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Abstract:

The present invention relates to a stable pharmaceutical composition comprising a fixed dose
combination of a therapeutically effective amount of DPP-1V inhibitor and a therapeutically
effective amount of SGLT?2 inhibitor for reducing blood glucose level in patients with diabetes. The
present invention specifically relates to a stable pharmaceutical composition comprising Sitagliptin
or a pharmaceutically acceptable salts or solvate or hydrate or premix thereof and Empagliflozin or a
pharmaceutically acceptable salt or solvate or hydrate or premix thereof in the presence of one or
more pharmaceutically acceptable excipients. Moreover, the present invention relates to a stable
pharmaceutical composition comprising Sitagliptin Phosphate Monohydrate, Empagliflozin and one
or more pharmaceutically acceptable excipients with high content uniformity, reduced degradation
impurities and optimum dissolution.
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A PHARMACEUTICAL COMPOSITION COMPRISING COMBINATION
OF SITAGLIPTIN AND EMPAGLIFLOZIN

PRIORITY APPLICATION
This application claims the benefit of priority of our Indian patent application
202121046486 filed on October 12, 2021 which is incorporated herein by reference

and disclosures of which is incorporated in the instant application.

FIELD OF INVENTION

The present invention relates to a stable pharmaceutical composition comprising
combination of a therapeutically effective amount of Dipeptidyl peptidase-4
(DPP4) inhibitor and a therapeutically effective amount of Sodium-glucose co-
transporter-2 (SGLT?2) inhibitor for reducing blood glucose level in patients with
diabetes. The present invention spccifically rclates to a stable pharmaccutical
composition comprising Sitagliptin or a pharmaceutically acceptable salts or
solvates or hydrates or premix thereof and Empagliflozin or a pharmaceutically
acceptable salts or solvates or hydrates or premix thereof in the presence of one or
more pharmaceutically acceptable excipients. Further, the invention relates to a
stable pharmaceutical composition comprising Sitagliptin and Empagliflozin
present in a ratio in the range from about 20:1 to about 1:1. Moreover, the present
invention relates to a stable pharmaceutical composition comprising Sitagliptin
Phosphate Monohydrate, Empagliflozin and one or more pharmaceutically
acceptable excipients with high content uniformity, reduced degradation impurities

and optimum dissolution.

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.
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For many patients, individual drug regimens do not sufficiently control glycaemia
during long-term treatment, leading to a requirement for combination therapy
within scveral years following diagnosis. However, co-prescription of two or morc
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.

Selection of effective and well-tolerated treatments is a key step in the design of a
combination tablet. Two novel classes of glucose-lowering agents that meet these
criteria are the dipeptidyl peptidase-4 (DPP-4) inhibitors and the sodium glucose
cotransporter-2 {SGLT2) inhibitors. The complementary modes of action of SGLT-
2 inhibitors and DPP-4 inhibitors suggest that they have the potential to be
combined in form of a fixed dose combination in a clinical setting.

Sitagliptin is a novcl Dipeptidyl peptidasc-4 (DPP-1V) inhibitor rcpresented by

following chemical structure

Fig. 1: Chemical structure of Sitagliptin phosphate monohydrate

The chemical name for Sitagliptin is 7-[(3R)-3-amino-1-o0x0-4-(2,4,5-
trifluorophenyl)butyl]-5.6,7.8-tctrahydro-3-(trifluoromcthyl)-1,2.4-triazolo[4,3-a]
pyrazine phosphate (1:1) monohydrate. Sitagliptin is a white to off-powder and
exhibits pH dependent aqueous solubility. It is soluble in water and N,N-dimethyl
formamide, slightly soluble in methanol, soluble in ethanol, acetone and
acetonotrile and insoluble in isopropanol and isopropyl acetate.

It was developed by Merck & Co. Lid and is approved as Januvia® in the United
States of America and in Europe. Sitagliptin is approved as 25 mg, 50 mg and 100
mg immediate release tablet dosage form for once daily administration for adult

®

patients with type 2 diabetes mellitus, Januvia® is indicated to improve glycaemic

control as monotherapy, as dual therapy in combination with Metformin, a
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sulphonyl urea, or a thiazolidinedione and as a triple therapy in combination with a
sulphonyl urea and metformin or a thiazolidinedione and metformin. Januvia® is
also indicated as add-on to insulin (with or without mctformin).

US 6,699,871 discloses Sitagliptin and pharmaceutically acceptable salts thereof
and individual diastereomers thereof. It also discloses its pharmaceutical
composition comprising Sitagliptin and an inert carrier, its use in the treatment of
diabetes and its method of preparation.

US 7,326,708 discloses a dihydrogenphosphate salt of Sitagliptin or a hydrate
thereof, a crystalline monohydrate with specific XRD, NMR, Mass characteristics,
its pharmaceutical composition, process for preparation and method of treatment of
type 2 diabetes using the same.

Empagliflozin is a novel orally administered, potent, and selective SGLT 2 inhibitor

represented by following chemical structure.

- \:%

~

Fig. 2: Chemical structure of Empagliflozin

The chemical name for Empagliflozin is (15)-1,5-anhydro-1-(4-chloro-3-{4-[(35)-
tetrahydrofuran-3-yloxy|benzyl }phenyl)-D-glucitol, also known as D-Glucitol,1,5-
anhydro-1-C-[4-chloro-3-[[4-[[(3S)-tetrahydro-3-furanylJoxy]phenyl]
methyl]phenyl]-(1S). Empagliflozin is a white to yellowish non-hygroscopic
crystalline solid, very slightly soluble in water (pH 1-7.4), slightly soluble in
acetonilrile and ethanol, sparingly soluble in methanol, and practically insoluble in
toluene. A single polymorphic form has been observed for Empagliflozin which is
non-solvated and non-hydrated.

It was developed by Boehringer Ingelheim International GmbH and is approved

under brand name Jardiance®

in Europe and United States of America.
Empagliflozin is approved as 10 mg and 25 mg immediate release tablet dosage
form for oncc daily administration for the trcatment of adults with insufficicntly

controlled type 2 diabetes mellitus as an adjunct to diet and exercise as monotherapy
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when metformin is considered inappropriate due to intolerance and in addition to

® is also indicated

other medicinal products for the treatment of diabetes. Jardiance
in adults for thc trecatment of symptomatic chronic hcart failure with reduced
ejection fraction.

US 7,579,449 discloses Empagliflozin, the stereoisomers thereof, the mixtures
thereof and the salts thereof. It also discloses its method of preparation, its use in
the treatment of metabolic disorders including diabetes mellitus as well as its
pharmaceutical composition along with specilic excipients.

US 7,713,938 discloses crystalline form of Empagliflozin that comprises
characteristic 28 peaks, along with its method of preparation, its pharmaceutical
composition and its usc in the trcatment of mcetabolic disorders including diabcetes
mellitus.

W02010/092126 discloses specific pharmaceutical composition comprising
Empagliflozin having a specific particle size distribution of 1 pm <= X90 < 200
pnm in the said composition and wherein Empagliflozin represents 25% or less of
the weight of said composition.

Tobias Brand (Adv Ther (2012) 29(10):889-899.) et. al., have supported
coadministration of Empagliflozin and Sitagliptin without specifying any clinically
relevant effect on the ph’cokinetics of either drug in healthy volunteers.

Andre” J. Scheen et al. (Clin Pharmacokinet, Springer International Publishing
Switzerland 2016) studied and concluded the combination as an attractive
thcrapcutic stratcgy bccausc the complementary modcs of action of the two
medications Empagliflozin and Sitagliptin contribute to improve blood glucose
control in patients with T2D, without deteriorating the safety/tolerance profile of
each compound.

W02020/130502 merely discloses specific monolayer pharmaceutical composition
comprising Empagliflozin and Sitagliptin as active ingredients along with speciflic
excipients.

Although the above prior arts disclose concomitant product administration of
Sitagliptin and Empagliflozin for the patients suffering from diabetes mellitus, none

of the prior arts disclose a pharmaceutical product containing a fixed dose
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combination of Sitagliptin phosphate monohydrate and Empagliflozin and potential
generation of impurities due to any possible interaction of Empagliflozin or
Sitagliptin with customary cxcipicnts or when Sitagliptin and Empagliflozin of
different crystalline or amorphous form are combined together in a single
formulation and hence there is an unmet clinical need to develop the same.

In an attempt to prepare pharmaceutical compositions of selected DPP-4 inhibitors
it has been observed, that the DPP-4 inhibitors with a primary or secondary amino
group show incompatibilities, degradation problems, or extraction problems with a
number of customary excipients such as microcrystalline cellulose, sodium starch
glycolate, croscarmellose sodium, tartaric acid, citric acid, glucose, fructose,
saccharose, lactose, maltodextrines. Though the compounds themselves are very
stable, they react with incompatible partner drug, or its impurity product, and/or
with many excipients used in solid dosage forms and with impurities of excipients,
cspecially in tight contact provided in tablets and at high cxcipicnt/drug ratios. The
amino group appears to react with reducing sugars and with other reactive carbonyl
groups and with carboxylic acid functional groups formed for example at the
surface of microcrystalline cellulose by oxidation. Thus, pharmaceutical
compositions are required to solve these technical problems, which may be
associated with the selected DPP-4 inhibitor compounds.

