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ABSTRACT: 

Aim: To investigate the possible association of OCT1 rs122083571 

polymorphism (C/T allele) with glycemic status and serum metformin 

levels in type II Diabetes mellitus. 

Methods: Sixty already diagnosed T2DM patients on metformin 

monotherapy (500 mg, bd) were recruited for the study and the 

genotypes for SLC22A1 rs122083571 C/T polymorphism using PCR 

assay were done. Serum fasting plasma glucose (FPG), Postprandial 

Plasma Glucose (PPG), Glycated Hemoglobin (HbA1c), Fasting Serum 

Insulin (FINS), Triacylglycerol (TG), Cholesterol (CHO), Low-Density 

Lipoprotein (LDL-c), High-Density Lipoprotein Cholesterol (HDL-c), 

and Homeostasis Model Assessment for Insulin Resistance (HOMA-IR), 

Body Mass Index (BMI), blood pressure (BP) were determined. 

Results: In patients with C allele, the BMI,BP ,FPG ,PPG and Insulin 

levels were significantly  higher when compared to that of the T allele 

subjects .The values of TGL and HDL  in both groups of T2DM patients 

were not significantly different. But the total cholesterol level and LDL 

level were significantly increased in T2DM patients with C allele. 

Conclusion: SLC22A1 rs122083571 C allele is associated with poor 

glycemic status in spite of     high blood metformin levels and the BMI, 

fasting plasma glucose, insulin ,total and LDL cholesterol levels  were 

also significantly higher. 

INTRODUCTION: Single nucleotide poly-

morphisms (snp) has gained considerable interest 

over the last decade, providing exciting and novel 

information regarding individual disease 

susceptibility, response to therapy and progression 
1, 

2
. These SNPs, at least partially decide on an 

individual’s susceptibility to disease and response to 

therapy 
2
. Novel discoveries on  genetic variations in 

drug transporters, drug targets, effector proteins and 

metabolizing enzymes have provided better insights 

into the field of pharmacogenomics and its aims to 

achieve the best therapeutic outcome based on 

genomic insights, to ultimately lead to the 

development of “personalized medicine” 
3
. 

Over the last many years, great efforts are made to 

understand the etiological mechanism by which T2D 

develops and inter individual variability for the same 

standard treatment therapy 
4
.A wide class of anti 

diabetic drugs are available for the treatment of T2D 
5, 6

.
 
Among them Metformin, a biguanide, considered 
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as a potent insulin sensitizer, is the most widely 

prescribed medicine for the treatment of T2DM 
7
. 

Metformin is the first-line of therapy for the 

management of T2D as it reduces blood glucose 

levels without the risk of hypoglycemia and checks 

on the progression of micovascular and 

macrovascular complications. Metformin controls 

blood sugar by suppressing hepatic glucose by 

inhibiting gluconeogenesis and decreasing intestinal 

glucose absorption 
7, 10, 11

. 

Zhou et al., observed considerable inter-individual 

variability in the clinical Efficacy of Metformin 
12

. 

Metformin is transported across the plasma 

membrane by a group of transport proteins known as 

“organic cation transporters” (OCT’s). They are 

cationic transporters which translocate a wide variety 

of endogenous and exogenous cations. 

Polymorphisms in OCT’s  are believed to be 

responsible for inter patient variability in metformin 

therapy 
13

. Of this, OCT1 which is primarily present 

in the liver, is required for metformin uptake and 

pharmacological actions in the liver 
14

.  

The SLC22A1 and SLC22A2 genes encode for 

OCT1 and OCT2, respectively. The gene encoding 

human OCT1, SLC22A1, is located on chromosome 

6q25.3 and consists of 11 exons spanning 37 kb. 

Human OCT1 gene is highly polymorphic, leading to 

differences in transporter function which very well 

explains a possible mechanism accounting for 

variation in drug response 
8, 15

. 

Many studies have been reported about single 

nucleotide polymorphisms in OCT1 gene among 

different population. The aim of the present study is 

to determine the genotype and allele frequency of 

OCT1 gene polymorphism(C/T allele) in diabetics 

and its association with glycemic status and serum 

metformin levels in the South Indian Tamilian T2M 

diabetes patients. 

