
Composition:
Each uncoated bilayered tablet contains
Pioglitazone Hydrochloride IP
equivalent to Pioglitazone ..............15 mg
Metformin Hydrochloride IP ...........500 mg 
(in extended release form)

PIOGLITAZONE
Clinical Pharmacology
Pioglitazone is an oral antidiabetic agent that acts primarily by decreasing insulin resistance. 
Pioglitazone is a thiazolidinedione antidiabetic agent and not an insulin secretagogue. Pioglitazone 
depends on the presence of insulin for its mechanism of action and is different than the sulphonylureas, 
metformin, or the alpha glucosidase inhibitors. Pioglitazone is a potent and highly selective agonist for 
peroxisome proliferator activated receptor gamma (PPAR gamma). PPAR receptors are found in tissue 
important for insulin action such as adipose tissue, skeletal muscle and liver. Activation of PPAR nuclear 
receptors modulates the transcription of a number of insulin responsive genes involved in the control 
of glucose and lipid metabolism.

Clinical Effects:
Clinical studies demonstrate that Pioglitazone improves insulin sensitivity in insulin resistant patients. 
Pioglitazone enhances cellular responsiveness to insulin, increases insulin-dependent glucose 
disposal, improves hepatic sensitivity to insulin, and improves dysfunctional glucose homeostasis. In 
patients with type 2 diabetes, the decreased insulin resistance produced by Pioglitazone results in 
lower blood glucose concentrations, lower plasma insulin levels, and lower HbA1C values. In 
controlled clinical trials, Pioglitazone in combination with metformin has an additive effect on glycemic 
control. Patients with lipid abnormalities have also benefited in clinical trials with Pioglitazone. Overall, 
patients treated with Pioglitazone had mean decreases in triglycerides, mean increases in HDL 
cholesterol, and no consistent mean change in LDL and total cholesterol.

Pharmacokinetics:
Absorption: Following oral administration, in the fasting state, Pioglitazone is first measurable in serum 
within 30 minutes, with peak concentration observed within 2 hours. Food slightly delays the time to 
peak serum concentration to 3 to 4 hours but does not alter the extent of absorption. Steady state 
serum concentrations of both Pioglitazone and total Pioglitazone metabolites are achieved within 7 
days. At steady state, two of the pharmacologically active metabolites of Pioglitazone, Metabolites III 
and IV, reach serum concentrations equal to or greater than Pioglitazone. In both healthy volunteers 
and in patients with type 2 diabetes, Pioglitazone comprises approximately 30% to 50% of the peak 
total Pioglitazone serum concentration and 20% to 25% of the total area under the serum 
concentration time curve (AUC).
Distribution: The mean apparent volume of distribution of Pioglitazone following single dose 
administration is 0.63 ^ 0.41 (mean j; SD) L/Kg of body weight. Pioglitazone is extensively protein 
bound (>99%) in human serum principally to serum albumin. Pioglitazone also binds to other serum 
proteins but with lower affinity. Metabolites M-III and M.IV also are extensively bound (>98%) to 
serum albumin.
Metabolism: Pioglitazone is extensively metabolised by hydroxylation and oxidation: the metabolites 
also partly convert to glucuronide or sulfate conjugates. Metabolites M-II and MIV
(hydroxyl derivatives of Pioglitazone) and M-III (keto derivatives of Pioglitazone) are pharmacologically 
active in animal models of type 2 diabetes. In addition to Pioglitazone, MIII & M-IV are the principal 
drug related species found In human serum following multiple dosing. At steady state, in both healthy 
volunteers and in patients with type 2 diabetes, Pioglitazone comprises approximately 30% to 50% of 
the total peak serum concentrations and 20 to 25% of the total AUC.
Excretion and Elimination: Following oral administration, approximately 15% to 30% of the 
Pioglitazone dose is recovered in the urine. Renal elimination of Pioglitazone is negligible and the drug 
is excreted primarily as metabolites and their conjugates. It is presumed that most of the oral dose is 
excreted in the bile either unchanged or as metabolites and eliminated in the feces. The mean serum 
half life of Pioglitazone and total Pioglitazone ranges from 3 to 7 hours and 16 to 24 hours, 
respectively.

