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ABSTRACT

Objectives of this work is to summarize the consequent development of dosage form from clinical evidence to market and its combination to control
the both, insulin deficiency and resistance, to achieve the minimal hypoglycemia, repaglinide shows that no cardiac and vascular effect, antioxidant
effect, no increase in blood pressure and improved lipid profile. Also shows glucose concentration dependent response, combination to exert

additive/synergistic effect to achieve near normal glycemia.
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INTRODUCTION

From the last two decades history of diabetic patients, most of the
monotherapeutic treatments for type 2 diabetes mellitus fail to
achieve normal glycemia. The targets of normal glycemia are
achieving HbAic levels less than 7% or 6.5% » 2. These targets are
used to evaluate the therapeutic treatment strategies to attain
normal HbAiclevels.

Most of the patients are with stimulated insulin deficiency and
insulin resistance. The former can manifest the post prandial
hyperglycemia and later as fasting hyperglycemia. Higher failures
are from long term monotherapies and uncontrolled post prandial
glucose excursions in progression of microvascular complications.
Metformin monotherapy? can reduce fasting plasma glucose levels
by approximately 1.5% and gradual deterioration of glycemic
control is commonly observed due to progressive £ cell failure. To
overcome such failures of monotherapy, a combined therapy of oral
anti-diabetic agents should be considered, the recently used oral
anti-diabetic agents are sulphonylureas, biguanidines &
thiazolidinediones and non-sulphonylureas. The former three
categories were mainly target the fasting hyperglycemia and had a
limited effect on post prandial glucose levels. Later one can control
both fasting plasma glucose and post prandial glucose levels.

Metformin, N, N-dimethylimido dicarbonimidic diamide
hydrochloride, a biguanidines derivative, is not chemically or
pharmacologically related to any other «classes of oral
antihyperglycemic agents has been used in the treatment of type2
diabetes for nearly 50 years as insulin sensitizer, lowers fasting
plasma glucose but increase in use of metformin results in lactic
acidosis can occurs by accumulation of metformin. May be the
factors are renal impairment, old age doses more than 2g per day.
The secondary reason may be due to metformin excreted unchanged
in the urine was decreased. The chronic impairment associated with
acute dehydration, shock and tissue hypoxia, acute myocardial
infarction, pulmonary embolism, cardiac failure and chronic liver
disease. Between 1985& 2001, total 48 cases of lactic acidosis with
metformin were reported to Australian adverse drug reactions
advisory committee (ADRAC). The dose of the metformin should be
significantly reduced under these circumstances.

MECHANISM OF ACTION OF METFORMIN

Metformin improves glucose tolerance in patients with type 2
diabetes; its pharmacologic mechanisms of action are different from
other classes of oral antihyperglycemic agents. Metformin decreases
hepatic glucose production, decreases intestinal absorption of
glucose, and improves insulin sensitivity by increasing peripheral
glucose uptake and utilization. Unlike sulfonylureas, metformin does
not produce hypoglycemia in either patients with type 2 diabetes or
normal subjects and does not cause hyperinsulinemia. With
metformin therapy, insulin secretion remains unchanged while
fasting insulin levels and day-long plasma insulin response may
actually decrease.

Without doubt, metformin is the drug of choice for most of the
patients with type 2 diabetes mellitus. The combination therapies
can correct the metabolic defects. Long term monotherapies lost the
early phase of insulin secretion, leads to increased post prandial
glucose and increased insulin resistance also frequently occurs in
people, who are obese and associated with metabolic syndrome. For
example good treatments are achieved by only about 25% of
patients treated with monotherapies such is metformin
monotherapy with a mean baseline HbA1. of 8.2 to 8.445.

Most of oral anti-hyperglycemic agents were mainly to reduce
fasting plasma glucose, but controlling of both post prandial and
fasting glycemia are important for improvement of metabolic
disorder. Most of the studies did not mention about post prandial
glycemia and glycosylated haemoglobin (HbAiy was found to be a
strong predictor of major cardiovascular events.