The European assessment report of Jardiance® discloses that Empagliflozin is BCS
class III molecule and is slightly soluble in aqueous media between pH 1-7.4 and
has low intestinal permeability. Particle size is not found to be critical for
dissolution, but since coarser API dissolves slightly more slowly, the drug
substance is milled and particle size is tightly controlled. Prakash Niguram et. al.,
(DOI: 0.1080/03639045.2020.1716371) has reported interaction of Empagliflozin
with macrogol which is uscd in coating of many pharmaccutical compositions and
is also present in Jardiance®. SGLT2 inhibitors are also known to be incompatible
with dibasic calcium phosphate.

Sitagliptin phosphate monohydrate is crystalline in nature with good flow
properties, compressibility and is used in non-micronized form. Whereas

Empagliflozin needs to be milled and its particle size needs (o be tightly controlled.
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Sitagliptin and Empagliflozin differs in terms of the solubility, particle size
distribution, stability, and compressibility and flow properties and the development
of a pharmaccutical composition comprising a fixed dose combination of Sitagliptin
and Empagliflozin is very challenging due to markedly different physico-chemical
properties, different solubility profile as well as different compatibility profile of
cach APL

The inventors of the present invention have overcome the problems associated with
the currently marketed individual products and have developed a stable
pharmaceutical composition comprising a fixed dose combination of Sitagliptin or
a pharmaceutically acceptable salt or solvate or hydrate or premix thereof and
Empagliflozin or a pharmaceutically acceptable salt or solvate or hydrate or premix
thereof in single product with reduced amount of impurities, high content
uniformity and optimum dissolution.

The fixed dosc combination product of Sitagliptin and Empagliflozin would
facilitate long unmet need of a simplified dosage regimen wherein the patients can
be treated with only a single product. This will also lead to an increase in patient
compliance and adherence considering long period of treatment associated with

chronic disease and will reduce the pill burden.

SUMMARY OF THE INVENTION

The present invention relates to a pharmaceutical composition comprising a fixed
dose combination of DPP-IV inhibitor and SGLT2 inhibitor and one or more
pharmaceutically acceptable excipients for the treatment of diabetes mellitus.

The present invention specifically relates to a stable pharmaceutical composition
comprising Sitagliptin or a pharmaccutically acceptable salt or solvatc or hydratc
or premix thercof, Empagliflozin or a pharmaccutically acceptable salt or solvate
or hydrate or premix thereof and one or more pharmaceutically acceptable
excipients for the treatment of diabetes mellitus.

In another aspect of the invention, there is provided a pharmaceutical composition
comprising a fixed dose combination of about 25 mg to 100 mg Sitagliptin or

equivalent amount of its salt or solvalte or hydrate or premix thereof and about 5 mg
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to 25 mg of Empagliflozin or equivalent amount of its salt or solvate or hydrate or
premix thereof wherein Sitagliptin and Empagliflozin are present in a ratio in the
range from about 20:1 to about 1:1.

The present invention specifically relates to a stable pharmaceutical composition
comprising Sitagliptin or a pharmaceutically acceptable salt or solvate or hydrate
or premix thereof, Empagliflozin or a pharmaceutically acceptable salt or solvate
or hydrate or premix thereof, and pharmaceutically acceptable excipient which
exhibits optimum content uniformity despite the difference in the physical
properties & differing dose of individual APL

The present invention specifically relates to a stable pharmaceutical composition
comprising Sitagliptin or a pharmaceutically acceptable salt or solvate or hydrate
or premix thereof, Empagliflozin or a pharmaceutically acceptable salt or solvate
or hydrate or premix thereof, and pharmaceutically acceptable excipient which is
biocquivalent to individual product of Sitagliptin and Empagliflozin.

The present invention further relates to pharmaceutical composition for oral
administration for treatment of diabetes mellitus comprising Sitagliptin or a
pharmaceutically acceptable salt or solvate or hydrate or premix thereof,
Empagliflozin or a pharmaceutically acceptable salt or solvate or hydrate or premix
thereol, and pharmaceulically acceptable excipient wherein the composition
remains stable at 40°C + 2°C/75% RH + 5% RH conditions for a time period of at
least 6 months.

Moreover, the present invention relates to pharmaceutical composition comprising
Sitagliptin or a pharmaceutically acceptable salt or solvate or hydrate or premix
thereof, Empagliflozin or a pharmaceutically acceptable salt or solvate or hydrate
or premix thercof and optionally a stabilizer, wherein the composition rctains at
Icast 90 % of amount of Sitagliptin and Empagliflozin initially prcscent in the
composition.

The present invention also relates to a pharmaceutical composition comprising a
fixed dose combination of Sitagliptin or a pharmaceutically acceptable salt or
solvate or hydrate or premix thereof with Empagliflozin or a pharmaceutically

acceplable sall or solvate or hydrate or premix thereofl and oplionally a stabilizer,
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wherein any of the known and unknown impurity for Sitagliptin is not more than
0.2 %, the total impurity for Sitagliptin is not more than 2 %, whereas for
Empagliflozin, any of thc known impurity is not morc than 0.5 %, any of thc
unknown impurity 1s not more than 0.2 % and the total impurity is not more than 2
%.

The present invention also relates to a pharmaceutical composition comprising a
fixed dose combination of Sitagliptin or a pharmaceutically acceptable salt or
solvate or hydrate or premix thereol, Empagliflozin or a pharmaceutically
acceptable salt or solvate or hydrate or premix thereof wherein the dosage form

releases more than 75 % of both Sitagliptin and Empagliflozin within 30 minutes.

DETAILED DESCRIPTION

The present invention relates to a stable pharmaceutical composition comprising
fixcd dosc combination of a therapcutically cffective amount of DPP-1V inhibitor
and a therapeutically effective amount of SGLT-2 inhibitor for the prevention,
treatment or prophylaxis of diabetes.

Specifically, the present invention relates to a stable pharmaceutical composition
comprising a therapeutically effective amount of Sitagliptin or a pharmaceutically
acceplable salt or solvate or hydrate or premix thereof and a therapeultically
effective amount of Empagliflozin or a pharmaceutically acceptable salt or solvate
or hydrate or premix thereof and one or more pharmaceutically acceptable
excipients for the prevention, treatment or prophylaxis of diabetes.

As used herein, the term "Sitagliptin” refers to compound which may be present
in its base form or any of its pharmaceutically acceptable salt or polymorph or
solvate or hydrate or premix or prodrug or metabolite or analog or isomer or like
thereof.

As used herein, the term "Empagliflozin” refers to compound which may be present
in base form or in the form of the pharmaceutically acceptable salt or polymorph or
solvate or hydrate or premix or prodrug or metabolite or analog or isomer or like

thereof.
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As used herein, the term "pharmaceutically acceptable salts” include, but are not
limited to mineral or organic salts of basic residues such as amines, alkali or mineral
or organic salts of acidic residucs such as carboxylic acids and the like thercof.
Further, the pharmaceutically acceptable salts include the conventional non-toxic
salts or the quaternary ammonium salts. The conventional non-toxic salts include
inorganic or organic acids, for example those derived from inorganic acids such as
hydrochloric, phosphoric and the like thereof; and the salts prepared from organic
acids such as acelic, succinic, malic, tartaric, citric, benzoic, salicyclic, [umaric,
toluenesulfonic, methanesulfonic, oxalic, and the like thereof.

As used herein, the term "therapeutically effective amount of Sitagliptin™ is an
amount of Sitagliptin or its pharmaceutically acceptable salt which eliminates,
alleviates, or provides relief in diabetes mellitus.

As used herein, the term "therapeutically effective amount of Empagliflozin” is an
amount of Empagliflozin or its pharmaccutically acceptablc salt which climinatcs,
alleviates, or provides relief in diabetes mellitus.

The term “stable” means a drug substance and/or pharmaceutical composition for
pharmaceutical use which remains stable as per ICH guidelines. The term “ICH
guidelines” means drug substance and composition remains stable for longer period
of time at 25°C + 2°C/60% RH + 5% RH, 30°C + 2°C/65% RH + 5% RH, and 40°C
+ 2°C/75% RH + 5% RH conditions for a period of at least 6 months.

As used herein, the terms “about” and “approximately” should be understood to
mean within an acceptable range for the particular value as determined by one of
ordinary skill in the art, which will depend in part on how the value is measured or
determined, i.e., the limitations of the measurement system. For example, “about”
can mcan a rangc of up to 30%, preferably up to 20%, preferably up to 10%, morc
preferably up to 5%, and morc preferably still up to 1% of a given valuc.

As used herein, the terms "bioequivalence” is defined as a pharmacokinetic (PK)
comparison of the present pharmaceutical composition to that of the approved
formulation. The pharmaceutical composition of the present invention must display

drug pharmacokinetics that fall within a range of 80-125% (0.8-1.25) when one
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computes the ratio of the drug PK of the present invention composition with respect
to approved marketed formulation.

