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Abstract: 

Background: The CYP2C9 is a drug-metabolizing enzyme and the second expressed CYP isoforms in 

hepatocytes. Single nucleotide polymorphisms (SNPs) influence the catalytic activity of CYP2C9.The CYP2C9*2 

(rs1799853) is an important SNP in CYP2C9 gene results in replacement of Arginine144 to Cysteine. This SNP 

has been reported to reduce the activity of CYP2C9.  Therefore the aim of this study was to establish a rapid and 

sensitive molecular based assay for the detection of CYP2C9*2 (rs1799853) C>T gene variation in T2D patients. 

Methodology: This study was conducted on 25 clinically confirmed cases of T2D patients and 25 healthy 

controls. DNA extraction was performed with the Qiagen Kit. The amplification-refractory mutation system 

(ARMS)-PCR was optimized to detect CYP2C9*2 (rs1799853) *2 C>T gene variation.  

Results: This study was conducted on 50 samples (25 were T2D patients and 25 were healthy controls). ARMS –

PCR was optimized to detect CYP2C9*2 (rs1799853) *2 C>T gene variation in T2D patients and healthy controls.  

Conclusion: ARMS-PCR system for detection of (rs1799853) gene variation was successfully optimized. The 

assay proved to be fast, accurate, simple and economical that does not require any special equipment other than 

a thermocycler. The ARMS-PCR system can be used as a potential molecular tool for the detection of CYP2C9 

gene variations in T2Ds.  
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INTRODUCTION:  

The cytochromes P450s are heme-containing 

monooxygenases[1]. They constitute a large 

superfamily of enzymes widely distributed in animals, 

plants, fungi and prokaryotes [2]. The cytochromes 

P450s need electrons for their activity. The electrons 

donor is the NADPH catalyzed by a cytochrome P450 

reductase [2]. They are expressed endoplasmic 

mitochondria and cell surface and present in 

hepatocytes, small intestine and kidney[1]. In humans, 

the cytochrome P450s have been arranged into 18 

families and 43 subfamilies[1]. Cytochromep450s are 

metabolizing Xenobiotic and Endogenous 

Substrates[3]. Examples of the endogenous substrates 

include steroids and retinoic acid[3]. Exogenous 

substrate of Cytochrome P450s include carciongens 

and about 80% of all drugs[4]. Cytochrome P450 2C9 

(CYP2C9) has very important roles in xenobiotic 

metabolism (15-20% of all drugs) and some 

endogenous compounds such as melatonin and 

arachidonic acid [5]. It is the second main CYP 

isoform present in the liver cells[5]. Adverse drug 

reactions have been associated with gene variations of 

CYP2C9[4]. For instance, the rs1799853 and 

rs1057910 are result in CYP2C9 with poor catalytic 

activity [6].  

The prevalence of Diabetes Mellitus (DM) is 

increasing all over the world and become one of the 

major health concerns[7]. It is estimated that in the 

year 2013 there was  382 million people with DM and 

expected to increase to more than 590 million by the 

year 2035[7]. Saudi Arabia has been ranked by WHO 

as number two in Middle East, and number seven in 

world in term of the rate of DM[8]. Mainly, there are 

two types of Diabetes. Type 1 diabetes (T1D) which 

occurs in childhood, and by destruction of pancreatic 

Beta cells[9], and can be regarded as an autoimmune 

disease in addition to genetic, environmental and 

dietary risk factors[7, 10]. T2D constitutes majority 

(80-90%) of all cases of MD[11]. T2D is developed 

by the interaction between environmental and genetic 

factors[12]. T2D is characterized by insulin resistance 

and relative pancreatic beta cell dysfunction[7]. 

Insulin resistance is defined as a reduced cell or tissue 

response to the stimulation by insulin. It is initiated in 

the insulin sensitive tissues such as liver, muscles, and 

adipose tissues [13]. Risk factors for T2D include 

genetic, obesity, physical inactivity, and others[7]. 

