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AN ORALLY ADMINISTERABLE SOLID PHARMACEUTICAL
COMPOSITION AND A PROCESS THEREOF

FIELD OF THE INVENTION:

The invention relates to improvised pharmaceutical compositions permit_gﬁg ingestion
via oral delivery of proteins/peptides or their conjugates, and/or cation-insulin
conjugate complexes demonstrating desirable pharmacokinetic profiles and potency in
efficacy models of diabetes in dogs and humans. A preferred formulation comprises
0.01% - 20% w/w of insulin, insulin compound conjugates and/or cation insulin
conjugates, 10% - 60% w/w of one or more fatty acid components selected from
saturated or unsaturated C4-C12 fatty acids and/or salts of such fatty acids and
additionally contains optimal amounts of other pharmaceutically suitable polymer
excipients which permit improved solubility, dissolution rate and effective
bioavailability of poorly water soluble cbmpositions and consistent in-vivo release
profiles upon scalability during manufacture. A further aspect of the invention features

the process of preparing the aforesaid formulations.

BACKGROUND OF THE INVENTION:

Conventional subcutaneous routes of insulin administration aré increasingly being
researched to be replaced by oral drug delivery mechanisms that would not alter their
physiological clinical activity. Problems confronted in this field of art in designing an
effective oral drug delivery system for biological macromolecules has been mainly
attributed to its susceptibility to enzymatic degradation and low epithelial permeability.

Further, the structure and conformation of insulin are easily altered when exposed to

- formulation and process conditions leading to a loss of biological activity. Some of the

approaches to combat these limitations involved the use of insulin analogs,
administration of .peptides such as amylin, glucagon-like peptide, C-peptides, inhaled
forms, intranasal forms which have not satisfactorily addressed the limitations of

bioavailability individually.

There is a need in the art for pharmaceutically acceptable complexes including
derivatized insulin conjugates having increased bioavailability or other improved
pharmaceutical attributes relative to the existing conjugates. Furthermore these

improved conjugates need to be delivered in the form of a stable and improvised
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formulation that easily maximizes the benefits of oral delivery of proteins. The instant
invention applies a combined approach of an improved insulin conjugate with increased

bioavailability and an improved formulation to address the limitations of insulin

delivery.

Examples of insulin compounds include human insulin, lyspro insulin, des30 insulin,
native proinsulin, artificial proinsulins, etc. The cation component may, for example, be
a divalent metal cation selected from the group consisting of Zn++, Mn++, Ca++,
Fe++, Ni++, Cut++, Co++ and Mg++. The cation-insulin compound conjugate
complexes also include a modifying moiety coupled (e g., éovalently or ionically) to
the insulin compound to provide an insulin corﬁpound conjugate. Further, the
modifying moiety is selected to render the insulin compound conjugate eqqally or more

soluble than a corresponding uncoﬁjugated insulin compound, and the water solubility |
of the insulin compound conjugate is decreased by the addition of zinc. The modifying
moiety is selected to render the insulin compound conjugate equally or more soluble
than a corresponding unconjugated insulin compound; the water solubility of the
insulin compound conjugate is decreased by the addition of zinc; and water solubility

of the complex is greater than the water solubility of insulin compound.

Examplés of suitable modifying moieties and insulin conjugates useful in the
preparation of compositions can be found in US patent Nos 7,060675, 6,303,569,
6,214,330, 6,113906, 5,985,263, 5,900,402, 5,681,811, 5,637,749, 5,612,640,
5,567,422, 5,405,877, 5,359,030 the entire disclosures of which are incorporated herein
by reference. Additional examples of such cation-insulin compound conjugate
complexes are provided in US patent applications US2003/083232, US 2006/0019873
and US2006/0019874.

In contrary to the existing prior art, the compounds of the present invention exhibhit

reduced mitogenic potential which is almost three fold lower than that of Insugen®.

Insulin binds and activates its cognate, the insulin receptor (IR) with sub-nanomolar
affinity. Insulin also binds the structurally related Insulin growth factor receptor (IGFR)
but with ~1000 fold lower affinity than the insulin receptor. At physiological insulin

concentrations the IGFR therefore does not play any role in mediating the effects of

PCT/IN2008/000683



10

15

20

25

30

0 2009/050738 PCT/IN2008/000683

insulin. However at very high insulin concentrations (diabetic patients receiving
insulin) it exerts mitogenic affects via the IGFR which transmits growth stimuli more

efficiently than the insulin receptor (Lammers R, et al., EMBO 1989).

One of the earlier identified insulin analogs with modification at the aspartic acid B10
residue was aimed at providing a fast acting insulin effect, however the modification in
turn led to a significant increase in the mitogenicity of that analog [Drejer, K., The
bioactivity of insulin analogues from in vitro receptor binding‘ to in vivo glucose
uptake. Diabetes Metab Rev, 1992. 8(3): p. 259-85]. A study was performed to study
binding of several insulin analogs to the insulin growth factor-1 (IGF-1) receptor an‘dA
the insulin receptor. The binding constants were measured and correlated to the
metabolic and mitogenic potency of the insulin analogs studied [Kurtzhals, P., et al.,
Correlations of receptor binding and metabolic and mitogenic potencies of insulin
analogs designed for clinical use. Diabetes, 2000.49(6): p. 999-1005.] As per the
studies conducted, compared to regular insulin, insulin lispro, insulin aspart, and insulin
glargine had minimal change in binding to the insulin receptor, whereas insulin detemir
was significantly lower. Each of these analogs had similar or increased disséciation

rates from the IGF receptor, which was correlated to their mitogenic behavior.

The mitogenic potency of proteins/peptides and their conjugates, cation-peptide

conjugate complexes, cation-insulin conjugate complexes are of prime concern

- attributed to the risk of increased mitogenicity and growth of human mammary

epithelial cells. Studies have proven that the binding of IGF-1 of insulin aspart was
similar to that of native human insulin. Insulin lispro and insulin glargine had 1.5 to 6.5
fold increase in binding affinity to the IGF-1 receptor, respectively implying that

insulin glargine has a significantly greater mitogenic response.

The long term effects of the mitogenic properties of insulin analogs, their conjugates,
cation-peptide conjugate complexes, cation-insulin conjugate complexes continues to
be an important factor to be considered. The 'Points to consider document
CPMP/SWP/372/01 on the non-clinical assessment of the carcinogenic. potential of
insulin analogues states:*“Native human insulin has, in addition to its metabolic actions,
a weak mitogenic effect. This effect has become important for the safety of insulin

analogues,since structural modifications of the insulin molecule could increase the
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mitdgenic potency, possibly resulting in growth stimulation of pre-existing neoplasms.”
“Although  enhanced insulin-like growth factor 1 (IGF-1) receptor activation and/or
aberrant signalling through the insulin receptor have been implicated, the mechanism(s)

responsible for the mitogenic activity of insulin analogues remain to be clarified.”

As an evidence that IGF-1 promotes colonic-, breast-, prostatic-, and lung cancer
growth is accumulating, there exists a need for the development of proteins/peptides
and their conjugates, cation-peptide conjugate complexes, cation-insulin conjugate
complexes with minimal mitogenic risk which is assessed in a cell proliferation assay

and that may be termed safe for long term therapy.

Current invention relates to protein/peptides, their conjugates, and/or cation-

polypeptide conjugate complexes displaying three folds lower mitogenic properties in

- comparison to Insugen). Further aspects of the present invention are directed to the fact

that excipients in the drug product does not statistically impact the mitogenic potency

characteristics of the drug substance.

Another aspect of the invention relates to improvised pharmaceutical compositions
permitting ingestion via oral delivery of proteins/peptides or their conjugates, and/or
cation-insulin conjugate complexes demonstrating desirable pharmacokinetic profiles

and potehcy in efficacy models of diabetes in dogs and humans.

