called as diastolic (right ventricle), (Kannel et al .,1999).
Usually normal systolic pressure is in the range of 100-140 millimeters mercury (mmHg) and
diastolic pressure in the range of 60-90 mm Hg (Zitnay C et al., 1998). Populace suffering from
high blood pressure the resting blood pressure is at or over 140/90 mmHg (Neuringer IR et al.,
1993).Blood pressure can be controlled by lifestyle pattern change like weight reduction, low
dietary salt intake, physical exercise, and a solid diet (Neuringer IR et al., 1993). In extreme cases,

medicines intervention is required to control the blood pressure (Atiyeh BA et al., 1995).

Hypertension of unknown cause or essential hypertension has more than 90% case of
hypertension, which leads to cluster in families & made thousands of genetic diseases or
syndromes resulting, biochemical abnormalities (Miller SA et al .,1998). Although interaction with
several genetic & environment factors leads to hypertension, RAS (rennin-angiotensin system)

plays a significant role in controlling blood pressure (Gupta R et al., 2003).

Single nucleotide polymorphisms, often called SNPs are hereditary variants among
individuals. SNP lead to nucleotide substitution such as cytosine (C) with the thymine (T) in a
DNA (Mulder HIGH et al., 2003. Among renin-angiotensin-aldosterone (RAAS) qualities

considered till date, CYP11B2 encoding aldosterone synthase has developed much interest. To
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date, two normal hereditary variations of the aldosterone synthase (CYP11B2) have been
recognized as conceivable determinants of hypertension in patients (Takemoto Yujii et al., 1998).
These are: (i) single nucleotide polymorphism in the promoter region of the gene at - 344T/C; (ii)
a polymorphism including intron 2 of CYP11B2 (Chobain AV et al., 2003)

Another SNP which is associated with hypertension is ACE gene. It directs the circulatory
system and adjusts body fluids and salts. By cutting a protein called angiotensin | at a specific area,
the angiotensin-changes to protein angiotensin Il. Angiotensin Il is responsible for secretion of
aldosterone hormone which helps in maintaining the osmotic balance in body and kidneys
(Manunta Paolo et al., 2002). The expanded measure of liquid in the body also builds blood pulse.
The angiotensin-changing also affect bradykinin. Bradykinin causes veins to broaden (widen),

which diminishes circulatory strain and thus reducing the blood pressure. (Thiol B et al., 2002).
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Fig 1: Chromosome location of ACE Gene on 17g23.3 as shown by the arrow. (Source
Homo sapiens Annotation Release 108, GRCh38.p7) (NCBI)

ACE genotypes includes I/D (Isoleucine to aspartic acid substitution) allele of 287 bp Alu
repeating intron 16 sequence of 3 genotypes (D/D= deletion homozygote I/I insertion homozygote,
and I/D insertion/deletion heterozygote) (Duru K et al., 1994, Pamies AE et. al 1999) As I/D
polymorphism of ACE gene region (intron 16) correlative with circulating ACE plasma activity,
higher ACE plasma activity observed in ACE-D/D genotype. The increase in plasma ACE results
in the production of angiotensin I, ACE I/D polymorphism result in diseases alike diabetic

nephropathy, hypertension, tuberculosis & coronary heart disease.

The present investigation is to study the association of ACE gene polymorphism with
essential hypertension in north Indian population. Angiotensin-converting enzyme (ACE) isa zinc

metallopeptidase, present on the surface of endothelial & epithelial cells. This enzyme turned up
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mainly in lungs which convert Angiotensin | to Angiotensin II.ACE is a central enzyme in the
renin-angiotensin-aldosterone (RAAS) and Kallikrein-kinin systems playing an essential function

in blood pressure (BP) regulation and electrolyte balance.(Alaatin Y et al.,2000, Dazida G et al

,2001)
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Fig 2A- Renin-Angiotensin System.

