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Abstract 
      Blood samples were collected from 120 people, including 70 people affected by Myocardial 

Infarction (MI)  and 50 healthy people aged between 40 - 70 years. Patients were diagnosed by 

basis of clinical symptoms and after made laboratory tests in addition to electricity cardio Gram 

(ECG) by specialists. Also it is measured The concentration of homocysteine for both of groups, 

where its concentration  Patient  groups was (45.26 ± 0.71) µmol / L compared to the healthy group 

(7.86 ± 1) µmol / L. There was a significant difference obviously at level (0.01 and 0.05) between 

the two groups beside, a mutation Ins / Del was found. Using PCR technique, where appeared three 

genotypes (II, ID and DD), there was a clear difference in the value of the Allele frequency for 

Allele D in patients group compared to healthy, where was in patients group(0.664) while in healthy 

group (0.37). On the contrary, value of the Allele frequency has decreased for Allele I to patients 

where was(0.336) compared with healthy(0.63) This indicates the association of the deletion 

mutation (D) with MI and heights level of concentration Homocysteine in plasma. After analysis of 

Chi square 
2
, the resent studying proved that society of patients applies Hardy-Weinberg law for 

balance on it at a significant level (0.01) and Hardy-Weinberg law  (p
2
 + 2pq + q

2
 = 1) where value 

of Chi square (7.61)which was less than its tabular value at a significant level (0.01) (9.21). As for 

the healthy society, it was a balance and applied Hardy-Weinberg law on it at a significant level 

(0.01) and (0.05) where value of Chi square (5.867) which was smaller than its tabular value at tow 

levels (9.21) and (5.99). 

keywords: Insertion/Deletion PCR,  ACE gene , Angiotensin  

 

دراسة تعدد اشكال الجين المحول لالنجيوتينسين لمجموعة من مرضى احتشاء العضلة القلبية 
 في محافظة صالح الدين

علي وعدنان فاضل العزاوي  وسن نزهان العاصي, هديل عبد الهاي عمير, فائق ابراهيم  
 

 الخالصة
-01شخض ع١ٍُ حخشاٚح اعّاسُ٘ ب١ٓ ) 01شخض ٠عأٟ ِٓ ادخشاء اٌعضٍت ٚ  01شخض , ِٕٙا  021جّعج ع١ٕاث اٌذَ ِٓ     

 بعذ أجشاء اٌفذٛطاث اٌّخخبش٠ت ٚحخط١ظ اٌمٍب اٌىٙشبائٟ( عاَ حُ حشخ١ض اٌّشضٝ عٍٝ اعاط االعشاع اٌغش٠ش٠ت 01ٚ

Electromyo Cardio Gram (ECG)  بٍغ حشو١ضٖ  ِٓ لبً األخظائ١١ٓ, وّا حُ ل١اط  حشو١ض اٌِٙٛٛعغخ١ٓ ٌٍّجّٛعخ١ٓ د١ذ

فمذ واْ ٕ٘ان µmol/L (0± 4..0ِماسٔت بّجّٛعت االشخاص االطذاء ) µmol/L( 1.00±  00.24)فٟ ِجّٛعت اٌّشضٝ 

ٚباعخخذاَ حم١ٕت  Ins/Del, وّا حُ ا٠جاد طفشة ( ب١ٓ اٌّجّٛعخ1.10ٓ١ٚ  1.10فشق ِعٕٛٞ ٚاضخ ٚعٍٝ ِغخٜٛ ِع٠ٕٛت )

فٟ  D( , واْ ٕ٘ان فشق ٚاضخ فٟ ل١ّت اٌخىشاس اال١ٌٍٟ ٌال١ًٌ II  ,ID  ٚDDد١ذ ظٙشث رالد طشص ٚسار١ت ) PCRاٌـ

( عٍٝ اٌعىظ ِٓ رٌه 0..1( اِا فٟ االطذاء )1.440ِجّٛعت اٌّشضٝ ِماسٔت بّجّٛعت االطذاء د١ذ بٍغ فٟ اٌّشضٝ )

( ٠ذي ٘زا عٍٝ اسحباط طفشة .1.4( ِماسٔت باالطذاء )4...1ٌذٜ اٌّشضٝ د١ذ بٍغج ) Iأخفضج ل١ّت اٌخىشاس اال١ٌٍٟ ٌال١ًٌ 