MATERIALS AND METHODS: The study was 

carried out in 60 Type II diabetic unrelated patients 

of South Indian Tamilian origin, aged between 35 

and 55 years, of both sex,attending diabetic out-

patient department of Rajah Muthiah Medical 

College Hospital, Annamalai Nagar.  Subjects of the 

study were randomly picked and were on Metformin 

(500 mg bd) therapy at the time of the study. Patients 

on insulin,smokers ,alcoholics, tobacco chewers, 

hypertension, and other systemic illness were 

excluded from this study.  

Institutional Ethical Committee of Rajah Muthiah 

Medical College Hospital, Annamalai Nagar have 

approved the study and informed consent obtained 

from the patients. Genomic DNA was extracted from 

peripheral blood leucocytes using the standard 

phenol–chloroform method, and the samples were 

stored at -20 °C. 

Anthropometric measurement: Anthropometric 

data including height, weight, blood pressure and 

BMI were measured. Body mass index (BMI) was 

calculated by dividing the weight in kilograms by 

height in meters squared.
 
BP was measured with a 

standard mercury sphygmomanometer. 

Biochemical analysis: Fasting venous blood was 

collected immediately after enrolment in tubes 

containing EDTA. Blood samples were centrifuged 

at 2000 x g for 10 min. Samples were analyzed for 

Lipid Profile (Total Cholesterol, HDL-c, LDL-c, 

Triglycerides), Renal function Tests (Urea, 

Creatinine) by auto analyzer using kits. Serum 

insulin levels were determined by ELISA kit. The 

fasting venous plasma glucose (FPG), was 

determined with the glucose oxidase method. HbA1c 

was measured with a high-performance liquid 

chromatography 
16

.Insulin levels (FINS was 

measured using standard Insulin ELISA kits).Body 

mass index (BMI) was calculated by dividing body 

weight in kg divided by the square of the height in 

meters. 

Hormones assay: Serum insulin levels were 

determined by using Immunoenzymometric assay 
17

. 
 

The homeostasis model assessment for insulin 

resistance (HOMA-IR) was calculated as fasting 

Insulin (mg/dl) x Fasting glucose (mg/dl) divided by 

405 
18

. 

 Serum Metformin Analysis: Serum Metformin 

levels were measured with a high-performance liquid 

chromatography (HPLC) 
19

. Chromatograms were 

recorded at 241 nm using a detector SPD-20AV 

Shimadzu UV visible.The retention time for 

Metformin was 3.78 minute. The optimum 

wavelength selected for determination of Metformin 

was 241nm. 
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SNP determination in the SLC22A1 gene with rs 

12208357(C/T allele)using PCR method 

(TaqMan SNP genotyping assay): Genomic DNA 

was extracted from peripheral blood leucocytes using 

the standard phenol–chloroform method, and the 

samples were stored at 4°C 
31

. PCR primers were 

designed on the basis of published sequences of 

OCT1.The primer set(forward primer: 5’-GCCCTGC 

GGAGGAGCTGAACTATA-3’; reverse primer for: 

5’-CCTGTCCCAGGAACTCCCATGTTAC-3’;was 

designed to amplify the portion of the SLC22A1 

gene encoding the SNP. Master mix contained Taq 

polymerases, dNTP’s , MgCl2 ,forward primer, 

reverse primer and template DNA. The polymerase 

chain reaction (PCR) reaction was carried out in 

duplicates using 25 μl final volume that contained 13 

μl of Taq Man Universal PCR master mix, 1 μl of 

forward and reverse primers each, 1 μl of MgCl2and 

4 μl of genomic DNA diluted in DNase-free water 

and 5 μl of deionised water. 

The PCR reaction was placed in the Master cycler 

(Eppendorf thermal cycler) that was programmed to 

improve the specificity of PCR amplification. There 

were 35 PCR cycles at the annealing temperature of 

60°C with a final extension at 72°C for 10 min.PCR 

products were analyzed by electrophoresis on 3% 

agarose gels followed by ethidium bromide staining 

and inspection under UV light 
20

.
    

