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Abstract: 

 

         Several genetic investigations have been attempted to elucidate the association of 

angiotensin-converting enzyme (ACE) gene polymorphism and essential hypertension. 

This study was conducted to investigate the frequency of ACE gene insertion/deletion 

(I/D) polymorphism in patients with essential hypertension (EH). The study included 

one hundred patients with essential hypertension and seventy age and sex matched 

healthy individuals as a control group. The patients and control group were subjected to 

routine investigations, assay of serum cholesterol, triglycerides, high density 

lipoprotein-cholesterol (HDL-C), low density lipoprotein-cholesterol  (LDL-C) and 

assay of ACE gene I/D polymorphism using real-time polymerase chain reaction (PCR). 

The results of the study showed that the frequency of DD,ID and II genotypes were 

42%, 44% and 14 % respectively in hypertensive group and  30%, 50% and 14 % 

respectively in control group with significantly higher frequency of DD genotype in 

patients as compared to the control group (p<0.05). There was a significant association 

between DD genotype and hypertension, as there was significant increase in both 

systolic and diastolic blood pressure in patients with DD genotype as compared to other 

genotypes.   Serum cholesterol , HDL-C and LDL –C levels showed significant increase 

in patients as compared to the control group (P <0.001, P <0.001 and P <0.001: 

respectively ) Also, serum Cholesterol and LDL-C levels showed significant increase in 

patients with DD  and ID genotypes as compared to II genotype , while  triglycerides 

and HDL-C didn’t show  differences between the three genotypes. It was concluded that  

the  DD genotype of ACE gene showed significantly higher frequency among patients 

with essential hypertension  as compared to the normal subjects and that DD genotype 

was associated with significantly higher blood pressure  as compared to ID and II 

genotypes. Also, DD genotype was associated with significantly higher  serum 

cholesterol and LDL-C as compared to II genotype. This polymorphism in the ACE 

gene  may contribute to the pathogenesis and severity of essential hypertension and may 

help in selection of anti-hypertensive drugs.  

 

 

Introduction: 
         Hypertension is a common risk 

factor for coronary artery and 

cerebrovascular diseases that are the 

major causes of morbidity and 

mortality, accounting for more than 12 

million deaths annually worldwild 

(Caulfield et al., 2002). Essential 

hypertension is a multifactorial  trait 

involving interactions among  genetic, 

environmental and demographic factors 

(Kato,2002). Several genetic investiga -

tions have been attempted to elucidate 
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the genetic pathogenesis of essential 

hypertension. However, ident -ification 

of individual genes contrib. -uting to 

common essential hypertension has 

proved more difficult (Lifton et al., 

2001). Most of these genes are, directly 

or indirectly, coupled to salt handling of 

kidney, being included in renninan -

giotensin system , steroid hormone 

metabolism and renal sodium transp -

orters (Matsubara , 2000). Blood 

pressure regulation involves different 

vasopressor systems: sympathetic, 

rennin-angiotensin and vasopressin 

systems (Lasocki et al., 2002). The 

human angiotensin-converting enzyme 

gene , located on chromosome 17 cont -

ains a length polymorphism consisting 

of the presence (insrtion, I) or absence ( 

deletion  , D) of a 287 base pair DNA 

domain in the interon 16, resulting in 

three genotypes: DD and II,  homoz -

ygotes and ID heterozygotes 

(Montgomery et al., 2002). ACE is a 

zink-metallopeptidase that  converts  

angiotensin I to the potent vasoconst -

rictor angiotensin II and that degrades  

bradykinin , a powerfull vasodilator , 

both for regulation of vascular tone and 

cardiac functions (Baudin, 2002). 

         Aim of the work: The aim of this 

study is the analysis of ACE gene 

polymorphism in patients with essential 

hypertension and to determine the 

association of genetic variants with 

blood pressure and plasma lipids. 

