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INTRODUCTION 

Angiotensin-converting enzyme-1 (ACE-1) plays 

a major role in the renin-angiotensin system, a 

system that regulates blood pressure and water 

balance in mammals. Although ACE has been 

studied for more than four decades, use of new 

technologies continues to give new insights into 

the important role plays in mammalian 

physiology. ACE is a zinc metallopeptidase that 

typically cleaves the last two amino acids from its 

peptide substrates. (1) Bradykinin is one of the 

well-known substrate of ACE. Accumulations of 

bradykinin are thought to be responsible for a 

persistent cough sometimes observed with ACE-

inhibitor therapy.(2) The ability of ACE to degrade 

bradykinin positions this enzyme as a common 

player in both the kinin-kininogen and renin-

angiotensin systems. 

Several polymorphisms have been reported in 

genes of the renin angiotensin system  and 

represent genetic factors that affect both 

circulating and tissue RAS. These include 

polymorphisms in the angiotensinogen, ACE, and 

Angiotensin Receptor genes. The most studied 

polymorphism is of the insertion/deletion type; the 

two ACE alleles differ in size because of the 

insertion of a 287-bp DNA sequence in intron 16 

of the ACE gene (Rigat et al., 1990). This 
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polymorphism is also associated with overall 

plasma ACE levels.(3) The ACE DD genotype is 

associated with increased circulating ACE levels, 

which are generally two times as high as those 

found for II genotypes; ID heterozygotes are 

associated with intermediate ACE levels.(3) This 

relationship was repeatedly confirmed by other 

studies, for both circulating and cellular ACE.(4-

8) However, because the ACE I/D polymorphism 

is intronic, the mechanism of ACE 

overexpression in subjects with DD genotype is 

unclear; it is possible that this relationship is the 

result of tight linkage to another locus involved in 

the regulation of ACE gene expression.(9)  

Some studies reported a positive 

association between the D allele and high blood 

pressure [10-12). There was a significant 

relationship between the D allele and hypertension 

in women and in Asians [13]. But no correlation 

has been found between plasma ACE levels and 

hypertension or between ACE DD genotype and 

hypertension, in multiple studies.(5,8,14-19)  

It has been reported an association 

between the ACE polymorphism and physical 

performance (20) which has been replicated when it 

was tested with 64 Australian national 

rowers(21), 91 British Olympic caliber 

runners(22), 217 Russian athletes(23), 60 Spanish 

elite athletes(24), 120 swimmers from the European 

and Commonwealth championships(25), and 35 

swimmers from the 

World Championships particularly in very long 

distance athletes(26). 

A study done on Asian Rugby Players in National 

University of Singapore have shown that the I 

allele confers an advantage in aerobic capacity as 

measured by the V02max (maximum volume of 

oxygen uptake) and VT (ventilatory threshold).(27) 

Although Bangladeshi nationals are made up by 

mainly homogeneous Bengali population there are 

a good number of aborigines (about one percent 

of total population) living in mainly in North-

west, North-east and South-East part of the 

country. The Garo people first came to the Garo 

hill region of Bangladesh and Meghalaya (India) 

from Tibet about 400 years ago. The tribal society 

Rakhain is a small tribe of Arakan origin 

belonging to the Bhotbarmi community of the 

Mongoloids. In the eighteenth century, many 

Rakhain people migrated from their homeland in 

Arakan (Myanmar) and they gradually settled in 

different areas of Chittagong and Patuakhali 

district of Bangladesh. In keeping with the 

associations of ACE I/D alleles with different 

performance phenotypes, and since the tribal 

populations are mainly originated in the hilly 

region of the country, so it may speculate that 

there may be an association of ACE I/D 

polymorphism with this population but no data 

exists in this regard.  
 

MATERIAL AND MATHODS 
 

Subjects 

The study included a total of 338 subjects of both 

sexes from Bengali (n=128), Garo (n=96), and 

Rakhain (n=114) population. The 128 Bengali 

subjects were recruited from different parts of 

Dhaka city. Garo and Rakhain subjects involved 

in the present study were recruited through a 

medical camp. Permission was obtained from the 

appropriate body and local community leader(s) 

were involved in the process. Request for 

participation was made through an open public 

announcement. The volunteers were informed 

about the study and written consent was obtained. 