 

 
PCR product length was 257 base pairs. If band was 

obtained at 257 bp,it was considered positive for C 

allele. 

Statistical analysis: All results were shows as mean 

± SD. Results were evaluated using Student’s t-test. 

P-value <0.05 was considered statistically 

significant. Statistical analysis was performed using 

SPSS software. 

RESULTS AND DISCUSSION: Diabetes Mellitus 

is a progressive polygenic disease which might arise 

either due to insulin resistance or due to inadequate 

secretion of insulin by the β-cells of pancreas 

,contributing to hyperglycemia , dyslipedemia and 

artherosclerosis and coronary artery diseases 
21, 22

. 

According to the International Diabetes Federation, 

the number of diabetic patients in India will increase 

from 50.8 million to 79.4 million by 2030 

(Prevalence of Diabetes available at www.idf.org, 

assessed on December 23, 2010). 

Obesity is always associated with insulin resistance. 

Most of the obese individuals with or without 

metabolic syndrome develops peripheral resistance 

to insulin. 

The maximum benefit of a drug is obtained when 

there is maximum efficacy. Metformin is used as a 

first line drug for the management of Type 2 

Diabetes as it reduces liver gluconeogenesis, 

increases the peripheral utilization of glucose and 

lowers lipid levels 
23, 24

.
 

The present study was done to identify the patient 

group for whom metformin is potentially beneficial 

and for whom it is not. OCT1 was shown to be 

responsible for transporting metformin into 

hepatocytes, and for the hepatic glucose lowering 

effect of metformin 
25

. Metformin is regarded as an 

antihyperglycemic agent because it lowers blood 

glucose concentrations in T2D without causing overt 

hypoglycemia and is also frequently described as an 

insulin sensitizer leading to reduction in insulin 

resistance and significant reduction of plasma fasting 

insulin level.  

The improvement in insulin sensitivity by metformin 

could be ascribed to its positive effects on insulin 

receptor expression and tyrosine kinase activity 
26

. 

The major action of metformin is exerted in the liver, 

by the activation of adenosine monophosphate-

activated protein kinase (AMPK) 
6, 9, 10

.  

AMPK is a phylogenetically conserved serine/ 

threonine protein kinase viewed as a master regulator 

of systemic and cellular energy status .It plays a 

crucial role in protecting cellular functions under 

energy-restricted conditions. AMPK is a 

heterotrimeric protein consisting of a catalytic α-

subunit and two regulatory subunits β and γ and each 

subunit has at least two isoforms. AMPK is activated 

by increase in the intracellular AMP/ADP-or-ATP 

ratio resulting from imbalance between ATP 

production and consumption.  

AMP binds to regulatory sites on the γ subunits of 

AMPK causing its activation which brings about 

conformational changes that allosterically activate 

the enzyme to bring out its metabolic effects on 

glucose and lipid metabolism 
27, 28, 29

. Activation 
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(phosphorylation) of AMPK suppresses hepatic 

gluconeogenesis, and reduces glucagon-mediated 

glucose output by the liver 
6, 8

. 

OCT1 gene polymorphisms have gained 

considerable attention due to their role in the 

differential response of metformin.  Metformin can 

act only in the presence of insulin and hence is 

beneficial only to those who have residual function 

of endocrine pancreas. The glycemic response to 

Metformin is variable, with some people having a 

marked response and others gaining no benefit. 

Polymorphisms of OCT1 have been described with 

variable effects on metformin response 
14, 30

.  

A number of rare and relatively common SLC22A1 

polymorphisms which has shown reduced efficacy to 

metformin in lowering blood glucose levels have  

been identified. Many studies have proved that SNPs 

in OCT1 gene leads to decreased metformin uptake. 

In our study we analysed a SNP in OCT1 gene with 

rs12208357(C/T) allele. In the present study, 

geneotyping of rs122083571, the PCR method was 

performed to detect the C>T SNP in the SLC22A1 

gene, which encodes OCT1, using  TaqMan SNP 

genotyping assay method. The primer design and 

polymerase chain reaction conditions are described 

in Shu et al., 
14

.
 