 

Subjects and methods : 
         The present study included 100 

patients with essential hypertension( 46  

males and  54 females, aging  35 to  55 

years old) and 70 apparently healthy 

individuals (32  males and 38  females , 

aging 35 to 56  years old) as a control 

group. They were selected from Internal 

Medicine Department in AL Zahraa 

University Hospital. Subjects were 

classified as having essential hyperte -

nsion if they have systolic blood 

pressure ≥ 140 mm Hg and /or diastolic 

blood pressure  ≥ 90 mm Hg on at least 

two separate occasions; and age of onset 

less than 65 (Tamaki et al., 2002). The 

patients and control group were 

subjected to the following:  

         History taking, full clinical 

examination  and measurement of blood 

pressure( 2 measurements, on 2 occasi -

ons separated by an interval of 4 

weeks), abdominal ultrasonography and  

electrocardiography. 

         Withdrawal of 5 ml of venous 

blood, 2ml were anticoagulated with 

EDTA for extraction  of DNA using  

Capture Column kit (Centra Systems, 

USA) and 3 ml were left to clot and sera 

were separated for assay of: 

1. Routin laboratory investigations( 

fasting and postprandial blood 

glucose, blood urea, serum creati -

nine,  ALT, AST and serum alkaline 

phosphatase, using Hitachi 911 

chemistry auto analyzer and kits of 

Roche). 

2. Serum cholesterol, triglycerides, 

high density lipoprotein –cholesterol 

(HDL-C) and low density lipopr -

otein – cholesterol (LDL-C), using 

Hitachi 911 chemistry auto analyzer 

and kits of Roche. 

         Patients with diabetes mellitus, 

renal disease, hepatic diseases , 

known secondary hypertension or 

ischaemic heart disease were exclu -

ded from the study. Also, patients 

on oral contraceptives or corticoste -

roids  , were excluded from the 

study. 

3. Assay of angiotensin-converting 

enzyme gene polymorphism: by 

real-time PCR, using Light Cycler 

system and  reaction mix, DNA 

master SYBR Green I (Roche 

Diagnostics). Light Cycler is a rapid 

thermocycler with online fluoresc -

ence detection ,in which the PCR is 
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carried out in glass capillaries. 

Heating and cooling are by 

temperature-controlled airflow. The 

capillaries are placed in a rotation-

symmetric chamber to ensure 

homogeneous temperature distribu -

tion (Wilhelm et al.,2000). PCR was 

performed in disposable capillaries. 

The reaction volume was 20 μl , 

containing:  5 μl of  extracted DNA ,  

0.2 μM of each primer reported   by   

Rigat et al.,(1992) (forward  primer, 

5–CTGGAGACCACTCCCATCC 

TTCT -3 and reverse primer 5-

GATGTGGCCAACATTCGTCAG

AT-3 ), 10 μl of  SYBR Green I 

master mix ( 0.2 mmol dTNP,  0.5 

U Taq DNA polymerase and 1x 

PCR buffer  and 4mM MgCl 2 ) and 

5ml H2O SYBR Green I is  a DNA 

double-stranded specific fluorescent 

dye. It binds to the amplified PCR 

products  and the amplicon  can be 

detected by its fluorescence. 

         The PCR amplification protocol 

consisted of :initial denaturation at 95ºC 

for 2 minutes, followed by 40 amplif -

ication cycles at 95º C (temperature 

ramp was constant at 20º C/s), 

annealing at 58º C for 10 seconds, and 

extension at 72º C for 20 seconds. 

Fluorescence was measured at the end 

of the extension phase. After amplify -

cation was completed a melting curve 

analysis was performed by cooling the 

reaction to 60ºC then heating to 95ºC. 

The fluorescence signal (F) was 

monitored continuously during temper -

ature ramp and then plotted against the 

temperature(T).These curves were then 

converted to melting peaks by plotting 

the negative derivative of the 

fluorescence with respect to temperature 

against temperature ( -dFl-dT versus T). 

Two melting peaks at 85.5 ºC and  89 

ºC corresponding to I and D alleles were 

formed ( figure 1). To ensure that the 

correct product was amplified in the 

reaction, all samples were separated by 

ethidium bromide stained 2% agarose 

gel electrophoresis and expected prod -

ucts of 490 (I allele) and / or 190 ( D 

allele) bp (figure 2 ) were visualized by 

ultraviolet transilluminator (Lin et al., 

2001). 