As used herein, the term “impurity” include total impuritics or individual, known
or unknown impurities.

According to one aspect of the invention, there is provided a stable pharmaceutical
composition comprising from about 25 mg to about 100 mg of Sitagliptin or a
pharmaceutically acceptable salt or solvate or hydrate or premix thereof.
According (o one another aspect of the invention, there is provided a stable
pharmaceutical composition comprising about from about 5 mg to 25 mg of
Empagliflozin or a pharmaceutically acceptable salt or solvate or hydrate or premix
thereof.

According to one another aspect, there is provided a stable pharmaceutical
composition comprising Sitagliptin and Empagliflozin wherein Sitagliptin and
Empagliflozin arc present in a ratio in the range from about 20:1, preferably in the
range of from about 10:1, to about 1:1. In a preferred embodiment, the
pharmaceutical composition comprises Sitagliptin and Empagliflozin are present in
a ratio of about 4:1.

According to yet one another aspect, there is provided a stable pharmaceutical
composition comprising Sitagliptin and Empagliflozin wherein Sitagliptin and
Empagliflozin are present in a dose of 25/5 mg, 25/10 mg 25/12.5 mg, 25/25 mg,
50/5 mg, 50/10 mg, 50/12.5 mg, 50/25 mg, 100/5 mg, 100/10 mg, 100/12.5 mg,
100/25 mg respectively.

In one embodiment of the aspect, the present invention relates to a stable
pharmaceutical composition comprising Sitagliptin or a pharmaceutically
acccptable salt or solvatc or hydrate or premix thercof, Empagliflozin or a
pharmaccutically acceptable salt or solvate or hydratc or premix thercof and onc or
more pharmaceutically acceptable excipients in form of a single layer or a bilayer
tablet.

In one aspect of the embodiment, the present invention relates to a stable
pharmaceutical composition comprising a first portion and a second portion,

wherein the first portion comprises Sitagliptin or pharmaceultically acceptable salt

10
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or solvate thereof in form of powder or granules along with one or more
pharmaceutically acceptable excipient; the second portion comprises Empagliflozin
or pharmaccutically acceptablce salt or solvatc thercof in form of powder or granules
along with one or more pharmaceutically acceptable excipients.

In one another aspect, the present invention relates to a stable pharmaceutical
composition comprising Sitagliptin or a pharmaceutically acceptable salt or solvate
or hydrate or premix thereof, Empagliflozin or a pharmaceutically acceptable salt
or solvate or hydrate or premix thereof along with one or more pharmaceultically
acceptable excipients, wherein Sitagliptin is in form of granules and Empagliflozin
is also in form of separate granules.

In one another aspect, the present invention relates to a stable pharmaceutical
composition comprising Sitagliptin or a pharmaceutically acceptable salt or solvate
or hydrate or premix thereof, Empagliflozin or a pharmaceutically acceptable salt
or solvatc or hydratc or precmix thercof along with onc or morc pharmaccutically
acceptable excipients and optionally a stabilizer, wherein Sitagliptin is in form of
granules and Empagliflozin is added extra-granularly in form of powder or vice
versa Empagliflozin is present intra-granularly and Sitagliptin is added extra-
granularly.

In one another aspect, the present invention relates (o a stable bilayer
pharmaceutical composition comprising Sitagliptin or a pharmaceutically
acceptable salt or solvate or hydrate or premix thereof, Empagliflozin or a
pharmaceutically acceptable salt or solvate or hydrate or premix thereof along with
one or more pharmaceutically acceptable excipients, wherein Sitagliptin and
Empagliflozin are present in separate layers.

In onc aspect, the present invention relates to a stable pharmaccutical composition
comprising Sitagliptin or a pharmaccutically acceptablc salt or solvatc or hydratc
or premix thereof, Empagliflozin or a pharmaceutically acceptable salt or solvate
or hydrate or premix thereof and pharmaceutically acceptable stabilizers.

In another embodiment of the aspect, the pharmaceutical composition of the present

invention comprises one or more stabilizer along with Sitagliptin part or with the

11
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Empagliflozin part of the composition to limit the generation of impurity.
Alternatively the stabilizer may also be present in both the parts.

In another embodiment, the pharmaccutical composition comprising Sitagliptin,
Empagliflozin and one or more pharmaceutically acceptable excipient wherein the
composition remains stable at 25°C + 2°C/60% RH + 5% RH, 30°C + 2°C/65% RH
+ 5% RH, and 40°C + 2°C/75% RH + 5% RH conditions for a time period of at
least 6 months and wherein the composition retains at least 90 % of amount of
Sitagliptin and Empagliflozin initially present in the composition

In another embodiment, the pharmaceutical composition comprising Sitagliptin,
Empagliflozin and one or more pharmaceutically acceptable excipient wherein the
composition remains stable at 25°C + 2°C/60% RH + 5% RH, 30°C + 2°C/65% RH
+ 5% RH, and 40°C + 2°C/75% RH + 5% RH conditions for a time period of at
least 6 months and wherein any of the known and unknown impurity for Sitagliptin
is not morc than 0.2 %, the total impurity for Sitagliptin is not morc than 2 %,
whereas for Empagliflozin, any of the known impurity is not more than 0.5 %, any
of the unknown impurity is not more than 0.2 % and the total impurity is not more
than 2 %.

The present invention also relates to a pharmaceutical composition comprising a
lixed dose combination of Sitagliptin and Empagliflozin wherein the dosage form
releases more than 75 % of both Sitagliptin and Empagliflozin within 30 minutes.
The active pharmaceutical ingredient Sitagliptin and Empagliflozin in the present
invention composition may be present in any one or more polymorphic form
selected from crystalline, amorphous, a solvate, a hydrate, a premix or an anhydrous
or a like thereof.

In another ecmbodiment, the pharmaccutical compositions comprising Sitagliptin
having a particle sizc Doo less than about 200 um, preferably less than about 150
um, more preferably less than about 100 um.

In one embodiment, the pharmaceutical compositions comprising Empagliflozin
having a particle size Dgg from about 1 to about 200 pm, preferably from about 1
to about 150 pm, more preferably from about 1 to 100 pum, even more

preferably from about 1 to 50 pm.

12
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In one embodiment, the pharmaceutical composition comprises from about 1 % to
about 90 % w/w Sitagliptin, preferably from about 3 % to about 80 % w/w
Sitagliptin, morc preferably from about 5 % to about 70 % w/w Sitagliptin of thc
total weight of the composition and one or more pharmaceutically acceptable
excipients.

In another embodiment, the pharmaceutical composition comprises from about 0.1
% to about 30 % w/w Empagliflozin, preferably from about 0.5 % to about 15 %
w/w Empagliflozin, more preferably from about 1 to about 10 % w/w Empagliflozin
of the total weight of the composition and one or more pharmaceutically acceptable
excipients.

The present invention specifically relates to a stable pharmaceutical composition
comprising Sitagliptin or a pharmaceutically acceptable salt or solvate or hydrate
or premix thereof, Empagliflozin or a pharmaceutically acceptable salt or solvate
or hydratc or prcmix thercof, and pharmaccutically acceptable cxcipicnt which
shows optimum content uniformity.

The present invention specifically relates to a stable pharmaceutical composition
comprising Sitagliptin or a pharmaceutically acceptable salt or solvate or hydrate
or premix thereof, Empagliflozin or a pharmaceutically acceptable salt or solvate
or hydrate or premix thereol, and one or more pharmaceutically acceptable
excipient which is bioequivalent to individual marketed drug products.

According to another aspect, the present invention is directed to a solid
pharmaceutical composition for oral administration which comprises Sitagliptin or
a pharmaceutically acceptable salt or solvate or hydrate or premix thereof and
Empagliflozin or a pharmaceutically acceptable salt or solvate or hydrate or premix
thereof, with onc or more cxcipicnts, in a pharmacokinctically cffective ratio such
that said Sitagliptin and said Empagliflozin arc rclcascd in a therapcutically
effective, non-toxic amount and in bioequivalent manner.

In still another embodiment, the formulation may be a tablet in which either one or
both of Sitagliptin or Empagliflozin are dissolved/dispersed along with the binder

solution optionally along with one or more stabilizer.
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The present invention further relates to a process of preparing pharmaceutical
composition comprising a fixed dose formulation of Sitagliptin or a
pharmaccutically acccptable salt or solvatc or hydratc or premix thercof and
Empagliflozin or a pharmaceutically acceptable salt or solvate or hydrate or premix
thereof by direct compression or by dry granulation or by wet granulation or by any
other method known to the person skilled in the art.

In one embodiment, the present invention relates to pharmaceutical composition
comprising Sitagliptin or a pharmaceutically acceptable salt or solvate or hydrate
or premix thereof, Empagliflozin or a pharmaceutically acceptable salt or solvate
or hydrate or premix thereof and one or more pharmaceutically acceptable
excipients which is free of excipients with which either Empagliflozin or Sitagliptin
may be incompatible.