Kinin Kallikrein System
Kininogen
Kallikrein

Bradykinin/vasodilator

Inactive Bradykinin

_ A
\
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Chapter - 2

REVIEW OF LITERATURE

Hypertension is one of the major factors for high mortality rate in cardiovascular diseases
Hypertension also leads to the increased risk of stroke, heart failure, and development of other
heart diseases (Duru K et.al., 1994). The normal blood pressure is in the range of 140/90 mm Hg,
above this range, the hypertension treatment is required. The extent of the effect of hypertension
on the body depends on the targeted organ or the organ which is being affected that is heart, brain,
and kidneys. The treatment of the hypertension is the main measure which should involve the
understanding of the risk associated with the resultant problem and its effective measure should
be analyzed (Chiang FT et al., 1996).

All-important hypertension or hypertension of unknown reasons are more than 90% case of
hypertension. It runs to bunches in families and represents a group of genetically based disease or
syndrome (Nanko Y et al., 1998). It was calculated that in the United States 43% people have
hypertension and ~24% of the adult population acquiring antihypertensive drugs. This ratio alters
with race, higher in African American (32.4%) than Caucasians (23.3%) (Morise T et al., 1994.
Blood pressure rises in the age between 55 to 60 years. It is mainly increasing in the elderly people

due to systolic hypertension.

It was reported in 2000 that around a billion adults had hypertension and it is estimated that in
2025 it will rise from 1 billion to 1.56 billion. The prevalence of hypertension ranges between 22%
and 25%. The recent report was given by WHO state that 57 million global deaths were estimated
in 2008 and 36 million because of non-communicable diseases. This was estimated that the median
prevalence of total hypertension in 2009 was 37.6% in men and 40.1% in women (Morise T et al.,
2004). Risk factors for hypertension include age over 60, race, heredity, salt sensitivity, obesity,
inactive lifestyle, alcohol consumption. (Nanko Y et al., 1998). Organ damage is caused by

continuing raising of blood pressure in the long term and causes higher death rate.

Blood pressure results because of cardiac output and vascular resistance. It assumes that patients

with an increase in cardiac output and systematic vascular resistance or both can cause arterial
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hypertension. The cardiac output is often rising in younger age, although in order patients
increased systemic vascular resistance and increased the stiffness of the vasculature play a
prevalent role. The final pathway begins when there is an increased level of cytosolic calcium in
vascular smooth muscle and it can cause vasoconstriction. Various growth agents, including
angiotensin and endothelins, stimulate an increase in vascular smooth muscle. Although high
blood pressure is contributed by obesity, high dietary salt intake, alcohol consumption, the genetic
causes are still need to be validated (Morshed M et al., 2002)

Types of hypertension

e Primary hypertension: primary hypertension also called as essential hypertension.
Headaches, lethargy, nose bleeding are some of the symptoms.

e Secondary hypertension: abnormalities in blood supply, nausea, sleep deprivation,
hormonal imbalance are some of the symptoms associated with secondary hypertension.
Usage of drugs like ibuprofen and pseudoephedrine are also linked with secondary

hypertension
Besides this hypertension can also be categorized as

e |Isolated systolic hypertension
e Malignant hypertension

e Resistant hypertension
GENETICS

Hypertension is a complicated trait with both genetic and environmental factors. It was
calculated that the heritability of blood stress is 30-50%. Genetic determinants have an effect on
behavioral patterns and in combination with environmental factors, it may lead to high blood
pressure. For instance, a bent towards weight troubles or alcoholism can be inspired via genetic

and environmental elements.

Primary hypertension is regulated by environmental factors including age, body mass index, sex,
salt, intake, and others (Carretero Oa et al., 2000). Secondary hypertension is due to segregation
of rare mutations. Mutations in at the least 10 genes were shown to elevate or decrease BP via
common pathway by means of the manner of developing or reducing salt and water reabsorption
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through the way of the nephron. The candidate genes and systems involved in hypertension are a-
adducin,  rennin-angiotensin ~ system,  aldosterone,  sodium  epithelial  channel,
catecholaminergic/adrenergic characteristic, the renal Kkallikrein-kinin system, and others
associated with lipoprotein metabolism, hormone receptors, and growth elements (Morshed
Mahboob et al .,2002)