 

Statistical analysis: 
         The data were analyzed using 

Statistical Package for Social Science  

(SPSS 8 for windows) and expressed as 

mean ± SD. Student t test was used for 

comparing means .Chi-square test was 

used for testing proportions indepen -

dence. p value less than 0.05 was 

considered significant . 

 

Results: 
         The results of systolic and 

diastolic blood pressure , serum 

cholesterol,  HDL-C and  LDL-C, 

showed significant increase in hypert -

ensive patients  as compared to the 

control group ,while serum triglycerides 

showed non significant changes ( table 

1). The frequencies of DD , ID and II 

genotypes  were 42%, 44% and 14% in 

hypertensive subjects and  30% , 50% 

and 20 % in control group respectively , 

with significant higher frequency of DD 

allele and non significant difference of 

ID and II alleles in hypertensive patients 

as compared to the control group 

(p<0.05, p>0.05 and p>0.05, respecti -

vely) ( table 2). Systolic  blood pressure 

showed significant increase in DD 

patients (mean ±SD 169.6±9.6 mmHg) 

as compared to ID (160±3.6 mmHg; 

p<0.001)and II patients (mean±SD 

157.8±4.6mmHg;p<0.01) , while there 

was non significant difference in 

systolic blood pressure between ID and 

II patients (p>0.05)(tables 3 and 4 ). 

Diastolic blood pressure also showed 

significant increase in DD (106.4 ±7.9 

mmHg) patients as compared to ID 

(99.6±3.9 mmHg; p<0.001) patients and 
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II (106.4 ± 7.9 mmHg; p<0.001 ) 

patients, while there was non significant 

difference in diastolic blood pressure 

between ID and II patients (p>0.05, 

tables 3 and 4).  Serum cholesterol   

showed  non significant increase in DD 

patients (mean ±SD 251 .6± 38.1 mg/dl) 

as compared to ID (mean ± SD 234 

±38.2 mg/dl; p> 0.05) and significant 

increase as compared to II (mean ± SD 

203.8±12.3 mg/dl; p< 0.001) . Also, 

there was significant increase in serum 

cholesterol in ID patients as compared 

to II patients (p<0.01). The results of 

serum triglycerides (mean ±SD 122.4 ±  

 

32.6 ,108.3±27.4 and 105.7±38.8 mg/dl) 

and HDL-C (45.1±4.8 , 45.8±5.9 and 

45.2±6 mg/dl ) showed non significant 

differences between the 3 genotypes 

DD,ID and II respectively . LDL-C 

showed non significant increase in DD 

patients (mean±SD 182.4±41.9 mg/dl) 

as compared to ID ( mean±SD 

167.7±38.7 mg/dl; p>0.05) and 

significant increase as compared to II 

patients (mean ± SD 133.9±9.6 mg/dl; 

p<0.001) and also, LDL-C was 

significantly increased in ID patients as 

compared to II patients (p<0.001)(tables 

3 and 4).  

 
Table(1):The results (mean±SD) of systolic and diastolic blood pressure, serum cholesterol , 

triglycerides, HDL-C and LDL-C in hypertensive patients as compared to the control group. 
 Patients 

(n=100) 

Control 

(n=70) 

P value 

Systolic B.P (mmHg) 

Diastolic B.P(mmHg) 

Cholesterol (mg/dl) 
Triglycerides (mg/dl) 

HDL-C (mg/dl) 

LDL-C (mg/dl) 

163.8±8.5 

102.2±5.1 

237.4±38.9 
113.9±32.1 

45.4±5.5 

169.3±39.8 

117.4±5.1 

76.4±4.4 

174.4±17.3 
109.4±18.7 

50.1±3.9 

102.3±17.4 

<0.001 

<0.001 

<0.001 
>0.05 

<0.001 

<0.001 

P<0.001 =significant.                              P>0.05 = non significant. 
 

