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Abstract
Genetic variations among different ethnic groups result in variation of drug response. Several studies reported association between these variants and reduction of enzymatic function. Cytochrome P450, specifically CYP2C19 represent a major contributor in this variability. The present study aimed to determine the prevalence of CYP2C19 variants in Sudanese patients undergoing percutaneous coronary intervention (PCI).This prospective observational cohort study recruited 197 Sudanese patients with PCI taking clopidogrel from Wad Medani Heart Diseases and Surgery Center. Patients were genotyped for CYP2C19*2 and CYP2C19*3 using ASP-PCR and PCR-CTPP respectively. The frequency of CYP2C19*2, and *3 was 15%, and 1% respectively. The wild type (*1/*1) was the most frequent CYP2C19 *2 alleles (71.6%), followed by heterozygous mutant (*1/*2) 25.9%, and the least frequent was homozygous mutant (*2/*2) 2.5%. For CYP2C19 * 3, the wild type allele was the most frequent (98.0%), followed by heterozygous mutant (*1/*3) 2% and 0% for homozygous mutant(*3/*3). The overall distribution of CYP2C19 genotype revealed that 69.0% of patients were carriers of homozygotes wild allele (*1/*1); 28.4% were carriers of heterozygotes mutants (1*/2*&1*/3*), and 2.5% were carriers homozygotes mutant (2*/2*). Thus, 69.0% were classified as extensive metabolizers (EMs), 28.4% intermediate metabolizers (IMs) and 2.5% poor metabolizers (PMs). The finding of the present study was comparable to that obtained from several studies conducted in Arabs and African population. The wild type allele was the most prevalent, followed by heterozygotes mutants, and the least was homozygotes mutant. Accordingly the most frequent predicted phenotype was EMs followed by IMs and the least frequent was PMs
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Introduction

Cytochrome P450 (CYPP450) comprise diverse groups of CYP families that responsible for drug metabolism (CYP1- CYP4). The largest family is CYP2 and the main subfamily is CYP2C which include CYP2C8, CYP2C9, CYP2C18 and CYP2C19 [1]. The CYP2C family metabolize about 20% of the CYP450 substrates [2]. Genetic polymorphisms found in all CYP2C members, specifically CYP2C9 and CYP2C19 (*1/*1); 28.4% were carriers of heterozygotes mutants (1*/2*&1*/3*), involved in clopidogrel activation [3, 4]. The most studied CYP2C19 variants were CYP2C19*2 and CYP2C19*3 [3], of which CYP2C19*2 represent the most prevalent lack of function allele (LOFA) and CYP2C19*3 the less common variant. CYP2C19*2 arises secondary to deviant link site in exon 5 (681G/A) resulting in a truncated nonfunctional protein, while CYP2C19*3 (636 G/A) occur secondary to early termination of the amino acid sequence resulting in loss of enzymatic activity [5-7].

CCCACTATCATTGATTATTTCTCg CCCACTATCATTGATTATTTCTCa ACAAATACGCAAGCAGTCACA The prevalence of CYP2C19*2 allele is about 15% in Africans and Caucasians and, and 29–35% in Asians, while the less common LOFA (CYP2C19*3) is around 2–9% in Asian populations, but uncommon in other ethnic groups [8].

Inter patient differences in drug response a rises as a major health issue, since this variability result in failure of treatment or toxicity due to variation in plasma concentration of drugs or their active metabolite [9]. Polymorphisms of CYP2C19 plays a crucial role in this variability. Hence attract attention for clopidogrel pharmacogenetics and pharmacogenomics [10-12].

As prior knowledge of allelic and genotype frequencies of CYP2C19 variants aid in optimization of clopidogrel treatment, therefore this study aimed to determine the allelic and genotype distribution of CYP2C19 *2 and CYP2C19*3 among Sudanese patients with PCI and receiving clopidogrel.

Methods

Study subjects

This prospective observational cohort study recruited one hundred and ninety seven Sudanese patients with PCI from Wad Medani Heart Diseases and Surgery Center. The eligibility criteria involve both sex of age ≥18 years old, PCI with drug eluting stent implantation and being managed with clopidogrel. Patients were excluded if they have severe cardiac or renal abnormalities, hepatic failure and serious infection. All study participants received clopidogrel loading dose (300mg or 600mg) within 12 hours from hospitalization, and discharged on maintenance dose of clopidogrel (75mg twice daily) for 12 months and aspirin 100mg/day.