In another embodiment, the pharmaceutical composition of the invention may
includc onc or morc pharmaccutically acceptable cxcipicnts sclected from dilucent,
binder, disintegrant/super-disintegrant, lubricant, glidant, colouring agent,
flavouring agent, sweetening agent, stabilizer, solvent, suitable film-forming agents
or a like thereof.

The diluents according to the present invention include, but are not limited to, starch
(maize starch, potato starch, rice starch, wheal starch, pregelatinized starch,
partially Pregelatinized starch and others), lactose (e.g., lactose monohydrate, such
as Fast Flo® 316, lactose anhydrous and others), cellulose derivatives includes
crystalline celluloses such as microcrystalline cellulose (MCC), kaclin and
powdered celluloses, confectioner's sugar, calcium carbonate, magnesium
carbonate, dibasic calcium phosphate, tribasic calcium phosphate, dicalcium
phosphate, calcium sulfate, carmcllosc, sugar alcohols such as mannitol, sorbitol,
xylitol, inositol sucrosc, inositol, polysaccharidcs polymers such as pullulan and
mixtures thereof. Preferably, the diluent in present invention is Pregelatinized
starch, microcrystalline cellulose, lactose and dibasic calcium phosphate. The
diluent may be present in an amount from about 5 % to about 90 % w/w of the
composition, preferably from about 10 % to about 80 % w/w of the composition

and more preflerably (rom aboul 20 % (o about 70 % w/w ol the composition.
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The binders according to the present invention include, but are not limited to, corn
starch, potato starch, or other starches, gelatin, natural and synthetic gums such as
acacia, sodium alginatc, alginic acid, othcr alginates, powdered tragacanth, guar
gum, cellulose and its derivatives (e.g., ethyl cellulose, cellulose acetate,
carboxymethyl cellulose calcium, sodium carboxymethyl cellulose), polyvinyl
pyrrolidone (PVP) and its derivatives in various grades such as povidone,
copovidone and others, methyl cellulose, pre-gelatinized starch, hydroxypropyl
cellulose (HPC/Hyprollose), hydroxypropyl methyl cellulose
(HPMC/Hypromellose) in various grades, microcrystalline cellulose and mixtures
thereof. The binder may present in an amount from about 0 % to about 20 % w/w
of the composition, preferably from about 0.1 % to about 10 % w/w of the
composition and more preferably from about 0.5 % to about 5 % of the composition.
The disintegrants/super-disintegrants according to the present invention include,
but arc not limited to. low-substitutcd hydroxypropyl ccllulosc (L-HPC),
microcrystalline cellulose (MCC), sodium starch glycolate (SSG), alginic acid,
calcium carbonate, croscarmellose sodium (CCS), crospovidone, polacrillin
potassium, maize, potato or tapioca starch, pre-gelatinized starch, partially
pregelatinized starch and mixtures thereof. The disintegrant present either alone or
in combination with other disintegrants and the preferred disintegrant is
croscarmellose sodium and low-substituted hydroxypropyl cellulose. The
disintegrant may present in amount from about 0.1 % to about 20 % w/w of the
composition, preferably from about 0.5 % to about 10 % w/w of the composition
and more preferably about 1 to 5 % w/w of the composition.

The lubricants according to the present invention include, but are not limited to,
magncsium stcarate, glyceryl monostcarates, glyceryl behenate, palmitic acid, talc,
carnauba wax, calcium stcaratc, zinc stcaratc, polyoxycthylenc monostcarates,
calcium silicate, silicon dioxide, hydrogenated vegetable oils and fats, stearic acid,
sodium stearyl fumarate (SSF), sodium lauryl sulphate and mixtures thereof.
Preferably, the lubricant in present invention is magnesium stearate &/or sodium

stearyl fumerate. The lubricants may present in an amount from about 0.05 to about
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5% w/w of the composition, preferably from about 0.1 % to about 3 % w/w of the
composition.

The glidants according to the present invention include, but arc not limited to, silica
such as colloidal silicon dioxide or kaolin, talc and mixtures thereof. Preferably, the
glidant in present invention is colloidal silicone dioxide. The glidants may present
in amount from about 0.01% to about 5 % w/w of the composition, preferably from
about 0.1 % w/w to about 2 % w/w of the composition.

The colouring agents according (o the present invention include, but are not limited
to, natural colorants, synthetic colorants or like thereof. Examples of natural
colorants include pigments and dyes obtained from mineral, plant, and animal
sources like red ferric oxide, titanium dioxide, yellow ferric oxide, zinc oxide,
indigo and synthetic colorants include FD&C or D&C dye, an azo dye or a like
thereof. The colouring agents may be present in the composition as per the quantity
sufficicnt rcquircment, preferably from about 0.1% to about 2.0 w/w of thc
composition.

The stabilizers may be included in the compositions of the present invention
depending upon the requirement which include, but are not limited to acidic
compound selected from the group comprising acetic acid, glacial acetic acid, citric
acid, fumaric acid, hydrochloric acid, malic acid, nitric acid, phosphoric acid,
propionic acid, sulfuric acid, tartaric acid, benzoic acid, sodium benzoate and the
like or basic compound selected from the group comprising basic amino acids such
as L-arginine, L-lysine, L-histidine, L-citrulline, cysteine, 6-amino caproic acid and
the like or basic/alkalizing agents selected from the group comprising ammonium
carbonate, sodium carbonate, monoethanolamine, diethanolamine, potassium
hydroxide, sodium hydroxide, potassium carbonatc and the like or buffering agents
sclected from the group comprising acctic acid, adipic acid, ammonium carbonatc,
ammonium phosphate, boric acid, citric acid, lactic acid, phosphoric acid,
potassium citrate, potassium metaphosphate, potassium phosphate monobasic,
potassium phosphate dibasic, sodium acetate, sodium citrate, sodium lactate,
sodium phosphate monobasic, sodium phosphate dibasic, succinic acid and the

likes. The stabilizer may further include antioxidant substances which is present in
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amounts effective to retard decomposition of a drug that is susceptible to oxidation.
The antioxidants according to the present application include, but are not limited to
include onc or more of ascorbic acid and its salts, tocophcrols, sulfitc salts such as
sodium metabisulfite or sodium sulfite, sodium sulfide, butylated hydroxyanisole,
butylated hydroxytoluene, ascorbyl palmitate, propyl gallate and mixtures thereof.
Any other category excipient may be included in the stabilizer list in the present
invention pharmaceutical composition. The stabilizers may be present in amount
[rom about 0.01 % to about 10 % w/w ol the composition.

The solvents according to the present invention, but are not limited to, for the
purpose of film coating/granulation includes water, methanol, ethanol, acetone,
diacetone, polyols, polyethers, oils, esters, alkyl ketones, methylene chloride,
isopropyl alcohol, butyl alcohol, methyl acetate, ethyl acetate, isopropyl acetate,
castor oil, ethylene glycol monoethyl ether, dicthylene glycol monobutyl ether,
dicthylenc glycol monocthyl cther, dimcthylsulfoxide, N,N-dimcthylformamide,
tetrahydrofuran, and any mixtures thereof.

The compositions of the present invention may be coated with one or more film
forming materials as known in the art. These coatings may be sugar coatings, film
coatings, color coatings, drug coating or the like thereof. The film-forming agents
according (o the present invention includes, but are not limiled to, a waler-
soluble/water-insoluble film forming polymers, such as hydroxpropyl
methylcellulose, methylcellulose, ethylcellulose, hydroxypropyl cellulose,
povidone, polydextrose, lactose, maltodextrin, acrylic polymer such as ammonium
ethacrylate copolymers, polyvinyl derivative, PVA, PEO, PEG and mixtures
thereof. The film coating may optionally contain a plasticizer, such as castor oil,
polycthylenc glycol, propylene glycol or glycerine, and a coloring or pacifying
agent. The film coating may also contain a flavoring and/or swcetcning agent to
improve palatability.

According to one embodiment, the pharmaceutical composition is present in any
one of the form selected from single layer composition, bi-layer composition, multi-

layer composition, a tablet in tablet, an in-lay tablet, a capsule or any other
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alternative modification in the composition as accompanied in the present
invention.

The dosage forms herein, ¢.g., fixed dosc combination tablcts, can be of any suitable
size and shape and the invention 1S not limited in this regard. For example, the
dosage forms may be of triangular, round, rectangular, square, capsule, almond,
oval, diamond, biconvex, multi-layered, or have an irregular shape. There may also
be letters or characters embossed or printed on the dosage form surface.

In one embodiment of the present invention, a pharmaceutical composition is in
form of a single layer tablet comprising Empagliflozin or premix thereof in amount
from about 1 % to about 14 % w/w, Sitagliptin phosphate monohydrate or premix
thereof in amount from about 15 % to about 72 % w/w, one or more diluent(s) in
amount from about 5 % to about 75 % w/w, disintegrant in amount from about 1 %
to 10 % w/w, optionally binder in an amount from about 0.5 % to about 5 % w/w,
lubricant in an amount from about 0.1% to about 3 % w/w, glidant in an amount
from about 0.1 to about 2 %, optionally a stabilizer and optionally film forming
substance in an amount from about 1.5 % to about 6 % w/w of the composition.

