
This invention relates to a bilayer pharmaceutical compositions comprising fixed-dose 
combinations of a dipeptidyl peptidase-4 inhibitor and pioglitazone, methods of preparing such 
pharmaceutical compositions, and methods of treating Type 2 diabetes with such pharmaceutical 
compositions. 



lAVe Claim: 

1. A phaiBiaceutical composition in the form of a bilayer tablet comprising: 
(a) a first layer comprising about 20 to 45 % by weight of a dipeptidyl pepti(iase-4 inhibitor, or a 
pharmaceutically acceptable salt thereof; and 
(b) a second layer comprising about 7 to 24 % by weight of pioglitazone hydrochloride. 

2. The pharmaceutical composition of Claim 1 wherein the furst layer 
additionally comprises one or more excipients selected from the group consisting of: (i) a diluent; 
(ii) a disintegrant; and (iii) a lubricant. 

3. The pharmaceutical composition of Claim 2 wherein the first layer additionally 
comprises a binding agent. 

4. The pharmaceutical composition of Claim 1 wherein the first layer 
additionally comprises excipients selected fi-om the group consisting of: (i) about 40-80 % by 
weight of a diluent; (ii) about 0.5-6 % by weight of a disintegrant; and (iii) about 0.75-10 % by 
weight of a lubricant. 

5. The pharmaceutical composition of Claim 1 wherein the second layer 
additionally comprises one or more excipients selected firom the group consisting of: (i) a diluent, 
(ii) a disintegrant; (iii) a binding agent; and (iv) a lubricant. 

6. The pharmaceutical composition of Claim 1 wherein the second layer 
additionally comprises excipients selected firom the group consisting of: (i) about 60-80 % by 
weight of a diluent; (ii) about 2-12 % by weight of a disintegrant; and (iii) about 1-7 % by weight 
of a binding agent; and (iv) about 0.25-4 % by weight of a lubricant 

7. The pharmaceutical composition of Claim 1 comprising: 
(a) a first layer comprising: 

(i) about 20 to 45 % by weight of a dipeptidyl peptidase-4 inhibitor, or a 
pharmaceutically acceptable salt thereof; 

(ii) about 40-80 % by weight of a diluent; 
(iii) about 0.5-6 % by weight of a disintegrant; and 
(iv) about 0.75-10 % by weight of a lubricant; and 

(b) a second layer comprising: 
(i) about 7 to 24 % by weight of pioglitazone hydrochloride; 
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(ii) about 60-80 % by weight of a diluent; 
(iii) about 2-12 % by weight of a disintegrant; 
(iv) about 1 -7 % by weight of a binding agent, and 
(v) about 0.25-4 % by weight of a lubricant. 

8. The phannaceutical composition of Claim 7 wherein the diluent in the first 
layer is selected firom the group consisting of: raicrocrystalline cellulose, mannitol and anhydrous 
dibasic calcium phosphate, or a mbcture thereof; the disintegrant is selected from the group 
consisting of: crospovidone and croscarmellose sodium, or a mixture thereof; and the lubricant is 
selected from the group consisting of: magnesium stearate and sodium stearyl fiimarate, or a 
mixture thereof 

9. The phannaceutical composition of Claim 7 wherein the diluent in the first 
layer is a mixture of microcrystalline cellulose and mannitol; the disintegrant is crospovidone; 
and the lubricant is a mixture of magnesium stearate and sodium stearyl fimiarate. 

10. The pharmaceutical composition of Claim 7 wherein the diluent in the first layer 
is a mixture of microcrystalline cellulose and anhydrous dibasic calcium phosphate; the 
disintegrant is croscarmellose sodium; and the lubricant is a mixture of magnesium stearate and 
sodium stearyl fumarate. 