AP285G: 5- AP285A: 5- CP285 : 5- The study protocol was approved by Ministry of Health ethics committee and University of Gezira Research Ethics Committee. Patients were informed about the study, and the reason for blood sampling, and that the participation is voluntarily.

Molecular analysis

DNA extraction

Venous blood samples (3 ml) were collected from study subjects and transferred into tubes containing ethylene diamine tetra-acetic acid. The DNA was obtained from peripheral blood leucocytes by G-spin™ Extraction Kit using manufacturer instructions

Design of PCR Primers

PCR primers were designed for CYP2C19*2 rs4244285 (G/A) and CYP2C19*3 rs4986893 (G/A) using Gene Runner software program (Figure 1 & Figure 2).

Genotyping of CYP2C19*2 rs4244285 (G/A)

Allele Specific Primer PCR (ASP-PCR) was used for genotyping of CYP2C19*2 [13]. The ASP-PCR amplification reaction mixture contained 3μL DNA template, 5μL master mix, 0.5μ L for allele-specific primers (ASP 285G/ ASP285A), 0.5μL control primer (CP285), 0.2μLfor each internal control primers (Hb1&Hb2), and 1.0μL distilled H2O. Each allele was screened in separate tube reaction. The PCR cycling conditions were as follow: Initial denaturation at 95°C for 2 min then denaturation at 95°C for 30 sec, followed by annealing at 58°C for 45 sec, 72°C for 45 sec extension for 35 cycles and final extension step at 72°C for 2 min.

– 3 – 3 209bp allele G/A -3

[image: Figure 2. Primer sequence for CYP2C19*3 rs4986893 (G/A) . Interpretation of the results]Figure 2. Primer sequence for CYP2C19*3 rs4986893 (G/A) . Interpretation of the results
Genotyping of CYP2C19*3 rs4986893 (G/A)

Polymerase chain reaction with confronting two-pair primers technique (PCR-CTPP) was used for genotyping of CYP2C19*3 rs4986893 [14]. The PCR amplification reaction mixture contained 3μL DNA template, 6 μL master mix, 0.5 μL of each common primers (CP893G, CP893A) and 1 μL for each allele specific primer (ASP893G, ASP893A), H O 0.5 μ. The procedure involved 2 initial denaturation at 95°C for 2 min then denaturation at 95°C for 45 sec, followed by annealing at 58°C for 45 sec, 72°C for 45 sec, extension for 35 cycles and final elongation at 72°C for 2 min.

Agarose gel electrophoresis

In the current study the gel was prepared by dissolving 2.5% of agarose gel in 100 mL 1× Tris-borate EDTA buffer and stained with 0.5 μg/ml ethidium bromide for visualization purposes. Then 15 μL PCR product and 5 μL of DNA ladder (100 bp) was loaded into gel wells and the gel was run at constant voltage (120 V) for approximately 45 minutes to permit adequate separation of bands. Then the bands were visualized UV light source. The presence of a 210 bp indicates the existence of CYP2C19*2 variant in the respective tube reaction together with a PCR product of 268 correspond to the internal control. On the other hand, the product size of G and A alleles for CYP2C19*3 were as follows: 158 bp, 119 bp, 390 bp for G allele, A allele, and internal control respectively.

The presence of 390bp, 158bp and 119 bp indicate that the tested DNA sample is heterozygous (G/A), The presence of 390bp and 158bp indicate that the tested DNA is homozygous for the wild type allele (G/G) and The presence of 390bp and 119bp indicate that the tested DNA is homozygous for the mutant allele (A/A).

Predicted phenotypes based on CYP2C19 genotypes

According to CYP2C19 genotypes, the study cohort were classified into three predicted metabolizer phenotypes as follow [8]: Extensive metabolizers (EMs) for those who harbor two copies of the *1 wild type alleles; Intermediate metabolizers (IMs), who have one copy of wild type allele and one nonfunctional allele (either *2 or*3); and Poor metabolizers (PMs) harbor two copies of nonfunctional allele (*2 and *3).

Statistical analysis

Statistical analysis was performed using SPSS version 22 and Online SNPStats program (http://bioinfo.iconcologia.net/ SNPStats) [15].