In one embodiment of the present invention, a pharmaceutical composition is in
form of a single layer tablet comprising Empagliflozin or premix thereof, Sitagliptin
phosphate monohydrate or premix thereof, one or more diluent which may include
but is not limited to MCC, calcium hydrogen phosphate, lactose, mannitol and
starch, one or more disintegrant which may include but is not limited to
croscarmellose sodium, sodium starch glycolate, crospovidone, low substituted
hydroxypropyl cellulose, optionally one or more binder which may include but is
not limited to hydroxypropyl cellulose, hydroxypropyl methyl cellulose, povidone,
Copovidone, starch, onc or morc lubricant which may include but is not limited to
magncsium stcaratc, sodium stcaryl fumcrate, onc or morc glidant which may
include but is not limited to talc, colloidal silicon dioxide, one or more film forming
material which may include but is not limited to Opadry, HPC, HPMC, PVA.

In one aspect of the embodiment, the pharmaceutical composition is a single layer
tablet comprising separate granules of Sitagliptin and Empagliflozin, wherein the

composition comprises 4.17 % Empagliflozin, 18.83 % Lactose monohydrate, 6.67
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% Microcrystalline cellulose, 0.67 % Croscarmellose Sodium, 1 % HPC, 20.68 %
Sitagliptin phosphate, 12.02 % Microcrystalline cellulose, 20.63 % Dibasic calcium
phosphate, 1.5 % Croscarmellose Sodium, 2 % Povidonc, 5.83 % Microcrystalline
cellulose, 1.67 % Croscarmellose sodium, 0.33 % Anhydrous colloidal silicon
dioxide, 1 % magnesium stearate, 3 % sodium stearyl fumerate, and 3 % PV A based
coating material.

In one aspect of the embodiment, the pharmaceutical composition is a single layer
tablet comprising separate granules of Sitagliptin and Empagliflozin, wherein the
composition comprises 25 mg Empagliflozin, 113 mg Lactose monohydrate, 40 mg
Microcrystalline cellulose, 4 mg Croscarmellose Sodium, 6 mg HPC, 124.06 mg
Sitagliptin phosphate, 72.14 mg Microcrystalline cellulose, 123.8 mg Dibasic
calcium phosphate, 9 mg Croscarmellose Sodium, 12 mg Povidone, 35 mg
Microcrystalline cellulose, 10 mg Croscarmellose sodium, 2 mg Anhydrous
colloidal silicon dioxidc, 6 mg magnesium stcarate, 18 mg sodium stcaryl fumcratc
and 18 mg PV A based coating material.

In one another embodiment of the present invention, a pharmaceutical composition
is in form of a bilayer layer tablet comprising a first layer comprising Empagliflozin
or premix thereof in an from about 0.5 % to about 10 % w/w, one or more diluent(s)
in an amount [rom about 5 % to about 40 % w/w, a disintegrant in an amount (rom
about 0.1 % to about 8 % w/w, a binder in an amount from about 0 % to about 5 %
w/w, a lubricant in an amount from about 0.1 % to about 4 % w/w, a glidant in an
amount from about 0.1 % to about 2 % w/w, a second layer comprising Sitagliptin
phosphate monohydrate or premix thereof in amount from about 3 % to about 50
% w/w, one or more diluent(s) in amount from about 5 % to about 40 % w/w,
disintcgrant in amount from about 0.5 % to 8 % w/w, optionally a binder in amount
from about 0.1 % to 5 % w/w, onc or morc lubricant(s) in an amount from about
0.5 % to about 5 % w/w, optionally a stabilizer and a film forming substance in an
amount from about 1.5 % to about 6 % w/w of the composition.

In one another embodiment of the present invention, a pharmaceutical composition
is in form of a bilayer layer tablet comprising a first layer comprising Empagliflozin

or premix thereofl, one or more diluent which may include but is not limited to
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microcrystalline cellulose, calcium hydrogen phosphate, lactose, mannitol and
starch, one or more disintegrant which may include but is not limited to
croscarmcllosc sodium, sodium starch glycolate, crospovidone, low substituted
hydroxypropyl cellulose, one or more binder which may include but is not limited
to hydroxypropyl cellulose, hydroxypropyl methyl cellulose, povidone,
copovidone, starch, one or more lubricant which may include but is not limited to
magnesium stearate, sodium stearyl fumerate, one or more glidant which may
include but is not limited to talc, colloidal silicon dioxide, and comprises a second
layer comprising Sitagliptin phosphate monohydrate or premix thereof, one or more
diluent(s) which may include but is not limited to microcrystalline cellulose,
calcium hydrogen phosphate, lactose, mannitol and starch, one or more disintegrant
which may include but is not limited to croscarmellose sodium, sodium starch
glycolate, crospovidone, low substituted hydroxypropyl cellulose, one or more
lubricant which may includc but is not limitcd to magncsium stcaratc, sodium
stearyl fumerate, and comprises one or more film forming material which may
include but is not limited to Opadry, HPC, HPMC, PVA.

In one aspect of the embodiment, the pharmaceutical composition is a bilayer tablet
comprising separate layers of Sitagliptin and Empagliflozin, wherein the
Empagliflozin layer comprises 4.17 9% Empagliflozin, 18.82 % Laclose
monohydrate, 6.67 % Microcrystalline cellulose, 0.167 % Croscarmellose Sodium,
0.017 % coloring agent, 1.33 % HPC, 1.33 % Microcrystalline cellulose, 0.33 %
Croscarmellose Sodium, 0.167 % Anhydrous colloidal silicon dioxide and 0.33 %
magnesium stearate, and the Sitagliptin layer comprises 20.68 % Sitagliptin
phosphate, 12.02 % Microcrystalline cellulose, 20.63 % Dibasic calcium
phosphate, 1.5 % Croscarmellosc Sodium, 2 % Povidone, 5.5 % Microcrystallinc
ccllulose, 1.33 % Croscarmellosc sodium, 0.33 % Anhydrous colloidal silicon
dioxide, 0.67 % magnesium stearate, 2 % sodium stearyl fumerate and 3 % PVA
based coating material.

In one aspect of the embodiment, the pharmaceutical composition is a bilayer tablet
comprising separate layers of Sitagliptin and Empagliflozin, wherein the

Empagliflozin layer comprises 25 mg Empagliflozin, 112.9 mg Lactlose
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monohydrate, 40 mg Microcrystalline cellulose, 1 mg Croscarmellose Sodium, 0.1
mg colouring agent, 8 mg HPC, 8 mg Microcrystalline cellulose, 2 mg
Croscarmcllosc Sodium, 1 mg Anhydrous colloidal silicon dioxide and 1 mg
magnesium stearate and the Sitagliptin layer comprises 124.06 mg Sitagliptin
phosphate, 72.14 mg Microcrystalline cellulose, 123.8 mg Dibasic calcium
phosphate, 9 mg Croscarmellose Sodium, 12 mg Povidone, 33 mg Microcrystalline
cellulose, 8 mg Croscarmellose sodium, 2 mg Anhydrous colloidal silicon dioxide,
4 mg magnesium stearate, 12 mg sodium stearyl fumaraie and 18 mg PV A based
coating material.

The pharmaceutical composition of the present invention can be obtained by a
known conventional methods like direct compression, wet granulation, dry
granulation, roller compaction or slugging, fluidized bed granulation, rapid mixture
granulation, solvent evaporation, hot-melt extrusion or like thercof. The wet
granulation proccss may involvce shear granulators (such as planctary mixcrs), high
shear mixer granulators (such as Fielder or Diosna), twin screw granulators (such
as ConsiGma) and Fluid Bed Granulators (such as Aeromatic or Glatt).

The pharmaceutical composition of the present invention can be preferably packed
into blisters or bottles or a like thereof. Preferred blisters are made of material or
laminate, which ensures high protection against humidity, oxygen and UV
radiation. It is preferred that blisters are made of PVC, OPA, aluminium {foil,
PCTFE, PVDC, PVDC-coated PVC, PVC/PE/PCTFE laminate, CFF, COC or
combination thereof.

The present invention is illustrated below by reference to the following examples.
However, one skilled in the art will appreciate that the specific methods and results
discusscd arc mercly illustrative of the invention, and not to be construed as limiting
the invention, as many variations thercof arc possible without departing from the

spirit and scope of the invention.
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EXAMPLES

Example 1: Single Layer Tablet of Sitagliptin and Empagliflozin

Singlc laycr tablcts of fixed dosc combination of Sitagliptin and Empagliflozin

were prepared by wet granulation method wherein both Sitagliptin  and
5  Empagliflozin were present together in the dry mix.