WO000/50012 discloses solid oral dosage forms comprising a drug and an enhancer,
wherein the enhancer is a salt of a medium chain fatty acid with a carbon chain length
of about .6-20 carbon atoms. USZOO6/0018874 cover a solid pharmaceutical
composition formulated for oral administration by ingestion, having 0.1 to 75% w/w
fatty acid component, where the fatty acid component comprises saturated or

unsaturated fatty acids and/or salts and a therapeutic agent.

Notwithstanding the foregoing, there still exists a need for manufacture of viable oral
insulin formulations that can overcome problems associated with loss of biological
activity during manufacture and at the same time exhibit enhanced resistance to
enzymatic degradation in-vivo post ingestion. The present invention addresses both
requirements. Thereby, the invention addresses the problems confronted in the art to

design a highly effective oral insulin-conjugate drug delivery mechanism.

PCT/IN2008/000683
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The invention exhibits various advantages with respect to the dosing and convenient
method of administration. The invention constitutes yet another advantage over the

prior art compositions as the inventors propose that the claimed rationally designed oral

formulation of IN-105 with measured components of other excipients and the process

of manufacturing the orally administrable tablets are easily scalable. Further, attributed
to this rationally designed oral formulation and the process of making the same, the
scalability factor does not impact the in-vivo drug performance or its in-vivo release

profile.

Currently available oral insulin formulations exhibit low levels of stability precluding
possibilities of oral administration of such therapeutics. One of the most significant
aspect of the present invention is characterized in the fact that the instant oral insuli;l
formulation is stable over a range of temperature without adversely impacting various
parameters of the tablet stability such as hardness, disintegration time, accumulation of
high molecular weight impurities and dissolution rate. The tablets thus made show
excellent stability even under accelerated stability conditions of 40° C/75% relative
humidity. The inherent stable characteristics of the molecule and the manufacturing

methods attribute to the stable nature of the formulation.

Another aspect of the invention relates to improved pharmaceutical compositions of
cation-insulin conjugate complexes prepared by a scalable spray drying procedure said
pfocess comprising steps of preparing an aquedus suspension of the cation-insulin
conjugate complex and at least one fatty acid cofnponent with optionally one or more

pharmaceutically acceptable excipients.

In a typical process for fine particle_s using a spray drying process, material, such as the
ingredient which is intended to form the bulk of the particle is dissolved in an
appropriate solvent to form a solution. Alternatively, the material intended to be spray
dried can be suspended or emulsified in a non-solvent to form a suspension or
emulsion. Other components, such as drugs, pharmaceutically acceptable excipients or
pore forming agents optionally are added at this stage. The solution then is atomized.to
form a fine mist of droplets. The droplets immediately enter a drying chamber where

they contact a drying gas. The solvent is evaporated from the droplets into the drying

PCT/IN2008/000683
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gas to solidify the droplets, thereby forming particles. These particles then are separated

from the drying gas and collected.

In scaling up such a spray drying process, for example from the laboratory or pilot plant
scale to the commercial plant scale, certain problems may be encountered. If the drying
rate and drying capacity are not adequately optimized undesirable problems may be
faced such as impropér drying of solvent particles, reduced product yield, purity etc. On
the other hand increasing the drying rate that is inadequately scaled may result in
unsuitable particle morphology and/or size distribution for some product particles, such
as those having critically defined performance specifications. More significantly, it may

also alter the way in which the solid-forming material precipitates as the solvent is

evaporated, thereby changing the structure (e.g., porosity) of the particle to be out of

specification standards, rendering the particle unable to properly contain and deliver a

diagnostic or therapeutic agent.

There is therefore a need in the art for an improved spray-drying process that results in
the production of homogenous solid amorphous dispersions at high purity with
improved flow characteristics, improved content uniformity, and improved collection

efficiency.

One of the objects of the present invention is to provide spray dried compositions of
cation-insulin conjugate complexes involving a drying process that provides improved
drying of particles without detrimentally impacting the product purity, yield and
stability. The current process yields homogeneous spray dried solid particles of the
target therapeutic agent that is further formulated with other requisite excipients to

yield an oral pharmaceutical compositions of cation-insulin conjugate complexes.

Other objects and advantages of the present invention will be more fully apparént to

those of ordinary skill in art, in light of the ensuing disclosure and appended claims.

OBJECTS OF THE INVENTION:

The principal object of the present invention is to develop an orally administrable solid
phérmaceutical composition of a cation-insulin conjugate complex comprising
saturated or unsaturated C, — C, fatty acids, fatty acid esters or salts thereof and at

least three pharmaceutically acceptable excipients selected from the group comprising

PCT/IN2008/000683
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binders, disintegrants, diluents, lubricants, plasticizers, permeation enhancers and

- solubilizers.

Another object of the present invention is to develop an orally administrable solid
pharmaceutical composition, wherein the oral dosage form is in the form of a tablet,

capsule, particles, powder or sachet or dry suspensions.

Yet another object of the present invention is to develop a process for manufacturing an
orally administrable solid pharmaceutical compésition of a cation-insulin conjugate

complex.

Still another object of the present invention is to develop a tablet composition of a

cation-insulin conjugate complex.

Still another object of the present invention is to develop a dose of the orally
administrable solid pharmaceutical composition,.to achieve a maximum control of post
prandial blood glucose concentration in diabetic patients within 5-60 minutes post -

administration.

Still another object of the present invention is to develop a stable orally administrable

pharmaceutical composition of a cation-insulin conjugate complex.

Still another object of the present invention is to develop a method for preparing

amorphous spray-dried particles of a cation-insulin compound conjugate.

Still another object of the present invention is to develop a spray dried composition of

IN-105.

Still another object of the present invention is to develop a pharmaceutical composition
comprising the cation-peptide conjugate complex wherein the excipients do not impact

the mitogenic potency of the conjugate.

PCT/IN2008/000683
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STATEMENT OF THE INVENTION:

Accordingly the present invention provides an orally administrable solid
pharmaceutical composition of a cation-insulin conjugate complex comprising
saturated or unsaturated C4 — C) fatty acids, fatty acid esters or salts thereof and at

least three pharmaceutically acceptable excipients selected from the group comprising

- binders, disintegrants, diluents, lubricants, plasticizers, permeation enhancers and

solubilizers; an orally administrable pharmaceutical composition, wherein the ofal
dosage form is in the form of a tablet, capsule, particles, powder or sachet or dry
suspensions; a process for manufacturing an orally administrable solid pharmaceutical
composition of a cation-insulin conjugate complex comprising saturated or
unsaturated C4 — C;, fatty acids or salts thereof and at least three pharmaceutically
acceptable excipients selected from the group comprising binders, disintegrants,
diluents, lubricants, plasticizers, permeation enhancers and solubilizers; a process for
manufacturing an orally administrable solid pharmaceutical composition of a cation-
insulin conjugate complex comprising saturated or unsaturated C4 — C; fatty acids or
salts thereof and at least three pharmaceutically acceptable excipients selected from the
group coniprising binders, disintegrants, diluents, lubricants, plasticizers, solubilizers
and permeation enhancers comprising the steps of a)grinding a suitable saturated or
unsaturated C4-Ci2 fatty apids and/or salts of such fatty acid, b)Granulating the
resuiting fatty acid obtained from step (a) with an organic solvent, c)air—dryiﬁg’ the
granules obtained from step (b), d) rasping the dried granules through a mesh to obtain
granules of desired particle size, e)blending the fatty acid granules with the cation-
insulin conjugate complex with the other excipients, f)compressing the blended mixture
for tablet formation; a process for manufacturing an orally administrable solid
pharmaceutical composition of a cation-insulin conjugate complex , comprising
saturated or unsaturated C4 — Ci2 fatty acids or salts thereof and at least three
pharmaceutically acceptable excipients selected from the group comprising binders,
disintegrants, lubricants, plasticizers and permeation énhancers comprising the steps of
a)Grinding suitable saturated or unsaturated C,-C,; fatty acids and/or salts of such fatty
acid and a binder, b)suspending the cation-insulin cohjugate complex in an organic
solvent using the binder to form a wet mass, c)granulation of the components obtained
from step (b) using the binder, d)Rasping the dried granules of step (c), e)blending the