سحفاع ِغخٜٛ حشو١ض اٌِٙٛٛعغخ١ٓ فٟ بالصِا اٌذَ .وّا اربخج اٌذساعت اٌذا١ٌت ٚبعذ بّشع ادخشاء اٌعضٍت اٌمٍب١ت ٚبا Dاٌذزف 

اجشاء حذ١ًٍ ِشبع واٞ 
2

(  ٠ٕٚطبك 1.10ٚا٠ٕبشن ٌٍخٛاصْ عٕذ ِغخٜٛ ِع٠ٕٛت )–اْ ِجخّع اٌّشضٝ ٠ٕطبك ع١ٍٗ لأْٛ ٘اسدٞ  

Hardy-Weinberg Law  (pع١ٍٗ لأْٛ ٘اسدٞ ٚا٠ٕبشن 
2
 +2pq +q

2
( 0.40أج ل١ّت ِشبع واٞ اٌّذغٛبت )( د١ذ و1= 

ً ٠ٕٚطبك ع١ٍٗ 1.20( )1.10ٟٚ٘ الً ِٓ ل١ّخٙا اٌجذ١ٌٚت عٕذ ِغخٜٛ ِع٠ٕٛت ) ( . اِا بإٌغبت ٌّجخّع االطذاء فمذ واْ ِخٛاصٔا
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 ( ٟٚ٘ اطغش 40ِٓ..0( د١ذ بٍغج ل١ّت ِشبع واٞ اٌّذغٛبت )1.10( ٚ ) 1.10ٚا٠ٕبشن عٕذ ِغخٜٛ ِع٠ٕٛت ) -لأْٛ ٘اسدٞ

 ( .0.11( ٚ ) 1.20لّخٙا اٌجذ١ٌٚت عٕذ اٌّغخ١٠ٛٓ )

 