Table (2): Frequencies of ACE genotypes in patients and control group. 
 DD ID II 

-Hypertensive patients 

  (n=100): 

      Number and (%) 

 

-Control group(n=70): 

       Number and (%) 

              p 

 

 

42 (42%) 

 

 

21(30%) 

<0.05 

 

 

(44%) 

 

 

35 (50%) 

>0.05 

 

 

14 (14%) 

 

 

14 (20%) 

>0.05 

P<0.05 = significant 
 

Table(3):Charecteristics and results (mean±SD)  biochemical parameters among ACE  
genotyoes in patients (n=100) 
 DD 

(n=42) 

ID 

(n=44) 

II 

(n=14) 
-Age (years) 

-Sex:   male 

          female 
-Blood pressure(mmHg): 

   Systolic 

   Diastolic 

-S. cholestrol (mg/dl) 

-S.triglycerides (mg/dl) 

-HDL-C (mg/dl) 

-LDL-C (mg/dl) 

40.7±3.9 

18 

24 
 

169.6±9.6 

106.4±7.9 

251.6±38.1 

122.4±32.6 

45.1±4.8 

182.4±41.9 

44.1±4.6 

26 

18 
 

160±3.6 

99.6±3.9 

234±38.2 

108.3±27.4 

45.8±5.9 

167.7±38.7 

44±4.1 

4 

10 
 

157.8±4.6 

97.8±2.5 

203.8±12.3 

105.7±38.8 

45.2±6 

133.9±9.6 
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- 490 bp 

 
- 190 bp 

 

Temperature (ºC) 

Table (4):Comparison of the results of blood pressure, serum cholesterol, triglycerides, HDL-C 

and LDL-C between ACE genotypes. 

 DD vs. ID DD vs. II ID vs.II 

Blood pressure(mmHg): 
       -Systolic 

       -Diastolic 

S.cholesterol (mg/dl) 
S.triglycerides (mg/dl) 

HDL-C (mg/dl) 

LDL-C (mg/dl) 

 
p<0.01 

p<0.001 

p>0.05 
p>0.05 

p>0.05 

p>0.05 

 
p<0.01 

p<0.001 

p<0.001 
p>0.05 

p>0.05 

p<0.001 

 
p>0.05 

p>0.05 

p<0.01 
>0.05 

>0.05 

<0.001 

P<0.05 = significant                     p>0.05 = non significant. 

 

 

  
 

 

Figure (1): Melting curve of PCR product of ACE gene showing two peaks at 85.5 ºC  

(I allele) and at 89ºC ( D allele). 

      

 

                                      
 

Figure (2): Agarose gel electrophoresis of PCR products of angiotensin-converting 

enzyme gene. M: marker, lanes 1-7: homozygous DD cases , lanes 8-10 hetrozygous ID 

and  lane 11: homozygous II case. 

 

Discussion : 
         Essential hypertension (EH) refers 

to a lasting increase in blood pressure 

with underlying heterogenous genetic 

components that remain unknown 

(Staessen et al.,2002). There is a strong 

evidence to support the idea that the 
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renin–angiotensin system plays an 

important role in the pathogenesis of 

essential hypertension and its complic -

ations( Gesang et al.,2002). Studies 

have shown that the insertion/deletion 

polymorphism in interon 16 of the ACE 

gene accounts for approximately half 

the variance in ACE plasma level (Rigat 

et al., 1990).Consequently, ACE has 

been postulated as candidate gene of 

hypertension . However, studies in 

various groups have shown conflicting 

evidence of an  association between 

ACE I/D polymorphism and essential 

hypertesion (O’Donnell  et al., 1998 and 

Higaki  et al.,2000). The results of this 

study  showed that the frequency of DD 

genotype was significantly higher in EH 

patients (42%)  as compared to the 

control group   ( 30%  ; p<0.05). In 

agreement with our results those 

obtained by Qiu et al., (1999) who 

found that the frequency of homoz -

ygous allele DD was significantly 

higher in a Chinese group with essential 

hypertension  (51.9%) than in healthy 

group(35.7%; p<0.01). Also,  Sunder-

Plassmann et al., (2002) reported the 

frequency of DD genotype to be 

significantly higher in a group of 

hypertensive patients (38.5%) as 

compared to normotensive group (28% 

;p<0.05) . A large population based 

study has shown a linkage between the 

ACE locus and hypertension, and an 

association between ACE/ID polymor -

phism and essential hypertesion 

(Fomage et al.,1999). In the present 

study there was  association of DD 

genotype with hypertension as both 

systolic and diastolic blood pressure 

were significantly higher in DD patients  

as compared to ID and II genotypes . In 

agreement with our results those 

obtained by Liu et al, (2000) and 

Morshed et al.,(2002), who found 

higher systolic and diastolic blood 

pressure in patients with DD genotype  

as compared to those with ID and II 

genotypes. 