Sulphonylureas provide optimal efficiency and few side effects at
low dosages but apart from their tendency to cause hypoglycemia. £-
glucosidase inhibitors can reduce the post prandial hyperglycemia
but gastrointestinal side effects limits their use in combination. The
best example for insulin sensitizer is metformin. Addition of
acarbose to metformin, patients inadequately control decreases the
post prandial glucose levels but however the complications are git
side effects, bloating, abdominal discomfort, diarrhorea and
flatulence.

In the last decade, the newer agents are become available for
therapy of type2 diabetes mellitus. Repaglinide is the first of the
non-sulphonylureas derivative, it is an active S (+) enantiomer of 2-
ethoxy-4(2-((3-methyl-1-(2-(1-piperidinyl) phenyl)-butyl) amino)-
2-oxoethyl) benzoic acid, a carbamoyl benzoic acid derivative.

MECHANISM OF ACTION OF REPAGLINIDE

Repaglinide differs structurally form the sulphonylureas®. The main
effect of repaglinide is the inhibition of ATP sensitive K+ channels in
the membrane of the pancreatic B-cell causing depolarization and
influx of calcium ions, increasing intracellular concentration and
stimulation of excursions’. Repaglinide not promote insulin
exocytosis directly8, The drug is rapidly absorbed after oral
administration but is also rapidly metabolized with half-life
approximately 30 min® 1. The drug acts rapidly to stimulate post
prandial insulin secretion but has a short duration of action and
hence a low risk of inducing hypoglycemia. Hatrop V et al!! stated
that pharmacokinetics of repaglinide in young and elderly are same.
No significant differences in pharmacokinetics parameters either
after single oral administration or after pre-prandial administration
of repaglinide 2mg TID for 7 days.

The S-enantiomer of repaglinide was 100 times more potent than
the R-enantiomer!2. The insulinotropic effect of repaglinide was
depending on glucose concentration available!3. Repaglinide is more
potent at stimulating insulin secretion than glibenclamide in the
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presence of 10mmol/I glucose. A dose dependent reduction of blood
glucose was achieved with minimum dose of 0.01mg/kg; the
response was 18 times greater than glyburide and 25 times than
glibenclamide!4.

TOXICOLOGICAL STUDIES

Repaglinide has little or no toxicological effects at doses up to 100
folds greater than maximum therapeutic doses in humans
(2mg/kg/day). No carcinogenic effect has been shown up to 60
mg/kg/day’s. There were no significant clinical changes observed
under single centre, open label, phase I trial, 6 healthy male
volunteers received 2 mg of repaglinide 4 times a day for 13 days!e.
Repaglinide is metabolized predominantly in the liver by
cytochrome p450 enzymes, 90% of repaglinide was recovered in
faces and 8% in urine, the biotransformation processes were
initializing from oxidative opening of piperidine ring 7
glucuronidation of the aromatic carboxlic acid group, the
dicarboxylic acid metabolites are in urine, major metabolite in the
feces.

I Impaired insulin secretlon
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Repaglinide is bound to human serum albumin and £;-acid
glycoprotein. In vitro protein binding was approximately 98.5%. The
order of repaglinide and its metabolites by concentration in the feces
was M2> unknown metabolite M1> repaglinide> M4> M5> M6> M7.
In vitro protein binding studies are showing that repaglinide
replaced by warfarin, furosemide, and tolbutamide. Fibric acid
derivatives, statins and ACE inhibitors increase the repaglinide
metabolism.

Repaglinide was rapidly absorbed after oral administration in the
fasting state, tmax Was 0.6hr, independent of dose bioavailability was
63%, and half-life of repaglinide is 1.0-1.4 hr in type2 diabetes
patients.