Genome-wide association studies (GWASs) have 

revealed the association of certain genes with 

susceptibility to T2D and other diseases [1, 14-18]. 

Moreover, polymorphisms of insulin signaling genes 

and others have been associated of metabolic 

syndromes in certain populations [19, 20]. In the 

present study, we have optimized an the ARMS-PCR 

protocol for the detection of an important single 

nucleotide polymorphism SNP (rs1799853) of the 

drug-metabolizing CYP2C9 gene in Tabuk 

population.   

MATERIALS AND METHODS:  

Study Population: In order optimize rs1799853 gene 

variation in T2D patients; we selected 50 specimens 

among which 25 were clinically confirmed cases of 

T2D and 25 healthy controls. 

Inclusion criteria: The study included 25 clinically 

confirmed cases of T2D patients and 25 healthy 

controls. All participants were of Saudi origin. 

Exclusion Criteria: Patients with any other disease. 

Non-Saudi Arabian were excluded. 

Sample collection: After obtaining a written 

informed consent form as well as assessing all 

Laboratory findings, a 3ml sample of peripheral blood 

was collected by venipuncture in EDTA tubes from 

T2D patients and healthy controls in EDTA tube.  
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Genomic DNA extraction:  

Genomic DNA was extracted from the peripheral 

blood of clinically confirmed cases of T2D patients 

and healthy controls using QIAGEN DNeasy Blood & 

Tissue Kit (Cat No-69504) as per the manufactures 

instructions. The DNA quality and yield was assessed 

with Nanodrop (optical density) and 1% agarose gel 

electrophoresis. The DNA was isolated from T2D 

patients and controls was dissolved in nuclease-free 

water, and stored at 4°C until use.  

Genotyping for rs1799853 with ARMS-PCR 

ARMS-PCR primers were designed using Primer3 

software as shown table 1. The ARMS-PCR primers 

for rs1799853 gene were performed in a reaction 

volume of 25µL containing template DNA (50ng). 

The cocktail was prepared for five samples as shown 

in Table 2.  F1-0.25µL, R -0.25µL, F2-0.25µL, R -

0.25µL of 25pmol of each primers and 5µL from 2X 

DreamTaq green Master Mix (Thermo Scientific, 

USA). The final volume of 25 µL was brought with 

nuclease free ddH2O. Finally, 2-3µl of DNA was 

added from each T2D patient. 

Table 1: ARMS primers for rs1799853 

 

 

Table 2: Preparation of PCR cocktail for rs1799853 

 

Reagent 1x 5 x 

PCR master mix 5ul 25 ul 

Forward FO 0.25 ul 1.25 ul 

Reverse RO 0.25 ul 1.25 ul 

Forward FI 0.25 ul 1.25 ul 

Reverse RI 0.25 ul 1.25 ul 

Nuclease free water 17.00 ul 85ul 

Total volume 23ul 115ul 

Add sample  2ul 

Total reaction volume  25ul 

 

Thermocycling conditions:  

The amplification conditions used were at 94 oC for 

10 minutes followed by 40 cycles of 94oC for 35sec, 

59 oC for 40 sec, 72 oC for 43 sec followed by the 

final extension at 72 oC for 10 minutes.  

Gel electrophoresis: 

The amplification products were separated by 

electrophoresis through 2% agarose gel stained with 

0.5μg/mL ethidium bromide and visualized on a UV 

transilluminator. 

Statistical analysis: 

All statistical analyses were performed using Graph 

Pad Prism 6.0 or SPSS 16.0. 

Results 

Direction Primer sequence  PCR product size AT 

Outer primer FO 5- CTGTCTTGGGGATGGGGAGG -3 544bp 60 

Outer primer RO 5-CCGCAAAGTTCAGGAGAACATG-3 
 

 

Inner primer FI G 5-GGAAGAGGAGCATTGAGGACC-3 323bp  

Inner primer RI A 5-CGGGCTTCCTCTTGAACACA-3 259bp  
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Study Population:  

All demographic features of the subjects are shown in 

(Table 3). This population-based case–control study 

was done on 25 T2D patients and 25 healthy controls 

with no history of any type of disease. 