By applying PCR conditions, better 

specificity was achieved, and the results were 

reliable. In this study, out of 60 patients 18 had SNP 

OCT1 (C allele). The C allele  frequency was 11% 

compared to the T allele frequency of 89%. The 

research further investigated the relatioinship 

between SLC22A1 gene, snp, serum Metformin 

levels and the glycemic status  in these T2DM 

patients treated with metformin. 

According to Table 1, BMI, FPG (Fasting plasma 

glucose,), PPG (post prandial glucose) Insulin levels 

were elevated in C allele. In the lipid profile values 

mentioned in the table 2, the total cholesterol and 

LDL-c shows significant increase in the C allele 

group.
 

TABLE 1: GENERAL CHARACTERISTICS 

PARAMETER C ALLELE T ALLELE SIGNIFICANCE 

AGE 46 ± 6.5 44 ± 6.7 NS 

BMI(wt/m
2
) 26.8 ± 4.4 24 ± 2.1 0.05 

Systolic B.P(mmHg) 131  ± 12.91 124  ±10.95 NS 

DiastolicB.P(mm/Hg) 79  ± 8.61 74 ± 6.79 NS 

FPG (mg/dl) 136 ± 13.7 122 ± 11.8 0.05 

PPG(mg/dl) 289 ± 11.3 228 ±  10.8 0.05 

BLOOD UREA(mg/dl) 25.83 ± 5.6 25.5 ± 5.8 NS 

SERUM CREATININE(mg/dl) 0.81 ± 0.10 0.80 ± 0.00 NS 

FINS(fasting insulin)(µIu/ml) 20.38 ± 2.7 16 ± 3.9 0.05 

No significant difference in age, blood urea and serum creatinine values between the C allele group and the T allele group. Data are 

expressed as mean ± SD, P<0.05 was considered statistically significant.  

TABLE 2: LIPID PROFILE 

LIPID PROFILE C ALLELE T ALLELE SIGNIFICANCE 

Total cholesterol (mg/dl) 173.5 ± 11.8 145± 14.2 0.05 

TGL (mg/dl) 126.5 ± 37.2 121.2 ± 39.8 NS 

HDL-c (mg/dl) 42.05 ± 2.4 44.25 ± 3.09 NS 

LDL-c (mg/dl) 115 ± 14.2 86.61 ± 12.8 0.05 

TABLE 3: Glycemic status and serum metformin levels of C allele subjects and T allele subjects: 

PARAMETERS C ALLELE T ALLELE SIGNIFICANCE (P value) 

METFORMIN 0.16 ± 0.013 0.08 ± 0.017 < 0.05 

HbA1c(%) 10.4 ± 1.08 9.2 ± 0.93 < 0.05 

HOMA-IR 7.6 ± 1.1 5.6 ± 1.0 < 0.05 

Data are expressed as mean ± SD, P<0.05 was considered statistically significant. In patients with C allele polymorphism, serum 

metformin, Hba1c levels and HOMA-IR are significantly increased compared to the T allele population. 
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The serum metformin levels in C allele patients were 

significantly increased .Fasting plasma glucose, post 

prandial glucose and serum insulin levels were also 

increased in those patients(p<0.05). This explains 

that OCT1 transporter is required for the uptake of 

metformin into the liver. So in patients with C allele, 

metformin could not taken into the liver and hence 

its levels remained elevated in the blood stream 
25

. 

Since there is reduced uptake of metformin into the 

liver, the desired hypoglycaemic activity of the drug 

is not obtained and there is continuous hepatic  

gluconeogenesis, shown by the increased insulin 

levels and increased blood glucose levels.  

HbA1c is a standard test for the measure of glycemic 

status in diabetic patients. As the blood level 

increases, HbA1c levels also increase. i.e, It directly 

correlates with the glycemic control of the patient for 

the last 2-3 months. In C allele patients, HbA1c 

levels were significantly elevated due to constant 

liver gluconeogenesis, since metformin transport to 

the liver is defective in these patients. 

Correspondingly, there is increased post prandial 

blood sugar which elevates HbA1c, showing the 

possible association of OCT1 polymorphism with 

poor metformin action and glycemic control.     