11. The pharmaceutical composition of Claim 7 wherein the diluent in the second 
layer is selected from the group consisting of: lactose monohydrate, microcrystalline cellulose 
and mannitol, or a mixture thereof; the disintegrant is selected from the group consisting of: 
crospovidone and croscarmellose sodium, or a mixture thereof; the binding agent is 
hydroxypropyl cellulose; and the lubricant is selected from the group consisting of: magnesium 
stearate, and sodium stearyl fiimarate, or a mixture thereof. 

12. The pharmaceutical composition of Claim 7 wherein the diluent in the second 
layer is lactose monohydrate; the disintegrant is crospovidone; the binding agent is 
hydroxypropyl cellulose; and the lubricant is magnesium stearate. 

13. The pharmaceutical composition of Claim 7 wherein the diluent in the 
second layer is lactose monohydrate; the disintegrant is crospovidone; the binding agent is 
hydroxypropyl cellulose; and the lubricant is sodium stearyl fumarate. 
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14. The pharmaceutical composition of Claim 1 wherein the dipeptidyl 
peptidase-4 inhibitor is selected from the group consisting of: alogliptin, carmegliptin, 
denagliptin, dutogliptin, linagliptin, melogliptin, saxagliptin, sitagliptin, and vildagliptin, or a 
pharmaceutically acceptable salt of each thereof. 

15. The pharmaceutical composition of Claim I \^^erein the dipeptidyl 
peptidase-4 inhibitor is sitagliptin, or the dihydrogenphosphate salt thereof. 

16. The pharmaceutical composition of Claim 1 comprising: 

(a) a first layer comprising: 
(i) about 25 to 35 % by weight of a dipeptidyl peptidase-4 inhibitor, or a 

pharmaceutically acceptable salt thereof; 
(ii) about 50-70 % by weight of a diluent; 

(iii) about 1-4 % by weight of a disintegrant; and 
(iv) about 1.5-7 % by weight of a lubricant; and 

(b) a second layer comprising: 
(i) about 12 to 20 % by weight of pioglitazone hydrochloride; 
(ii) about 65-75 % by weight of a diluent; 

(iii) about 3-11 % by weight of a disintegrant; 
(iv) about 2-5 % by weight of a binding agent; and 
(v) about 0.5-2.5 % by weight of a lubricant. 

17. The pharmaceutical composition of Claim 16 wherein the dipeptidyl 
peptidase-4 inhibitor in the first layer is sitagliptin, or a pharmaceutically acceptable salt thereof; 
the diluent is a mixture of microcrystalline cellulose and mannitol, or a mixture of 
microcrystalline cellulose and anhydrous dibasic calcium phosphate; the disintegrant is 
croscarmellose sodium or crospovidone; and the lubricant is selected from the group consisting 
of: magnesium stearate, and sodiimi stearyl fimiarate, or a mixture thereof 

18. The pharmaceutical composition of Claim 16 wherein the diluent in the 
second layer is lactose raonohydrate; the disintegrant is crospovidone; the binding agent is 
hydroxypropylcellulose; and the lubricant is magnesium stearate. 

19. The pharmaceutical composition of Claim 16 wherein the diluent in the 
second layer is lactose raonohydrate; the disintegrant is crospovidone; the binding agent is 
hydroxypropylcellulose; and the lubricant is sodium stearyl fomarate. 
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20. The pharmaceutical composition of Claim 16 wherein the dipeptidyl 
peptidase-4 inhibitor is present in a unit dosage strength of 25, 50,75,100,150, or 200 
milligrams, and the pioglitazone is present in a unit dosage strength of 15, 30, or 45 milligrams. 

21. The pharmaceutical composition of Claim 16 wherein the dipeptidyl 

peptidase-4 inhibitor is sitagliptin, or a phaimaceutically acceptable salt thereof. 

22. The pharmaceutical composition of Claim 21 wherein the sitagliptin is 
present in a imit dosage strength of 50 or 100 milligrams, and the pioglitazone is present in a unit 
dosage strength of 15,30 or 45 milligrams. 