Introduction 
    Myocardial infarction (MI), occurs when 

blood flow decreases or stops to a part of the 

heart for a short time, causing the death of 

some cardiac cells as a result of coronary 

artery occlusion (1,2). This disease considers 

one of the leading causes of death in 

developing countries and it is a complex 

disease and multi reasons, it is caused by the 

environmental factors that differ from one 

society to another and there are genetic 

factors, include occurrence of mutations and 

polymorphism of some genes, in addition to 

the interference which happens between genes 

and other genes on the one hand and between 

genes and environmental factors on the other 

hand(3,4). The most important risk factors for 

myocardial infarction are cardiovascular 

disease, age, smoking, high blood pressure, 

high blood lipids (triglycerides, high density 

lipids, low density lipids), diabetes, obesity 

and others. Beside to those known factors, 

some studies have shown the important of  

genetic factors, where The genetic basis of 

myocardial infarction was studied extensively 

to find a clear correlation between some 

genetic markers that increase occurring of 

disease(5). Homocysteine is one of an amino 

acid containing sulfur (6) and has referred to 

it in many recent researches as accredited 

factors affecting on the heart and blood 

vessels (7). Level of peripheral homocysteine 

is directly related to thickness wall of carotid 

artery (8) and is inversely related with wall 

thickness And coronary blood flow (9). The 

use of modern molecular biology techniques 

in the genetic diagnosis of diseases present 

the possibility of studying the mechanism of 

preparedness and how to achieve disease for 

the individual and family(10). Where 

multiform of the gene are indicators of 

biodiversity and some differences in genetics 

of genes associated with some diseases that 

affect humans(11). polymorphism of gene can 

contribute to the genetic predisposition of the 

disease at different rates and thus some of the 

genetic structures of those genes may 

associate with disease or be considered 

indicators of these diseases(12). Genetic 

indicators related to the Renin-angiotensin 

system, have taken a great attention, 

especially in coronary artery disease, because 

of their effect on the internal balance of blood 

vessels(10). Some studies were  indicated, 

that there is a link between the 

polymorphisms of the angiotensin converting 

enzyme and coronary heart disease, where is 

observed that the genetic pattern DD of the 

mention gene can be an independent risk 

factor not only for myocardial infarction but 

for chronic heart failure, sudden cardiac death 

and others(13). Several studies were 

conducted in recent years on some of the 

dangerous genetic factors which responsible 

for myocardial infarction, the most important 

of those genes was the encoded gene of the 

angiotensin-converting enzyme (4). The 

changes in blood pressure play an important 

role in cardiovascular disease, therefore there 

is a necessary to analyze the correlation 

between those disorders and the allelic 

diversity of the angiotensin-converting gene, 

which converts the inactive angiotensin 1 to 

active angiotensin 2, where The inhibitors of 

those enzymes are used widely in the 

treatment of blood pressure, heart failure And 

myocardial infarction (14). The angiotensin-

converting enzyme works as initial 

stimulating for the production of angiotensin-

II. Therefore, any factor affects on the 

effectiveness and level of the angiotensin-

converting enzyme will affect on the Ring-

angiotensin system. Thus, high or low level of 

the angiotensin-converting enzyme leads to 

the high or low conversion process of 

angiotensin 1 to angiotensin 2. Subsequently, 

high or low blood pressure (15,16). Rigat and 

his companions discovered the functional 

effect of the multiform of the angiotensin-

converting enzyme gene, which includes 

insertion or deletion of the base pair 287 at 

the Introetn 16 of that gene(17). The 

angiotensin-converting enzyme gene is 

located on chromosome 17, long arm, 



Tikrit Journal of Pharmaceutical Sciences 13(1) 2018                   ISSN   1817-2716 
 

45 
 

package No23. The length of this gene is 23 

kilo a base pair and consists of 26 Exon and 

contains two types of promoters, therefore 

gives two types of symmetric enzymes, the 

first is somatic, largely encoded from the first 

Exon to the twenty-sixth except Exon 

thirteen, the second testicular encodes from 

the promoter thirteen to twenty-six, which has 

important in fertility of male (17,18 ), the 

level of the angiotensin-converting enzyme 

varies from one person to another and this 

may be due to genetic influence at the level of 

the enzyme(19). So, there are three genotypes 

of that gene, genotype DD which leads to 

increase the concentration of the enzyme and 

its effectiveness in the blood and tissues and 

thus lead to increase blood pressure by 

increasing the production of angiotensin 2,  

genotype II which leads to a decrease in the 

effectiveness of the enzyme and its 

concentration and lead to increased muscle 

tolerance and increase the ratio of free fiber, 

while type ID gives an medium effectiveness 

of the enzyme (17,20). Aim of this studying 

was to define multiform of the angiotensin-

converting enzyme (Insertion / 

deletion)mutation of a patients group with MI 

in Saladin governorate.                                                                     

 

Materials and methods of work:    
1- Sampling:  Ninety blood samples were 

collected from 90 patients (52 males and 

38 females) whose were infected with 

myocardial infarction from the intensive 

care unit at Tikrit Teaching Hospital, 

aged between 40 to 70 years. It was 

confirmed to be symptoms them after 

laboratory tests and ECG Electromyo 

Cardio Gram (ECG) by specialists in the 

hospital and based on the clinical 

symptoms in addition to the information 

which collected from patients according 

to the questionnaire prepared for this and 

(50) healthy people from both sexes with 

almost identical ages, Collected 5 ml of 

blood from each An individual of the 

healthy and patients then it divided into 

two parts the first (2 ml) kept in a plastic 

tube with a lid, contained EDTA as an 

anticoagulant, those tubes carried to 

laboratory by cooling box and were 

stored at -20 
0 

C for genomic DNA 

extraction. The second (3 ml) Blood 

plasma was separated from it to measure 

the total homocysteine ratio in the 

plasma. 

2- HPLC measurement:  High performance 

liquid chromatography (HPLC) using 

UV detector at wavelength 338mn 

depending on the method adopted (21) . 

3- Genetic analysis:  Genomic DNA 

isolates from the total blood according to 

method (22), then estimates 

concentration DNA using the Nanodrop 

device. The multi- form of the 

angiotensin-converting gene were 

identified using PCR technique by 

specialized Primers (Table 1) as mention 

(23) using Kit( GoTaq Master Green) 

provided by American Promega 

Corporation and according to the 

instructions attached.  