Table 1: Composition of single layer tablets with both drugs present together

in the dry mix (mg/tab)

Ingredients | WG1 | WG2
Dry Mix
Empagliflozin 25.00 25.00
Sitagliptin phosphate monohydrate 124.06 124.06
Lactose monohydrate 148.94 159.44
Microcrystalline cellulose {Flocel 101) 100.00 100.00
Croscarmellose sodium 9.00 4.5
Binder Solution
Hydroxypropylcellulose {Klucel-LF) 12.00 14.00
Purified Water q.5 q.5
Extra Granular Part
Microcrystalline cellulose (Flocel 102) 51.00 51.00
Croscarmellose sodium 18.00 10.00
Anhydrous colloidal silicon dioxide 3.00 3.00
Magnesium stearate 4.00 4.00
Sodium stearyl fumarate 15.00 15.00
Total weight of uncoated tablet 510.00 510.00
Opadry (PVA Based) 16.00 16.00
Purified Water q.8 q.8
Total weight of coated tablets 526.00 526.00

Manufacturing Procedure:

10 1. Empagliflozin, Sitagliptin phosphatc monohydratc, lactosc monohydratc,
microcrystalline cellulose and croscarmellose sodium were co-sifted through
suitable sieve and were loaded in a rapid mixer granulator.

2. Binder solution was prepared by adding hydroxypropyl cellulose (Klucel-LF)
in hot purified water under stirring and was allowed (o cool to get a clear

15 solution and Dry mix part of step 1 was granulated using prepared binder

solution in a rapid mixer granulator.
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3. Granules of step 2 were then dried in a fluidized bed dryer to get desired LOD
and were sifted through suitable sieve and collected in a polybag.

4. Croscarmcllosc  sodium, anhydrous colloidal silicon dioxide and
microcrystalline cellulose were co-sifted through a suitable sieve and were
blended with dried granules of step 3 were in a blender for 10 minutes.

5. Magnesium stearate and sodium stearyl fumarate were co-sifted through a
suitable sieve and were mixed with blend of step 4 in a blender for 5 minutes.

6. Tablets were compressed using pre-compression blend of step 5 in a
compression machine using suitable tooling.

7. Coating dispersion was prepared by dispersing Opadry in purified water under
stirring to get a homogenous dispersion and was used to coat the tablets of step

6 in an auto coater.

Example 2: In-vitro dissolution of batches WG 1 & WG 2.

The tablets of batches WG 1 and WG 2 were evaluated for in-vitro dissolution study
using USP paddle type apparatus in 900 ml of 0.1 N HCI at 50 RPM. As seen from
the results, the in-vitro dissolution for Empagliflozin was faster in WG 1, whereas
it was similar to and matched to that of the reference product in batch WG 2.

Table 2: In-vitro dissolution of WG 1 & WG 2 in 0.1 N HC1

Time | % Drug Release of Empagliflozin | % Drug Release of Sitagliptin

(Mins) WG 1 WG 2 Ref. WG 1 WG 2 Ref.

5 67 63 64 71 70 73

10 90 81 81 920 84 87

15 96 87 87 93 90 02

20 97 91 89 94 93 94

30 98 92 90 95 95 95

45 08 93 91 95 96 96
Infinite 100 99 100 96 98 97

Example 3: Accelerated Stability Analysis of Batch WG 2

The tablets of batch WG 2 were packed in opaque PVC/PE/PVDC (triplex) blisters
and in HDPE bottles and were stored at 40 °C/75 % RH. The tablets were evaluated
at initial and after 1 month for any increase in any known or unknown or total

impurities and for other physico-chemical parameters. The results are summarized
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in table 3. As seen from the results, there was a significant increase in the single
max and total impurities for Sitagliptin at the end of 1 month in both the packages.
This incrcasc in the impuritics could be duc to inhcrent stability issucs of DPP-4
inhibitors with a primary or secondary amino group with a number of customary

5  excipients or due to incompatibility with Empagliflozin. Further experimentation
were directed to increase the stability of the fixed dose combination by formulating
as single layer tablets with separate granules of Empagliflozin and Sitagliptin as
well as a bilayer tablet.

Table 3: Accelerated stability studies of WG 2

10
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Parameter | Initial | Triplex | HDPE Bottle
Tablet
% W ater Content 4.32 % 4.43 % 4.36 %
Disintegration time 05 sec 47 sec 52 sec
Hardness 152 N 139N 127 N
Average Weight (mg) 526.22 531.73 526.46
Empagliflozin
Hydroxyl Impurity ND ND ND
Diol Impurity ND ND ND
Methyl Impurity ND ND ND
Bromo Impurity ND ND ND
Furanose Impurity ND ND ND
Acetyl Impurity ND ND ND
Methoxy Impurity ND ND ND
Any individual impurity 0.043 ND ND
Total Impurities 0.054 ND ND
In-vitro dissolution at 30 mins 92 % 94 % 94 %
Assay (95 % - 105 %) 101.80 % 102.72 % 102.68 %
Sitagliptin

Triazol Impurity ND ND ND
Acid Impurity ND ND ND
Impurity B ND 0.007 0.007
Impurity C ND 0.013 0.006
Any individual impurity 0.175 1.341 0.819
Total Impurities 0.175 1.399 0.839
In-vitro dissolution at 30 mins 95 % 94 % 94 %
Assay (95 % - 105 %) 99.4 % 100.54 % 101.8 %
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Example 4: Single Layer Tablet with Intra-Granular Sitagliptin and Extra

Granular Empagliflozin

Singlc laycr tablcts of fixed dosc combination of Sitagliptin and Empagliflozin

were prepared by wet granulation method wherein Sitagliptin was present in dry

mix intra-granularly and Empagliflozin was added extra-granularly. Tablets were

prepared similar to the procedure described in example 1 except that Empagliflozin

was added extra-granularly.

Table 4: Composition of single layer tablets with intra-granular Sitagliptin

and extra-granular Empagliflozin (mg/tab)

Ingredients | WG 3
Dry Mix
Sitagliptin phosphate monohydrate 124.06
Dibasic calcium phosphate 123.80
Microcrystalline cellulose (Flocel 101) 72.14
Croscarmellose sodium 9.00
Binder Solution
Polyvinylpyrrolidone (PVP K 30) 12.00
Puriflied Waler q.s
Extra Granular Part
Empagliflozin 25.00
Lactose monohydrate (Super tab 11 SD) 52.00
Microcrystalline cellulose {Flocel 102) 52.00
Croscarmellose sodium 18.00
Anhydrous colloidal silicon dioxide 3.00
Magnesium stearate 4.00
Sodium stearyl fumarate 15.00
Total weight of uncoated tablet 510.00
Opadry (PVA Bascd) 16.00
Purified Water q.-s
Total weight of coated tablets 526.00

Example 5: Single Layer Tablet with Separate Granules of Sitagliptin and

Empagliflozin

Single layer tablets of fixed dose combination of Sitagliptin and Empagliflozin

were prepared by wet granulation method with separate granules of Sitagliptin and

Empagliflozin.
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Table 5: Composition of single layer tablets with separate granules of

Sitagliptin and Empagliflozin (mg/tab)

Ingredients | WG4 WG 5
Empagliflozin Granules
Dry Mix
Empagliflozin 25.00 25.00
Lactose monohydrate 113.00 113.00
Microcrystalline cellulose {Flocel 101) 40.00 40.00
Croscarmellose sodium 4.00 4.00
Binder Solution
Hydroxypropylccllulose (Klucel-LF) 6.00 6.00
Purified Water q.s q.s
Sitagliptin Granules
Sitagliptin Phosphate 124.06 124.06
Microcrystalline cellulose {Flocel 102) 72.14 72.14
Dibasic Calcium phosphate (Finc granulcs) 123.80 123.80
Croscarmellose sodium 9.00 -
Binder Solution
Povidone (Kollidone 30 LP) 12.00 12.00
Purified Water q.8 q.8
Extra Granular Part
Microcrystalline cellulose (Flocel 102) 35.00 35.00
Croscarmellose sodium 10.00 19.00
Anhydrous colloidal silicon dioxide 2.00 2.00
Magnesium stearate 6.00 6.00
Sodium stearyl fumarate 18.00 18.00
Total weight of uncoated tablet 600.00 600.00
Opadry (PVA Based) 18.00 18.00
Purified Water q-s q-s
Total weight of coated tablets 618.00 618.00
Manufacturing Procedure:
1. Empagliflozin, lactose monohydrate, microcrystalline cellulose and

croscarmellose sodium were co-sifted through suitable sieve and were loaded

in a rapid mixer granulator.

2. Binder solution was prepared by adding hydroxypropyl cellulose (Klucel-LF)
in hot purified water under stirring and was allowed to cool to get a clear

solution and dry mix part of step 1 was granulated using prepared binder

solution in a rapid mixer granulator.
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10.

Granules of step 2 were then dried in a fluidized bed dryer to get desired LOD
and were sifted through suitable sieve and were collected in a polybag.
Sitagliptin phosphatc monohydratc, microcrystallinc cellulose, dibasic calcium
phosphate. croscarmellose sodium were co-sifted through suitable sieve and
were loaded in a rapid mixer granulator.