In diabetic patients, the LDL and total cholesterol 

levels are increased because of insulin deficiency or 

insulin resistance as insulin acts to lower total and 

LDL cholesterol by stimulating insulin dependent 

lipase in the adipocytes. The total cholesterol and 

LDL values are significantly higher in C allele. The 

BMI of C allele patients is significantly increased 

(p<0.05). This study shows that since metformin 

efficacy is reduced in C allele patients, the insulin 

release increases and the peripheral resistance to 

insulin increases, leading to reduced hypolipidemic 

activity of insulin. This   could explain for the raised 

total cholesterol and LDL-c fractions seen in the C 

allele subjects. 

Among 60 subjects 18 had OCT1 polymorphism in 

the C allele (11%). ie, 18 subjects who had C allele, 

showed decreased absorption of Metformin by liver 

from blood. So this group had elevated blood 

metformin levels.  

Representative polyacrylamide gel electrophoresis 

picture of OCT1 rs122083571 C/T polymorphism. 

Lane 1 is the 100 base pair DNA ladder. The PCR 

product length was 257 bp. 

TABLE 4: FREQUENCY OF EXPRESSION OF 

POLYMORPHISM 

OCT 1 NUMBERS % 

C ALLELE 18 11 

T ALLELE 42 89 

In the present study, the serum Metformin levels in C 

allele patients were significantly increased. Fasting 

plasma glucose and serum Insulin were also found to 

have increased in these subjects (p < 0.05). 

OCT1 transporter is required for the uptake and 

transport of metformin from the blood to the liver. In 

patients with OCT1 polymorphism C allele, 

metformin was not taken from the bloodstream to the 

liver, and hence its level remained elevated in the 

blood. 

 
FIG 1: OCT1: PCR PRODUCT RESULT IN GEL 

DOCUMENTATION 

CONCLUSION: In summary, we demonstrated that 

the common SLC22A1 rs122083571 C/T (Arginine 

61 Cys variant) significantly alters uptake of 

endogenous compounds and drugs. Those subjects 

with T allele had better response to Metformin 

therapy and had better glycemic status when 

compared to that of the C allele. In those subjects 

with C allele, the Metformin levels were increased 

probably due to poor transport of metformin to its 

sites, resulting in elevated fasting plasma glucose, 

insulin, HbA1c, total cholesterol, LDL levels.  

Metformin could not exert any of its antidiabetic 

properties in those subjects probably due to its poor 
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transport into the cells, which might have occurred 

due to the genetic polymorphism in the OCT1 

transporter protein. This study provides evidence to 

the fact that snp in the SLC22A1 rs122083571 C 

allele is associated with the poor glycemic status. 

ACKNOWLEDGEMENT: We thank the study 

participants. The study was not supported by any 

grant. We sincerely thank all the student workers 

who have supported us for this study, by collecting 

samples. 

ABBREVIATIONS: SNPs: Single Nucleotide 

Polymorphisms; PCR: Polymerase Chain Reaction; 

T2DM: Type 2 Diabetes Mellitus; T2DM: Type 2 

Diabetes Mellitus; OCTs: Organic Cation 

Transporters; BMI: Body Mass Index; FPG: Fasting 

Plasma Glucose; PPG: Postprandial Plasma Glucose; 

HbAlc: Glycated Haemoglobin; FINS: Fasting 

Serum Insulin ;PINS: Postprandial Serum Insulin; 

HOMA-IR: Homeostasis Model Assessment for 

Insulin Resistance; TC: Total Cholesterol; LDL-c: 

Low density Lipoprotein-cholesterol; HDL-c: High-

density Lipoprotein cholesterol. 

REFERENCES: 

1. Epstein RS, Frueh FW, Geren D, et al. Payer perspectives on 

pharmacogenomics testing and drug development. 

Pharmacogenomics.2009;10(1):149–151. 
2. Pearson TA,Manolio TA. How to interpret a genome-wide 

association study. JAMA. 2008; 299(11):1335–1344. 