 

Table (1): Demonstrate the Primers  which used in PCR technique for the ACE gene and its 

specific conditions. 

Heat degree of 

correlation Tm 

Sequence Name of Primer 

56 °C 5’- CTG GAG AGC CAC TCC CAT CCT TTC T-3’ Forward primer 

56 °C 5’ GAC GTC GCC ATC ACA TTC GTC AGA T 3’ Reverse primer 
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Some initial experiments were conducted to 

reach the optimum concentration of the used 

primates and DNA template which gives the 

best result of the doubling. put (12.5 μl) of the 

essential reaction mixture in each tube, then 

add the DNA template to it at concentration 

(100 ng) and the mention parameters at 

concentration (10 bl / 10 ml) , then complete 

the reaction amount with distilled water to 25 

μl. So, the components of the reaction mix 

well and then put the tubes in Thermo- cycler 

carefully to achieve the doubling reaction 

after programming it, according to the 

program: one cycle for 5 minutes at 95°c for 

the initial scan of the DNA streak followed by 

30 doubling cycles, embody each cycle 45 

seconds at 94°c into mold scan and 45 

seconds at 56°c to connect the primers with 

DNA tape follow it 30 doubling each cycle 

includes 45seconds at 72°c for elongation 

with a final cycle for 10 minutes at 72 °c for 

finality elongation. The amplification results 

on  agarose gel at concentration 2% with the 

DNA Ladder were migrated for 90 minutes at 

amount (5 volts / cm). finally, The gel was 

examined after dyeing it with ethidium 

bromide dye for 30-45 minutes under (UV-

light) and images using Gel Documentation 

System (24).                           

  

Statistical analysis 
   Statistical analysis was performed using 

SPSS (version 11.). results of the biochemical 

tests were analyzed by (Student's t-test) of the 

patients and healthy group at a significant 

level of 0.01, 0.05. then assumed allelic 

frequency of the angiotensin conversion gene 

and the number and percentages of  genotypes 

which are wild type, also assumed  

heterozygous  and mutant of the patients and 

healthy group(25). Apply the analysis of   Chi 

square 
2
 to find matching  studied population 

into law of Hardy- Weinberg 

 

Results and discussion 
    Table 2 show level of homocysteine amino 

acid concentration in people with myocardial 

infarction and healthy subjects. The 

arithmetic mean for patients with myocardial 

infarction (45.26 ± 0.71) µmol / L compared 

to the healthy group ( 7.86 ± 1) µmol / L. 

 

 

Table (2): Homocysteine concentration in group with MI and  healthy group 

Value of t and p at 

significant level .0.0 ,.0.0 

Concentration of 

homocysteine 

Mean± S.E) µmol/L) 

 

Group 

 
t   = 28.635  ,0.00001≥ p 00.24 ± 0.71 Affected group with MI 

at significant level 1.10,1.10 7.86 ± 1 Healthy group 

 

Homocysteine scratch the lining of the blood 

vessels by stimulating the production of 

hydrogen peroxide and super-ions (26) 

through reducing the antioxidants of sugary 

proteins (27). Therefore, high level of 

homocysteine is related with myocardial 

infarction, there is a significant difference in 

the mean level (0.01 and 0.05) between the 

healthy and patients. scratching the internal 

lining of the blood vessels caused by the 

height of the homocysteine, which will lead to 

narrowing of the blood vessels then that will 

be easy to embolism and forming  

 

 

Thrombosis. After makes of Insertion / 

Deletion technique using specialized primers, 

Results of the electrophoresis showed the 

appearance of three genotype, the 

homozygous allele II, which alleles were 

inserted a DNA piece leading to reach the 

molecular size of the PCR product at 490 pb, 

heterozygous allele ID (490, 190) bp, which 

one of the alleles occurred inserted on it while 

other allele removed a piece of  DNA piece 

from it, which led to become the molecular 
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size of the PCR product 190 bp, homozygous 

allele (DD) (190) bp and it is a type which 

Both of alleles suffered from the deletion 

process. 

