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Abstract
There was evidence based on many researches that the D allele in the ACE polymorphism is associated with the
risk of ischemic stroke. The aim of this study is to determine the genotypic distribution and the allelic frequency in
patients with ischemic stroke. A total of 30 patients with ischemic stroke were enrolled in this study, blood
samples were collected from all the patients in ethylene diamine tetra acetic acid (EDTA) containers. DNA was
extracted using salting out method, and analyzed for ACE polymorphism using allele specific polymerase chain
reaction. ACE genotypes frequencies among patients were DD 21(70%), ID 9(30%) and II (0%). D allele and I
allele frequency was found to be (0.85) and (0.15) respectively. In conclusion, DD genotype of the ACE
polymorphism was the most frequent among Sudanese patients with ischemic stroke, while II genotype was
totally absent. This suggests that Sudanese individuals with II genotype might be at low risk to Ischemic stroke.
Furthermore, D allele of the ACE polymorphism might confer increased risk to ischemic stroke.
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INTRODUCTION
Stroke is a cerebrovascular disease which is
considered the second commonest overall cause of
death and the most important cause of disability
among survivors. Cerebrovascular disease is the sixth
commonest cause of an ongoing disease burden
worldwide, and is expected to progress to the fourth
place by 20201. About 80% of all strokes are
Ischemic strokes and over 65%of stroke deaths are
reported from developing countries2, 3,4.
The gene encoding angiotensin converting enzyme
(ACE), which converts angiotensin I to the
vasoconstrictor angiotensin II and inactivates the
vasodilator bradykinin, is considered to be an
important candidate of cerebral small-vessel disease
(SVD) because of its’ role in blood pressure
regulation, regulation of vascular endothelial
function, and smooth muscle proliferation and tone5.
High ACE concentration was being found in the
nigrostriatal pathway and basal gangelia when ACE