Binder solution was prepared by adding Povidone (Kollidone 30 LP) in purified
water under stirring to get a clear solution and the dry mix part of step 4 was
granulated using prepared binder solution in a rapid mixer granulator.
Granules of step 5 were then dried in a fluidized bed dryer to get desired LOD
and were sifted through suitable sieve and were collected in a polybag.
Croscarmellose  sodium, anhydrous colloidal silicon dioxide and
microcrystalline cellulose were co-sifted through a suitable sieve and were
blended with dried granules of step 3 and step 6 in a blender for 10 minutes.
Magncsium stcaratc and sodium stcaryl fumaratc wcere co-siftecd through a
suitable sieve and were mixed with blend of step 7 in a blender for 5 minutes.
Tablets were compressed using pre-compression blend of step 8 in a
compression machine using suitable tooling.

Coating dispersion was prepared by dispersing Opadry in purified water under
stirring (o get a homogenous dispersion and was used (o coat the tablets of step

9 in an auto coater.

Example 6: In-vitro dissolution, Content Uniformity & Assay of batch WG 4

The tablets of batch WG 4 were evaluated for in-vitro dissolution study using USP

paddle type apparatus in 900 ml of 0.1 N HCI at 50 RPM. As seen from the results,

the in-vitre dissolution for Empagliflozin and Sitagliptin in batch WG 4 was similar

to and matched to that of the rcference product. The tablets showed optimum

content uniformity & assay.

Table 6: In-vitro dissolution of WG 4 in 0.1 N HCI1

Time | % Drug Release of Empagliflozin | % Drug Release of Sitagliptin
(Mins) WG 4 Ref. WG 4 Ref.
5 64 64 70 73
10 84 81 85 87
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15 91 87 90 92
20 94 89 92 94
30 95 90 94 95
45 96 91 94 96
Infinite 99 100 96 97
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Table 7: Content Uniformity & Assay of WG 4

Result % Empagliflozin % Sitagliptin
Avg 100.45 99.09
SD 1.67 0.8
% RSD 1.66 0.81
Assay 101.26 98.88

Example 7: Accelerated Stability Study of WG 4
The tablets of batch WG 4 were packed in opaque PVC/PE/PVDC (triplex) blisters
and in HDPE bottles and were stored al 40 °C/75 % RH. The Lablets were evaluated

at initial, after 1 month and after 3 months for any increase in any known or

unknown or total impurities and for other physico-chemical parameters. The results

are summarized in table 7. As seen from the results, the tablets of batch WG 4

remained stable in both triplex and HDPE bottles. There was no significant increase

in any known, unknown or total impurities for Empagliflozin or for Sitagliptin. The

in-vitro dissolution, assay, water content, hardness, disintegration time also

remained within limits.

Table 8: Accelerated stability studies of WG 4

Parameter Initial Triplex HDPE Bottle
1M | 3M 1M | 3M
Tablet
Average Weight (mg) 620.44 | 626.56 | 628.01 | 621.18 | 620.21
Hardness (IN) 155 141 119 126 139
Disintcgration time (Scc) 47 Scc | 52 Scc 60 53 61
% W ater Content 4.15 3.91 3.99 3.76 3.44
Empagliflozin
Acetyl Impurity ND ND ND ND ND
Hydroxyl Impurity ND ND ND ND ND
Diol Impurity ND ND ND ND ND
Methyl Impurity ND ND ND ND ND
Bromo Impurity ND ND ND ND ND
Furanose Impurity ND ND ND ND ND
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Methoxy Impurity ND ND ND ND ND
Any individual impurity 0.044 ND 0.091 ND 0.064
Total Impuritics 0.056 ND 0.266 ND 0.186
In-vitro dissolution at 30 mins 95.36 93.85 92.20 94.49 97.34
Assay (95 % - 105 %) 101.26 | 101.32 | 101.02 | 103.59 | 102.61
Sitagliptin
Triazol Impurity ND ND BQL ND ND
Impurity B ND BQL BOQL BQL BOQL
Impurity C ND ND ND ND ND
Acid Impurity ND ND BOL ND ND
Any individual impurity ND BQL 0.129 BQL BOQL
Total Impurities BOQL BQL 0.129 BQL BQL
In-vitro dissolution at 30 mins 93.70 93.13 92.89 92.96 95.35
Assay (95 % - 105 %) 98.88 100.44 | 96.91 99.80 95.80

Example 8: Bilayer Tablet of Sitagliptin and Empagliflozin

Bilayer tablets of fixed dose combination of Sitagliptin and Empagliflozin were

prepared wherein both layers were prepared by wet granulation method.

Table 9: Composition of bilayer tablets of Sitagliptin and Empagliflozin

Ingredients | W6 | WG7 | WGS
Empagliflozin Layer
Dry Mix
Empagliflozin 25.00 25.00 25.00
Lactose monohydrate 113.90 112.90 112.90
Microcrystalline cellulose (Flocel 101) 40.00 40.00 40.00
Iron Oxide Yellow 0.10 0.100 0.100
Croscarmellose sodium 2.00 1.00 1.00
Binder Solution
Hydroxypropylcellulose (Klucel-LF) 6.00 8.00 8.00
Purified Water q.S q.8 q.S
Extra Granular Part
Microcrystalline cellulose (Flocel 102) 8.00 8.00 3.00
Croscarmellose sodium 2.00 2.00 2.00
Anhydrous colloidal silicon dioxide 1.00 1.00 1.00
Magnesium slearate 2.00 2.00 2.00
Total weight of Empagliflozin Layer 200.00 200.00 200.00
Sitagliptin Layer

Sitagliptin Phosphatc 124.06 124.06 124.06
Microcrystalline cellulose (Flocel 102) 72.14 72.14 72.14
Dibasic Calcium phosphate (Finc granules) | 123.80 123.80 123.80
Croscarmellose sodium 9.00 9.00 -

Binder Solution
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Povidone (Kollidone 30 LP) 12.00 12.00 12.00
Purified Water q.s q.s q.s
Extra Granular Part
Microcrystalline cellulose {Flocel 102) 33.00 33.00 33.00
Croscarmcllosc sodium 8.00 8.00 17.00
Anhydrous colloidal silicon dioxide 2.00 2.00 2.00
Magncesium sicaralc 4.00 4.00 4.00
Sodium stearyl fumarate 12.00 12.00 12.00
Total weight of Sitagliptin Layer 400.00 400.00 400.00
Total weight of uncoated tablet 600.00 600.00 600.00
Opadry (PVA Based) 18.00 18.00 18.00
Purified Water g.s q.s q.s
Total weight of coated tablets 618.00 618.00 618.00
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Manufacturing Procedure:

1.

Empagliflozin, lactosc monohydrate, microcrystallinc cellulose, iron oxide
yellow and croscarmellose sodium were co-sifted through suitable sieve and
were loaded in a rapid mixcr granulator.

Binder solution was prepared by adding hydroxypropyl cellulose (Klucel-LF)
in hot purified water under stirring and was allowed to cool to get a clear
solution and the dry mix part of step 1 was granulated using prepared binder
solution in a rapid mixer granulator.

Granules of step 3 were then dried in a fluidized bed dryer to get desired LOD
and were sifted through suitable sieve and were collected in a polybag.
Croscarmellose  sodium, anhydrous colloidal silicon dioxide and
microcrystalline cellulose were co-sifted through a suitable sieve and were
blended with dried granules of step 3 in a blender for 10 minutes.

Magnesium stearate was co-sifted through a suitable sieve and were mixed with
blend of step 4 in a blender for 5 minutes.

Sitagliptin phosphate monohydrate, microcrystalline cellulose, dibasic calcium
phosphate, croscarmellose sodium were co-sifted through suitable sieve and
were loaded in a rapid mixer granulator.

Binder solution was prepared by adding Povidone (Kollidone 30 LP) in purified
waler under stirring (o get a clear solution and the dry mix part of step 6 was

granulated using binder solution in a rapid mixer granulator.
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10.

11.

12.

Granules of step 11 were then dried in a fluidized bed dryer to get desired LOD
and were sifted through suitable sieve and were collected in a polybag.
Croscarmcllosc  sodium, anhydrous colloidal silicon dioxide and
microcrystalline cellulose were co-sifted through a suitable sieve and were
blended with dried granules of step 8 in a blender for 10 minutes.

Magnesium stearate and sodium stearyl fumarate were co-sifted through a
suitable sieve and were mixed with blend of step 9 in a blender for 5 minutes.
Bilayer tablets were compressed using pre-compression blend of step 5 and step
10 in a bilayer compression machine using suitable tooling.

Coating dispersion was prepared by dispersing Opadry in purified water under
stirring to get a homogenous dispersion and the tablets of step 11 were coated

with coating dispersion in an auto coater.

Example 9: In-vitro dissolution, Content Uniformity & Assay of batches WG
6 &WG7

The tablets of batches WG 6 and WG 7 were evaluated for in-vitro dissolution study
using USP paddle type apparatus in 900 ml of 0.1 N HCI at 50 RPM. As seen from

the results, the in-vitro dissolution for Empagliflozin was much faster in WG 6,

whereas it was similar to and matched to that of the reference product in batch WG

7. The tablets of both the batches showed optimum content uniformity & assay.

Table 10: In-vitro dissolution of WG 6 & WG 7in 0.1 N HCI1

Time % Drug Release of Empagliflozin % Drug Release of
(Mins) Sitagliptin
WG 6 WG 7 Ref. WG 6 WG 7 Ref.