granules with other excipients, f) compressing the blended mixture for tablet formation;
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a process wherein the organic solvent used is selected from the group comprising
isopropanol, acetone, methyl aléohol, methyl isobutyl ketone, chloroform, 1-propanol,
2-propanol, acetonitrile, 1-butanol, 2-butanol, ethyl alcohol, cyclohexane, dioxane,
ethyl acetate, dimethylformamide, dichloroethane, hexane, isooctane, methylene
chloride, tert-butyl alchohol, toluene, carbon tetrachloride, or combinations thereof; a
5-500 mg tablet composition of an cation-insulin conjugate complex comprising
saturated or unsaturated C, — C; fatty acids, fatty acid esters, or salts thereof and at
least three pharmaceutically acceptable excipients selected from the group comprising
binders, disintegrants, lubricants, plasticizers and permeation enhancers; A 50 mg tablet
composition of an a cation-insulin conjugate complex comprising saturated or
unsaturated C, — Cy, fatty acids, fatty acid esters, or salts thereof and at least three
pharmaceutically acceptable excipients selected from the group comprising binders,
disintegrants, lubricants, plasticizers and permeation enhancers; a 100 mg tablet
composition of an a cation-insulin conjugate complex comprising saturated or
unsaturated C, — C,; fatty acids, fatty acid esters, or salts therebf and at least three
pharmaceutically acceptable excipients selected from the group comprising binders,
disintegrants, lubricants, plasticizers ‘and permeation enhancers; a 150 mg tablet
composition of an a cation-insulin conjugate complex comprising saturated or
unsaturated C4 — C;, fatty .acids,.fatty acid esters, or salts thereof and at least three
pharmaceutically acceptable excipients selected from the group comprising binders,
disinfegrants, lubricants, plasticizers and permeation enhancers; a 200 mg tablet
composition of an a cation-insulin conjugate complex comprising saturated or
unsaturated C, — C,, fatty acids, fatty acid estérs, or salts thereof and at least three
pharmaceutically acceptable excipients selected from the group comprising binders,
disintegrants, lﬁbricants, plasticizers and permeation enhancers; a 250 mg tablet
composition of an a cation-insulin conjugate complex comprising saturated or
unsaturated C4 — C; fatty acids, fatty acid esters, or salts thereof and at least three
pharmaceutically acceptable excipients selected from the group comprising binders,
disintegrants, lubricants, plasticizers and permeation enhancers; a dose of the orally
administrable solid pharmaceutical composition, to achieve a maximum control of post
prandial blood glucose concentration in diabetic patients within 5-60 minutes post —
administration; a stable orally administrable pharmaceutical composition of a cation-

insulin conjugate complex comprising saturated or unsaturated C4 — Cy2 fatty acids,

PCT/IN2008/000683
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fatty acid esters or salts thereof and at least three pharmaceutically acé:eptable
excipients selected from the group : comprising binders, disintegrants, diluents,
lubricants, plasticizers, permeation enhancers ahd solubilizers characterized in that said
composition remains stable over exposure to conditions selected from the group
comprising (a) temperature range of about 2- 40°C, (b)25°C+2°C/60%+5% relative
humidity (RH), 30°C+2°C/65%+5% relative humidity, 40°C+2°C /75%+5% relative

‘humidity, for over a period of at least 6 months, a method of preparing amorphous

spray-dried particles of a cation-insulin compound conjugate said method comprising
steps of a) Preparing a solution or suspension comprising the cation-insulin compound
conjugate and a fatty acid component in a solvent, b)Spraying the solution into a
chamber under conditions that allow for substantial amount of the solvent to be
removed c)affording spray-dried particles of the cation-insulin compound conjugate; a
spray-dried composition of IN-105; a spray-dried composition of IN-105, wherein the
drug is substantially amorphous and homogeneous; a spray-dried composition of IN-
105 with purity of at least 95%; a spray-dried composition of IN-105 with purity of at
least 98%; a spray-dried composition of IN-105 with purity of at least 99%; an
amorphous form of IN-105; an insulinotropic cation-peptide conjugate complex
characterized in that said - conjugate exhibits three-fold reduced mitogenicity in
comparison to its native counterpart and a pharmaceutical corﬁposition comprising the
cation-peptide conjugate complex comprising pharmaceutically acceptable excipients,
said composition characterized in that the excipients do not impact the mitogenic

potency of the conjugate.

BRIEF DESCRIPTION OF THE FIGURES:

FIG 1: Mean plasma insulin proﬁlF: - IN-105 formulation tablets (FDT-3)
FIG 2: Normalized glucose profile in administration of FDT-3

FIG 3: Mean plasma insulin profile - IN-105 formulation tablets (FDT-19)
FIG 4: Normalized glucose profile in administration of FDT-19

FIG 5: Mean plasma insulin profile - IN-105 formulation tablets (FDT-20)
FIG 6: Glucose profile after administration of FDT-20

FIG 7: Plasma Insulin Profile

FIG 8: Glucose Infusion Rate Profile

FIG 9: Plasma Glucose Profile

PCT/IN2008/000683
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FIG 10: Parallelism and linearity of the bioassay across various concentrations of
Insugen (R) and IN105 determined by the PLA software. The data represents average +
SEM of trlpllcate values of an experiment.

FIG 11: Mitogenic potency of Insugen compared with IN-105 and HIM-2 from PLA
analysis using 4 points in a linear range.

FIG 12: Parallelism and linearity of the bioassay across various concentrations of
Insugen (R) versus IN105 (A) and Insugen versus HIM-2 (B) determined by the PLA
software. The data represents average + SEM of triplicate values of an experiment.

FIG 13: Mitogenic activity of IN-105 dialyzed compared with IN-105 powder for PLA
analysis using a 4 points in a linear range.

FIG 14: Comparison of Metabollc Potency between Insugen (R), IN105 and HIM-2.
FIG 15: Parallelism and linearity of the bioassay across various concentrations of
Insugen (R) versus IN105 (A) and Insugen versus HIM-2 (B) determined by the PLA
software. The data represents average + SEM of triplicate values of an experiment.

FIG 16: One Site Compet\ition Curves of (A) Insugen (R), (B) IN105 and (C) HIM-2,
respectively. The curves were determined by the Graeh Pad version-4 software. The

data represents average of triplicate values of an experiment.

DETAILED DESCRIPTION OF THE INVENTION:

The present invention is in relation to an orally administrable solid pharmaceutical
eomposition of a cation-insulin conjugate complex comprising  saturated or
unsaturqted C4 — Cy fatty acids, fatty acid esters or salts thereof and at least three
pharmaceutically acceptable excipients selected from the group comprising binders,

disintegrants, diluents, lubricants, plasticizers, permeation enhancers and solubilizers.

In another embodiment of the present invention, the cation-insulin conjugate complex
is IN-105.

In yet another embodiment of the present invention, the fatty acid component is capric

acid and/or lauric acid or salts thereof.

In still another embodiment of the present invention, the fatty acid is sodium caprate.

PCT/IN2008/000683
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In still another embodiment of the present invention, the binder is selected from the
group comprising polyvinylpyrrolidone, carboxymethylcellulose, methylcellulose,

starch, gelatin, sugars, natural and synthetic gums or their combinations thereof.

In still another embodiment of the present invention, the binder is

polyvinylpyrrolidone.

In still another embodiment of the present invention, the diluents is selected from the
group comprising calcium salts, cellulose or cellulose derivatives, palatinose, organic

acids, sugar and sugar alcohols, pectate salts or combinations thereof.
In still another embodiment of the present invention, the diluent is mannitol.