Special Populations:
Renal Insufficiency: The serum elimination half-life of Pioglitazone, M-III & M-IV remains unchanged in 
patients with moderate (creatinine clearance 30-60 mL/min) to severe (creatinine clearance <30 
mL/min) renal impairment when compared to normal subjects. No dose adjustment in patients with 
renal dysfunction is recommended.
Hepatic Insufficiency: Compared with normal controls, subjects with impaired hepatic function have an 
approximately 45% reduction in Pioglitazone mean peak concentrations but no change in the mean 
AUC values. Pioglitazone therapy should not be initiated if the patient exhibits clinical evidence of 
active liver disease or serum transaminase levels exceed 2.5 times the upper limit of normal.
Elderly: In healthy elderly subjects, peak serum concentrations of Pioglitazone and total Pioglitazone 
are not significantly different, but AUC values are slightly higher and the terminal half life values 
slightly longer than for younger subjects. These changes were not of a magnitude that would be 
considered clinically relevant.
Paediatrics: Pharmacokinetic data in the paediatric population is not available.
Gender: The mean Cmax & AUC values were increased by 20-60% in females. As monotherapy and in 
combination with sulphonylurea, metformin or insulin, Pioglitazone improved glycemic control in both 
males and females. In controlled clinical trials, hemoglobin A1c; decrease from baseline were generally 
greater for females than for males (average mean difference in Hb A1c 0.5%). Since therapy should be 
individualized for each patient to achieve glycemic control, no dose adjustment is recommended based 
on gender alone.

METFORMIN
Metformin Hydrochloride is the sole Biguanide in use as an oral antidiabetic agent, used in the 
management of type 2 diabetes.

Clinical Pharmacology
Metformin is an oral antidiabetic agent, which improves glucose tolerance and metabolic control in 
patients with type 2 diabetes, while lowering both basal and postprandial plasma glucose. 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 the peripheral glucose uptake and utilization.
The exact mechanism of action of Metformin is not fully understood. Unlike sulfonylureas, Metformin 

generally does not cause hypoglycemia in either with patients with type 2 diabetes or normal 
individuals, as it doesn't stimulate Insulin secretion.

PHARMACOKINETICS
Absorption
Metformin has an incomplete absorption from the small intestine, giving an oral bioavailability of 
about 50 - 60%. The bioavailability cannot improve even when Metformin is given as an aqueous 
solution or rapidly dissolving tablets. After oral administration, Metformin gets concentrated on the 
walls of oesophagus, stomach and duodenum and about 30% of the oral dose is recovered from the 
faeces. The drug does undergo some minor degree of first pass metabolism. There is lack of 
proportionality in the bioavailability of Metformin with increased doses, which means a large bolus of 
Metformin may not be completely absorbed. Mean steady state plasma levels of 505mcg/L were 
reached in 13 patients with doses of 1240 ̂  560mg/day. Concomitant food intake with conventional 
Metformin tablets may delay the rate of absorption and slightly prolong the time to achieve the T and max 

decrease the C  by some percentage. In contrast, when modified release Metformin formulations max

were administered with food, the absorption (AUC) increased significantly; without affecting the C  max

and T . T  is achieved with a median value of 7 hours and a range of 4 to 8 hours.max max

Distribution
Distribution of Metformin is rapid and binding of Metformin to plasma proteins is negligible which 
partitions into erythrocytes over time. Metformin accumulates in salivary glands, walls of oesophagus, 
stomach and duodenum and also gets concentrated in kidneys. It is excreted into breast milk in small 
quantities.

Metabolism
Metformin is considered to be eliminated unchanged, but some studies indicate metabolic 
transformation to some extent (about 20%). No active metabolites have been identified.