RENIN-ANGIOTENSIN SYSTEM

Rennin-Angiotensin system-— essential function in regulating BP and pathogenesis of
essential hypertension. The classical renin-angiotensin device (RAS) includes renin, angiotensin-
converting enzyme, and angiotensinogen (Alaatin Y et al., 1994). Renin is synthesized within the
kidney and secreted in blood to create a reaction to hemodynamic, neurogenic, and ionic signals.
Renin, an aspartic protease cleaves substrate angiotensinogen. Angiotensinogen is a 58
KiloDaltons (KD) protein synthesized and secreted from the liver. Renin cleaves angiotensinogen
at amino terminal decapeptide angiotensin I (AGTR I). Angiotensin-changing enzyme (ACE),
expressed by endothelial cells, cleaves Ang I to release the two carboxy-terminal amino acids. The
ensuing octapeptide is unique angiotensin 11 (Ang I1). Ang Il is a robust vasoconstrictor even in

absence Ang | is biologically inactive.

ACE
Angiotensin | converting enzyme major protein in the renin-angiotensin-system (RAS). It cleaves
angiotensin | to form angiotensin Il and plays important roles in sodium homeostasis and blood

pressure control.
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Human ACE gene organization: The top line shows the scale of 30 Kb and bottom lines
shown the26 numbered exons, exon 13 is specific for testicular ACE (adapted from Hubert
et al; JBC 266 (23), 1991.
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Out of 26 exons, the endothelial ACE is encoded by 25 exons and the testicular ACE is constituted
by 14 exons whose 13 are common with the endothelial enzyme. Molecular cloning of ACE
endothelial and subsequently of testicular cONA showed that the structure of the gene resulted

from gene duplication (Hubert et al; 1991).

Table 1. Angiotensin-converting enzyme (ACE) and its homologous proteins in

different species.

Species

Designation for the enzyme

Other Aliases

Chromosome

Homo sapiens ACE somatic isoform ACE 1 17
Carboxycathepsin CD143 17923
C143 antigen DCP
Dipeptidyl carboxypeptidase-I DCP1
Dipeptide hydroxylase HGNC:2707
Kininase Il MGC26566
Peptidase P PDH
Peptidyl-dipeptidase A
Peptidy! dipeptidase-4
Peptidyl- dipeptide hydrolase
Mus musculus Dipeptydyl peptidase CD143 somatic 11
MGI: 87874 65 cm
Pan troldytes Dipeptidyl carboxypeptidase-I DCP1 17
Similar to ACE
Rattus norvegicus Dipeptidyl carboxypeptidase-I DCP1 10
Kininase Il RGD:2493 10932.1
StsRR92
Drosophila CG8827-PA, isoform A ACE 2L
CG8827-PB, isoform B ANnCE 34E2
Anon-EST:fe3D10
BG:DS08220,3
Br3t.1234Eb
CG8827
Race
Gallus gallus ACE 27
Peptidyl-dipeptidase A -
Apis melidera Similar to ACE - 1.GS
Bos taurus Similar to ACE - Un
Canus tamilaris ACE DCP1 9
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Chapter - 3

SCOPE OF STUDY

To find the association of ACE gene polymorphism with essential hypertension in Punjab

region population.
ACE gene polymorphism and hypertension

ACE, zinc metallopeptidase allotted at the surface of endothelial & epithelial cells. ACE
enzyme an inactive decapeptide, angiotensin I convert to octapeptide angiotensin Il, that's a most
important active product of RAS. Renin is launched in kidneys by juxtaglomerular cells under
conditions of volume loss, sympathetic activation, or salt. Angiotensin Il effective vasoconstrictor
acts on adrenal cortex launch of aldosterone stimulate tubules in kidneys allows reabsorbing
greater sodium and water from urine as a consequence affecting direct boom blood fluid, volume

loss & blood pressure growth.,

It play basic capacity in each other hormonal device, kinin-kallikrein course, uses
bradykinin (Biron P et al ., 1991)'despite the way that the position of ACE in worsening those
proteins changed into not persistently repeated in vivo, those discoveries hastened to inquire about
on neurological afflictions including Parkinson disease, despairing, and distinctive emotional
issue. The position of ACE in CNS, be that as it may, isn't limited to those neurotransmitters. it
has been tried that ACE debases amyloid beta peptide in vitro, one of the essential negative organic

retailers ensnared in Alzheimer sickness (advertisement) pathogenesis(wilsonFH et al .,2001 ).
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Chapter — 4