                                                                                                 

 

Fig.(1): Shows electrophoresis of the Agarose gel to product of  PCR after apply of the Ins / 

Del technique on the  DNA samples 

Enzyme gene of angiotensin-converting ACE 

is located on chromosome 17q23 and consists 

of 26 Exon and 25 Intron. Intron of  No. 16 is 

suffered from  polymorphism, which 

characterized with an insertion (I) or Deletion 

(D) for recurrence of successive from DNA 

Alu pieces (28). This difference leads to get 

three genetic types (DD,ID and II). (29) .  As 

shown in Table (3) and (4),shows the results 

discovered height of  percentage of the 

genotype (DD) in the patients group 

compared with the other genotype, where was 

51.43%. As for the healthy group, the 

percentage of this type was 22%, also it is 

noticed that frequency  value of  allele (D) in 

patients group, was (0.664) comparing to the 

healthy group which was (0.37). That results 

indicate a connection the mutation of Deletion 

in the ACE gene with myocardial infarction. 

That results conform researches which were 

made (30) and were Proved that individuals 

with genotype DD had a high concentration in 

plasma and tissue from An angiotensin-

converting enzyme that is associated with 

coronary artery disease (29) .

Table (3):Represents the genetic types, their viewing and predicted frequency, in addition to 

percentages of the observed numbers of patients 

Percentage of 

Observed 

number % 

Observed number 

frequency 

 

expected number 

frequency 

 

Genetic type 

Frequency 

0..00  %
 

0. 

(1.0.4)  

. 

(1.00.)  
II 

p 
2
 

.1 % 20 

(1..)  

.0 

(1.004)  
ID 

2pq 

00.0.
 
%

 
.4 

(1.000)  

.0 

(1.000)  
DD 

q 
2
 

011  % 01 01 Total number 

frequency of allele I (p) = 0.336        frequency  of allele D (q) =0.664       1=(p+q) 

value of calculated 
2 

= 7.16≥ of tabular value at significant level 0.01 and  ≤ tabular 
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value at significant level (5.99,9.21)0.05free dgree=2.f.d 

 

Table (4):Represents the genetic types, their viewing and predicted frequency, in addition to 

percentages of the observed numbers of  healthy group. 

Percentage of 

Observed 

number % 

Observed number 

frequency 

 

expected number 

frequency 

 

Genetic type 

Frequency 

0.  %
 

20 

(1.0.)  

21 

(1..10)  
II 

p 
2
 

.1 % 00 

(1..)  

2. 

(1.044)  
ID 

2pq 

22  
 
%

 
00 

(1.22)  

0 

(1.0.0)  
DD 

q 
2
 

01 % 01 % 01 % Total number 

frequency  of allele I (p)=0.63        frequency  of allele D(q)=0.37       1=(p+q) 

Calculated value of 
2 

= 5.867≥ of tabular value at significant level 0.01 and 

0.05(9.21,5,99) and free dgree = 2.f.d   

     

The result indicate that the ratio of 

genotype(II) is low in patients (18.57%) 

compared with healthy (48%) as shown in 

table (3) and (4). In the case of the 

heterozygous genotype (ID) which carries 

allele from each mutation, its ratio was equal 

in healthy and patients group (30%). When 

was applied the analysis of the Chi square (
2
 

)on the patients and healthy group, it was 

found that the population of the patients was 

balanced at a significant level (0.01) and The 

Hardy-Weinberg Law agree it (p2 + 2pq + q2 

= 1) (31) where value of the calculated Chi 

square (7.61) and it is less than its tabular 

value at a significant level (0.01) (9.21). As 

for the healthy population, it was balanced 

and the Hardy-Weinberg law applied on it at a 

significant level (0.01) and (0.05), where 

value of  Chi square (5.867) and it is less than 

its tabular value at two level (9.21) and (5.99) 

.     

References 
1- Hamandi, Z. M. A. and Al-Khazraji, 

K. A. Predictors of In-Hospital 

Mortality After Acute Myocardial 

Infarction. The Iraqi Postgraduate 

Medical Journal Vol.10, No.1.( 2011).  

2- Ibrahim, A. E.,   EL-Yassin, H. D., 

AL-Janabi, H. K. S. The Association 

between Adiponectin, Insulin and 

Troponin I in Patients with Acute 

Myocardial Infarction. Fac Med 

Baghdad 2011; Vol. 53, No. 2. (2011). 