 

Table3: Baseline Characteristics of T2D Patients 

 

 T2D patients Controls 

Number of subjects N=25 % N=25 % 

Males 15 60% 17 86  

Females 10 40% 8 32 

Age >30 19 76% 14 56 

Age <30 06 24% 11  44 

 

 

Figure1:Analysis of genomic DNA extracted from T2D cases and healthy controls: The Quality and integrity of 

DNA were checked at 260 nm by NanoDrop™ (Thermo Scientific, USA)  

 

The extracted DNA was assessed by running in 1% gel electrophoresis.   
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Optimization of ARMS primers for rs1799853 gene variation: Primers FO and RO flank the exon 3 of the CYP2C9 gene, 

resulting in a band of 544 bp to act as a control for DNA quality and quantity. Primers Fwt and RO amplify a wild-type allele (C 

allele), generating a band of 323 bp, and primers FO and Rmt generate a band of 259 bp from the mutant allele, T allele (Figure 

3). 

 
Figure 3:The ARMS-PCR amplification products were separated by electrophoresis through 2% agarose gel stained 

with 0.5μg/mL ethidium bromide and visualized on a UV transilluminator.  

DISCUSSION: 

DM is a growing health problem all over the world in 

become a global epidemic. It is expected that high 

prevalence rate of DM in Middle East. DM is one of 

the big health problems facing Saudi Arabia [21]. 

T2D is a metabolic disease characterized by 

hyperglycemia resulting from pancreatic dysfunction 

of the beta cells and impaired insulin action [22]. 

T2D representing the majority of DM cases 

accounting for about 90%. This percentage may be 

increase in the year 2030[23]. T2D is developed by 

the combination of genetic and environmental risk 

factors [24]. It is well-established that modifying the 

risk factors such as heathy diet, regular exercise, 

reducing body wait prevents or delay the onset of 

T2D[25]. Sulfonylureas are an important component 

in the treatment of T2D [26]. It is classified as an 

insulin secretagogs [26]. They are usually prescribed 

when the normal blood glucose level is not reached 

with metformin only [26]. The CytochromeP450s are 

large superfamily of enzymes involved in metabolism 

of endogenous substrates and xenobiotics including 

about 80% of drugs[4]. CYP2C9 is the expressed in 

the liver and has the second highest expression level 

after CYP3A4 in the liver[6]. It metabolizes about 

20% of the drugs. Examples of the drugs that are 

metabolized by the CYP2C9 are Phenytoin 

(Antiepileptic), losartan (antihypertensive), 

Tamoxifen (Anti-estrogen), Fluvastatin (inhibits 3-

hydroxy-3-methylglutaryl coenzyme A reductase), 

Diclofenac, Ibuprofen, Warfarin (Anticoagulant), the 

Sulfonylurea drugs (hypoglycemic) such as the 

Glibenclamide, Glipizide and Tolbutamide[6].   

The CYP2C9 gene is very polymorphic, and these 

polymorphisms affect the enzyme catalytic activity 

and hence the metabolism of the drugs that are 

substrates of CYP2C9. Individuals with the CYP2C9 

are at risk of adverse drug events in particular with 

the substrates exhibit a narrow therapeutic index such 

as the anticoagulant drug, warfarin, and the 

hypoglycemic agent's glipizide, and tolbutamide[5, 

27]. Two important SNPs have been reported in 

https://pubchem.ncbi.nlm.nih.gov/compound/3-hydroxy-3-methylglutaryl-coenzyme%20A
https://pubchem.ncbi.nlm.nih.gov/compound/3-hydroxy-3-methylglutaryl-coenzyme%20A
https://en.wikipedia.org/wiki/Antidiabetic_drug


IAJPS 2019, 06 (04), 7741-7748                    Imadeldin Elfaki et al                  ISSN 2349-7750 

 w w w . i a j p s . c o m  

 

Page 7746 

CYP2C9 gene and lower its catalytic activity, the 

rs1799853 that result in substitution of the Arginine 

144 to Cysteine, and rs1057910 that result in the 

substitution of the Isoleucine 359 to Leucine [5, 27]. 