Repaglinide is suitable as first line monotherapy in the management
of type 2 diabetic patients who have failed to respond adequately to
diet alone. It shows synergistic activity with metformin in obese
patients because of rapid absorption and sort duration of action
repaglinide can intensifies the blood glucose control an insulin
secretogoggue.

l Carbohydrate absorptxon
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Figure 1: Combination of Metformin and Repaglinide

MONOTHERAPY OF REPAGLINIDE

One year comparison study for repaglinide Vs glyburide and
repaglinide Vs Glipizide showed that repaglinide is effective as
monotherapy for the treatment of type2 diabetes and shows
superior efficacy to Glipizide!” 18 19, A 10 week study of 4mg
repaglinide given in breakfast and dinner results in significant
reductions were achieved pre-prandial repaglinide dosing reduces
both fasting blood glucose and post prandial glucose
concentration?. In 18 week placebo controlled study in 99 patients
received repaglinide 0.25-8.0mg before each main meal, the treated
patients had a significance reductions in postprandial glucose, mean
fasting glucose and HbAicconcentrations compared with placebo?!.

Improvement of glycemic control is unrelated to meal frequency.
Repaglinide treated patients had constituency in decrease in
HbAicand fasting blood glucose regardless of number of meals per
day. Repaglinide controlled post prandial glucose levels more
efficiently in sulphonyl urea -naive patients. The repaglinide treated
patients has equal efficiency in reducing fasting plasma glucose and
HbAic levels.

Katp channels are composed of two different type protein sub units:
an inwardly rectifying potassium channel (kir 6x) and a
sulphonylureas receptor (SUR) 22 23, 24, Karp channel is an octamer,
assembled from four SUR subunits and four Kir 6: x subunits2 26 and
27, Kir 6.2 sub unit serve as the pore of the K are channel in beta cells,
heart, skeletal; muscle and some types of smooth muscle. The
sulphonyl urea sub units are SUR1 in beta cells, SUR 2A in cardiac
and skeletal and SUR 2B in smooth muscle 28 2930, SUR 2A and SUR 2
B both are different in only in their last 42 amino acids.

The gliclazide and tolbutamide inhibit Kir 6.2 /UR 1(beta cell) but
not Kir 6.2/ SUR A (cardiac type) or Kir6.2/SUR 2B (smooth muscle
type) channels with high potency, while glibenclamide and benzoic
acid derivatives block all three types of channels with similar

potency3! 32, Repaglinide is a carbamoyl benzoic acid derivative that
has been shown to be effective in blocking beta cell K arp and
stimulating insulin release from islets and isolated perfused
pancreas3? 341t also enhances insulin secretion in type Il diabetic
patients and hereditarily diabetic rats35 36,

There is no species differences in repaglinide affinity repaglinide
block all three types of Kare Channel with similar affinity and they
share common binding site at concentrations 8nmol/It. Gribble FM
et al3? studied that tolbutamide blocks Karp channels containing
SUR1, but not

SUR 2A or SUR 2B.Meglitinide blocks all three types of cloned K arp
channel.

Glibenclamide contains both sulphonyl urea and benzamido
derivatives interact with both sites on SUR1 but only on single site
on SUR 2.

So, the repaglinide can interact with cardiac and smooth muscle type
of Karp channel. Cross-reactivity does not result in cardiovascular
side effects®”. An in vitro study of effect of fibrates and Rifampicin
studied by laur Ikajosaari3® on recombinant cyp2C8 and
recombinant cyp3A4 metabolized repaglinide at similar rates
quercetin (25 pm) and itraconazole (3pm) inhibited the metabolism
of 0.02pm repaglinide by 58% and 71%.