Bengali subjects were collected through personal 

communication. Interested individuals were 

requested to come on a prescheduled morning in 

fasting condition.  
 

Collection of blood samples 

Overnight fasting (8-10 hours) blood was 

collected between 8.00-9.00 am. Venous blood 

(10 ml) was obtained by venipuncture following 

standard procedure. A portion of blood (5 ml) 

sample was taken into a tube containing EDTA (1 

mg/ml), mixed thoroughly and preserved at -30oC 

for future DNA extraction and subsequent 

experimentation. The rest of the sample was taken 

into plain tube allowed to clot for 30 minutes and 

serum was separated by centrifugation for 10 min 

at 3000 rpm using a refrigerated centrifuge and 

preserved at -30oC for biochemical analyses. 
 

Biochemical methods 

Glucose was estimated by enzymatic colorimetric 

(GOD-PAP) method in the Hitachi 704 Automatic 

Analyzer, Hitachi Ltd., Tokyo, Japan using 

reagents of RANDOX Laboratories Ltd., UK. 

Serum Triglyceride, total cholesterol and 

Gutamate Pyruvate Transaminase were measured 

by enzymatic endpoint method (cholesterol 

Oxidase/Peroxidase) in Auto analyzer HITACHI 

704, Hitachi Ltd Tokyo, Japan. Estimation of 

creatinine was done by alkaline-picrate methods 

using reagents from Randox Laboratories, UK.  
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DNA extraction 

Extraction of DNA was performed using 

GenElute DNA extraction kit (QIAGEN, USA). 

The kit uses the principal of silica gel DNA 

isolation from whole blood adapted in spin 

column.  
 

ACE gene ID polymorphism analysis 

The ACE gene ID polymorphic marker was 

analysed by PCR using the following flanking 

primer set: Forward primer: 5΄-

CTGGAGACCACTCCCATCCTTTCT- 

3΄Reverse primer: 5΄-

GATGTGGCCATCACATTCGTCAGAT-3.΄ 

PCR was carried out in 10 l reaction volume. 

Product size for the above-mentioned primer set is 

490 bp. 
 

PCR conditions  

PCR was carried out using HotStart Taq 

polymerase. Conditions for the amplification of 

the above mentioned product include an initial 

step of denaturation at 105oC for 15 min followed 

by 35 cycles of denaturation at 95oC for 30 sec, 

annealing at 62oC for 45 sec and elongation at 

72oC for 30 sec followed by a step of final 

elongation at 72oC for 10 min. 

The PCR products were resolved in 1% agarose 

gel and visualized using gel documentation 

system following ethidium bromide staining. The 

PCR products were detected as 490bp for 

homozygous wild (I/I), 490bp and 190bp for 

heterozygous variant polymorphism (I/D) and, 

190bp for homozygous variant polymorphism 

(D/D) respectively. 
 

Statistical   Methods 

Data were expressed as mean (±SD) and number 

(percentage) as appropriate. The difference 

between two groups was determined by unpaired 

Student’s ‘t’ test, Chi-square test and Z-test for 

two proportions where applicable. Data were 

analyzed using statistical package for social 

science (SPSS) for Windows Version 12. 
 

RESULTS 
 

Clinical and biochemical characteristics of the 

study subjects 

In Bengali subjects, significantly higher BMI 

values were found compared to Garo subjects 

(p<0.001) but significantly lower values were 

observed when compared with Rakhain subjects 

((p<0.001) (Table 1). Bengali subjects have 

significantly lower systolic and diastolic blood 

pressure values compared to Garo (p<0.001) and 

Rakhain subjects (p<0.001) (Table 1).  

Although mean (±SD) fasting serum glucose (FG, 

mmol/l) of the Bengali, Garo and Rakhain 

subjects were within normal range but Bengali 

subjects have significantly lower fasting serum 

glucose values compared to Garo subjects 

(p=0.019) and Garo subjects have shown 

significantly higher fasting serum glucose values 

compared to Rakhain subjects (p=0.009) (Table 

1).  

Mean (±SD) serum triglycerides (TG, mg/dl) and 

total cholesterol (T Chol, mg/dl) of Bengali 

subjects have significantly higher compared to 

Garo subjects (p=0.009, p=0.003repectively). 