3. Sattiraju S, Reyes S, Kane GC, Terzic A. K(ATP) channel 
pharmacogenomics:from bench to bedside. Clin Pharmacol Ther. 

2008;83(2):354–357 

4. Kirchheiner J, Roots I, Goldammer M, Rosenkranz B, Brockmoller 
J.-Effect of genetic polymorphisms in cytochrome p450 (CYP) 2C9 

and CYP2C8 on the pharmacokinetics of oral antidiabetic drugs: 

clinical relevance. Clin Pharmacokinet. 2005;44(12):1209–1225.  
5. Wolford JK, Vozarova de Courten B. Genetic basis of type 2 

diabetes mellitus: implications for therapy. Treat Endocrinol. 

2004;3(4):257–267. 
6. Reitman ML, Schadt EE. Pharmacogenetics of metformin response: 

a step in the path toward personalized medicine. J Clin Invest. 

2007;117(5):1226–1229. 
7. Basu, R.; Basu, A.; Chandramouli, V.; Norby, B.; Dicke, B.; Shah, 

P.; Cohen, O.; Landau, B.R.;Rizza, R.A. Effects of pioglitazone and 

metformin on NEFA-induced insulin resistance in type 2 diabetes. 
Diabetologia 2008, 51, 2031-2040 

8. Takane H, Shikata E, Otsubo K, Higuchi S, Ieiri I. Polymorphism in 

human organic cation transporters and metformin 
action.Pharmacogenomics. 2008; 9(4):415–422. 

9. Fowler M. Microvascular and macrovascular complication of 

diabetes. Diabetes Care. 2008;76 (2):77–82 
10. Winter, W.; Dejongh, J.; Post, T.; Ploeger, B.; Urquhart, R.; Moules, 

I.; Eckland, D.; Danhof, M.A mechanism-based disease progression 

model for comparison of long-term effects of pioglitazone, 
metformin and gliclazide on disease processes underlying Type 2 

Diabetes Mellitus.J. Pharmacokinet. Pharmacodyn. 2006, 33, 313-

343 
11. Levri, K.M.; Slaymaker, E.; Last, A.; Yeh, J.; Ference, J.; D'amico, 

F.; Wilson, S.A. Metformin as treatment for overweight and obese 

adults: A systematic review. Ann. Fam. Med. 2005, 3,457-461] 

12. Zhou G, Myers R, Li Y: Role of AMP-activated protein kinase in 

mechanism of metformin action. J Clin Invest 2001, 108:1167–

1174). 
13. Koepsell H, Lips K, Volk C. Polyspecific organic cation 

transporters: structure, function, physiological roles, and 

biopharmaceutical implications. Pharm Res. 2007;24:1227–51. 
[PubMed: 17473959) 

14. Shu Y, Sheardown S A, Brown C, Owen R P, Zhang S Z, Castro R 

A, Ianculescu A G, Yue L, Lo J C, Burchard E G, Brett C M and 
Giacomini K M (2007), “Effect of Genetic Variation in the Organic 

Cation Transporter 1 (OCT1) on Metformin Action”, J. 

Clin.Invest.Vol. 117, 1422-1431. 
15. Choi MK, Song IS. Organic cation transporters and their 

pharmacokinetic and pharmacodynamic consequences. Drug Metab 

Pharmacokinet. 2008; 23:243–53. [PubMed: 18762711] 
16. Bisse, E. and Abraham, B.C., 1985. New less temperature-sensitive 

micro-chromatographic method for the separation and quantitation 

of glycosylated Haemoglobins using a non-cyanide buffer system. J. 
Chromatog., 344: 81-91. 

17. Turkington RW, Estkowski A, Link M- "Secretion of insulin or 

connecting peptide: a predictor of insulin dependence of obese 

"diabetics" Archives of internal medicine, Vol. 142, Issue 6, pp. 

1102-5, 1982 ) 
18. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, 

Turner RC: Homeostasis model assessment: Insulin resistance and 

beta-cell function from fasting plasma glucose and insulin 
concentrations in man. Diabetologia 28: 412–419, 1985 

19. M. Saeed ,Arayne Najma Sultana,M. Hashim Zuberi and Urooj 

Haroon-In vitro studies of interaction between metformin and nsaids 
(non steroidal anti-inflamatory drugs) using spectrophotometry and 

rp-high performance liquid chromatography:J.Chil. Chem. 