In still another embodiment of the present invention, the disintegrant is selected from
the group comprising cross-linked polyvinylpyrrolidone,
carboxymethylcellulose,methyl cellulose, cation-exchange resins, alginic acid, guar

gum or their combinations thereof.

In still another embodiment of the present invention, the lubricant is selected from the
group comprising magnesium stearate, sodium steareate, sodium benzoate, sodium

acetate, fumaric acid, polyethyleneglycols, alanine and glycine.

In still another embodiment of the present invention, the lubricant is magnesium

stearate.

In still another embodiment of the present invention, the permeatioh enhancer is
selected. from the group comprising sodium lauryl sulfate, sodium laurate, palmitoyl
carnitine, phosphatidylcholine, cyclodextrin and derivatives thereof, camithine and
their derivatives, mucoadhesive polymers, zonula occludins toxin, bile salts, fatty acids

or combinations thereof.

In still another embodiment of the present invention, the permeation enhancer is

sodium lauryl sulphate.

In still another embodiment of the present invention, the permeation enhancer is beta-

cyclodextrin.
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In still another embodiment of the present invention, the plasticizer is selected from the
group comprising polyethyleneglycol, propylene glycol, acetyl citrate, triacetin,
acetylated monoglyceride, rape oil, olive oil, sésame oil, acetyltriethyl citrate, glycerin
sorbitol, diethyloxalate, diethylmalate, diethylfumarate, dibutylsuccinate, dibutyl
phthalate,  dioctylphthalate,  dibutylsebacate, triethylcitrate, tributylcitrate, .

glyceroltributyrate, glyceryl triacetate, or mixtures thereof.

In still another embodiment of the present invention, the plasticizer is

polyethyleneglycol.

The present invention is also in relation to an orally administrable pharmaceutical
composition wherein the oral doﬁage form is in the form of a tablet, capsule, particles,

powder or sachet or dry suspensions.

The present invention is also in relation to a process for manufacturing an orally

"administrable solid pharmaceutical composition of a cation-insulin conjugate complex

comprising saturated or unsaturated C, — C, fatty acids or salts thereof and at least
three pharmaceutically acceptable excipients selected from the group comprising
binders, disintegrants, diluents, lubricants, plasticizers, permeation enhancers and

solubilizers.

The preseﬁt invention is also in relation to a process for manufacturing an orally
administrable solid pharmaceutical composition of a cation-insulin conjugate complex
of claim 18, comprising saturated or unsaturated C4 — C; fatty acids or salts thereof
and at least three pharmaceutically acceptable excipients selected from the group
comprising binders, disintegrants, diluents, lubricants, plasticizers, solubilizers and
permeation enhancers comprising the steps of
a. Grinding a suitable saturated or unsaturated C4-C, fatty acids and/or
salts of such fatty acid.
b. Granulating the resulting fatty acid obtained from step (a) with an
organic solvent

c. Air-drying the granules obtained from step (b).
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d. Rasping the dried granules through a mesh to obtain granules of
desired particle size. _

e. Blending the fatty acid granules with the cation-insulin conjugate
complex with the other excipients. |

f. Compressing the blended mixture for tablet formation.

The present invention is also in relation to a process for manufacturing an orally

» administrable solid pharmaceutical composition of a cation-insulin conjugate complex

of claim 18, comprising saturated or unsaturated C4 — C; fatty acids or salts thereof
and at least three pharmaceutically acceptable excipients selected from the group
comprising binders, disintegrants, lubricants, plasticizers and permeation enhancers
comprising the steps of
a) Grinding suitable saturated or unsaturated C4-C fatty acids and/or salts
of such fatty acid and a binder.
b) Suspending the cation-insulin conjugate complex in an organic solvent
using the binder to form a wet mass.
c) Granulation of the components obtained from step (b) using the binder.
d) Rasping the dried granules of step (d).
e) Blending the granules with other excipients.

) Compressing the blended mixture for tablet formation.

In still another embodiment of the present invention the organic solvent used is selected
from the group comprising isopropanol, acetone, methyl alcohol, methyl isobutyl
ketone, chloroform, 1-propanol, 2-propanol, acetbnitrile, 1-butanol, 2-butanol, ethyl
alcohol, cyclohexane, dioxane, ethyl acetate, dimethylformamide, dichloroethane,
hexane, isooctane, methylene chloride, tert-butyl alchohol, toluene, carbon.

tetrachloride, or combinations thereof.

The bresent invention is also in relation to a 5-500 mg tablet composition of an cation-
insulin conjugate complex comprising saturated or unsaturated C; — C;; fatty acids,
fatty acid esters, or salts thereof and at least three pharmaceutically acceptable
excipients selected from the group comprising binders, disintegrants, lubricants,

plasticizers and permeation enhancers.
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The present invention is also in relation to a 50 mg tablet composition of an a cation-
insulin conjugate complex comprising saturated or unsaturated C4 — C;; fatty acids,
fatty acid esters, or salts thereof and at least three pharmaceutically acceptable
excipients selected from the group comprising binders, disintegrants, lubricants,

plasticizers and permeation enhancers.

The present invention is also in relation to a 100 mg tablet composition of an a cation-
insulin conjugaté complex comprising saturated or unsaturated C4 — C;, fatty acids,
fatty acid esters, or salts thereof and at least three pharmaceutically acceptable
excipients selected from the group comprising binders, disintegrants, lubricants,

plasticizers and permeation enhancers.

The present invention is also in relation to a 150 mg tablet composition of an a cation-
insulin conjugate complex comprising saturated or unsaturated C,.— Cy; fatty acids,
fatty acid esters, or salts thereof and at least three pharmaceutically acceptable
excipients selected from the group comprising binders, disintegrants, lubricants,

plasticizers and permeation enhancers.

The present invention is also in relation to a 200 mg tablet composition of an a cation-
insulin conjugate complex comprising saturated or unsaturated C4 — C,; fatty acids,
fatty acid esters, or salts thereof and at least three pharmaceutically acceptable
excipients selected from the group corﬁprising binders, disintegrants, lubricants,

plasticizers and permeation enhancers.

The present invention is also in relation to a 250 mg tablet composition of an a cation-
insulin conjugate complex comprising saturated or unsaturated C; — C;, fatty acids,
faEty acid esters, or salts thereof and at least three pharmaceutically acceptable
excipients selected from the group comprising binders, disintegrants, lubricants,

plasticizers and permeation enhancers.

The present invention is also in relation to a dose of the orally administrable solid
pharmaceutical composition to achieve a maximum control of post prandial blood

glucose concentration in diabetic patients within 5-60 minutes post - administration.

,
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In another embodiment of the present invention, the orally administrable solid
pharmaceutical composition according to of any of the preceding claims, which
produces a lowered serum glucose in human patients by at least 5% with in 120

minutes post oral administration.

The preseﬁt invention is also in relation to a stable orally administrable pharmaceutical

composition of a cation-insulin conjugate complex comprising saturated or -

unsaturated C, — C;, fatty acids, fatty acid esters or salts thereof and at least three

pharmaceutically acceptable excipients selected from the group comprising binders,

disintegrants, diluents, lubricants, plasticizers, permeation enhancers and solubilizers

characterized in that said composition remains stable over exposure to conditions

selected from the group comprising

(a) = temperature range of about 2- 40°C

(b)  25°C+2°C/60%+5% relative humidity (RH), 30°C+2°C/65%+5%  relative
humidity, 40°C+2°C /75%+5% relative humidity for over a period of at least 6

months.

In another embodiment of the present invention, the impurities do not increase by more

than 5% when comi)ared to the impurity levels at the time of manufacture.

In still another embodiment of the present invention, the impurities do not increase by

more than 10% when compared to the impurity levels at the time of manufacture.

In still another embodiment of the present invention, the assay of said compound in the

composition do not decrease by more than 10%.

In still another embodiment of the present invention, the dissolution profile is at least

75% at any said time interval.