23. The pharmaceutical composition of Claim 1 wherein said composition is 

in the dosage form of a tablet. 

24. A method of treating Type 2 diabetes in a human in need thereof 

comprising orally administering to said human a pharmaceutical composition of Claim 1. 

25. The pharmaceutical composition of Claim 1 further comprising one or 
more agents selected from the group consisting of flavoring agents, colorants, and sweeteners. 

26. The pharmaceutical composition of Claim 1 wherein the bilayer tablet is 
coated with a film-coating agent. 

27. The pharmaceutical composition of Claim 1 wherein said DPP-4 inhibitor 
is vildagliptin, or a pharmaceutically acceptable salt of each thereof. 

28. The pharmaceutical composition of Claim 1 wherein said DPP-4 inhibitor 
is saxagliptin, or a pharmaceutically acceptable salt of each thereof. 

29. The phamiaceutical composition of Claim 1 wherein said DPP-4 inhibitor 
is alogliptin, or a pharmaceutically acceptable salt of each thereof. 

Dated 16 April 2012 v j S ^ ^ f 

IN/PA-1522 
Agent for the Applicant 

To, 
The Controller of Patents 
The Patent Office at New Delhi 
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BACKGROUND OF THE INVENTION 
Type 2 diabetes is a chronic and progressive disease arising from a complex 

pathophysiology involving the dual endocrine defects of insulin resistance and impaired insulin 
secretion. The treatment of Type 2 diabetes typically begins with diet and exercise, followed by 
oral antidiabetic monotherapy. For many patients, these regimens do not sufficiently control 
glycaemia during long-term treatment, leading to a requirement for combination therapy within 
several years following diagnosis. However, co-prescription of two or more oral antidiabetic 
drugs may result in treatment regimens that are complex and difficult for many patients to 
follow. Combining two or more oral antidiabetic agents into a single tablet provides a potential 
means of delivering combination therapy without adding to the complexity of patients' daily 
regimens. Such formulations have been well accepted in other disease indications, such as 
hypertension (HYZAAR'™ which is a combination of losartan potassium and 
hydrochlorothiazide) and cholesterol lowering (VYTORIN™ which is a combination of 
simvastatin and ezetimibe). The selection of effective and well-tolerated treatments is a key step 
in the design of a combination tablet. Moreover, it is essential that the components have 
complementary mechanisms of action and compatible pharmacokinetic profiles. Examples of 
marketed combination tablets containing two oral antidiabetic agents include Glucovance^™ 
(metformin and glyburide), Avandamef™ (metformin and rosiglitazone), and Metaglip'"* 
(metformin and glipizide). 

Currently sitagliptin phosphate monohydrate and pioglitazone HCl are each 
available as separate tablets for the treatment of type 2 diabetes. Treatment of type 2 diabetes 
with the combination of sitagliptin phosphate monohydrate and pioglitazone HCl, acting on 
different targets, has superior efficacy relative to treatment with either sitagliptin phosphate 
monohydrate or pioglitazone HCl alone. This invention provides a pharmaceutical composition 
comprising sitagliptin, or a pharraaceutically acceptable salt thereof, and pioglitazone HCl in a 
single bilayer tablet for superior efficacy and stability in the treatment of type 2 diabetes. The 
separate pioglitazone HCl layer in the bilayer tablet of the present invention provides the benefit 
of increased stability of the pioglitazone layer and a reduction in the disproportionation of 
pioglitazone HCl in the pioglitazone layer of the bilayer tablet. 

Pioglitazone hydrochloride (ACTOS®) is a thiazolidinedione PPAR-y agonist 
used in the management of type 2 diabetes meliitus (also known as non-insulin dependent 
diabetes meliitus or adult onset diabetes) primarily by decreasing insulin resistance. 
Pharmacological studies indicate that pioglitazone hydrochloride improves sensitivity to insulin 
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