Both the GPT and creatinine in the serum of all 

the three groups were in normal range. 
 

Wild (I/I) and variant (I/D+D/D) genotypes of 

ACE gene 

Hardy-Weinberg distribution of ACE I/D 

genotype frequencies in the Bengali (2=2.612; 

p=0.106), Garo (2=0.122; p=0.726) and Rakhain 

(2=0.056; p=0.812) subjects was found to be in 

equilibrium (data not shown in table). 

Wild and variant genotypes in Bengali subjects 

were 39.8%, 60.2% respectively, in Garo subjects 

53.1%, 46.9% and in Rakhain subjects 37.7%, 

62.3% respectively. Garo subjects have shown 

significantly higher wild genotype compared to 

Bengali and Rakhain subjects in proportion test or 

in χ2 test (Table 2). 
 

ACE I/D genotype frequencies of the study 

subjects on the basis of blood pressure 

The frequency distribution of ACE I/D genotypes 

was reanalyzed on the basis of normotensive 

(NTN) and hypertensive (HTN) and it has been 

found that HTN group of both the Bengali and 

Rakhain subjects have shown the significantly 

higher proportion of variant genotype compared 

to wild genotype (Table 3). 
 

DISCUSSION 
 

Angiotensin converting enzyme (ACE) is a rate-

limiting enzyme of the renin-angiotensin system 

(RAS), a system that regulates blood pressure and 

water balance in mammals. ACE gene is highly 

polymorphic. The ACE gene localizes to 

chromosome 17q23 and a common variant (I/D) is 

the result of either an insertion (I) or deletion (D) 

of a 287bp fragment in intron 16. Although there 

are variations in different population but the ACE 
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Table 1: Clinical and biochemical characteristics of the study groups 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Results were expressed as meanSD. t/p values were calculated using unpaired Student’s ‘t’ test. n, Number; BMI, body 

mass index; MAC, mid-upper arm circumference; FG, fasting glucose; TG, triglyceride; T Chol, total cholesterol; SGPT, 

Glutamate Pyruvate Transaminase; SCreat, serum creatinine; SBP, systolic blood pressure; DBP, diastolic blood pressure; B, 

Bengali; G, Garo; R, Rakhain. 

 

Table 2: Frequency distribution of wild (II) and variant (I/D+DD) genotype of ACE gene in the study subjects 

 

 

 

 

 

 

 

 

 

 

 
Results were expressed as frequency (number). Chi-square test was performed to calculate statistical association; *p<0.05 

when ACE wild (II) genotype of Garo subjects  was compared with Bengali or Rakhain subjects using Z-test for two 

proportions. 

 

Table 3: Frequency distribution of wild and variant genotypes in ACE gene on the basis of blood pressure 

 

 

 

 

 

 

 

 

 

 

 

 

 

NTN, normotensive; HTN, hypertensive; Results were expressed as frequency (number). Z/p values were calculated using 

proportion test. 

Variables 
Bengali 

(n=128) 

Garo 

(n=96) 

Rakhain 

(n=114) 

t/p values 

B vs G B vs R G vs R 

Age (Yrs) 43±10 50±15 49±14 3.73/<0.001 3.49/0.001 0.56/0.573 

BMI (Kg/m2) 24.0±2.9 19.9±3.4 29.0±5.7 9.57/<0.001 8.48/<0.001 14.3/<0.001 

SBP (mmHg) 113±11 131±23 132±12 6.79/<0.001 12.4/<0.001 0.46/0.648 

DBP (mmHg) 76±7 83±12 86±8 4.73/<0.001 9.77/<0.001 2.10/0.037 

FG (mmol/l) 5.3±1.2 5.7±1.1 5.4±0.9 2.35/0.019 0.09/0.924 2.64/0.009 

TG (mg/dl) 157±110 127±57 138 ±86 2.62/0.009 1.46/0.146 1.10/0.272 

T Chol (mg/dl) 204±71 173±40 182±35 3.86/<0.001 3.01/0.003 1.74/0.084 

SGPT (U/L) 27.3±18.7 23.1±12.4 17.3±11.5 1.93/0.055 4.99/<0.001 3.44/0.001 

S Creat (mg/dl) 1.11±0.15 1.10±0.14 1.10±0.14 0.68/0.497 0.61/0.543 0.11/0.914 

 