Elimination
Metformin is excreted unchanged via the kidneys by a combination of active Tubular secretion and 
Glomerular filtration The renal clearance of the drug can be correlated with 'Creatinine clearance'. 
Elimination half-life is 1.5 to 4.5 hours. As Metformin partitions into erythrocytes, it enjoys a second 
elimination half-life of 17.6 hrs from blood. Justification of the combination of 

Pioglitazone + Metformin
Einhorn et al conducted a study to assess the efficacy and tolerability of Pioglitazone in combination 
with Metformin in patients with type 2 DM. In this 16 week double-blind study patients with poorly 
controlled DM (glycated Hb > 8.0% , Fasting C-peptide >1.0ng/ml), who has been receiving a stable 
regimen of metformin for >30 days were included. Patients with Diabetic retinopathy, nephropathy or 
neuropathy; impaired liver or kidney function; or unstable cardiovascular or cerebrovascular conditions 
were excluded. Patients were randomised to receive once-daily Pioglitazone + Metformin or placebo+ 
Metformin. Among the 328 patients randomized to treatment, (168 Pioglitazone + Metformin, 160 
Placebo + Metformin), 249 completed the study. Of these, 154 elected to enter the open-labeled 
extension study.
Decreases in FPG levels occurred as early as the 4th week of therapy, the first time point at which FPG 
was measured. In the extension study, patients treated with open-label Pioglitazone + Metformin for 
72 weeks have mean changes of baseline of -1.36% in HbA1c and -63.0mg/dl in FPG.
The incidence of adverse events was similar in both groups. No evidence of drug-induced hepato-
toxicity or drug induced elevations in serum ALT was observed. The authors conclude that in patients 
with T2DM , Pioglitazone + Metformin significantly improved HbA1c and FPG levels, with positive 
effects on serum lipid levels and no evidence of drug induced hepatotoxicity. These effects were 
maintained from more than 1.5 years, including the open label extension.
Combination therapy with Pioglitazone and Metformin enhances insulin sensitivity, as seen in the 
clinical trial conducted by Tan et al. The Homoeostasis Model Assessment Insulin Sensitivity (HOMA-S) 
and Quantitative Insulin Sensitivity Check Index (QUICKI) are two Insulin sensitivity surrogates that are 
suitable for use with large study populations.
The investigators used these two sensitivity surrogates in evaluating the effect of combination therapy 
with Pioglitazone and Metformin in a large group of patients.
Indications:
Fixed dose combination is indicated in patients with T2DM when diet, exercise and single drug therapy 
do not result in adequate glycemic or metabolic control.

Dosage and Administration:
Pioglitazone 15mg in combination with Metformin (extended release) 500mg can be initiated at once 
daily before or after meals. It is unlikely that the combination therapy of Pioglitazone with Metformin 
will require adjustment due to hypoglycemia If a dose is missed on one day, the dose should not be 
doubled the following day. Dose adjustment in patients with renal insufficiency is not recommended. 
No placebo controlled clinical studies of more than 30 mg once daily have been conducted in 
combination therapy. Therapy with Pioglitazone and Metformin should not be initiated if the patient 
exhibits clinical evidence of active liver disease or increased serum transaminase levels (ALT greater 
than 2.5 times the upper limit of normal) at start of therapy. Liver enzyme monitoring is recommended 
in all patients prior to initiation of therapy with combination of Pioglitazone and Metformin, to be 
continued periodically thereafter.

Contra Indications:
Hypersensitivity of Pioglitazone, Metformin and any other ingredients of the formulation. 
Renal disease or renal dysfunctions which may also result from conditions like Cardiovascular collapse , 
Acute Myocardial Infarction and Septicemia, Congestive Heart failure requiring pharmacological 
treatment, Acute or chronic metabolic acidosis , including DKA with or without coma. Diabetic 
ketoacidosis should be treated with Insulin.

Precautions:
General: Pioglitazone and Metformin exert antihyperglycemic effect only in the presence of Insulin. 
Therefore, Pioglitazone + Metormin should not be used in patients with type 1 diabetes or for the 
treatment of diabetic ketoacidosis.
Hypoglycemia: Patients receiving Pioglitazone + Metformin in combination with insulin or oral 
hypoglycemic agents may be at risk for hypoglycemia and a reduction in the dose of the concomitant 
agent may be necessary
Ovulation: Therapy with Pioglitazone plus Metformin may result in ovulation in some premenopausal 
anovulatory women. As a result, these patients may be at an increased risk for pregnancy while taking 
Pioglitazone. Thus, adequate contraception in premenopausal women should be recommended. This 
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possible effect has not been investigated in clinical studies so the frequency of this occurrence is not 
known. Hematologic: Pioglitazone may cause decrease in hemoglobin and haematocrit. Across all 
clinical studies, mean hemoglobin values declined by 2% to 4% in patients treated with Pioglitazone. 
These changes primarily occurred within the first 4-12 weeks of therapy and remained relatively 
constant thereafter. These changes may be related to increased plasma volume and have not been 
associated with any significant hematologic clinical effects.