Double blind randomized placebo-controlled parallel study of
efficacy and safety (body weight &hypoglycemia) of repaglinide in a
flexible meal time dosing regimen in every day clinical practice of
total 408 patients poorly controlled by diet, receives 0.5mg at meal
times for 16weeks on one meal-one dose and no meal-no dose
principle. Significantly improves glycemic control to base line by
reducing 1.45 HbAic on independent of meal pattern and degree of
obesity and no significant increment in body weight3°.
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COMBINATION THERAPY

Cho et al’8 studied that the efficacy and safety of giving mitiglinide to
patients with inadequate glycemic control with metformin
monotherapy mitiglinide effectively decreased HbA1clevels. Addition
of mitiglinide improved both fasting and post prandial
hyperglycemia and did not increase adverse events compared with
placebo. Other members of the meglitinide family with metformin
can be comparable. Metformin and repaglinide effect can see in
figure 1.

Metformin suppresses glucose production in the liver*°And
improves insulin resistance in skeletal muscle through the activation
of AMP-activated protein kinase 4. 42, Metformin monotherapy is
reduces FPG by 2.0mol/l and HbA:cby 1.5%*%3 4.

The gradual deterioration in glycemic control is commonly observed
in subjects receiving metformin monotherapy relative to B-cell
failure#s. This may be due to loss of early phase insulin release 46 47.
48, Mitiglinide family can restore early phase insulin release from B-
cell more effectively than sulphonylureas#9 5051, and 52

This is important in that the early phase insulin release after meals
inhibits endogenous glucose production and plays a critical role in
the maintenance of post prandial glucose homeostasis. Therefore the
combination of repaglinide and metformin would be a good
treatment option for better glycemic control.

Controlling of post prandial hyperglycemia with mitiglinide family
shows the improvement of oxidative stress and inflammation, which
are pathological mechanisms of cardiovascular diseases in diabetic
patients. Comparison of hypoglycemia greater rate observed for
repaglinide /metformin FDC (fixed dose combination) than for
thiazolidinediones with metformin

Repaglinide /metformin treatment had minimal effects on lipid
profiles, whereas rosiglitazone/ metformin treatment increased
HDL, LDL & non-LDL cholesterol levels it has showed 14.1%
increment in LDL and 11.4% in HDL for base after 26 weeks of
treatment.

Raskin et al stated that, incidence of adverse events like peripheral
edema was absent for repaglinide /metformin therapy. These events
are occasional; of rosiglitazone/metformin FDC therapy58

Comparison the effect of repaglinide with metformin and
monotherapy of each drug on glycemic control: a total of 83 patients
had inadequate glycemic control (HbA 1. >7.1%) 27 out of 83
patients continued with prestudy dose metformin with addition of
repaglinide , repaglinide dose alone for 29 patients for 4-8 weeks
titration and continued for 3 months maintenance period. In the
combined therapy: HbA 1. was reduced by 1.4+0.2%. From 8.3 to
6.9% and fasting plasma glucose by 2.2mmol/l. no significant
changes were observed in subject treated with repaglinide or
metformin monotherapy in HbA ic 0.4 and 0.3% decreases
respectively, Combined metformin and repaglinide therapy resulted
in superior glycemic control compared with repaglinide or
metformin monotherapy in patients with type 2 diabetes mellitus
whose glycemia had not been well controlled by metformin
monotherapy.

A open labeled parallel randomized multicenter trails to compare
efficacy and safety of repaglinide versus Nateglinide with metformin
on 192 patients whose uncontrolled glycemic levels HbA 1. >7% and
<12% previous treatment with sulphonylureas and patients
randomized to addition of repaglinide (n=96) or Nateglinide (n=96)
for 16 weeks the final HbAic levels were lowered for repaglinide
(7.1vs7.5%) significantly. Medium final doses were 5.0 mg/day for
repaglinide and 360mg/day for repaglinide and 360mg/day for
Nateglinide.

The addition of repaglinide to metformin therapy resulted in
reductions of HbA 1. and FPG values that were significantly greater
than the reductions observed for Nateglinide.
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CONCLUSION

Combination therapy with metformin and repaglinide is safe and
effective for the treatment of type2 diabetic patients, who show
inadequate glycemic control with metformin monotherapy. More
clinical studies needed to examine the side effects.