Soc. v.55 n.2  Concepción  jun. 2010: 206-211 
20. Methods Mol Biol. 2009;578:293-306. doi: 10.1007/978-1-60327-

411-1_19, Shen GQ, Abdullah KG, Wang QK. 

21. Martin BC, Warram JH, Krolewski AS, Bergman RN, Soeldner JS, 
Kahn CR-1992 Role of glucose and insulin resistance in 

development of type 2 diabetes mellitus: results of a 25 year follow-

up study. Lancet 340:925–929 

22. Reaven GM 1996 Insulin resistance and its consequences: non-

insulin dependent diabetes mellitus and coronary heart disease. In: 

LeRoith D, Taylor SE, Olefsky JM, eds. Diabetes mellitus. 
Philadelphia: Lippincott-Raven; 509–519). 

23. Hundal RS, Krssak M, Dufour S, Laurent D, Lebon V, 

Chandramouli V, Inzucchi SE, Schumann WC, Petersen KF, Landau 
BR, Shulman GI. Mechanism by which metformin reduces glucose 

production in type 2 diabetes. Diabetes. 2000;49:2063–2069] 

24. Natali A, Ferrannini E. Effects of metformin and thiazolidinediones 
on suppression of hepatic glucose production and stimulation of 

glucose uptake in type 2 diabetes: a systematic review. Diabetologia. 

2006;49:434–441 
25. Shu Y, Brown C, Castro RA, Shi RJ, Lin ET, Owen RP, et al. Effect 

of genetic variation in the organic cation transporter 1, OCT1, on 

metformin pharmacokinetics. Clin Pharmacol Ther. 2008;83:273–
280. [PubMed: 17609683]. 

26. Gunton JE, Delhanty PJ, Takahashi S, Baxter RC. Metformin 

rapidly increases insulin receptor activation in human liver and 

signals preferentially through insulin-receptor substrate-2. J Clin 

Endocrinol Metab. 2003;88:1323–1332. 

27. Viollet B, Guigas B, Leclerc J, Hebrard S, Lantier L, Mounier R, 
Andreelli F, Foretz M. AMP-activated protein kinase in the 

regulation of hepatic energy metabolism: from physiology to 

therapeutic perspectives. Acta Physiol (Oxf) 2009;196:81–98.] 
28. Oakhill JS, Steel R, Chen ZP, Scott JW, Ling N, Tam S, Kemp BE. 

AMPK is a direct adenylate charge-regulated protein kinase. 

Science. 2011;332:1433–1435.  
29. Xiao B, Sanders MJ, Underwood E, Heath R, Mayer FV, Carmena 

D, Jing C, Walker PA, Eccleston JF, Haire LF, Saiu P, Howell SA, 

Aasland R, Martin SR, Carling D, Gamblin SJ. Structure of 
mammalian AMPK and its regulation by ADP. Nature. 

2011;472:230–233 

30. Urban TJ, Brown C, Castro RA, Shah N, Mercer R, Huang Y, et al. 
Effects of genetic variation in the novel organic cation transporter, 

OCTN1, on the renal clearance of gabapentin. Clin Pharmacol Ther. 
2008; 83:416–421. [PubMed: 17609685]. 

31. Frank, M. B. Isolation of Genomic DNA. In: Frank, M. B. ed. 

Molecular Biology Protocols. 1997. Oklahoma City. Revision Date: 
October 2, 1997. 



Koshy et al., IJPSR, 2013; Vol. 4(5): 1940-1945.                                    ISSN: 0975-8232 

International Journal of Pharmaceutical Sciences and Research                                                                                   1946 

 

 

 

 

How to cite this article: 

Koshy M, Sethupathy S, Annamalai PT, Renju V.C and Santha K: Association of OCT1 Gene Polymorphism with Glycemic 

status and Serum Metformin levels in Type II Diabetes mellitus patients. Int J Pharm Sci Res 2013; 4(5); 1940-1945. 