In still another embodiment of the present invention, the time interval ranges for a

~ period over 2 years.
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In still another embodiment of the present invention, the difference between the
hardness profile is no more than 1kg/cm? when compared to the hardness profile at the

time of manufacture.

In still another embodiment of the present invention, at least 95% + 2% of the

composition remains undegraded over exposure to conditions selected from the group

comprising |

(a) temperature range of about 2-8°C or 25 °C- 40°C

(b)  25°C+2°C /60%+5% relative humidity (RH), 30°C£2°C/65%+5% relative
humidity, 40°C+2°C /75%+5% relative humidity for over a period of at least 6

months.

In still another embodiment of the present invention, at least 90% + 2% of the

composition remains undegraded over exposure to conditions selected from the group

comprising \

(@)  temperature range of about 2-8°C or 25 °C- 40°C

(b)  25°C+2°C /60%+5% relative humidity (RH), 30°C+2°C/65%+5% relative
humidity, 40°C+2°C /75%+5% relative humidity for over a period of at least 6

months.

The present invention is also in relation to a method of preparing amorphous spray-
dried particles of a cation-insulin compound conjugate said method comprising steps of
a. Preparing a solution or suspension comprising the cation-insulin compound
conjugate and a fatty acid component in a solvent.
b. Spraying the solution into a chamber under conditions that allow for substantial
- amount of the solvent to be removed '

c. Affording spray-dried particles of the cation-insulin compound conjugate.

In still another embodiment of the present invention, the fatty acid component is

selected from a group comprising C4- C12 fatty acid and/or salts of such a fatty acid.
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In still another embodiment of the present invention, the fatty acid component is

sodium caprate.

In still another embodiment of the present invention, the cation-insulin compound

conjugate is IN-105.

In still another embodiment of the present invention, the solvent is water.

In still another embodiment of the present invention, the solution or suspension
containing the cation-insulin conjugate and a fatty acid component in a solvent further
comprises a diluent.

In still another embodiment of the present invention, the diluent is mannitol.

In still another embodiment of the present invention, the size of the spray-dried

particles is about 1-100p.

In still another embodiment of the present invention, the solution or suspension
comprising the cation-insulin conjugate is spray-dried at a temperature ranging between

80°C - 150°C.

In still another embodiment of the present invention, the atomization pressure

employed for spray drying is in the range of 0.5kg/cm2 to 1.5kg/cm?2.

In still another embodiment of the present invention, purity of the spray-dried

composition of a cation-insulin compound conjugate is at least 95%.

In still another embodiment of the present invention, purity of the spray-dried

composition of a cation-insulin compound conjugate is at least 98%.

In still another embodiment of the present invention, purity of the spray-dried

composition of a cation-insulin compound conjugate is at least 99%.
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The present invention is in relation to a spray-dried composition of IN-105.

The present invention is also in relation to a spray-dried composition of IN-105,

wherein the drug is substantially amorphous and homogeneous.

The present invention is also in relation to a spray-dried composition of IN-105 with

purity of at least 95%.

The present invention is in relation to a spray-dried composition of IN-105 with purity

of atleast 98%.

The present invention is also in relation to a spray-dried composition of IN-105 with

purity of atleast 99%.
The present invention is also in relation to an amorphous form of IN-105.

The present invention is also in relation to an insulinotropic cation-peptide conjugate
complex characterized in that said conjugate exhibits three-fold reduced mitogenicity in

comparison to its native counterpart.

In still another embodiment of the present invention conjugate reduces in-vitro and/or

in-vivo cell proliferation to at least 20% + 5% that of its native counterpart.

In still another embodiment of the present invention conjugate reduces in-vitro and/or

in-vivo cell proliferation to least 2% =+ 0.5% that of its native counterpart.

In still another embodiment of the present invention said conjugate displays similar

metabolic efficiency as that of its native counterpart.

The present invention is also in relation to a pharmaceutical composition comprising
the cation-peptide conjugate complex, comprising pharmaceutically acceptable
excipients, said composition characterized in that the excipients do not impact the

mitogenic potency of the conjugate.
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The primary object of the invention is to provide an immediate release formulation
comprising proteins/peptides, their conjugates, and/or cation-polypeptide conjugate
complexes demonstrating desirable pharmacokinetic profiles and potency in efficacy
models. of diabetes in humans upon oral delivery. The current state of the art recogﬁizes
the instability of unmodified insulin in the gastrointestinal tract and has endeavored to
circumvent these problems by developing a rationally designed formulation for

immediate release.

The cation-peptide conjugate complexes, cation-insulin conjugate complexes of the
present invention are characterized to demonstrate reduced mitogenic potencies. The
conjugates described in the present invention are advantageous due to the fact that there
is relatively lesser or no risk of induction of mitogenic reactions even after long term
use and hence may be safely used for long term therapy and management of diabetes.
The therapeutic compounds of the present invention are characterized to demonstrate

three fold reduced mitogenic potency when compared to Insugen(R).

According to one significant aspect of the present invention, the excipients in the drug

product do not impact the mitogenic characteristics of the drug substance and hence the

~ formulation or composition remains relatively less mitogenic potency when compared

to the currently marketed insulin therapeutics.

Another objective of the present invention is to provide an immediate release
formulation comprising protein/peptides, their conjugates, and/or cation-polypeptide
conjugate complexes displaying stability across a range of temperatures for time
intervals extending upto 12 months. The currently developed formulation is stable at

room temperature and also exhibits stability at elevated temperatures.

According to one aspect of the invention the pharmaceutical composition so
manufactured is evaluated at different test conditions of temperatures and relative for

time interval extending upto 12 months.

A preferred embodiment of the present invention relates to orally deliverable
formulation comprising 0.01% - 20% w/w of insulin, insulin compound conjugates
and/or cation insulin conjugates, 10% - 60% w/w of one or more fatty acid components

selected from saturated or unsaturated C4-C12 fatty acids and/or salts of such fatty
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acids, 10% - 60% w/w of a diluent, 1% - 20% of disintegrant, 0.01% - 5% of binder
and 0.01% - 5% of adsorbent including but not limited to. other suitable

pharmaceutically acceptable carriers.

Accordingly, one aspect the invention relates to a formulation comprising at least one
biologically active compound selected from derivatized insulin conjugates, insulin
analogues, insulin complexes including but not limited to other therapeutic agents with

insulin-like activity.

In yet another aspect, the invention provides a process of manufacturing the above
mentioned orally deliverable formulations under optimal operational conditions with
suitable excipients that enhance resistance of the therapeutically active agent to

degradation.

In yet another preferred aspect, the process of manufacture of the orally deliverable
tablet comprising at least one biologically active compound selected from
proteins/peptides, their conjugates, and/or cation-polypeptide conjugate complexes

possessing resistance to enzymatic degradation comprising the steps:

1. Grinding a suitable saturated or unsaturated C4-C12 fatty acid and/or salts of
such a fatty acid.

2. Granulating the resulting fatty acid obtained from step (1) with an organic
solvent. 4

3. Air-drying the granules obtained from step (2).

4. Rasping the dried granules through a mesh to obtain granules of desired size of
about 250pum. -

5. Blending the fatty acid granules, cation-insulin compound conjugate with other
excipients.

6. Compressing the blended mixture for tablet formation.

In accordance with the above objects and others, the invention is directed in part to an

orél solid dosage form comprising a dose of modified insulin which achieves a
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maximum control of post prandial blood glucose concentration in diabetic patients

within 20-30 minutes post - administration. -

Those of skill will readily appreciate' that dose levels can vary as a function of the
specific compound, the severity of the symptoms and the susceptibility of the subject to
side effects. Preferred dosages for a given compound are readily determinable by those
of skill in the art by a variety of means. A preferred means is to measure the
physiological potency of a given compound. The dosage unit form may be a liquid or a

solid, such as a tablet, capsule or particles, including a poWder or sachet.