Results

Genotyping Frequency of CYP2C19*2 and *3 allele

Table 1 and table 2 illustrates allele and genotype frequency of the genetic variances of CYP2C19. The frequency of CYP2C19*2, and CYP2C19*3 was 15%, and 1%

Allele and genotype frequencies of CYP2C19*3 (N=197) Genotype frequency, N (%)

IMs: Intermediate 0.05 for *3. The most frequent CYP2C19 *2 genotype was *1/*1 the wild type (71.6%), followed by heterozygous *1/*2 (25.9%), and the least frequent was homozygous variance *2/*2 (2.5%). Similarly, the most frequent CYP2C19 * 3 genotype was the wild type *1/*1 (98.0%), followed by heterozygous variance *1/*3 (2%) with no detection for *3/*3 homozygous variant.

Overall distribution of CYP2C19 genotype Star allele diplotype

The overall distribution of CYP2C19 genotype revealed that 69.0% of study cohort were harbor homozygotes wild type allele (*1/*1); 28.4% harbor heterozygotes mutant alleles (1*/2* and 1*/3*), and 2.5% harbor homozygotes mutant allele (2*/2*). Accordingly, carriers of normal function variant CYP2C19*1/*1 were classified as extensive metabolizers , carriers of one lack of function allele *1/*2 or *1/*3 were intermediate metabolizers (*1/*2 or *1/*3) and carriers of two lack of function alleles were poor metabolizers (*2/*2) as seen in figure 3, table 3.

Table 1. Allele and genotype frequencies of CYP2C19*2 (N=197) . Allele/ Genotype Frequency, N (%) Minor allele frequency Allele / Genotype[image: Table 1. Allele and genotype frequencies of CYP2C19*2 (N=197) . Allele/ Genotype Frequency, N (%) Minor allele frequency Allele / Genotype]
Table 2.

Allele / Genotype

G *1 390(99) A *3 4(1) G/G*1/*1 193(98) G/A*1/*3 4(2) A/A*3/*3 0(0)

Table 3. Overall distribution of CYP2C19 genotypes and predicted phenotypes (N=197) .[image: Table 3. Overall distribution of CYP2C19 genotypes and predicted phenotypes (N=197) .]
EMs:Extensive Metabolizers;

Discussion

Numerous endogenous and exogenous substances undergoes phase one metabolism utilizing Cytochrome P450 enzymes system. CYP2C19 which belong to CYP2C subfamily, is highly polymorphic and play principal role in bioactivation of clopidogrel [3, 4, 16]. CYP2C19*2 and CYP2C19*3 alleles diminish the ability to metabolize drugs [17]. To our knowledge, there is no sufficient data about the prevalence of CYP2C19*2 and *3 among Sudanese, hence the present study conducted to determine the prevalence of CY2C19*2 and CYP2C19*3 alleles.

The frequency of CYP2C19*2 allele is widely spread among Asians (~30%), followed by African-Americans (~18%) and Caucasians (~13%) and. On the other hand, the CYP2C19*3 allele is highly prevalent in Asians (~10%) but lower in other ethnic groups (1%) [18, 19].

.

Minor allele frequency

A(0.05) Metabolizers; PMs:Poor Metabolizers.

[image: Figure 3. Distribution of metabolizer phenotypes among study cohort .]Figure 3. Distribution of metabolizer phenotypes among study cohort .
The present study revealed that the allelic frequency of CYP2C19*2 and CYP2C19 * 3 in our subjects was 15% and 1% respectively. Our finding was approximately similar to study conducted in Sudanese patients infected with Helicobacter pylori [20], and comparable to that reported in Palestinian 15.5% [21], German 15% [22], Danish 15% [23], Ethiopian 14% [24], Lebanese 13% [25], and Jordanian 12.5 to 16 % [26, 27], however it was slightly higher than that in Turkish 12%, Tunisian 11.5%, Saudi Arabian 11.2,and Egyptians 11% [28-31], and slightly lower than that in Tanzanian& African American (18%) [32, 33]. These result was not surprising as the most racial groups in Sudan were Arabs, and the lesser were from African descent.

Previous studies demonstrated that CYP2C19*3 allele is higher in Asian populations (~10%) in comparison to other ethnic groups (1%) [18, 19]. The prevalence of this variant in our participants was 1% which was higher than that reported in Egyptian 0.2% [31]. Moreover, this variant was not detected in Jordanians, Saudi Arabian, and Ghanaian [26, 34, 35].