AIM & OBJECTIVE

Association of nucleotide polymorphisms of the Angiotensin- changing Enzyme (ACE) Gene with

hypertension in North Indian population.
Objective:

» To amplify ACE gene by PCR.
» To study the relationship between ACE gene polymorphism and hypertension.
» To study the various biochemical parameters and its association with ACE polymorphism.
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Chapter — 5
MATERIAL & METHODS

Materials:

Labware used:

Beaker, Conical flask, microfuge tubes (2ml, 1.5ml), Refrigerator (-20°C), Autoclave
Microwave oven, Gel documentation equipment, PCR tubes, Centrifuge, Electrophoresis
apparatus, Micropipette (1000ul, 100ul, 10ul), Falcon tubes, Water bath, Gloves, pH meter.
Chemicals used:

Tris- HCI, EDTA (Ethylene Diamine Tetra Acetic Acid), NaCl (Sodium Chloride), SDS
(Sodium Dodecyl Sulfate), Phenol:Chloroform: Isoamylalcohol, Isopropanol, RBC Lysis
Buffer, RNase A, Proteinase K, Sodium Acetate, NaOH, Ammonium Chloride, Potassium

Bicarbonate, Potassium Chloride, Cell lysis buffer.

Methodology:

DNA isolation
People from different age groups were randomly selected (30-60 years) and blood samples were

collected from Dr. Sanjeev’s Heart Center, Ludhiana. 5-6 ml of the blood test were taken from

hypertension patients into EDTA vials. Blood was immediately stored at -20°C. Half of the blood
was used for the estimation of biochemical parameters.
Table: 2 Biochemical Parameters of patients with regard to their age, lifestyle, smoking,

alcoholic consumption and serum general LDL cholesterol and blood pressure.

HYPERTENSION NORMAL

Number 28 4
Age 30-70 30-70
SBP (mmHg) 162 + 4.3 (SD) 115+ 3.4 (SD)
DBP (mmHg) 96 + 2.6 (SD) 76 + 3.22(SD)
LDL (mg/dl) 107 + 21.53 (SD) 69 £+ 3.51 (SD)
HDL (mg/dl) 55 + 3.2 (SD) 44 + 2.53 (SD)

SD stands for standard deviation, SBP-Systolic blood pressure, DBP-Diastolic blood pressure,

LDL-Low density cholesterol, HDL-High density cholesterol
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Genetic analysis-

A) Genomic DNA isolation protocol:

1x lysis buffer + 1ml Blood (twice)

l 37°C / Overnight incubation

Vortex + centrifuge at 7,000 rpm

Give minimum 2 washes

(Till pellet gets white/brown)

Add 405ul per sample of solution (Cell Lysis solution) + 5ul Proteinase K (10mg/ml)

+ 25ul SDS (10%) + 375ul 0.2M Sod. Acetate (2M stock)

l

Vortex to mix

l

( Keep at 56°C for 30 mins./ overnight

v

| < Add PCI 120ul each falcon (25:24:1)

v

Mix gently make emulsion, Centrifuge at 10,000 rpm

!
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Transfer the supernatant in fresh Falcons

|

Repeat once

l

Mix & centrifuge, Transfer to 1.5 ml microfuge tubes

|

The volume of supernatant add isopropanol (1ml chilled), incubate for 1hour in -20°C.