Individuals with these two SNPs have CYP2C9 with 

reduced catalytic activity, and therefore when treated 

with anti-coagulant warfarin may develop bleeding 

complications.  They also at the risk of hypoglycemia 

when treated with the glucose lowering drugs such as 

glipizide and tolbutamide  [5]. Furthermore, gene 

polymorphisms of Cytochromep450 have been 

associated with T2D and other diseases [5, 16, 28].   

In the present study, we successfully optimized tetra 

ARMS-PCR for the detection of SNP rs1799853. The 

PCR has been used successfully in diagnosis of 

different infectious diseases [29, 30]. Genotyping of 

SNPs has been applied in various genetic contexts 

[16-18]. Tetra-primer amplification refractory 

mutation system (T-ARMS) polymerase chain 

reaction (PCR) is reported as a prominent assay for 

SNP genotyping [31]. It is a rapid and inexpensive, 

accurate tool for determining SNPs in which only the 

PCR amplification followed by the agarose gel 

electrophoresis are required. In the T-ARMS, four 

primers are used, the external forward (OF), external 

reverse (OR), internal forward (IF) and internal 

reverse (IR) primers [32]. The mixture of OF/OR 

primers produce the outer band of the SNP gene and 

used as a control for the PCR, whereas the mixtures 

of the IF/OR and OF/IR primers generates allele-

specific bands of the SNP under the investigation 

[32]. The internal primers are annealed in different 

positions from the external primers producing bands 

with different sizes for each allele. These different 

sized bands are easily separable in gel electrophoresis 

and the genotyping is according performed [32].  

CONCLUSION: 

This study successfully developed the ARMS-PCR 

technique for the detection of rs1799853 gene 

polymorphism in T2D population of Taluk. The 

assay proved to be fast, accurate, simple and 

inexpensive and required simple equipment such 

thermocycler. The ARMS-PCR system could be used 

as a potential molecular tool for the detection of 

CytochromeP450 single nucleotide polymorphism.  

Competing interests: 

The authors declare that they have no competing 

interests. 

Authors’ contributions: 

IE and RM designed the study. IE performed the 

experiments; IE and RM wrote and approved the 

manuscript.  

ACKNOWLEDGMENTS:  

❖ We are most thankful to the subjects for their 

contributions in this study.  

❖ This project is funded by the DEANSHIP OF 

SCIENTIFIC RESEARCH, UNIVERSITY OF 

TABUK, grant number (No.0121-1439-S) for 

IE. 

REFERENCES: 

1. Elfaki I, Mir R, Almutairi FM, Duhier FMA: 

Cytochrome P450: Polymorphisms and Roles 

in Cancer, Diabetes and Atherosclerosis. 

Asian Pacific Journal of Cancer Prevention 

2018, 19(8):2057-2070. 

2. Cordova P, Gonzalez AM, Nelson DR, Gutierrez 

MS, Baeza M, Cifuentes V, Alcaino J: 

Characterization of the cytochrome P450 

monooxygenase genes (P450ome) from the 

carotenogenic yeast Xanthophyllomyces 

dendrorhous. BMC genomics 2017, 18(1):540. 

3. Guengerich FP: Intersection of the Roles of 

Cytochrome P450 Enzymes with Xenobiotic 

and Endogenous Substrates: Relevance to 

Toxicity and Drug Interactions. Chemical 

research in toxicology 2017, 30(1):2-12. 

4. Zanger UM, Schwab M: Cytochrome P450 

enzymes in drug metabolism: regulation of 

gene expression, enzyme activities, and impact 

of genetic variation. Pharmacol Ther 2013, 

138(1):103-141. 

5. Elfaki I, Mir R, Almutairi FM, Duhier FMA: 

Cytochrome P450: Polymorphisms and Roles 

in Cancer, Diabetes and Atherosclerosis. 