Edema: Pioglitazone should be used with caution in patients with edema. In double blind clinical trial 
patients with type 2 diabetes, mild to moderate edema was reported in patients treated with 
Pioglitazone.
Cardiac: In preclinical studies, thiazolidinediones including Pioglitazone cause plasma volume 
expansion and preload induced cardiac hypertrophy. In a six month placebo controlled study of 334 
patients with type 2 diabetes and a long term open label study of more than 350 patients with type 2 
diabetes, echocardiographic evaluation revealed no significant increase
In mean left ventricular mass index or significant decrease in mean cardiac index in patients treated 
with Pioglitazone. In clinical trials that excluded patients with New York Heart Association Class III & IV 
Cardiac status, no increased incidence of serious cardiac adverse events, potentially related to volume 
expansion, was observed. Patients with NYHA Class III & IV cardiac status were not studied in 
Pioglitazone clinical trials. Pioglitazone is not indicated in patients with NYHA class II or IV cardiac 
status.

Hepatic Effects:
Another drug of the thiazolidinedione class, troglitazone has been associated with idiosyncratic 
hepatotoxicity and very rare cases of liver failure, leading to liver transplants and death have been 
reported during post marketing clinical use. Therapy with Pioglitazone should not be initiated if the 
patient exhibits clinical evidence of active disease or the AL T levels exceed 2.5 times the upper limit of 
normal. Patient with mildly elevated liver enzymes at baseline or any time during therapy with 
Pioglitazone should be evaluated to determine the cause of the liver enzyme elevation. Initiation of or 
continuation of therapy with Pioglitazone in patients with mildly elevated liver enzymes should 
proceed with caution and include the appropriate clinical follow-up which may include more frequent 
liver enzyme monitoring. If serum transaminase levels are increased, liver function tests should be 
evaluated more frequently until the levels return to normal or pretreatment values. If ALT levels exceed 
3 times the upper limit of normal, the test should be repeated as soon as possible. If ALT levels remain 
>3times the upper limit of normal or if the patient is jaundiced, Pioglitazone therapy should be 
discontinued. Liver function tests(Serum chemistry) should be performed prior to the start of therapy 
and every two months for the first year and periodically thereafter.
Patients should be told to seek immediate medical advice for unexplained nausea, vomiting, 
abdominal pain, fatigue, anorexia or dark urine. WARNINGS WITH METFORMIN

Lactic Acidosis:
Metformin is not recommended for patients with Metabolic Acidosis. But if this drug is indicated, it is 
always as an adjunct to insulin therapy in patients who are not at risk of ketoacidosis. Impaired renal 
function predisposes to lactic acidosis. A normal creatinine clearance is mandatory pre-requisite for 
treatment with Metformin. Serum creatinine and Creatinine clearance should be monitored if renal 
dysfunction is suspected or a limitation during Metformin therapy. Lactic acidosis, which may be 
caused by Metformin, is of the Type B and is not associated with reduced tissue perfusion and hypoxia. 
Theoretically, diabetics may be predisposed to Type B lactic acidosis since insulin deficiency is 
associated with low levels of pyruvate dehydrogenase in the muscle, which may increase lactate 
production. Diabetics also tend to overproduce lactate during exercise. In spite of this predisposition, 
Type B lactic acidosis is rare with Metformin until renal functions are deranged Metformin is not 
associated with Type A lactic acidosis, but still should be given with caution to patients with risk factors 
for hypoxia such as sepsis, dehydration, congestive cardiac failure, alcoholism or seizures. Lactic 
acidosis in patients with malignancy is thought to be due to a 'factor' produced by tumor, which 
inhibits phosphate dehydrogenase and increases lactate production. Exercise caution with the use of 
Metformin in such patients.
Metformin should be withheld at least 2-3 days before procedures like Intravenous Urography or 
Aortography and compulsorily stopped 2 days before any major surgery as there may be risk of 
temporary “renal insufficiency”. Insulin may be used instead until the patient is stable. Hepatic 
dysfunction has no significant effect on the clearance of Metformin but it predisposes to lactic acidosis. 
Since Chronic Metformin therapy is associated with deficiency of vitamin B12 and folic acid, these two 
must be estimated periodically and supplements may be given.