REFERENCES

1. Avignon A, radauceanu A, Monnier L (1997) non fasting
plasma glucose is a better marker of diabetic control than
fasting plasma glucose in type 2 diabetes. Diabetes care
20:1822-1826.

2. Polanski KS, Given BD, Hirsch L] et al, (1998) Abnormal
patterns of insulin secretion in non-insulin-dependent
diabetes mellitus. N Engl ] Med 318:231-239.

3. Baily C], metformin, N ENG ] med, 1996: 334: 574-579

4. Evans AJ], Krenz A] (2001) Insulin resistance and {-cell
dysfunction as therapeutic targets in type 2 diabetes. Diabetes
Obes Metab 3:219-229.

5. Monnier L (2000) Is postprandial glucose a neglected
cardiovascular risk factor in Type 2 diabetes? Eur ] Clin Invest
30 [Suppl 2]:3-11.

6.  Grell W, mark M, lugers P, Nar h, Witten ben H, and Muller P.
repaglinide differs structurally form the sulphonylureas
glibenclamide and glimepride, Diabetologia 1997:40(Supp.l):
A321.

7. Fuhlendorff ], rorsmam P, Kofod H et al, stimulation of insulin
release by repaglinide and glibenclamide Involves both
common and distinct process diabetes 1998:47:345-51.

8.  Fuhlendorff J,Rorsman P, Kofod H et al. Stimulation of insulin
release by repaglinide and glibenclamide involves both
common and distinct processes. Diabetes, 1998,47:345-351

9. Guay DR. Repaglinide, a novel, short acting hypoglycemic
agent for type Z2diabetes mellitus Pharmacotherapeutics,
1998:18:1195-1204.

10. Hatrop V, oliver S, Su CA. Bioavailability of repaglinide a novel
anti diabetic agent, administered orally in tablet or solution
form or intravenously in healthy male volunteers. Int J Clin
Pharm ther. 1998:36:636-641.

11. Hatrop V, Huang WC, Strange P. Repaglinide pharmacokinetics
in healthy young adults and elderly subjects clinical
therapeutics 1999,21:702-710

12. Mark M, Epple M, Grell W, Stereo selective anti hyperglycemic
effects of the benzoic acid derivatives AGEE388 in vivo .
Diabetologia 1997:40(suppl.1):A372.

13. Bakkali-nadi A, malisse -lagal F, malisse Wj. Insulinotropic
action of meglitinide analogs: concentration- response
relationship and nutrient dependency. Diabetes res
1994:27:81-7

14. Mark M, Grell W. Hypoglycemic effects of novel anti-diabetic
agent, repaglinide in rats and dogs. Br j pharmacol
1997:121:1597-604

15. David R. owens " Repaglinide-prandial glucose regulator A
new class of oral anti diabetic drug" diabetic medicine 1998:
15 (suppl. 4): s28-s36.

16. Hatrop V, PNM van heiningen, K. Kramer Nielsen, K.T. Hansen,
jj van lier, N.C. van de merbel. B. oosterhuis. JHG jonkman
absorption, metabolism and excretion of a single

17. Repaglinide versus Glyburide: a one year comparison trail
diabetes research and clinical practice 1999:43:155-166

18. wolffen buttel BH, Landgraf R, for the dutch and geman
repaglinide study group. A 1-year multicenter randomized
double blind compression of repaglinide and glyburide for the
type2 diabetes. Diabetes care 1999:22:463-67.

19. Dejgard A, Madsbad S, Kilhord B et al repaglinide compared to
Glipizide in the treatment of type 2 diabetic patients .
Diabetologia, 1998:41(suppl.1):A236.

20. Goldberg RB, Elinhorn D, Lucas CP et al. A randomized
placebo-controlled trail of repaglinide in the treatment of type
2 diabetes. Diabetes care, 1998:21:1897-1903.

21. Gomis R. Repaglinide as monotherapy in type 2 diabetes.
Experimental and clinical Endocrinology and Diabetes, 1999:
107(Suppl.4):s133-135.