The instant invention also relates to an improvised process of spray drying resulting in
the production of spray dried particles of 1 — 100p containing the therapeutic drug with

at least one of pharmaceutically acceptable excipient.

The process involves (a) the preparation of a solution which contains therapeutic drug
and optionally a diluent of concentration between 0.001% and 20% w/w, optionally
10% - 60% w/w of one or more fatty acid components selected from saturated or
unsaturated C4-C12 fatty acids and/or salts of such fatty acids (b) spray drying the

resulting slurry to form a spray dried powder.

Subsequent aspect of the invention relates to combining the other pharmaceutical

excipient with the spray dried powder that is compressed into a tablet form.

Methods of the invention can provide, For e.g., the ability to generate homogenous
solid particles with therapeutic agent given the conditions are conducive to provide
increased evaporation efficiency per given heat input. The method of preparing such
powdered particles in the invention can comprise, for example, preparing an aqueous
suspension or solution of a bioactive material forming a mixture of the solution or
suspension, spraying ultrafine droplets by depressurizing the mixture, and drying the
droplets into powdered particles by exchanging the spray gases with drying gases, €.g.,
to by spraying into a drying chamber of the spray dry apparatus.

Other objects and advantages of the present invention will be more fully ap;;arent to

those of ordinary skill in art, in light of the ensuing disclosure and appended claims.
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The invention further provides a method of treatment of diabetes, impaired glucose
tolerance, early stage diabetes, and late stage diabetes in animals, preferably humans,
and a method of achieving glucose homeostasis, comprising administering one or more
unit doses of the dosage forms an immediate release formulation comprising
proteins/peptides, their conjugates, and/or cation-polypeptide conjugate complexes with
suitable excipients that enhance resistance of the therapeutically active agent to

degradation.

. DEFINITIONS:

In describing and claiming the present invention, the following terminology will be

used in accordance with the definitions set out herein.

The “cation-insulin compound conjugate” includes any insulin compound
component. The insulin compound may, for example, be a mammalian insulin
compound, such as human insulin, or an insulin combound derivatives or analogs. The
therapeutic agent specifically relates to the molecule IN-105. IN-105 is an insulin
molecule conjugated at the epsilon amino acid Lysine at position B29 of the insulin B-
chain with an ampiphilic olig(_)mer of structural formula CH;0-(C4H,0)3-CH,-CHs»-
COOH.The molecule may be monoconjugated at Al, Bl and B29, di-conjugated at
various combinations of Al, B1 and B29, or triconjugated at various combinations of

Al, B1 and B29.

“Therapeutically effective amount” refers to an amount of insulin included in the
dosage forms of the invention which is sufficient to achieve a clinically relevant control
of blood glucose concentrations in a human diabetic patient either in the fasting state or

in the fed state effective, during the dosing interval.

As used herein, "diluents"/’fillers”/’bulking agents” are inert substances added to
increase the bulk of the formulation to make the tablet a practical size for compression.
Commonly used diluents in contemplated for use in the present invention include sugar
alcohols, organic acids, galen IQ, palatinose, cellulose and cellulose derivatives,
calcium phosphate, calcium sulfate, lactose, kaolin, mannitol, sodium chloride, dry

starch, powdered sugar, silica, and the like.

PCT/IN2008/000683



10

15

20~

25

30

0 2009/050738 PCT/IN2008/000683

24

As used herein, "binders" are agents used to impart cohesive qualities‘to the powdered
material. Binders, or "granulators" as they are sometimes known, impart cohesiveness
to the tablet formulation, which insures thé tablet remaining intact after compression, as
well as improving the free-flowing qualities by the formulation of granules of desired
hardness and size. Materials commonly wused  as binders include
carboxymethylcellulose, methylcellulose, polyvinylpyrrolidone, starch; gelatin; sugars,
such as sucrose, glucose, dextrose, molasses, and lactose; natural and synthetic gums,
such as acacia, sodium alginate, extract of Irish moss, panwar gum, ghatti gum,
mucilage of isapol husks, Veegum, microcrystalline cellulose, microcrystalline
dextrose, amylose, and larch arabogalactan, and the like. Polyvinylpyrolidone is used in

context of the present invention.

As used herein, "disintegrators" or "disintegrants" are substances that facilitate the
breakup or facilitate disintegration of tablets after administration. Materials serving as
disintegrants have been chemically classified as starches, clays, celluloses, algins, or
gums. Other disintegrators include ‘Veegum HV, methylcellulose, agar, bentonite,
cellulose and wood products, natural sponge, cation-exchange resiﬁs, algihic acid, guar
gum, citrus pulp, cross-linked lyvinpoylpyrrolidone, carbomeethylcellulose, and the
like.

“Lubricant” may be selected from the group comprising magnesium stearate, sodium
steareate, sodium benzoate, sodium acetate, fumaric acid, polyethylenglycols (PEG)
higher than 4000, alanine and glycine. Preferred lubricant in context of the present

invention is magnesium stearate or sodium stearate.

"Magnesium stearate" means a compound of magnesium with a mixture of solid
organic acids obtained from fats, and chiefly consists of variable proportions of
magnesium stearate and magnesium palmitate. It is used as a pharmaceutical necessity

(lubricant) in the manufacture of compressed tablets.

“Permeation enhancers” means any compound that increases membrane permeability

and facilitate drug transport through the biological membrane, thereby improving the
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bioavailability of the delivered therapeutic agent. Suitable membrane-permeation
enhancers include surfactants such as sodium lauryl sulfate, sodium laurate, palmitoyl
carnitine, Laureth-9, phosphatidylcholine, cyclodextrin and derivatives thereof, bile
salts such as sodium glycochlate, sodium deoxycholate, sodium taurocholate, and
sodium fusidate, chelating agents including EDTA, citric acid and salicylates, and fatty
acids (e.g., oleic acid; lauric acid, acylcarnitines, mono- and diglycerides), L-carnithine
and derivatives, muco-adhesive polymers, ZOT (zonula occludans toxin) or

combinations thereof.

“Plasticizers” which are selected from the group consisting of acetyl citrate, triacetin,
aéetylated monoglyceride, rape oil, olive oil, sesame oil, acetyltriethyl citrate, glycerin
sorbitol, diethyloxalate, diethylmalate, diethylfumarate, dibutylsuccinate, dibutyl
phthalate,  dioctylphthalate, | dibutylsebacate, = triethylcitrate, tributylcitrate,
glyceroltributyrate, glyceryl triacetate, polyethyleneglycol, propylené glycol, and
mixtures thereof. The plasticizer is most preferably polyethylene glycol. The plasticizer
may be present upto 40% w/w of the film forming polymer. Representative plasticizer

used in context of the present invention is PEG (polyethylene glycol)

‘;Polyalkylene glycol" or “PAG” refers to substituted or unsubstituted, linear or
branched polyalkylene glycol polymers such as polyethylene glycol (PEG),
polypropylene glycol (PPG), and polybutylene glycol (PBG), and combinations thereof
(e.g., linear or branched polymers including combinations of two or more different
PAG subunits, such as two or more different PAG units selected from PEG, PPG, PPG,
and PBG subunits), and includes the monoalkylether of the polyalkylene glycol. The
term PAG subunit means a single PAG unit, e.g., "PEG subunit" refers to a single
polyethylene glycol unit, e.g., -(CH2CH20)-, "PPG subunit" refers to a single
polypropylene glycol unit, e.g., -(CH2CH2CH20)-, and "PBG subunit" refers to a
single polypropylene glycol unit, e.g., -(CH2CH2CH2CH20)-. PAGs and/or PAG
subunits also include substituted PAGs or PAG subunits, e.g., PAGs including alkyl
side chains, such as methyl, ethyl or propyl side chains, or carbonyl side chains, as well

as PAGs including one or more branched PAG subunits, such as iso-PPG or iso-PBG.