 

 Wild Variant  χ2/p OR (95% CI) 

Bengali 0.398 

(51) 

0.602 

(77) 
Bengali & 

Garo 
3.90/0.048 

1.71 (1.002-

2.921) 

Garo 0.531* 

(51) 

0.469 

(45) 
Bengali & 

Rakhain 
0.115/0.735 

1.094 (0.651-

1.836) 

Rakhain 0.377 

(43) 

0.623 

(71) 
Garo & 

Rakhain 
5.00/0.025 

1.871 (1.078-

3.248) 

 

 

ACE I/D 

genotype 

Bengali Garo Rakhain 

NTN, 

% (n)    

HTN, 

% (n)    

NTN, 

% (n)    

HTN, 

% (n)   

NTN, 

% (n)   

HTN, 

% (n)    

Wild (II) 0.426 (49) 0.167 (2) 0.509 (27) 0.611 (22) 0.420 (21) 0.316 (18) 

Variant 

(ID+DD) 
0.574 (66) 0.833 (10) 0.491 (26) 0.389 (14) 0.580 (29) 0.684( 39) 

Z/p 1.50/ 0.133 2.286/ 0.022 0.146/ 0.884 1.44/ 0.149 1.131/ 0.258 2.718/ 0.006 
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I/D genotype frequencies in the general 

populations are approximately 25-30% DD, 45-

50% ID and 20-25% II. In comparison with the I 

allele, the D allele is associated with a higher 

circulating ACE activity.(28,29) This higher ACE 

activity with the D allele is associated with lower 

bradykinin concentrations suggestive of less 

efficient substrate use and with greater 

angiotensin I conversion to angiotensin II, which 

serves to augment overload-induced hypertrophy 

of muscle.(30) Bradykinin influences glycogen and 

lactate levels, as well as the balance of availability 

of glucose/ free fatty acids(31), it also influences 

the expression of the GLUT4 glucose transporter 

during exercise(32) and thus insulin sensitivity. 

These findings contribute biologic plausibility for 

a role of the II genotype in enhancing energy 

efficiency and muscular endurance (33). 

Indigenous populations in Bangladesh are thought 

to be needed more physical strength and muscular 

endurance to survive in the mountain region. So, 

in the present study a group of Garo, Rakhain and 

Bengali subjects in Bangladeshi populations were 

investigated to observe the ACE I/D 

polymorphisms. 
 

In the present study ACE gene polymorphism was 

examined in 338 healthy subjects of both sexes 

from Bengali, Garo, and Rakhain population. 

Bengali and Garo subjects have shown 

significantly lower BMI values compared to 

Rakhain subjects (p<0.001) but Bengali subjects 

have significantly higher BMI values compared to 

Garo subjects (p<0.001). In hemodynamic status, 

Bengali subjects have shown significantly lower 

systolic blood pressure compared to Garo 

(p<0.001) and Rakhain subjects (p<0.001), and 

Bengali subjects have also shown significantly 

lower diastolic blood pressure values compared to 

Garo (p<0.001) and Rakhain subjects (p<0.001).  

In this study, Garo population has shown 

significant higher frequency of variant genotype 

(I/D+D/D combined) compared to Bengali and 

Rakhain population. In the two indigenous (Garo, 

Rakhain) community, Garo populations were 

originated from Mountain region and still 

maintain their lives in the hilly regions of the 

country where it needs more physical strength and 

endurance to survive. On the other hand, Rakhain 

subjects in our study were from Patuakhali region 

of the country which is mostly plain and low land 

like general Bengali populations reside. In 

literature it has been found that II genotype is 

associated with muscle performance(21-26), aerobic 

capacity(27), longevity(34)  and even with elite judo 

players(35). The higher II genotype frequency in 

Garo subjects may have a role for their more 

physical activities needed to survive in the hilly 

region. Human physical performance 

characteristics are strongly influenced by the 

genetic inheritance and by gene-environment 

interactions. Therefore, the genotype frequency 

may be associated with the beneficial effect on 

performance may thus vary with the environment 

to which the population is exposed. 
 