ADVERSE REACTIONS OF METFORMIN
On starting Metformin, approximately one-third of the patients are likely to have transient nausea, 
abdominal pain, anorexia or diarrhoea, which can be attenuated by starting with a optimum dose 
patterned release therapy like IPR 850mg. Evidence of non-ketotic acidosis must be watched for and in 
suspicious cases blood lactate estimated Enhanced glucose uptake and glycolytic flux  in presence of 
high circulating levels of Metformin - predisposes patients to the development of lactic acidosis, 
serious but a rare side effect in presence of renal insufficiency. In addition to renal dysfunction, the risk 
factors include congestive cardiac failure, conditions leading to severe loss of blood or body fluids, 
intravenous pyelography, arteriography, acute asthmatic attack, status epilepticus, sudden ascent to 
high altitude.
However, there is no need to discontinue Metformin therapy prior to diagnostic procedures if adequate 
renal function is ascertained. Retrospective analysis of reported cases of Metformin-associated lactic 
acidosis has shown that almost all occurred when Metformin was given to patients with existing renal 
dysfunction, which is a stated contraindication. Megaloblastic anemia has been reported in patients on 
Metformin. Other reactions include GI symptoms, e.g. Diarrhea which may be frequent. The GI 
symptoms may be due to accumulation of Metformin in the gastrointestinal mucosa. Sensitivity 
reactions such as rash, urticaria and pruritus may occur. Hypoglycemia with Metformin does not occur 
when given alone, but may occur when a sulfonylurea is added or with consumption of alcohol.

Drug Interactions of PIOGLITAZONE:
Oral Contraceptives: Administration of another thiazolidinedione with oral contraceptive containing 
ethinyl estradiol and the pharmacokinetics of co-administration of Pioglitazone and oral 
contraceptives have not been evaluated in patients. Therefore additional caution regarding 
contraception should be exercised in patients receiving Pioglitazone and an oral contraceptive. In 
healthy volunteers, co-administration of Pioglitazone with Sulphonylureas does not appear to affect 
the pharmacokinetics of the sulphonylurea. Co-administration of Pioglitazone with warfarin for seven 
days did not alter the steady state pharmacokinetics of Pioglitazone. In addition, Pioglitazone has no 
clinically significant effect on prothrombin time when administered to patients receiving chronic 

warfarin therapy. The cytochrome P450 isoform CYP3A4 is partially responsible for the metabolism of 
Pioglitazone. Specific formal pharmacokinetics interaction studies have not been conducted with 
Pioglitazone and other drugs metabolised by this enzyme such as erythromycin, astemizole, calcium 
channel blockers, cisapride, corticosteroids, cyclosporine, HMG-CoA reductase inhibitors, tacrolimus, 
triazolam and trimetrexate as well as inhibitors such as ketoconazole and itraconazole. In vitro, 
ketoconazole appears to significantly inhibit the metabolism of Pioglitazone. Pending the availability 
of additional data, patient receiving ketoconazole concomitantly with Pioglitazone should be 
evaluated more frequently with respect to glycemic control. Carcinogenesis, Mutagenesis, Impairment 
of Fertility: A 2 year carcinogenicity was conducted in male and female mice at oral doses upto 100 mg/ 
Kg/day (approximately 11 times the maximum recommended human oral dose based on mg/m2). No 
drug induced tumor were observed in any organ. During prospective evaluation of urinary cytology 
involving more than 1800 patients receiving Pioglitazone in clinical trials upto 1 year in duration, no 
new cases of bladder tumors were identified. Occasionally, abnormal urinary cytology results 
indicating possible malignancy were observed in both patients treated with Pioglitazone and patients 
treated with placebo. Pioglitazone HCI was not mutagenic in battery of genetic toxicology studies 
including the Ames bacterial assay, a mammalian cell forward gene mutation assay an in vitro 
cytogenetics assay using CHL cells, an unscheduled DNA synthesis assay and an in vivo micronucleus 
assay. No adverse effects upon fertility were observed in male and female rats at oral doses upto 40 
mg/kg Pioglitazone HCI daily prior to and throughout mating and gestation (approximately 9 times the 
maximum recommended human oral dose based on mg/m2).