“Solubilizers may be any substance that enhances the aqueous solubility of a drug.
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As used herein, “pharmacveutically acceptable carrier” comprises one or several
agents selected from the group consisting of carbohydrates and modified carbohydrates
and derivatives thereof, polyethylene and/or polypropylene glycol and derivatives
thereof, inorganic fillers or lubricating agents, fatty acids and their esters and salts,

preservatives and coating agents.

As referred in the specification "effective amount" means an amount of any agent that
is nontoxic but sufficient to provide the desired local or systemic effect and
performance at a reasonable benefit/risk ratio attending any medical treatment. For
example, an effective amount of a lubricant is an amount sufficient to function for
lubricating the composition for tableting purposes without providing any detrimental

effects.

In context of the present invention “organic solvents” refers to any solvent of non-
aqueous origin, including liquid polymers and mixtures thereof. Organic solvents
suitable for the present invention include: acetone, methyl alcohol, methyl isobutyl
ketone, chloroform, 1-propanol, isopropanol, 2-propanol, acetonitrile, 1-butanol, 2-
butanol, ethyl alcohol, cyclohexane, dioxane, ethyl acetate, dimethylformamide,
dichloroethane, hexane, isooctane, methylene chloride, tert-butyl alchohol, toluene,

carbon tetrachloride, or combinations thereof.

“Assay” may be laboratory test to find and measure the amount of a specific substance.

“Impurities” may be defined as components not part of the native formulation that
cause the quality or condition of the composition to impure, essentially attributed by
one or a combination of any of the following characteristics:

a. Contamination or pollution.

b. Lack of consistency or homogeneity; adulteration.
c. Something that renders something else impure; an inferior component or additive.

The “dissolution test” is provided to determine compliance with the dissolution
requirements as stated in the individual monograph for a tablet or capsule dosage form.

Tablet dissolution is a standardized method for measuring the rate of drug release from
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a dosage form. The principle function of the dissolution test may be summarized with
attributes such as a) Optimisation of therapeutic effectiveness during product
development and stability assessment b) Routine assessment of production quality to
ensure uhiformity between production lots ¢) Assessment of “bioequivalence”, that is to
say, production of the same biological activity from discrete batches of products from

one or different manufacturers.

Dissolution can be carried out by dissolving the tablet in a optimal volume of a medium
at about 37.0 £ 0.5°C and with a rotation speed of about 50rpm. Dissolution is
measured at various time intervals starting 15 minutes. The various media that may be
used for carrying out the dissolution tests include water, buffer and acidic media with

pH ranging from 1-9, more preferably in the range of 2-7.

“Hardness” is generally measured as the force required to break a tablet in a diametrial
compression test. The test consists of placing the tablet between two anvils until the
tablet breaks. The crushing streng’th that causes the tablet to break is recorded.’
“Hardness” is sometimes referred as the tablet crushing strength. Several instruments
used for measuring tablet hardness include Stokes (Monsanto) tester, the strong-Cobb
tester, the Pfizer tester, the Erweka tester, the Heberlein tester (or Schleuniger) tester,

the key tester and the van der Kamp tester. The unit for measuring hardness is Kg/cm®

“Disintegration” is defined as that state in which any residue of the unit, except
fragments of insoluble coating or capsule shell, remaining on the screen of the test

apparatus is a soft mass having no palpably firm core.

The term "spray-drying" is used conventionally and broadly refers to processes
involving breaking up liquid mixtures into small droplets (atomization) and rapidly
removing solvent from the mixture in a spray-drying apparatus where fhere is a strong
driving force for evaporation of solvent from the droplets. Spray-drying processes and
spray-drying equipment are described generally in Perry's Chemical Engineers'
Handbook, pages 20-54 to 20-57 (Sixth Edition 1984). More details on spray-drying
processes and equipment are reviewed by Marshall, "Atomization and Spray-Drying,"
50 Chem. Eng. Prog. Monogram. Series 2 (1954), and Masters, Spray Drying
Handbook (Fourth Edition 1985). '
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As used herein, the term "drying" in reference to droplets or particles formed as the

result of removal of the solvent from the droplet or particle.

As used herein, the term "particle" includes micro-, submicro-, and macro-particles.
Generally, the particles are between about 100 nm and 5 mm in diameter or lohgest
dimension. The particles can be spheres, capsules, irregular shapes; crystals, powders,

agglomerates, or aggregates.

The invention contemplates use of coating agents which may include both non-
functional (insta-coat, kollicoat IR) or enteric coating agents such as cellulose based
polymers, film coating agents or polymethyl acrylate and other coating agents known to

a person of ordinary skill in the art.

The present invention relates in one broad compositional aspect to formulations
including covalently conjugated therapeutic agent complexes wherein the therapeutic
agent is covalently bonded to one or more molecules of a polymer incorporating as an

integral part of said polymer a hydrophilic moiety, e.g., a polyalkylene glycol moiety,

~and a lipophilic moiety, e.g., a fatty acid moiety. In one preferred aspect, the

therapeutic agent may be covalently conjugated by covalent bonding with one or more
molecules of a linear polyalkylene glycol polymer incorporated in which, as an integral

part thereof is a lipophilic moiety, e.g., a fatty acid moiety.

The modified insulin conjugates as used in the present invention are developed by
attaching low-molecular-weight polymers or oligomers, that are ampiphilic in nature
comprising a polyethylene glycol portion which is hydrophilic while the alkyl chain is
lipophilic. The attachment modifies the solubility of the drug molecule and stabilizes

the protein or peptide from enzymatic degradation in the gastrointestinal tract. The

- conjugated drug is absorbed more efficiently across the GI wall than the drug in its

native state. On traversing to the blood stream the bond between the hydrophilic and
hydrophobic chain is hydrolyzed leaving the highly active insulin-PEG compound

circulating in the blood thus favorably altering the pharmacokinetics of the drug.

The present invention specifically relates to the molecule IN-105. IN-105 is an insulin

molecule conjugated at the epsilon amino acid Lysine at position B29 of the insulin B-
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chain with an ampiphilic oligomer of structural formula CH30-(C4H20)3;-CH>-CH;-

‘COOH.

As per one of the most important aspects of the present invention, the cation-peptide
conjugate complexes, cation-insulin conjugate complexes of the present invention are
characterized to demonstrate reduced mitogenic potencies. The conjugates described in
the preéent invention are advantageous due to the fact that there is rglatively lesser or
no risk of induction of mitogenic reactions even after long term use and hence may be
safely used for long term therapy and management of diabetes. The therapeutic
compounds of the present invention are characterized to demonstrate three fold reduced

mitogenic potency when compared to Insugen(R).

According to one significant aspect of the present invention, the excipients in the drug
product do not impact the mitogenic characteristics of the drug substance and hence the
formulation or composition remains relatively less mitogenic potency when compared

to the currently marketed insulin therapeutics.

“Native counterparts” refer to the un-modified peptide/protein displaying similar
basic in-vitro or in-vivo bioactivity as that of the modified counterpart, ie., said

molecule is the peptide/polypeptide prior to being subject to any kind of modification.

According to standard terminology, the term “mitogenic” define those substances that
stimulate the division of cells which would otherwise (i.e., without the influence of this

substance) have very limited division.

" The inventive merit of the substance presented in the instant invention is revealed in the

fact that, with reference to specific experiences and experiments, experts believe that
insulin as a substance in itself was considered to be mitogenic [DeMeyts P; The
structural basis of Insulin and Insulin-like growth factor-1 receptor binding and
negative cooperativity and its relevance to Mitogenic versus metabolic signaling.
Diabetologia 37: S135-S148, 1994], Ish-Shalom D, Christoffersen CT, Vorwerk P,
Sacerdoti-Sierra N, Shymko RM, Naor D and De Meyts P; Mitogenic properties of
Insulin and Insulin analogues mediated by the insulin receptor. Diabetologia 40: S25-

S31 and the protein/peptides, their conjugates, and/or cation-polypeptide conjugate
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complexes of the present invention display three fold decreased mitogenic potency

determined by in-vitro induction of measurable proliferation of Balb 3T3-A31 cells.