A hypertensive group of both the Bengali and 

Rakhain subjects have shown the significantly 

higher proportion of variant (I/D+D/D combined) 

genotype compared to wild (I/I) genotype which 

has been supported by previous studies [10-12. A 

recent case-control study found that subjects with 

the ACE DD genotype were 1.6 times more likely 

to be hypertensive than carriers of the I allele, and 

that 15% of all cases of hypertension could be 

attributed to the ACE DD genotype.(36) 
 

From viewpoint of above discussion it may be 

concluded that a) Garo populations are associated 

with higher frequency of II genotype in ACE 

gene, b) Variant genotypes of ACE gene are 

associated with hypertension in Bengali and 

Rakhain subjects. 
 

Conflict of interest:  
Authors are declared that there is no conflict of 

interest for this manuscript to publish. 
 

Authorship:  
MO Faruque, Designed the protocol, data analysis 

and write up the manuscript;   M Kundoo, 

involved in lab work; I Khan, involved in lab 

work and sample collection; M Das, involved in 

lab work and sample collection; MN Rahman, 

involved in data collection supervision; L Ali, 

protocol finalization and fund collection; Z 

Hassan, protocol designed, lab work supervision 

and critical review of the manuscript. Salaries of 

all the authors are given by their original institute. 

 

ACKNOWLDGEMENTS 
 

The authors are greatly acknowledged Diabetic 

Association of Bangladesh for the financial 

support of the study. 

 

 

Volume 3, Issue 1, January 

2017 
323 

 



REFERENCES  
 

1.Corvol P, Williams TA and Soubrier F. (1995). Peptidyl 

dipeptidase A: angiotensin I-converting enzyme. Methods 

Enzymol 248:283-305. 

2.Semple PF. (1995). Putative mechanisms of cough after 

treatment with angiotensin converting enzyme inhibitors. J 

Hypertens 3 (Suppl):S17-21. 

3.Rigat B, Hubert C, Alhenc-Gelas F, Cambien F, Corvol P 

and Soubrier F. (1990). An insertion/deletion polymorphism 

in the angiotensin I-converting enzyme gene accounting for 

half the variance of serum enzyme levels. J Clin Invest 

86:1343-1346. 

4.Ribichini F, Steffenino G, Dellavalle A, Matullo G, 

Colajanni E, Camilla T, Vado A, Benetton G, Uslenghi E 

and Piazza A. (1998). Plasma activity and insertion/deletion 

polymorphism of angiotensin I-converting enzyme. A major 

risk factor and a marker of risk for coronary stent restenosis 

Circulation 97:147-154. 

5.Malik FS, Lavie CJ, Mehra MR, Milani RV and Re RN. 

(1997). Renin-angiotensin system: genes to bedside. Am 

Heart J 134:514-527. 

6.Philipp CS, Dilley A, Saidi P, Evatt B, Austin H, 

Zawadsky J, Harwood D, Ellingsen D, Barnhart E, Phillips 

DJ and Hooper WC. (1998). Deletion polymorphism in the 

angiotensin converting enzyme gene as a thrombophilic risk 

factor after hip arthroplasty. Thromb Haemost 80:869-873 

Mizuiri S, Hemmi H, Inoue A, Takano M, Kadomatsu S, 

Tanimoto H, Tanegashima M, Hayashi I, Fushimi T and 

Hasegawa A. (1997). Renal hemodynamic changes induced 

by captopril and angiotensin-converting enzyme gene 

polymorphism. Nephron 75:310-314. 

7.Ohmichi N, Iwai N, Uchida Y, Shichiri G, Nakamura Y 

and Kinoshita M. (1997). Relationship between the response 

to the angiotensin converting enzyme inhibitor imidapril and 

the angiotensin converting enzyme genotype. Am J 

Hypertens 10:951-955. 

8.Davis GK and Roberts DH. (1997). Molecular genetics of 

the renin-angiotensin system: implications for angiotensin II 

receptor blockade. Pharmacol Ther 75:43-50. 

9.Agachan B, Isbir T, Yilmaz H and Akoglu E. (2003). 

Angiotensin converting enzyme I/D, angiotensinogen 

T174M-M235T and angiotensin II type 1 receptor A1166C 

gene polymorphisms in Turkish hypertensive patients. Exp 

Mol Med 35:545–549. 