In this study, the genotype results of CYP2C19 indicate 69.0% of study cohort were homozygotes wild type allele (*1/*1); 28.4% were heterozygotes mutants (1*/2* and 1*/3*), and 2.5% were homozygotes for 2*/2* mutant allele. The most frequently predicted phenotype was EMs, followed by IMs and the least frequent was PMs. This frequency distribution of genotype results were in agreement with a study done in Palestinian subjects which concluded that 67.3% of the participants were homozygotes for wild type allele (*1/*1), 27.3% and 2.7% were heterozygotes mutants for 1*/2* and 1*/3* respectively, and 0.9% were *2/*2 ,and 1.8% were *2/*3 [21]. Another study performed in East and Southern African populations including psychiatric Tanzanian, South African Venda and Zimbabweans, reported that the frequency distribution of CYP2C19 EMs (*1/*) was 65.1% for Tanzanian, 61.8% Venda ,and Zimbabweans 77.4%. While the frequency of IMs were 31.4%, 32.9%, 19.1% respectively. The lowest frequency of PMs is attributed to CYP2C19* 2 homozygote mutant since no detection of homozygous *3/*3 or *2/*3 (2.3% Tanzanian, 5.3% Venda, 3.5% Zimbabweans) [36]. These finding was consistent with ours as 2.5% of our subjects were classified as PMs according to presences of *2/*2 mutant. Scott and his collogues stated that the distribution of CYP2C19 PMs is lower among Caucasians and Africans (2-5%),and higher among Asians (15%) [37].

Conclusion

This study revealed that our finding was comparable to that obtained from several studies conducted in Arabs and African population. The prevalence of CYP2C19*2 and CYP2C19*3 was 15% and 1% respectively. 69.0% of study cohort harbor wild type allele; 28.4% harbor heterozygotes mutants (*1/*2; *1/*3), and 2.5% harbor homozygotes mutant (2*/2*). Consequently the most frequent predicted phenotype was EMs followed by IMs and the least frequent was PMs.

Conflict of interests

The authors declare that there is no conflict of interests regarding the publication of this article.

Author’s contribution

All the authors have contributed equally in designing, drafting the manuscript as per the journal submission format. All authors read and approved the final manuscript.

Funding

No funding.

References

References
	Rainone A, De Lucia D, Morelli C, Valente D, Catapano O, Caraglia M. Clinically relevant of cytochrome P450 family enzymes for drug-drug interaction in anticancer therapy. World Cancer Research Journal. 2015; 2(2):524.

	Wei YQ, Wang DG, Yang H, Cao H. Cytochrome P450 CYP 2C19* 2 associated with adverse 1-year cardiovascular events in patients with acute coronary syndrome. PLoS One. 2015; 10(7):e0132561.

	Amin AM, Sheau Chin L, Azri Mohamed Noor D, SK Abdul Kader MA, Kah Hay Y, Ibrahim B. The personalization of clopidogrel antiplatelet therapy: the role of integrative pharmacogenetics and pharmacometabolomics. Cardiology research and practice. 2017; 2017.

	Fox CS, Hall JL, Arnett DK, Ashley EA, Delles C, Engler MB, Freeman MW, Johnson JA, Lanfear DE, Liggett SB, Lusis AJ. American Heart Association Council on Functional Genomics and Translational Biology, Council on Cardiovascular and Stroke Nursing, Council on Clinical Cardiology, Council on Quality of Care and Outcomes Research, and Council on Epidemiology and Prevention. Future translational applications from the contemporary genomics era: a scientific statement from the American Heart Association. Circulation. 2015; 131:1715-36.

	Scott SA, Sangkuhl K, Shuldiner AR, Hulot JS, Thorn CF, Altman RB, Klein TE. PharmGKB summary: very important pharmacogene information for cytochrome P450, family 2, subfamily C, polypeptide 19. Pharmacogenetics and genomics. 2012; 22(2):159.

	Luzum JA, Pakyz RE, Elsey AR, Haidar CE, Peterson JF, Whirl‐Carrillo M, Handelman SK, Palmer K, Pulley JM, Beller M, Schildcrout JS. The pharmacogenomics research network translational pharmacogenetics program: outcomes and metrics of pharmacogenetic implementations across diverse healthcare systems. Clinical Pharmacology & Therapeutics. 2017; 102(3):502-10.