5 77 70 64 66 78 73
10 97 89 81 79 88 87
15 102 95 87 86 92 92
20 104 96 89 90 94 94
30 105 97 90 93 95 95
45 105 98 91 95 96 96

Infinite 106 102 100 98 97 97
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Table 11: Content Uniformity & Assay of WG 6 and WG 7

Result WG 6 WG 7
9% Empagliflozin | % Sitagliptin | % Empagliflozin %% Sitagliptin
Avg 103.64 96.62 103.82 99.80
SD 2.48 1.06 3.43 1.90
9% RSD 2.39 1.09 3.31 1.90
Assay 103.80 97.50 104.1 100.10

Example 10: Accelerated Stability Study of WG 7
The bilayer tablets of batch WG 7 were packed in opaque PYC/PE/PVDC (triplex)
5  blisters and in HDPE bottles and were stored at 40 °C/75 % RH. The tablets were
evaluated at initial, after 1 month and after 3 months for any increase in any known
or unknown or total impurities and for other physico-chemical parameters. The
results are summarized in table 11. As seen from the results, the tablets of batch
WG 7 remained stable in both triplex and HDPE bottles. There was no significant
10 increase in any known, unknown or total impurities for Empagliflozin or for
Sitagliptin. The in-vitro dissolution, assay, water content, hardness, disintegration
time also remained within limits.

Table 12: Accelerated stability studies of WG 7

Parameter Initial Triplex HDPE Bottle
1M | 3M | 1M | 3M
Tablet
Average Weight (mg) 619.31 | 621.90 | 625.21 [ 618.60 | 619.21
Hardness (N) 156 135 130 144 135
Disintegration time (Sec) 43 62 38 55 30
% Water Content 4.05 3.91 4.19 3.89 3.60
Empagliflozin
Acetyl Impurity ND ND ND ND ND
Hydroxyl Impurity ND ND ND ND ND
Diol Impurity ND ND ND ND ND
Methyl Impurity ND ND ND ND ND
Bromo Impurity ND ND ND ND ND
Furanosc Impurity ND ND ND ND ND
Methoxy Impurity ND ND ND ND ND
Any individual impurity 0.042 ND 0.073 ND 0.065
Total Impurities 0.055 ND 0.216 ND 0.190
In-vitro dissolution at 30 mins 97.09 94.74 | 90.34 | 99.81 | 98.53
Assay (95 % - 105 %) 104.09 | 104.84 | 103.28 | 104.47 | 104.64
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Sitagliptin
Triazol Impurity ND ND BQL ND ND
Impurity B ND BQL BQL BQL BQL
Impurity C ND ND ND ND ND
Acid Impurity ND ND BOQL ND ND
Any individual impurity BQL BQL BQL BQL BQL
Total Impurities BQL BQL BQL BQL BOQL
In-vitro dissolution at 30 mins 95.35 04.21 91.39 | 94.62 | 90.68
Assay (95 % - 105 %) 100.14 | 100.72 | 98.23 | 99.73 | 97.75

Example 11: Single Layer Tablet with Separate Granules of Sitagliptin and

Empagliflozin and Stabilizer

In order to further improve the stability of the tablets and reduce any chances of
5  generation of impurities, a stabilizer was added to the formulation. Single layer

tablets of fixed dose combination of Sitagliptin and Empagliflozin were prepared

with separate granules of Sitagliptin and Empagliflozin wherein the Sitagliptin

granules comprised a pharmaceutically acceptable stabilizer. The tablets were

prepared similarly to the process described in example 5.

10 Table 13: Composition of single layer tablets with stabilizer (mg/tab)
Ingredients | WG9 | WG 10
Empagliflozin Granules
Dry Mix
Empagliflozin 25.00 25.00
Lactose monohydrate 113.00 113.00
Microcrystalline cellulose {(Flocel 101) 40.00 40.00
Croscarmellose sodium 4.00 4.00
Binder Solution
Hydroxypropylcellulose (Klucel-LF) 6.00 6.00
Purified Water q-s q-s
Sitagliptin Granules
Sitagliptin Phosphate 124.06 124.06
Microcrystalline cellulose (Flocel 102) 71.14 66.14
Dibasic Calcium phosphate (Fine granules) 123.80 123.80
Croscarmellose sodium 9.00 9.00
Binder Solution
Povidone (Kollidone 30 LP) 12.00 12.00
L-arginine 1.00 6.00
Purified Water q.s q.s
Extra Granular Part

Microcrystalline cellulose (Flocel 102) | 3500 | 35.00
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Croscarmellose sodium 10.00 10.00
Anhydrous colloidal silicon dioxide 2.00 2.00
Magnesium stcarate 6.00 6.00
Sodium stearyl fumarate 18.00 18.00
Total weight of uncoated tablet 600.00 600.00
Opadry (PVA Based) 18.00 18.00
Purilicd Walcr q.s q.s
Total weight of coated tablets 618.00 618.00

10
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Example 12: In-vitro dissolution, Content Uniformity & Assay of batches WG

9& WG 10

The tablets of batches WG 9 and WG 10 were evaluated for in-vitro dissolution
study using USP paddle type apparatus in 900 ml of 0.1 N HCI at 50 RPM. As seen

from the results, the in-vitro dissolution for Empagliflozin and Sitagliptin in batch

WG 9 and WG 10 were similar to and matched to that of the reference products.

The tablets of both the batches showed optimum content uniformity & assay.

Table 14: In-vitro dissolution of WG 9 & WG 10 in 0.1 N HC1

Time | % Drug Release of Empagliflozin | % Drug Release of Sitagliptin

(Mins) WG9 WG 10 Ref. WG9 WG 10 Ref.
5 69 57 64 76 64 73
10 87 78 81 88 81 87
15 94 87 87 93 89 92
20 97 91 89 95 92 94
30 98 94 90 96 95 95
45 99 95 91 96 96 96

Infinite 100 99 100 97 97 97

Table 15: Content Uniformity & Assay of WG 9 and WG 10

Result WG9 WG 10
% Empagliflozin | % Sitagliptin | % Empagliflozin | % Sitagliptin
Avg 100.50 97.52 100.50 98.69
SD 1.97 1.10 2.46 1.26
% RSD 1.96 1.13 2.45 1.28
Assay 100.60 97.90 102.00 99.60
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claim:

A stable pharmaceutical composition comprising combination of Sitagliptin or
pharmaceutically acceptable salt or solvate thereof with Empagliflozin or pharmaceutically
acceptable salt or solvate thereof and at least one or more pharmaceutically acceptable
excipients.

The stable pharmaceutical composition as claimed in claim 1, wherein the pharmaceutical
composition comprises a first portion and a second portion, wherein the first portion
comprises Sitagliptin or pharmaceutically acceptable salt or solvate thereof in form of
powder or granulcs along with onc or morc pharmaccutically acceptable cxcipicent; the
second portion comprises Empagliflozin or pharmaceutically acceptable salt or solvate
thercof in form of powdecr or granulcs along with onc or more pharmaccutically acccptable
excipients.

The stable pharmaceutical composition as claimed in claim 1 or 2, wherein the composition
is in the form of single layer or bilayer tablet.

The stable pharmaceutical composition as claimed in claim 3, wherein the pharmaceultically
acceptable excipient is selected from the group consisting of diluent, binder, disintegrant,
stabilizer, lubricant, glidant, colouring agent, film coating agent or a combination thereof.
The stable pharmaceutical composition as claimed in claim 4, wherein the composition
when stored at 40 °C and 75 % relative humidity; contains not more than 0.2 % of any of
the known or unknown impurity and not more than 2 % of the total impurity for Sitagliptin;
and contains not more than 0.5 % of any of the known impurity, not more than 0.2 % of
any of the unknown impurity and not more than 2 % of total impurity for Empagliflozin.
The stable pharmaceutical composition as claimed in claim 1-5, wherein at least 75% of
Sitagliptin and Empagliflozin are released within 30 minutes.

The stable pharmaceutical composition as claimed in claim 1-6, wherein the composition
comprises 10-40 % w/w Sitagliptin, 1-10 % w/w Empagliflozin, 5-80 % w/w of diluent, 1-
10 % w/w of disintegrant, 1-10 % w/w binder, 0-10 % w/w stabilizer, 0.1-5 % lubricant,
0.1-5 % w/w glidant and 1-10 % w/w of film former of the total weight of the composition.
The stable pharmaceutical composition as claimed in claimed 7, wherein the stabilizer is
selected from the group consisting of acidic agent, alkalizing agent, buffering agent, amino
acid, anti-oxidant or a combination thereof.

The stable pharmaceutical composition as claimed in claim 8, wherein the stabilizer is L-

Argininc.
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