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Ramanjireddy et al.

Aguilar-Bryan L, Nichols CG, Wechsler SW et al (1995) cloning
of the beta-cell high- affinity sulphonylureas receptor : a
regulator of insulin secretion. Science 268:423-425

Inagaki n, Gonoi T, Clement JP 4t et al. (1995) Reconstititution
of IKATP: an inward rectifier subunit plus the sulphonylureas
receptor. Science 270: 1166-1169

Sakura H, Ammala C, Smith PA et al (1995) Cloning and
functional expression of the cDNA encoding a novel ATP-
sensitive potassium channel expressed in pancreatic beta
cells, brain, heart and skeletal muscle. FEBS Lett.377:338-344
Clement JP, Kunjilwar K, Gonzalez G et al. (1997) Association
and stoichiometry of K (ATP) channel subunits. Neuron
18:827-838

Inagaki N, Gonoi T, Seino S (1997) Subunit stoichiometry of
the pancreatic beta cell ATP-sensitive K* channel. FEBS Lett
409:232-236

Shyng s, Nichols CG (1997) octameric stoichiometry of KATP
channel complex. ] Gen physiol 110:655-664

Inagaki N, Goony t, Clement JP et al (1996) A family of
sulfonylurea receptors determines the properties of ATP-
sensitive K* channels. Neuron 16:1011-1017

Chutkow WA, Simon MC et al (1996) Cloning, tissue
expression and chromosomal localization of SUR2, the
putative drug-binding sub unit of cardiac, skeletal muscle, and
vascular KATP channels .Diabetes 45:1439-1445

Isomoto, S, kondo, C, Yamada M et al (1996) A novel
sulphonylureas receptor forms with BIR(Kir 6.2) a smooth
muscle type of ATP-sensitive K* channel. ] Biol Chem
271:24321-24325.

Gribble FM, Tucker SJ, Seino S et al (1998) Tissue specificity of
sulphonylureas: studies on cloned cardiac and beta cell K
(ATP) channels. Diabetes 47:1412-1418.

Gribble FM, Ashcroft FM (1999) Differential sensitivity of
beta-cell K (ATP) channels to gliclazide. Diabetologia 42:845-
848

Gromada], Dissing S, Kofod H et al (1995) Effects of the
hypoglycaemic drugs repaglinide and glibenclamide on ATP-
sensitive potassium -channels and cystolic calcium levels in
beta Tc3 cells and rat pancreatic beta cells. Diabetologia
38:1025-1032.

Leclerg-Meyer V, Ladriere L, Fuhlendirff ] et al (1997)
stimulation of insulin and somatostatin release by two
meglitinide analogs. Endocrine 7:311-317

Wolfenbuttel BHR, Nijst L, Sels JplE et al (1993) effects of
anew oral hypoglycemic agent, repaglinide, on metabolic
control in sulphonylureas-treated patients with NIDDM. Eur ]
clin Pharmacol 45:113-116

Ladire L, Malaisse-Lagae F, Fuhlendorff J et al (1997)
Repaglinide, glibenclamide and glimepride administration to
normal and hereditarily diabetic rats. Eur ] Pharmacol
335:227-234.

Jovanovic L, Dailey G, Huang WC et al (2000) Repaglinide in
type Il diabetes: a 24-week, fixed-dose efficacy and safety
study. ] Clin Pharmacol. 40(1):49-57.

Lauri I.Kajosaari, Jouko Laitilla, Pertti J. Neuvonen and Janne T.
Backman, Metabolism of repaglinide by cyp2c8 and cyp 3a4
invitro effect of fibrates and Rifampicin "basic and clinical
pharmacology and toxicology 2005, 97,249-256.