	Jeong YH, Bliden KP, Park Y, Tantry US, Gurbel PA. Pharmacogenetic guidance for antiplatelet treatment. The Lancet. 2012; 380(9843):725.

	Scott SA, Sangkuhl K, Stein CM, Hulot JS, Mega JL, Roden DM, Klein TE, Sabatine MS, Johnson JA, Shuldiner AR. Clinical Pharmacogenetics Implementation Consortium guidelines for CYP2C19 genotype and clopidogrel therapy: 2013 update. Clinical Pharmacology & Therapeutics. 2013; 94(3):317-23.

	Lauschke VM, Milani L, Ingelman-Sundberg M. Pharmacogenomic biomarkers for improved drug therapy— recent progress and future developments. The AAPS journal. 2018; 20(1):1-6.

	Samer CF, Lorenzini K, Rollason V, Daali Y, Desmeules JA. Applications of CYP450 testing in the clinical setting.

	Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, Alfonso F, Macaya C, Bass TA, Costa MA. Variability in individual responsiveness to clopidogrel: clinical implications, management, and future perspectives. Journal of the American College of Cardiology. 2007; 49(14):1505-16.

	Hulot JS, Bura A, Villard E, Azizi M, Remones V, Goyenvalle C, Aiach M, Lechat P, Gaussem P. Cytochrome P450 2C19 loss-of-function polymorphism is a major determinant of clopidogrel responsiveness in healthy subjects. Blood. 2006; 108(7):2244-7.

	Bundock PC, Cross MJ, Shapter FM, Henry RJ. Robust allelespecific polymerase chain reaction markers developed for single nucleotide polymorphisms in expressed barley sequences. Theoretical and Applied Genetics. 2006; 112(2):358-65.

	Hamajima N, Saito T, Matsuo K, Kozaki KI, Takahashi T, Tajima K. Polymerase chain reaction with confronting two‐pair primers for polymorphism genotyping. Japanese Journal of Cancer Research. 2000; 91(9):865-8.

	Solé X, Guinó E, Valls J, Iniesta R, Moreno V. SNPStats: a web tool for the analysis of association studies. Bioinformatics. 2006; 22(15):1928-9.

	Sistonen J, Fuselli S, Palo JU, Chauhan N, Padh H, Sajantila A. Pharmacogenetic variation at CYP2C9, CYP2C19, and CYP2D6 at global and microgeographic scales. Pharmacogenetics and genomics. 2009; 19(2):170-9.

	Chaudhry AS, Kochhar R, Kohli KK. Genetic polymorphism of CYP2C19 & therapeutic response to proton pump inhibitors. Indian J Med Res. 2008; 127(6):521-30.

	Desta Z, Zhao X, Shin JG, Flockhart DA. Clinical significance of the cytochrome P450 2C19 genetic polymorphism. Clinical pharmacokinetics. 2002; 41(12):913-58.

	Xie HG, Kim RB, Wood AJ, Stein CM. Molecular basis of ethnic differences in drug disposition and response. Annual review of pharmacology and toxicology. 2001; 41(1):815-50.

	Abbas A, Malik S, Sulieman B, Enan K. Detection of CYP2C19* 2_ allele among Helicobacter pylori-infected patients in two tertiary hospitals of Khartoum, Sudan, 2019. F1000Research. 2021; 10(1063):1063.

	Ayesh BM, Al-Astal IR, Yassin MM. The clinical effects of CYP2C19* 2 allele frequency on Palestinian patients receiving clopidogrel after percutaneous coronary intervention. International Journal of Clinical Pharmacy. 2019; 41(1):96-

	

	Geisler T, Schaeffeler E, Dippon J, Winter S, Buse V, Bischofs C, Zuern C, Moerike K, Gawaz M, Schwab M. CYP2C19 and non-genetic factors predict poor responsiveness to clopidogrel loading dose after coronary stent implantation. Pharmacogenomics 2008; 9(9): 1251-1259.

	Pedersen RS, Brasch-Andersen C, Sim SC, Bergmann TK, Halling J, Petersen MS, Weihe P, Edvardsen H, Kristensen VN, Brøsen K, Ingelman-Sundberg M. Linkage disequilibrium between the CYP2C19* 17 allele and wildtype CYP2C8 and CYP2C9 alleles: identification of CYP2C haplotypes in healthy Nordic populations. European journal of clinical pharmacology. 2010; 66(12):1199-205.