10.Kario K, Hoshide S, Umeda Y, Sato Y, Ikeda U, 

Nishiuma S, Matsuo M and Shimada K. (1999). 

Angiotensinogen and angiotensin-converting enzyme 

genotypes, and day and night blood pressures in elderly 

Japanese hypertensives. Hypertens Res 22:95–103.  

11.Giner V, Poch E, Bragulat E, Oriola J, Gonzalez D, Coca 

A and De La Sierra A. (2000). Renin-angiotensin system 

genetic polymorphisms and salt sensitivity in essential 

hypertension. Hypertension 35:512–517.  

12.Staessen JA, Wang JG, Ginocchio G, Petrov V, Saavedra 

AP, Soubrier F, Vlietinck R and Fagard R. (1997). The 

deletion/insertion polymorphism of the angiotensin 

converting enzyme gene and cardiovascular-renal risk. J 

Hypertens 15:1579–1592.  

13.Cambien F, Poirier O, Lecerf L, Evans A, Cambou JP, 

Arveiler D, Luc G, Bard JM, Bara L, Richard S, Tiret L, 

Amouyel P, Alhenc-Gelas F and Soubrier F. (1992). 

Deletion polymorphism in the gene for angiotensin 

converting enzyme is a potent risk factor for myocardial 

infarction. Nature 359:641-644. 

14.Cambien F, Costerousse O, Tiret L, Poirier O, Lecerf L, 

Gonzales F, Evans A, Arveiler D, Cambou JP, Luc G, 

Rakotavao R, Ducimetiere P, Soubrier F and Alhenc-Gelas 

F. (1994). Plasma level and gene polymorphism of 

angiotensin-converting enzyme in relation to myocardial 

infarction. Circulation 90:669-676. 

15.Schunkert H, Hense HW, Holmer SR, Stender M, Perz S, 

Keil U, Lorell BH and Riegger GA. (1994). Association 

between a deletion polymorphism of the angiotensin-

converting enzyme gene and left ventricular hypertrophy. N 

Engl J Med 330:1634-1638. 

16.Iwai N, Ohmichi N, Nakamura Y and Kinoshita M. 

(1994). DD genotype of the angiotensin converting enzyme 

gene is a risk factor for left ventricular hypertrophy. 

Circulation 90:2622-2628. 

17.Schmidt S, Van Hooft IMS, Grobbee DE, Ganten D and 

Ritz E. (1993). Polymorphism of the angiotensin I-

converting enzyme gene is apparently not related to high 

blood pressure: Dutch Hypertension and Offspring Study. J 

Hypertens 11:345-348. 

18.Jeunemaitre X, Ledru F, Battaglia S, Guillanneuf M-T, 

Courbon D, Dumont C, Damon O, Guize L, Guermonprez 

J-L, Diebold B and Ducimetiere P. (1997). Genetic 

polymorphisms of the renin-angiotensin system and 

angiographic extent and severity of coronary artery disease: 

the CORGENE Study. Hum Genet 99:66-73. 

19.Montgomery HE, Marshall R, Hemingway H, Myerson 

S, Clarkson P, Dollery C, Hayward M, Holliman DE, Jubb 

M, World M, Thomas EL, Brynes AE, Saeed N, Barnard M, 

Bell JD, Prasad K, Rayson M, Talmud PJ and Humphries 

SE. (1998). Human gene for physical performance. Nature 

393:221–222.  

20.Gayagay G, Yu B, Hambly B, Boston T, Hahn A, 

Celermajer DS and Trent RJ. (1998). Elite endurance 

athletes and the ACE I allele–the role of genes in athletic 

performance. Hum Genet 103:48–50.  

21.Myerson S, Hemingway H, Budget R, Martin J, 

Humphries S and Montgomery H. (1999). Human 

angiotensin I-converting enzyme gene and endurance 

performance. J Appl Physiol 87:1313–1316.  

22.Nazarov IB, Woods DR, Montgomery HE, Shneider OV, 

Kazakov VI, Tomilin NV and Rogozkin VA. (2001). The 

angiotensin converting enzyme I/D polymorphism in 

Russian athletes. Eur J Hum Genet 9:797–801.  