          On the other hand, Chowdhury et 

al.,(1998) found no association between 

DD genotype and hypertension in  a 

group of Pangladish patients with 

hypertension. Also, Matsubara et al., 

(2002) reported lack of association 

between ACE I/D polymorphism and 

hypertension. The causes of these 

discrepancies are multiple. The most 

important cause is that hypertension is 

polygenic disorder. Racial and 

environmental factors may be 

responsible causes. The sample size is 

other factor , as larger population 

should be studied. The use of different 

laboratory techniques may be other 

factor (Tsai et al., 2002).  

         It has been suggested that  ACE 

I/D polymorphism might modulate the 

lipoprotein/ lipid profile and its 

response to fibrate thrapy (Bosse et 

al.,2002).  The results of this study 

showed significant increase in serum 

cholesterol ,HDL-C and LDL-C in 

hypertensive patients as compared to 

control group (p<0.001). On the other 

hand serum  triglycerides showed non 

significant change between patients and 

control group(p>0.05). Higaki et 

al.,(2000)  found significant increase in 

serum cholesterol , HDL-C and triglyc -

erides in a group of Japanese patients 

with essential hypertension. When 

comparing the ACE genotypes, our 

results  showed significant increase in 

serum cholesterol and LDL-C in DD 

patients as compared to II patients but 

not to ID patients .They also showed 

significant increase  in ID  patients as 

compared to II. On the other hand, the 

results of serum triglycerides and HDL-

C showed non significant difference 

between the three genotypes of ACE 

(p>0.05). The ACE DD genotype has 

been shown to be associated with 

increased plasma concentration of ACE, 
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which results in enhanced convertion of 

angitensin I to II , which stimulate 

cholesterol biosynthesis in macrophage 

(Batalla et al.,2000 ). A previous study 

reported the lack of association between 

ACE gene polymorphism and serum 

cholesterol, HDL-C, LDL-C and 

triglycerides in a group of patients with 

hypertension (Pereira et al., 2002). On 

the other hand, Kawamoto et al.,( 2002) 

found significant association between 

DD genotype and total cholesterol in a 

group of patients with hypertension and 

carotid atherosclerosis.  

Conclusion:  
         ACE gene DD genotype showed 

significantly higher frequency in 

patients with essential hypertension and 

was associated with higher blood 

pressure as compared to the other 

genotypes ID and II . Also, DD 

genotype was associated with higher 

serum cholesterol and LDL-C as 

compared to II genotype in patients with 

essential hypertension  . This  variation 

in ACE gene may contribute to the 

development and severity of hypert -

ension and may help in selection of 

anti-hypertensive drugs.  
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التباين فً جين االنزيم المحىل لألنجيىتنسين فً مرضً ضغط الدم 

 األساسً
 *ماجدة ابراهيم محمد المهدي و منً محمد مرسً

 .جايعت األزْر( بُاث)كهيت انطب * ُيكيت ٔانباطُت انعايتأقساو انبارٕنٕجيا االكهي
 

حأل عدد يٍ األبحاد انجيُيت أٌ يٕضح عالقت انخبايٍ فٗ جيٍ االَسيى انًحٕل          

ٔنقيييد أجرييييج ْيييةِ اند ا يييت نبحيييذ حيييٕاحر . نألَجيٕحُسييييٍ ٔ ضيييم  انيييدو األ ا يييٗ 
ٗ يرضيييٗ ضيييم  انيييدو فيييٗ جييييٍ االَيييسيى انًحيييٕل نألَجيٕحُسييييٍ فييي(  دٖ/أٖ)انخبيييايٍ

ٔ ييبعيٍ شا ييا , ٔ شييًهج اند ا ييت يارييت يييريل ي ييم  انييدو األ ا ييٗ . األ ا ييٗ
ٔنقييد حييى حعييريل انًرضييٗ . أصييحام يخييٕافقيٍ فييٗ انسييٍ ٔانُييٕض كًجًٕعييت ضييابطت