	Persson I, Aklillu E, Rodrigues F, Bertilsson L, IngelmanSundberg M. S-mephenytoin hydroxylation phenotype and CYP2C19 genotype among Ethiopians. Pharmacogenetics. 1996; 6(6):521-6.

	Djaffar Jureidini I, Chamseddine N, Keleshian S, Naoufal R, Zahed L, Hakime N. Prevalence of CYP2C19 polymorphisms in the Lebanese population. Molecular biology reports. 2011; 38(8):5449-52.

	Yousef AM, Bulatova NR, Newman W, Hakooz N, Ismail S, Qusa H, Zahran F, Anwar Ababneh N, Hasan F, Zaloom I, Khayat G. Allele and genotype frequencies of the polymorphic cytochrome P450 genes (CYP1A1, CYP3A4, CYP3A5, CYP2C9 and CYP2C19) in the Jordanian population. Molecular biology reports. 2012; 39(10):9423-33.

	Zalloum I, Hakooz N, Arafat T. Genetic polymorphism of CYP2C19 in a Jordanian population: influence of allele frequencies of CYP2C19* 1 and CYP2C19* 2 on the pharmacokinetic profile of lansoprazole. Molecular biology reports. 2012; 39(4):4195-200.

	Aynacioglu AS, Sachse C, Bozkurt A, Kortunay S, Nacak M, Schröder T, Kayaalp SO, Roots I, Brockmöller J. Low frequency of defective alleles of cytochrome P450 enzymes 2C19 and 2D6 in the Turkish population. Clinical Pharmacology & Therapeutics. 1999; 66(2):185-92.

	Abid L, Laroussi L, Bahloul A, Siala A, Abdelhédi R, Kharrat N, Hentati M, Kammoun S. Impact of cytochrome P450 2C19* 2 polymorphism on the clinical cardiovascular events after stent implantation in patients receiving clopidogrel of a southern Tunisian region. World Journal of Cardiovascular Diseases. 2013; 3 (1): 4-10.

	Saeed LH, Mayet AY. Genotype-Phenotype analysis of CYP2C19 in healthy Saudi individuals and its potential clinical implication in drug therapy. International journal of medical sciences. 2013; 10(11):1497-502.

	Hamdy SI, Hiratsuka M, Narahara K, El‐Enany M, Moursi N, Ahmed MS, Mizugaki M. Allele and genotype frequencies of polymorphic cytochromes P450 (CYP2C9, CYP2C19, CYP2E1) and dihydropyrimidine dehydrogenase (DPYD) in the Egyptian population. British journal of clinical pharmacology. 2002; 53(6):596-603.

	Herrlin K, Massele AY, Jande M, Alm C, Tybring G, Abdi YA, Wennerholm A, Johansson I, Dahl ML, Bertilsson L, Gustafsson LL. Bantu Tanzanians have a decreased capacity to metabolize omeprazole and mephenytoin in relation to their CYP2C19 genotype. Clinical Pharmacology & Therapeutics. 1998; 64(4):391-401.

	Luo HR, Poland RE, Lin KM, Wan YJ. Genetic polymorphism of cytochrome P450 2C19 in Mexican Americans: A cross‐ethnic comparative study. Clinical Pharmacology & Therapeutics. 2006; 80(1):33-40.

	Al‐Jenoobi FI, Alkharfy KM, Alghamdi AM, Bagulb KM, Al‐Mohizea AM, Al‐Muhsen S, Halwani R, Parvez MK, Al‐Dosari MS. CYP2C19 genetic polymorphism in Saudi Arabians. Basic & clinical pharmacology & toxicology. 2013; 112(1):50-4.

	Kudzi W, Dodoo AN, Mills JJ. Characterisation of CYP2C8, CYP2C9 and CYP2C19 polymorphisms in a Ghanaian population. BMC medical genetics. 2009; 10(1):1-6.

	Dandara C, Mutowembwa Masimirembwa C, Magimba A, Sayi J, Kaaya S, Sommers DK, Snyman JR, Hasler JA. Genetic polymorphism of CYP2D6 and CYP2C19 in east-and southern African populations including psychiatric patients. European journal of clinical pharmacology. 2001; 57(1):11-7.