Asian Pac J Cancer Prev 2018, 19(8):2057-

2070. 



IAJPS 2019, 06 (04), 7741-7748                    Imadeldin Elfaki et al                  ISSN 2349-7750 

 w w w . i a j p s . c o m  

 

Page 7747 

6. Van Booven D, Marsh S, McLeod H, Carrillo 

MW, Sangkuhl K, Klein TE, Altman RB: 

Cytochrome P450 2C9-CYP2C9. 

Pharmacogenet Genomics 2010, 20(4):277-281. 

7. Forouhi NG, Wareham NJ: Epidemiology of 

diabetes. Medicine (Abingdon) 2014, 

42(12):698-702. 

8. Al Dawish MA, Robert AA, Braham R, Al 

Hayek AA, Al Saeed A, Ahmed RA, Al Sabaan 

FS: Diabetes Mellitus in Saudi Arabia: A 

Review of the Recent Literature. Curr 

Diabetes Rev 2016, 12(4):359-368. 

9. Graham KL, Sutherland RM, Mannering SI, 

Zhao Y, Chee J, Krishnamurthy B, Thomas HE, 

Lew AM, Kay TW: Pathogenic mechanisms in 

type 1 diabetes: the islet is both target and 

driver of disease. The review of diabetic studies 

: RDS 2012, 9(4):148-168. 

10. Cooper JD, Smyth DJ, Walker NM, Stevens H, 

Burren OS, Wallace C, Greissl C, Ramos-Lopez 

E, Hypponen E, Dunger DB et al: Inherited 

variation in vitamin D genes is associated with 

predisposition to autoimmune disease type 1 

diabetes. Diabetes 2011, 60(5):1624-1631. 

11. Prasad RB, Groop L: Genetics of type 2 

diabetes-pitfalls and possibilities. Genes 

(Basel) 2015, 6(1):87-123. 

12. Ali O: Genetics of type 2 diabetes. World J 

Diabetes 2013, 4(4):114-123. 

13. Smith U, Kahn BB: Adipose tissue regulates 

insulin sensitivity: role of adipogenesis, de 

novo lipogenesis and novel lipids. J Intern Med 

2016, 280(5):465-475. 

14. McCarthy MI, Zeggini E: Genome-wide 

association studies in type 2 diabetes. Curr 

Diab Rep 2009, 9(2):164-171. 

15. Almutairi FM, Mir R, Abu-Duhier F, Khan R, 

Harby K, Elfaki I: SLC2A2 Gene (Glucose 

Transporter 2) Variation is Associated with 

an Increased Risk of Developing  T2d in an 

Ethnic Population of Saudi Arabia. Indian 

Journal of Public Health Research & 

Development 2019, 10(1):600-605. 

16. Elfaki I, Almutairi FM, Mir R, Khan R, Abu-

Duhier F: Cytochrome P450 CYP1B1*2 gene 

and its Association with T2D in Tabuk 

Population, Northwestern Region of Saudi 

Arabia. Asian Journal of Pharmaceutical and 

Clinical Research 2018, 11(1):55-59. 

17. Mir R, Jha CK, Elfaki I, Rehman S, Javid J, 

Khullar N, Banu S, Chahal SMS: MicroRNA-

224 (rs188519172 A>G) gene variability is 

associated with a decreased susceptibility to 

Coronary Artery Disease: A Case-Control 

Study. Microrna 2018. 

18. Jha CK, Mir R, Elfaki I, Khullar N, Rehman S, 

Javid J, Banu S, Chahal SMS: Potential impact 

of microRNA-423 gene variability in coronary 

artery disease. Endocrine, metabolic & immune 

disorders drug targets 2018. 

19. Wang C, Wang B, He H, Li X, Wei D, Zhang J, 

Ma M, Pan L, Yu T, Xue F et al: Association 

between insulin receptor gene polymorphism 

and the metabolic syndrome in Han and Yi 

Chinese. Asia Pac J Clin Nutr 2012, 21(3):457-

463. 