Robert moses et al "flexible meal related dosing with
repaglinide facilitates glycemic control in therapy naive type 2
diabetes” diabetes care 24(1) jan 2001 11-15

Turner NC, Clapham JC. Insulin resistance, impaired glucose
tolerance and non-insulin-dependent diabetes, pathologic
mechanisms and treatment: current status and therapeutic
possibilities. Prog Drug Res 1998; 51: 33-94.

Zhou G, Myers R, Li Y, et al. Role of AMP-activated protein
kinase in mechanism of metformin action. ] Clin Invest 2001;
108:1167-1174.

Musi N, Hirshman MF, Nygren ], et al. Metformin increases
AMP-activated protein kinase activity in skeletal muscle of
subjects with type 2 diabetes. Diabetes 2002; 51: 2074-2081
Bailey CJ, Turner RC. Metformin. N Engl ] Med 1996; 334: 574~
579.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Asian ] Pharm Clin Res, Vol 5, Suppl 1, 2012, 1-4

Bolen S, Feldman L, Vassy ] et al. Systematic review:
comparative effectiveness and safety of oral medications for
type 2 diabetes mellitus. Ann Intern Med 2007; 147: 386-399.
UK. Prospective Diabetes Study Group. U.K. prospective
diabetes study 16. Overview of 6 years’ therapy of type II
diabetes: a progressive disease. Diabetes 1995; 44: 1249-
1258.

DeFronzo RA, Bonadonna RC, Ferrannini E. Pathogenesis of
NIDDM. A balanced overview. Diabetes Care 1992; 15: 318-
368.

Cerasi E, Luft R. “What is inherited-what is added” hypothesis
for the pathogenesis of diabetes mellitus. Diabetes 1967; 16:
615-627.

Efendic S, Luft R, Wajngot A. Aspects of the pathogenesis of
type 2 diabetes. Endocr Rev 1984; 5: 395-410.

Laghmich A, Ladriere L, Malaisse-Lagae F, et al. Long-term
effects of glibenclamide and nateglinide upon pancreatic islet
function in normal and diabetic rats. Pharmacol Res 1999; 40:
475-482.

Laghmich A, Ladriere L, Malaisse-Lagae F, et al. Pancreatic
islet  responsiveness to D-glucose after repeated
administration of repaglinide. Eur ] Pharmacol 1998; 348:
265-270.

De Souza C], Gagen K, Chen W, et al. Early insulin release
effectively improves glucose tolerance: studies in two rodent
models of type 2 diabetes mellitus. Diabetes Obes Metab 2001;
3:85-95.

Hu S, Wang S, Dunning BE. Glucose-dependent and glucose-
sensitizing insulinotropic effect of nateglinide: comparison to
sulfonylureas and repaglinide. Int ] Exp Diabetes Res 2001; 2:
63-72.

Raskin P, Klaff L, McGill ], et al. Efficacy and safety of
combination therapy: repaglinide plus metformin versus
nateglinide plus metformin. Diabetes Care 2003; 26: 2063-
2068.

Moses R, Slobodniuk R, Boyages S, et al. Effect of repaglinide
addition to metformin monotherapy on glycemic control in
patients with type 2 diabetes. Diabetes Care 1999; 22: 119-
124.

Marre M, Van Gaal L, Usadel KH, et al. Nateglinide improves
glycaemic control when added to metformin monotherapy:
results of a randomized trial with type 2 diabetes patients.
Diabetes Obes Metab 2002; 4: 177-186.

Horton ES, Clinkingbeard C, Gatlin M, et al. Nateglinide alone
and in combination with metformin improves glycemic
control by reducing mealtime glucose levels in type 2 diabetes.
Diabetes Care 2000; 23: 1660-1665.

Young min cho et al, Effect of the combination of mitiglinide
and metformin on glycemic control in patients with type2
diabetes mellitus, ] Diabetes Invest 1(4): 2010143-148.

AVANDAMET (rosiglitazone maleate and metformin
hydrochloride) tablets prescribing information. Available
from URL: http:// us. gsk. com/ products/ assets/ us_avandia.
pdf. accessed 3 march 2011.