, ٔانييدٌْٕ انزالريييت, ٔحقييدير انكٕنسييخرٔل, ٔانًجًٕعييت ان ييابطت نأليحيياد انرٔحيُيييت 

ٔحقيدير انخبيايٍ  , خرٔل انًُافل انكزافت فيٗ انً يم ٔانكهس, ٔانكهسخرٔل انعانٗ انكزافت
(. حقيقي  انٕقيج)فىجيٍ االَسيى انًحٕل نألَجيٕحُسيٍ بٕا طت حفاعم انبهًرة انًخسهسم 

اٖ اٖ كاَيج , اٖ دٖ , ٔنقد أظٓرث َخيار  اند ا يت أٌ حيٕاحر األَيٕاض انجيُييت دٖ دٖ 

, % ٣٠اَييج ٔك, عهييٗ انخييٕانٗ فييٗ يجًٕعييت يرضييٗ ان ييم  %  ١٤, %٤٤, %٤٢
يي  ٔجيٕد ا حفياض ْياو فيٗ حيٕاحر , عهٗ انخٕانٗ فٗ انًجًٕعت ان يابطت% ٢٠, % ٥٠

ٔٔجدث عالقت ْايت . انُٕض انجيُٗ دٖ دٖ فٗ انًرضٗ بانًقا َت بانًجًٕعت ان ايطت

حيييذ ٔجييدث زيييادة ْايييت فييٗ ضييم  انييدو , بيييٍ انُييٕض انجيُييٗ دٖ دٖ ٔضييم  انييدو 
جيُيٗ دٖ دٖ ٔلنيب بانًقا َيت بياألَٕاض انجيُييت انًُقبل ٔانًُبس  فٗ يرضٗ انُٕض ان

ٔانكهسييخرٔل , ٔانكهسييخرٔل انعييانٗ انكزافييت, ٔنقييد أظٓيير يسييخٕٖ انكهسييُرٔل . األخييرٖ

. انًُافل انكزافت فٗ انً م ا حفاعا ْايا فٗ انًرضٗ بانًقا َت بانًجًٕعت ان ابطت
اييا فيٗ يرضيٗ ٔنقد أظٓر انكٕنسخرٔل ٔانكهسخرٔل انًُحفل انكزافت أي يا ا حفاعيا ْ

, انُييٕض انجيُييٗ دٖ دٖ ٔانُييٕض انجيُييٗ اٖ دٖ ٔلنييب بانًقا َييت بييانُٕض انجيُييٗ اٖ اٖ 

بيًُا نى حظٓر اندٌْٕ انزالريت أٔ انكهسيخرٔل عيانٗ انكزافيت اخخالفيا بييٍ األَيٕاض انجيُييت 
ٔيسخاهص يٍ ْةا أٌ انُٕض دٖ دٖ نجيٍ االَسيى انًحٕل نألَجيٕحُسيٍ أظٓير . انزالرت

ٔأٌ انُٕض , أعهٗ فٗ يرضٗ ضم  اندو األ ا ٗ بانقهرَت بانًجًٕعت ان ابطت حٕاحرا 

انجيُٗ دٖ دٖ كاٌ ي حٕبا ب م  دو أعهٗ ٔلنب بانًقا َت بانُٕعيٍ انجيُييٍ اٖ دٖ 
ٔي ييحب انُييٕض انجيُييٗ دٖ دٖ أي ييا ا حفاعييا ْايييا فييٗ َسييبت انكهسييخرٔل . ٔ اٖ اٖ,

ٔقيد , ب بانًقا َيت بيانُٕض انجيُيٗ اٖ أٖلني, ٔانكهسخرٔل انًُافل انكزافت فٗ انً يم

 ياْى ْييةا انخبيايٍ فييٗ جييٍ االَييسيى انًحيٕل نألَجيٕحُسيييٍ فيٗ انخكييٌٕ انًرضيٗ ٔشييدة 
 .            كًا أَّ قد يساعد عهٗ اخخيا  األدٔيت انًاف ت نه م , ان م  األ ا ٗ 

 