23.Alvarez R., Terrados N, Ortolano R, Iglesias-Cubero G, 

Reguero JR, Batalla A, Cortina A, Fernandez-Garcia B, 

Rodriguez C, Braga S, Alvarez V and Coto E. (2000). 

Genetic variation in the renin-angiotensin system and 

athletic performance. Eur J Appl Physiol 82:117–120.  

24.Woods D, Hickman M, Jamshidi Y, Brull D, Vassiliou 

V, Jones A, Humphries S and Montgomery H. (2001). Elite 

swimmers and the D allele of the ACE I/D 

polymorphism. Hum Genet 108:230–232.  

25.Tsianos G, Sanders J, Dhamrait S, Humphries S, Grant S 

and Montgomery H. (2004). The ACE gene 

insertion/deletion polymorphism and elite endurance 

swimming. Eur J Appl Physiol 92:360–362.  

26.Goh K P, Chew K, Koh A, Guan M, Wong Y S and Sum 

C F. (2009). The relationship between ACE gene ID 

polymorphism and aerobic capacity in Asian rugby players. 

Singapore Med J 50(10):997. 

 
324 Volume 3, Issue 1, January 

2017 



27.Kohno M, Yokokawa K, Minami M, Yasunari K, Maeda 

K, Kano H, Hanehira T & Yaoshikawa J (1999): Plasma 

levels of nitric oxide and related vasoactive factors 

following long-term treatment with angiotensin-converting 

enzyme inhibitor in patients with essential hypertension. 

Metabolism 48: 1256–1259.  

28.Zhu X, Bouzekri N, Southam L, Cooper RS, Adeyemo 

A, McKenzie CA, Luke A, Chen G, Elston RC and Ward R. 

(2001). Linkage and association analysis of angiotensin I-

converting enzyme (ACE)-gene polymorphism with ACE 

concentration and blood pressure. American Journal of 

Human Genetics 68:1139-1148. 

29.Weterkamp CM and Gordon SE. (2005). Angiotensin-

converting enzyme inhibition attenuates myonuclear 

addition in overloaded slow-switch skeletal muscle. 

American Journal of Phhsiology: Regulatory, Integrative, 

and Comparative Physiology 289:R1223-1231. 

30.Linz W, Wiamer G, Schmidts HL, Ulmer W, Ruppert D 

and Scholkens BA. (1996). ACE inhibition decreases 

postoperative mortality in rats with left ventricular 

hypertrophy and myocardial infarction. Clin Exp Hypert 

18:691-712. 

31.Taguchi T, Kishikawa H, Motoshima H, Sakai K, 

Nishiyama T, Yoshizato K, Shirakami A, Toyonaga T, 

32.Shirontani T, Araki E and Shichiri M. (2000). 

Involvement of bradykinin in acute exercise-induced 

increase of glucose uptake and GLUT-4 translocation in 

skeletal muscle: Studies in normal and diabetic humans and 

rats. Metabolism 49(7):920-930. 

33.McKenzie CA, Zhu X, Forrester TE, Luke A, 

AdeyemoAA, Bouzekri N and Cooper RS. (2008). A 

genome-wide search replicates evidence of a quantitative 

trait locus for circulating angiotensin I converting enzyme 

(ACE) unlinked to the ACE gene. Biomed Central: Medical 

Genomics 1:23. 

34.Schachter F, Faure-Delanef L, Guenot F, Rouger H, 

Froguel P, Lesueur-Ginot L and Cohen D. (1994). Genetic 

associations with human longevity at the APOE and ACE 

loci. Nat Genet 6: 29–32.  

35.Cieszczyk P,  Krupecki K, Maciejewska A and  Sawczuk 

M. (2009). The Angiotensin Converting Enzyme Gene I/D 

Polymorphism in Polish Rowers. Int J Sports 

Med 30(8):624-627. 

36.Bautista LE, Vargas CI, Orostegui M, Gamarra G: 

Population-based case-control study of renin-angiotensin 

system genes polymorphisms and hypertension among 

Hispanics. Hypertens Res 2008, 31(3):401-408. 

 
 

 

 

 

Volume 3, Issue 1, January 

2017 
325 

 