	Scott S, Sangkuhl K, Gardner EE, Stein CM, Hulot JS, Johnson JA, Roden DM, Klein TE, Shuldiner AR. Clinical Pharmacogenetics Implementation Consortium guidelines for cytochrome P450–2C19 (CYP2C19) genotype and clopidogrel therapy. Clinical Pharmacology & Therapeutics. 2011; 90(2):328-32.


Copyright (c) 2022 Tahani Hassan Ibrahim, Imad Eldin Mohamed Tag Eldin, Abd Elwahab Hassan Mohamed, Ameer Mohamed Dafalla, Abdalla  Karem Gibreel, Adil Mergani. This article is distributed under the CC BY-NC-SA 4.0 licence.
Cite as: Ibrahim TH, Tag Eldin IEM, Mohamed AEH, Dafalla AM, Gibreel AK, Mergani A. Allele and genotype frequencies of CYP2C19 in Sudanese patients undergoing percutaneous coronary intervention . J Innov Pharm Biol Sci. 2022;9(2):36-42. https://doi.org/10.56511/JIPBS.2022.v9.i02.pp36-42
OEBPS/images/f4.jpg
2.5%

W Poor
M Intermediate

M Extensive





OEBPS/images/f3.jpg
CYP2C19 Star allele diplotype / | Frequency Percent %
Phenotypes

Star allele diplotype

*1/1 136 69.0
1M 52 26.4
*1/43 4 2.0
"M 5 2.5
CYP2C19 phenotype

EMs (*1/%1) 136 69.0
M (¥1/%2, #1/%3) 56 284
PMs (#2/42) 5 25






OEBPS/nav.xhtml
Contents

		Allele and genotype frequencies of CYP2C19 in Sudanese patients undergoing percutaneous coronary intervention 





OEBPS/images/f2.jpg
1A (0.18)

G *1 333(83)
A+ l61(15)
G/G *1/%1 141(71.6)
GIA*L*2 51(25.9)
la/an2i+z 5(2.5)






OEBPS/images/f1.jpg
AP893G: 5- AAACTTGGCCTTACCTGGGTC -3 158 bp allele G

" CP893G: 5- CTTTCATCCTGGGCTGTGC -3
390

- AP893A: 5- AGGATTGTAAGCACCTCCCGA -3 ‘ 119 bp allele A
‘ CP893A: 5- TGTACTTCAGGGCTTGGTCA -3 ‘

‘ HEIGATCCCAC TTTCATCCTG GGCTGTGCTC CCTGCAATGT
GTTAGTAAAT CGAAGTGGGA CACTAGGGTG AAAGTAGGAC CCGACACGAG GGACGTTACA
ar ” er o 101 v
GATCTGCTCC ATTATTTTCC AGAAACGTTT CGATTATAAA GATCAGCAAT TTCTTAACTT
CTAGACGAGG TAATAAAAGG TCTTTGCAAA GCTAATATTT CTAGTCGTTA AAGAATTGAA
121 191 1o 151 st 17

121 GATGGAAAAA TTGAATGAAA ECEETAGATCC AGGTAAGGCC
CTACCTTTTT AACTTACTTT GGGACCTAGGE TCCATTCCGG

4gy AAGTTTTTTG CTTCCTGAGA AACCACTTAC AGTCTTTTTT TCTGGGAAAT CCAAAATTCT

"8 TTCAAMAAAC GAAGGACTCT TTGGTGAATG TCAGAAAAAA AGACCCTTTA GGTTTTAAGA

201 261 261 271 201 200

ATATTGACCA AGCCCTGAAG TACATTTTTG AATACTACAG TCTTGCCTAG ACAGCCATGG

TATAACTGGT TCGGGACTTC ATGTAAAAAC TTATGATGTC AGAACGGATC TGTCGGTACC

GGTGAATATC TGGAAAAGAT GGCAAAGTTC TTTATTTTAT GCACAGGAAA TGAATATCCC

CCACTTATAG ACCTTTTCTA CCGTTTCAAG AAATAAAATA CGTGTCCTTT ACTTATAGGG

01 a7 301 201 ot

AATATAGATC AGGCTTCTAA GCCCATTAGC TCCCTGATCA GTGT

TTATATCTAG TCCGAAGATT CGAGTAATCG AGGGACTAGT CACA

61

361