Drug Interactions of METFORMIN
Low or absence of protein binding and lack of hepatic biotransformation make Metformin practically 
free from drug interactions. Alcohol, barbiturates, salicylate and phenothiazines may precipitate lactic 
acidosis. Alcohol may precipitate hypoglycemia, the same way as sulfonylureas, when given in 
combination with Metformin, Glibenclamide: In a single-dose interaction study in Type 2 Diabetic 
subjects, co-administration of Metformin and glibenclamide did not result in any changes in either 
Pharmacokinetics or Pharmacodynamics of Metformin. Furosemide: Metformin-furosemide drug 
interaction demonstrated that pharmacokinetic parameters of both compounds were affected by co-
administration. Furosemide increased the Metformin plasma and blood Cmax by 22% and blood AUC 
by 15%. Nifedipine: Co-administration of Nifedipine increased plasma Metformin Cmax and AUC by 
20% and 9%, respectively, and increased the amount excreted in the urine. Tmax and half-life were 
unaffected. Nifedipine appears to enhance the absorption of Metformin. Piodart - MF in special 
population

Pregnancy: There are no adequate and well controlled studies in pregnant women. Piodart-MF should 
be used during pregnancy only if the potential benefit justifies risk to the fetus. Because current 
information strongly suggests that abnormal glucose levels during pregnancy are associated with a 
higher incidence of congenital anomalies, as well as increased neonatal morbidity and mortality, most 
experts recommend that insulin be used during pregnancy to maintain blood glucose levels as close to 
normal as possible.
Nursing Mothers: Pioglitazone and Metformin is excreted in the milk of lactating rats. It is not known 
whether Pioglitazone or Metformin is excreted in human milk or not. But because many drugs are 
excreted in human milk, it is better to avoid or discontinue Piodart - MF in a breast feeding woman.
Pediatric Use: Safety and effectiveness of Pioglitazone and Metformin in pediatric patients have not 
been established. Elderly Use: No significant differences in effectiveness and safety were observed 
between these patients and younger patients.

Adverse Reaction: 
Pioglitazone in combination with Metformin have reported minor side effects such as Pioglitazone in 
combination with Metformin have reported minor side effects such as headache, upper respiratory 
tract infection, myalgia, sinusitis and pharyngitis. The incidence of withdrawals from clinical trials due 
to an adverse event other than hyperglycemia was similar for patients treated with placebo. Mild to 
moderate hypoglycemia was reported when this combination was used with sulphonylurea or insulin. 
Edema  has been reported in 4.8% of patients treated with Pioglitazone versus 1.2% of placebo 
treated patients. Edema was reported most frequently in the insulin combination study (15.3% for 
patients treated with Pioglitazone versus 7.0% for placebo treated patients). All events were 
considered mild or moderate in intensity.
Hematologic: Some cases of anemia have been reported infrequently in patients treated with 
Pioglitazone. Anemia was reported for 1.6% of patients treated with Pioglitazone and 1.6% of 
placebo treated patients in combination with insulin. The decrease in hemoglobin and haematocrit 
may be related to increased plasma volume associated with Pioglitazone therapy and have not been 
associated with any significant haematologic clinical effects.

Overdosage: In the event of overdose, appropriate supportive treatment should be initiated according 
to patient's clinical signs and symptoms. Hypoglycemia has not been seen even with ingestion of up to 
85 grams of metformin although lactic acidosis has occurred in such circumstances. Metformin is 
dialyzable with a clearance of up to 170 ml/min under good hemodynamic conditions. Therefore, 
hemodialysis may be useful for removal of accumulated drug from patients in whom metformin 
overdosage is suspected.

Presentation:
Available as blister pack of 10 tablets.

Storage: 
Store in a cool, dry place.

For further details, please contact 
Medical Advisor
Biocon Limited,
20th K.M, Hosur Road,
Electronics City,
Bangalore 560 100.
® -Register trade mark of Biocon Limited
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