was mapped within the brain by in vitro
autoradiography and immunohistochemical studies6.
The ACE gene is 21kb long, consisting of 26 exons
and 25 introns and located in chromosome 17p237. It
is characterized by
an
insertion/deletion
polymorphism based on the presence (insertion I) or
absence (Deletion D) of a 287 base pair Alu repeat
sequence in intron 16, resulting in three genotypes
DD homozygote, II
homozygote and ID
heterozygote 5.
The DD genotype is associated with a two fold
increase in plasma ACE activity over that of II
genotype, with intermediate level of heterozygote
ID5.
The D allele of this polymorphism has been
investigated as a potential susceptibility factor for
ischemic stroke8, 9.
The aim of this study was to determine the allelic
frequency and the genotypic distribution for ACE
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gene polymorphism in Sudanese patients diagnosed
with ischemic stroke.
MATERIALS AND METHODS
This is a descriptive cross-sectional study conducted in
Khartoum state during the period from March to
September 2014. 30 patients diagnosed by a neurologist
as having ischemic stroke
and followed at Alsafa
physiotherapy center, Ebrahim Malik hospital and
Alribat hospital were recruited for this study.
Blood samples (3ml) were collected from patientsupon their informed consent- in ethylene diamine tetra
acetic acid (EDTA) containers and genomic DNA was
extracted by salting out method.
The Insertion/Deletion genotyping was performed by
using Allele-specific polymerase chain reaction (PCRTECHNE, TC412, UK) according to Rigat et al10.
2 μL of the genomic DNA was amplified in a 25 μL
reaction mixture containing 5.0 μL master mix
(Maxime PCR pre mix kit (i-taq), iNtRON, Korea) and
1 μL of
each of the forward (5’CTGGAG
ACCACTCCCATCCTTTCT-3’),
reverse
primer
(5’GATGTGGCCATCACATTCGTCAG AT-3’) and
internalprimer[(5’TGGGATTACAGGCGTGATACAG
-3’] , and 15 μL sterile distilled water.
The amplification process consisted of initial
denaturation at 94oC/3min; 30 cycles each consist of
94oC for 1 minute, 52oC for 1 minute, and 72oC for
1min; final extension at 72oC for 5minutes.
PCR products were electrophoresed on 2% agarose gel
containing ethidium bromide and analyzed under UV
light. Three μL of 50 bp DNA ladder was applied with
each batch of patients’ samples.
A PCR product of 190 bp fragment was consistent with
D allele, while a product of 490 bp fragment was
consistent with I allele.
Statistical analysis
Statistical analysis was performed using statistical
package for social sciences (SPSS). Frequency of the
three genotypes was calculated in total patients and in
patients with different stroke risk factors. Correlation
between ACE I/D genotypes and qualitative variables
were tested by chi-square test .The mean age was
compared in the patients with the two allelic variants by
independent sample T-test.
RESULTS
DNA was analyzed for ACE genotypes from venous
blood of 30 ischemic stroke patients; 13(43.3%) were
males and 17(56.7%) were females. The patients' ages
ranged between 16 to 90 years (Mean ± SD: 56.8 ±
20.4).
According to the results of the molecular analysis two
genotypes were determined: DD and ID. The frequency
distribution of DD genotype was 70% (21/30) and that
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of ID was 30 % (9/30). None of the patients was found
to have II genotype.
Hypertension has scored the highest frequency between
the risk factors followed by smokers, diabetes and
family history of thrombosis, patient history of
thrombosis and cardiac disease consequently, (Table 1)
There was no statistically significant difference in mean
age in patients with DD and those with ID genotypes
(Mean±SD: 57.2±20.7 and 55.9±20.8 respectively,
P.value: 0.878)
DD genotype was more frequent than ID genotype in
both males and females. However, the correlation was
not statistically significant (Table 2)
The distribution of the ACE genotypes among the
different known stroke risk factor showed that, DD
genotype was the most frequent. There was no
statistically significant correlation between the ACE
genotype and the different risk factors (Table 3).
The frequency of D allele in study subjects was 0.85,
while the frequency of I allele was 0.15.
DISCUSSION
Recent studies revealed that the D allele of the ACE
gene may be a potent risk factor for ischemic stroke
and myocardial infarction in human6, 11- 12.
In this study we determined- for the first time- the
frequencies of the ACE DD, ID and II genotypes in
Sudanese patients with ischemic stroke.
The present study showed that, the frequencies of DD
and ID genotypes were 70% and 30% respectively;
the genotype II was totally absent (0%) Our result
was consistent with Tascilar et al13 who performed
ACE analysis in 97 patients with atherosclerotic
stroke and Huriletemuer et al14 who performed ACE
analysis in 96 mongolian ischemic stroke patient with
hypertension and both of their results reflected that
DD>ID>II. These findings might suggest that
individuals with II genotype might be at low risk of
Ischemic stroke.
Some results of prior studies of ACE polymorphism
in stroke patients have been inconsistent with our
findings such as Indrajaya et al15 who studied the
polymorphism particularly in hypertensive ischemic
stroke patients and their results reflected that,
ID>II>DD. Miris Dikmen et al16, S al Rajeh et al17
and Prabhakar et al18 results were ID>DD>II.
Marshab et al19 reported that II>DI>DD in Zambian
patients with stroke.
The inconsistence results may be because of the
difference in patients’ selection criteria and ethnic
variation.
In this study we found that hypertension scored the
highest frequency among risk factors followed by
smoking, diabetes and family history of thrombosis,
patient history of thrombosis, and cardiac diseases
consequently. Tuncer et al found that hypertension,
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hyperlipidemia, smoking, coronary artery disease and
diabetes scored the highest frequencies in order20. S
al Rajeh et al reported that hypertension was the most
common risk factor among their study population
followed by diabetes, cardiopathy, previous transient
ischemic stroke attack, smoking and cervical bruit17.
Our findings agree with both the results that,
hypertension was the most frequent risk factor among
ischemic stroke patients.
The statistical analysis showed no statistically
significant correlation between the ACE genotypes
and mean age, gender, hypertension, diabetes, history
of thrombosis, family history of thrombosis, cardiac
disease and smoking; furthermore, there was
insignificant association between the genotypes and
overall risk factors of ischemic stroke. Similar results
were reported by Hugh et al who found no
association between genotype and age, sex, smoking
history, diabetes or cholesterol level21.
In the present study, the frequency of D allele in the
study subjects was 0.85, while the frequency of I
allele was 0.15. In previous researches D allele
frequency was determined in different population
with ischemic stroke. It was found to be 0.57 in
Greek22, 0.62 in Swedish11, 0.47 in Japanese23, 0.64
in Turkish patients with hypertension20 and 0.352 in
Kyrgyzstan with essential hypertension24.
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In comparison the above results, the D allele among
Sudanese ischemic stroke patient has the highest
frequency; the difference can be due to ethnic
variations.
On the other hand, D allele among healthy Sudanese
population was found to be 0.64 by Bayoumi et al25.
This means that, the D allele frequency among
Sudanese ischemic stroke patients is far higher than
healthy populations, and this suggest the D allele as
potent risk factor of ischemic stroke among
Sudanese. This is more likely to be supported by
Catto et al, Kostulas et al, Margaglione et al and Das
et al 6, 11, 12, 26 who reported same findings.
A limitation of this study was the small sample size;
we recommend that further study should be
conducted in the future with increased sample size to
well establish the correlation between ACE alleles
and ischemic stroke.
CONCLUSION
DD genotype of the ACE polymorphism was the
most frequent among Sudanese patients with
ischemic stroke, while II genotype was totally absent.
This suggests that Sudanese individuals with II
genotype might be at low risk to Ischemic stroke.
Furthermore, D allele of the ACE polymorphism
might confer increased risk to ischemic stroke.

Table 1
Frequencies of stroke risk factors among study subjects
Risk factor

Frequency

Percent (%)

Yes

11

36.7

No

19

63.3

Yes

3

10

No

27

90

Yes

2

6.6

No

28

93.3

Family history of thrombosis

Yes

3

10

No

27

90

Cardiac disease

Yes

1

3.3

No

29

96.7

Yes

5

16.7

No

25

83.3

Yes

15

50

No

15

50

Hypertension

Diabetic

History of thrombosis

Smokers

Known risk factor
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Table 2
Correlation of ACE genotypes with gender
Gender

total

DD

ID

P. value

N (%)

N (%)

Male

13

11 (84.6)

2 (15.4)

Female

17

10 (58.8)

7 (41.2)

0.229

Table3
The distribution of DD and ID genotype among the different risk factors.
Risk factor

N

DD

ID

N (%)

N (%)

Yes

11

6 (54.5)

5 (45)

No

19

15 (78)

4 (21.1)

Yes

3

2 (66.7)

1(33.3)

No

27

19 (70.4)

8 (29.6)

History of
thrombosis

Yes

2

2 (100)

0 (0%)

No

28

19 (67.9)

9 (32.1)

Family history of
thrombosis

Yes

3

2 (66.7)

1 (33.3)

No

27

19 (70.4)

8 (29.6)

Cardiac disease

Yes

1

1 (100)

0 (0%)

No

29

20 (69)

9 (31)

Yes

5

5 (100)

0 (0%)

No

25

16 (64)

9 (36)

Yes

15

10 (66.7)

5 (33.3)

No

15

11(73.3)

4 (26.7)

Hypertension

P.value

0.160
Diabetic

0.894

0.338

0.894

0.506
Smokers

0.109
Known risk factor

0.690
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