20. Angel B, Lera L, Marquez C, Albala C: The 

association of VDR polymorphisms and type 2 

diabetes in older people living in community 

in Santiago de Chile. Nutr Diabetes 2018, 

8(1):31. 

21. Alotaibi A, Perry L, Gholizadeh L, Al-Ganmi A: 

Incidence and prevalence rates of diabetes 

mellitus in Saudi Arabia: An overview. J 

Epidemiol Glob Health 2017, 7(4):211-218. 

22. Hameed I, Masoodi SR, Mir SA, Nabi M, 

Ghazanfar K, Ganai BA: Type 2 diabetes 

mellitus: From a metabolic disorder to an 

inflammatory condition. World J Diabetes 

2015, 6(4):598-612. 

23. Wu Y, Ding Y, Tanaka Y, Zhang W: Risk 

factors contributing to type 2 diabetes and 

recent advances in the treatment and 

prevention. Int J Med Sci 2014, 11(11):1185-

1200. 

24. Dendup T, Feng X, Clingan S, Astell-Burt T: 

Environmental Risk Factors for Developing 

Type 2 Diabetes Mellitus: A Systematic 

Review. Int J Environ Res Public Health 2018, 

15(1). 

25. Galaviz KI, Narayan KMV, Lobelo F, Weber 

MB: Lifestyle and the Prevention of Type 2 

Diabetes: A Status Report. Am J Lifestyle Med 

2018, 12(1):4-20. 

26. Kalra S, Bahendeka S, Sahay R, Ghosh S, Md F, 

Orabi A, Ramaiya K, Al Shammari S, Shrestha 

D, Shaikh K et al: Consensus 

Recommendations on Sulfonylurea and 

Sulfonylurea Combinations in the 

Management of Type 2 Diabetes Mellitus - 

International Task Force. Indian J Endocrinol 

Metab 2018, 22(1):132-157. 

27. Pirmohamed M, Park BK: Cytochrome P450 

enzyme polymorphisms and adverse drug 

reactions. Toxicology 2003, 192(1):23-32. 

28. Wang L, Niu YM, Wu SS, Zhang C, Zhou L, 

Zuo HX, Wang P: A Study on the Association 

Between Polymorphisms in the Cytochrome 

P450 Family 17 Subfamily A Member 1 Gene 

Region and Type 2 Diabetes Mellitus in Han 



IAJPS 2019, 06 (04), 7741-7748                    Imadeldin Elfaki et al                  ISSN 2349-7750 

 w w w . i a j p s . c o m  

 

Page 7748 

Chinese. Front Endocrinol (Lausanne) 2018, 

9:323. 

29. Abdelrahman IO, Elbagir NM, Osman AMA, 

Sharfi SA, Saeed AMA, Hassan AM, Ashmaig 

A, Aradaib IE: PCR Detection of E. coli in 

Chicken Fecal Samples. International Journal 

of Molecular Medicine and Advance Sciences 

2008, 4(3 ):82-85. 

30. Adam IA, Abdalla MA, Mohamed ME, Aradaib 

IE: Prevalence of bluetongue virus infection 

and associated risk factors among cattle in 

North Kordufan State, Western Sudan. BMC 

Vet Res 2014, 10:94. 

31. Zhang S, Dang Y, Zhang Q, Qin Q, Lei C, Chen 

H, Lan X: Tetra-primer amplification 

refractory mutation system PCR (T-ARMS-

PCR) rapidly identified a critical missense 

mutation (P236T) of bovine ACADVL gene 

affecting growth traits. Gene 2015, 559(2):184-

188. 

32. Alyethodi RR, Singh U, Kumar S, Alex R, Deb 

R, Sengar GS, Raja TV, Prakash B: T-ARMS 

PCR genotyping of SNP rs445709131 using 

thermostable strand displacement 

polymerase. BMC research notes 2018, 

11(1):132. 

  