3- Sudomoinaa, M. A., Sukhininaa, T. S., 

Barsovaa, R. M., Favorovc, A. V., 

Sakhnovich, R. M.,  Complex 

Analysis of Association of 

Inflammation Gene Polymorphisms 

with Myocardial Infarction.  

Molecular Biology Vol. 44  No. 3. 

(2010). 

4- Kayhan, F. A. and Sesal, C. The 

biochemical  fundamentals of 

angiotensin converting enzyme (ACE) 

gene polymorphism in Myocardial 

Infarction. Journal of Cell and 

Molecular Biology 4: 1-8. (2005). 

5- Leban, N.  Maatoug, F.  Braham, H. et 

al .Polymorphism of C3 complement 

in association with myocardial 

infarction in a sample of central 

Tunisia. Diagnostic Pathology, 8 : 93. 

( 2013). 



Tikrit Journal of Pharmaceutical Sciences 13(1) 2018                   ISSN   1817-2716 
 

56 
 

6- Stipanuk MH .Metabolism of sulfur-

containing amino acids. Annu Rev 

Nutr  6:179–209. .(1986 ). 

7- Welch GN, Loscalzo J.Homocysteine 

and atherothrombosis. N Engl J Med 

338:1042–1050. .( 1998). 

8- McQuillan BM, Beilby JP, Nidorf M, 

Thompson PL, Hung 

J.Hyperhomocysteinemia but not the 

C677T mutation of 

methylenetetrahydrofolate reductase is 

an independent risk determinant of 

carotid wall thickening. The Perth 

Carotid Ultrasound Disease 

Assessment Study (CUDAS). 

Circulation 99:2383–2388. .( 1999). 

9- Schachinger V, Britten MB, Elsner M, 

Walter DH, Scharrer I, Zeiher AM.A 

positive family history of premature 

coronary artery disease is associated 

with impaired endothelium-dependent 

coronary blood flow regulation. 

Circulation 100:1502–1508. .( 1999). 

10- Ortegaa, E. H., Fernández-Aceitunoa, 

A.M., Esparragón, F.R. et al. The 

involvement of the renin-angiotensin 

system gene polymorphisms in 

coronary heart disease. Rev Esp 

Cardiol : 55(2):92-9. (2002). 

11- Alharbi, K. K., Kashour, T. S., Al-

Hussaini, W., May Salem Al-

Nbaheen, M. S., Mohamed, S. 

Association of angiotensin converting 

enzyme gene insertion/deletion 

polymorphism and familial 

hypercholesterolemia in the Saudi 

population. Lipids in Health and 

Disease 12:177. (2013). 

12- Licastro, F, Chiappelli, M. Porcellini, 

E. Campo, G. Buscema, M. Grossi, E. 

Garoia, F. and Ferrari, R. Gene-Gene 

and Gene-Clinical Factors Interaction 

in Acute Myocardial Infarction: A 

New Detailed Risk Chart. Current 

Pharmaceutical Design, 16. (2010). 

13- Markovi, B.B.,  Bergovec, M. Reiner, 

E., Serti, J., Josip Vincelj, J., and Maja 

Markovi. M. Deletion Polymorphism 

of the Angiotensin I-Converting 

Enzyme Gene in Elderly Patients with 

Coronary Heart Disease. Coll. 

Antropol. 31(1):179–183. (2007). 

14- Shadrina, M.I., Slominskii, P.A.,  

Miloserdova, O. V.,  Perova, N. V., 

and S. A. Limborskaya, S. A. 

Polymorphism of the Angiotensin-

Converting Enzyme Gene in Patients 

with Coronary Heart Disease from the 

Moscow Population. Russian Journal 

of Genetics, Vol. 37, No. 4, 2001, pp. 

432–435. (2001). 

15- Remuzzi G, Ruggenenti P, Benigni A. 

Understanding the nature of renal 

disease progression. Kidney Int . 51: 

2-15. .( 1997). 

16- Dzau VJ. Cell biology and genetics of 

angiotensin in cardiovascular disease. 

J Hypertens . 12 (suppl 4): S3-S10. ( 

1994). 