Centrifuge at 10,000 rpm

l

Discard the supernatant

l

Add 500 pl of 70% ethanol, Centrifuge Discard supernatant, Keep at 37°C wait until smell

goes

l

Add 100 ul of 1X TE, Store at -20°C

B) PCR Amplification

ACE gene specific primers forward 5'-CTGGAGACCACTCCCATCCGTTCT-3" and
reverse 5'-GATGTGGCCATCACACATTCGTCAGAT-3'. PCR amplification for 30 cycles of the
gene made using denaturation at 94°C for 1 min, annealing at 58°C for 1 min and extension at 72°C

completed and confirmed on the basis of size on Agarose gel electrophoresis.
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PCR Setup-

94°C 1 min
94°C 15 sec
58°C 30 sec Repeat 30 cycles
72°C 25 sec
72°C 5 min

C) STATISTICAL Analysis

Statistical analysis of genotypic genotype Il, DD & ID percentage of ACE gene in normal control
and hypertension patients was calculated, after observing bands on 2% agarose gel and a
significant association was observed between the DD>11>1/D polymorphism association of ACE

gene and hypertension in north Indian Population as shown in table 3.

Table 3: Showing Genotype percentage of ACE gene in normal control and hypertension

patients
Genotype Hypertension Normal Total
1 03 (14.3 %) - 3
DD 15 (71.4%) 03 (75 %) 18
ID 03 (14.3%) - 03
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Chapter — 6 RESULT & DISCUSSIONS

Result- The genomic DNA were isolated by Phenol: Chloroform method as described in the
methods section. Out of 39 samples, we couldn’t get DNA in 7 samples (N1, N3, N5, N9, H5, H26
and H27, Fig 3, Fig 7). The DNA was also degraded in samples (H22 and H23, Fig 7). Out of 32
samples, we got PCR amplification in 24 samples, in 8 samples (H11, H12, H13, H22, H23, H26,
H27, N30) due some technical reasons didn’t get PCR amplification. The concentration and purity

of DNA samples were estimated by a spectrophotometer as shown in table 4. The concentration
was calculated by following formula.
DNA Concentration (ug/ml) = (A260 reading/A280 studying) xDilution Factor (DF) x 50

1 2 3 4 5 6 7 8 9 10 11

Genomic DNA
band

Fig 3: Agarose gel electrophoresis of isolated genomic DNA- Lane 1- N1, Lane 2- N2, Lane 3- N3,
Lane 4- N4, Lane 5- N5, Lane6- N6, Lane 7- N7, Lane8- N8, Lane9- N9, Lanel0- N10, Lanel11-N11

1 2 3 4 5 L 6 7 8 9 10 11 12 13 14

Genomic DNA
Genomic band
DNAband ¥
Fig 4: DNA on 1% agarose gel, lane 1 H1, Fig 5: DNA on 1% agarose Lanel- 50 bp
lane 2 — H2, lane3- H3, lane 4- H5, Lane 5- ladder, Lane2- H6, Lane 3- H7, lane 4- HS8,
HS. Lane 5- H9, Lane 6- H10, Lane7- H11, Lane 7-

H12, Lane 8- H13, Lane 9- H14.
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Genomic DNA
band

200 bp

Fig 6: DNA on 1% gel - Lane 15- H15, Lane 16- H16, Lane 17- H17, Lane 18- H18, Lane 19- H19,
Lane 20- H20, Lane 21- H21.

Fig 7: DNA on 1% gel - lane 1- 50 bp ladder, lane 22- H22, Lane 23- H23, Lane24- H24, Lane 25-
H25, Lane 26- H26, Lane 27- H27, Lane 28- H28.

21| Page




DD NA NA NA ID DD Il DD DD DD ID Il DD DD

14 13 =

v

PCR -
product . <«— 500bp
- <«— 200 bp

Fig 8: PCR amplification of genomic DNA from hypersensitive patients - lane 1 H1, lane 2- H2, Lane
3- H3, lane 4- H4, Lane 5- H5, Lane 6- H6, Lane 7- H7, Lane8 —H8, Lane 9- H9, Lane 10- H10, Lane

11- H11, Lane 12- H12, Lane 13- H13, Lane 14- H14

NA NA DD DD 1 DD DD DD 1D

PCR

product ] otk
B — » = === - W= e . «— 200bp

>

Fig 9: PCR on 2% gel - lane 23- H23, lane 22- H22, lane21- H21, Lane 20- H20, Lane 19- H19, Lane

18- H18, Lane 17- H17, Lane 16- H16. Lane 15- H15
DD DD DD DD DD DD NA DD DD

200 bp

Fig 10: PCR on 2% gel - Lane24- H24, Lane 25- H25, Lane 26- H26, Lane27- H27, Lane28- H28,
Lane 29- N29, Lane 30- N30, Lane 31- N31, Lane 32- N32.
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Table 4: Spectrophotometric analysis of DNA samples.