17- Rigat B, Hubert C, Corvol P, Soubrier 

F.PCR detection of the 

insertion/deletion polymorphism of 

the human angiotensin converting 

enzyme gene (DCP1) (dipeptidyl 

carboxypeptidase 1). Nucleic Acids 

Res .20:1433.( 1992). 

18- Sayed-Tabatabaei, F. A., Oostra, B. 

A., Isaacs, A., van Duijn, C. M., 

Witteman, J. C.ACE polymorphisms. 

Circ. Res. 98(9):1123-1133. .(2006). 

19- Cambien F, Alhenc-Gelas F, Herbeth 

B, Andre JL, Rakotovao R, Gonzales 

MF et al.Familial resemblance of 

plasma angiotensin-converting 

enzyme level: the Nancy Study. Am J 

Hum Genet . 43:774-780. .( 1988). 

20- Jones A, Woods DR.Skeletal muscle 

RAS and exercise performance. Int J 

Biochem Cell Biol. 35:855-866. 

.(2003). 

21- Verkleij-Hagoort A, Bliek J, Sayed-

Tabatabaei F, Ursem N, Steegers E, 

Steegers-Theunissen R. 

Hyperhomocysteinemia and MTHFR 

polymorphisms in association with 

orofacial clefts and congenital heart 

defects: a meta-analysis. Am J Med 

Genet A . 143A: 952-960. .(2007). 

22- Ali S.M., Saremi Mahnaz c, Tavallaei 

Mahmood.Rapid genomic DNA 



Tikrit Journal of Pharmaceutical Sciences 13(1) 2018                   ISSN   1817-2716 
 

56 
 

extraction (RGDE). Forensic Science 

International: Genetics Supplement 

Series 1 .63–65. (2008) . 

23- Badaruddoza, A.J.S. Bhanwer, R.  

Sawhney, N.K. Randhawa, K. 

Matharoo  and B. Barna.A Study of 

Angiotensin Converting Enzyme 

(ACE) Gene Polymorphism in 

Essential Hypertension among a 

Business Community in Punjab. Int J 

Hum Genet, 9(3-4): 231-234 . (2009). 

24- Maniatis, T., Fritsch, E.F. and 

Sambrook, J.In Vitro Application of 

DNA by the Polymerase Chain 

Reaction, in Molecular Cloning: A 

Laboratory Manual. 2nd ed. , Cold 

Spring Harbor Laboratory Press, New 

York, USA, p.691. (2001). 

25- Snustad, D.;  and Simmons, M. J. 

Genetics. 6th ed. John Wiley & Sons, 

Inc. (2012). 

26- Chang L, Zhao J, Xu J, Jiang W, Tang 

CS, Qi YF.Effects of taurine 

andhomocysteine on calcium 

homeostasis and hydrogen peroxide 

and superoxide anions in rat 

myocardial mitochondria. Clin Exp 

Pharmacol Physiol 31:237–243 .( 

2004). 

27- Nonaka H, Tsujino T, Watari Y, 

Emoto N, Yokoyama M .Taurine 

prevents the decrease in expression 

and secretion of extracellular 

superoxide dismutase induced by 

homocysteine: amelioration of 

homocysteine-induced endoplasmic 

reticulum stress by taurine. Circulation 

104:1165–1170. .(2001). 

28- Domnita C, Jeanne C .Angiotensin I- 

converting enzyme Genotype and 

disease Associaton . J. Mol. Diagn. 

2:105-115. (2000). 

29- Phanikrishnal B. ; Ramalingam K. ; 

Sowjanya B. and Bhaktavasthala , C. 

Angiotensin converting enzyme 

insertion /deletion polymorphism in 

angiographically proven coronary 

disease subjects of south India. 

Sci.Resch & Ess. 7(39). Pp.3281-

3285. (2012). 

30- Esmeray A, Gulen A, Bozkurt A, 

Akpinar O, Matyar S, Gulsah S 

.Insertion / Deletion polymorphism of 

ACE gene in coronary artery disease 

in southern Turkey. J. Biochem. Mol. 

Biol. 38(4):486-490 .(2005). 

31- Klug, W. S.; Cummings, M. R.; 

Spencer, C. A. and Palladino, M.A. 

Essentials of Genetics. 7th ed. Person. 

Education. Inc. (2010). 

 