Sample A260nm A280nm Ratio Concentration

260/280 (ng/ul)
H1 0.64 0.27 2.36 129.4
H2 1.72 0.92 1.87 161.0
H3 0.90 0.63 1.41 52.8
H4 0.51 0.28 1.82 46.2
H5 1.04 0.77 1.33 52.2
H6 1.83 0.97 1.88 172.0
H7 1.25 2.14 0.58 177.8
H8 1.83 0.99 1.84 167.8
H9 1.27 0.93 1.35 67.2
H10 0.63 0.93 0.68 59.4
H11 1.85 0.98 1.89 92.7
H12 1.32 1.50 0.87 36.4
H13 1.14 0.56 2.01 115.4
H14 2.61 1.78 1.46 166.0
H15 0.94 0.32 2.92 124.2
H16 0.85 0.64 1.32 42.4
H17 0.77 0.44 1.72 65.2
H18 1.04 0.72 1.44 64.4
H19 0.75 1.18 0.63 85.6
H20 0.87 0.65 1.33 45.4
H21 1.23 1.00 1.22 45.2
H22 1.11 1.77 0.62 131.2
H23 2.56 1.64 1.55 183.8
H24 1.85 0.98 1.88 173.4
H25 1.38 0.94 1.46 87.6
H26 141 1.05 1.34 73.0
H27 0.86 0.46 1.86 79.8
H28 1.27 0.86 1.47 82.2
H29 1.16 0.97 1.19 37.2
H30 1.03 0.87 1.17 30.8

Discussion-

The I/D polymorphism in the ACE gene has been accounted for 47% of the aggregate

phenotypic fluctuation of serum ACE that causes renin- angiotensin hypertension [10]. A few

reviews have shown the significance of ACE I/D polymorphisms in the pathogenesis of
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hypertension. In our result, we found that I/D and I/l polymorphism is 14.3 % and DD is 71.4 %
in hypertension patients. The serum ACE levels are usually associated with following the order of
genotype DD>1/D>I11. The D polymorphism is associated with coronary artery diseases, I/D with
coronary heart disease and Il genotypes with an intermediate phenotype (Right B et al). Our study
significantly showed that there is the higher propensity of DD genotype in hypertension patients
thus the individuals might be affected with coronary artery diseases (CAD). CAD occurs when the
arteries are blocked due to cholesterol or plaques on the inner wall of the heart muscle. We also
found the hypertensive patients are having high lipid cholesterol table 2. Most of the studies so far
have focused on I/D marker for ACE gene polymorphism, our study highlights that DD marker is
also a significant marker for identifying population prone to heart disease. We have also shared
the data with Dr. Sanjeev Kumar Mittal from Dr. Sanjeev Heart Center, College Road, Maya
Nagar, Ludhiana, so that he can consulate patients for probable risks.
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Chapter — 7

CONCLUSION & FUTURE SCOPE

Hypertension is mainly caused by high blood pressure. Apart from genotype, the lifestyle
of individuals, age, high intake of fat and oil reach food, and high dietary intake of sodium are
some of the environmental factors contributing to high blood pressure. We have collected blood
samples from 29 hypertensive and 11 samples from normotensive individuals to study the
association of ACE gene polymorphism. Based on above data we surmise that DD polymorphism
of ACE gene is associated with hypertension. The outcome recommends that patients should be

informed of the potential threat of heart ailment.

To increase the significance of data larger populace from a different region of Punjab and
nearby states should be taken into consideration. Other biochemical factors like lipid and liver

profile should also be incorporated.
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Chapter — 8
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