According to one aspect of the present invention, exemplary compounds of the instant

.invention are said to exhibit “reduced mitogenicity” as compared to Insugen(R) if it

induces detectably lower levels of cell proliferation as measured by Alamar blue dye
uptake by the cells. Those skilled in the art will recognize that other suitable methods
that may be used and that the invention is in no way limited to a specific proliferation

assay.

According to one aspect of the present invention, exempléry compounds of the instant
invention are said to be substantially “non-mitogenic” as compared to Insugen(R) if it
induces undetectably lower levels of cell proliferation as measured by Alamar blue dye
uptake by the cells. Those skilled in the art will recognize that other suitable methods

may be used and that the invention is in no way limited to a specific proliferation assay.

Colorimetric in-vitro bioassays were employed to quantitate mitogenic activity
[Okajima T., Nakamura K., Zhang H., Ling N., Tanabe T., Yasuda T., and Rosenfeld
R. G.- Sensitive Colorimetric Bioassays for Insulin-like Growth Factor (IGFH)
Stimulation of Cell Proliferation and Glucose Consumption: Use in Studies of IGF
Analogs. Endocrinology, 1992, Vol. 120: 2201-2210.]

Biological assays are frequently analyzed with the help of the parallel-line method. The
logarithm of the doses are plotted on the horizontal axis, whereas the corresponding
responses are represented on the vertical axis. The individual responses for each
treatment are symbolized by the blue triangles fqr the standard preparation and by the

green squares for the sample preparation.

With the help of the parallel-line model the statisitcal validity of the following
hypotheses is tested:

1. The dose-response relationship is linear for the standard and sample
preparation.

2. The dose-response curve has a significant slope.
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3. The dose-response curves of the standard and sample preparation are

parallel.

The parallel-line procedure has several advantages compared to traditional single-point

assay. Due to the check of the hypotheses mentioned above

1. alinear dose-response correlation is not only assumed but also proven

2. adose-independent relative potency is obtained.

The reproducibility of the mitogenic potencies was analyzed by utilizing the 4-

‘parameter logistics curve fit, on the linear portion of the curve consisting of atleast four

consecutive points. The results showed 3 folds statistically lesser mitogenic potencies

of IN105 compared to Insugen (R).

As per one significant aspect of the invention the mitogenic potency of the IN-105
molecule in the powdered form and dialyzed solution are the same. IN-105 is three

folds less mitogenic when compared to Insugen(R).

As per yet another significant aspect of the invention the mitogenic potency of the

HIM2 molecule is thirty folds lesser when compared to Insugen(R).

Without limitation, exemplary derivatives eg. IN-105 of the instant invention reduce in-
vitro cell proliferation to at least 20%, or at least 25%, or at least 30% at least 35%, at
least 40% to that of their native counterparts . More preferably, to the level of at least
30%.

Without limitation, exemplary derivatives eg. HIM-2 of the instant invention reduce in-
vitro cell proliferation to at least 2%, or at least 2.5%, or at least 3%, at least 3.5% to
that of their native counterparts . More preferably, to the level of at least 3.8%, most

preferably to at least 4%.

According to yet another aspect of the present invention, evaluation of insulin binding

to its cognate receptor is conducted to compare the relative binding affinities of the
drug substance form Insugen(R), IN-105 and HIM-2. The most significant aspect of the

invention relates to the fact that the metabolic activity of exemplary compounds of the
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present invention remain unaffected and uncompromised notwithstanding the

considerable reduction in mitogenic potency in comparison to their native counterparts.

The effect of insulin on the cells as metabolic action is dependant on the ability of
insulin to bind to insulin receptor and the metabolic assay exemplified in the present
invention helps determine the effect of insulin on glucose uptake by differentiated
adipocytes, thereby provide data for evaluation and comparison of the metabolic

efficiency of the exemplary drug substances of the instant invention.
Extraction of Drug Substance from Drug Product:

Insugen (R) and exemplary compounds of the instant invention eg. IN105 and HIM2
would be used for preparing Zn free and excipient free drug substance. The vials would
be clarified using glacial acetic acid (pH ~3.4). The clarified solution will be loaded on
the C8 silica reverse phase column and separated using a gradient elution with 250mM-
acetic acid and 100% ethanol. Fractions would be collected during elution, and pooled
based on greater than or equal to 99% purity. This elution pool will be dialyzed for 15
hrs'using a 1KD cutoff membrane against 10mM Tris, pH 8.0. Finally, dialysed Zn free
and excipient free insulin, obtained at pH 8.0, will be analyzed by analytical RP-HPLC.

HepG2 cells were obtained from ATCC. Dulbecco’s Modified Eagle’s medium
(DMEM), Heat Inactivated Fetal Bovine Serum (FBS), 100X Penicillin-Streptomycin
solution and 100X HEPES salt solution were procured from Invitrogen. Bovine serum
albumin, Sodium hydroxide, Triton-X 100 and Sodium bicarbonate was obtained from

Sigma Aldrich.

The radiolabeled recombinant human Insulin would be procured from Immunotech
(Beckman Coulter) with a specific radioactivity of 2200 Ci/mmole (Catalog No.
A36474)

Methods:

HepG?2 cells are maintained in 10 mM HEPES-buffered DMEM supplemented with
10% FBS and 1X Penicillin-Streptomycin solution under humidified conditions at 37°C
in an atmosphere of 5% CO2. For the assay, HepG2 cells are trypsinized and seeded at
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a density of 400,000 cells per well of a 24 well plate. After 3 days of incubation the

cells are used to perform the radio-ligand binding assays (1, 2).

Prior to performing the assay the media is removed and the cells are washed twice with
the Binding buffer (DMEM, 2.2 mg/ml Sodium bicarbonate, 1 mg/ml Bovine Serum -
albumin and 50 mM HEPES) to remove any traces of growth factors present in the
medium. The competitive binding experiments are set uﬁ in duplicates using the fixed
amount of radioligand (0.325 nM) and varying concentrations of cold Insulin drug
substance (from 10-13 M to 10-5 M). The final reaction volume is made to 1 ml. The

plates are then incubated at 15°C overnight with shaker set at 60 rpm (2). The

following day all the media from the wells are discarded and each well is washed twice

with ice-cold binding buffer.

Each well received 1 ml of solubilization reagent (0.5 M Sodium hydroxide, 0.5%
Triton-X 100). The solubilized cell pellets are transferred to a Radioifnmunoassay' tube
and the bound radioactivity was read in a gamma counter (Stratec BioMedical Systems,

Germany) The instrument is calibrated and found to have an efficiency of 80%.

v

Binding Affinity calculations: For normalization of the Counts per minute (CPM
values) at various concentrations of insulin used, percentage binding was calculated

using the following equation;
% Bound = (CPMsample — CPMblank)/ (CPMcontrol — CPMblank) x 100.

Where CPMcontrol is the average CPM of the wells which contained cells with
radiolabeled Insulin without any cold Insulin added, CPMblank is the average CPM of
the wells which did not contain radiolabeled Insulin as well as cold insulin and
CPMsample was the average CPM of the wells which contained radiolabeled Insulin as

well as varying concentrations of cold Insulin.

ANALYSIS OF COMPETITIVE BINDING CURVES:

Competitive binding experiments measure the binding of a single concentration of
labeled ligand in the presence of various concentrations of unlabeled ligand.
Competitive binding experiments are used to determine receptor number and affinity by

using the same compound as the labeled and unlabeled ligand.
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The experiment is done with a single concentration of radio ligand. The incubation
should occur until equilibrium has been reached, typically, varying concentrations of

unlabeled compound spanning about six orders of magnitude.

The top of the curve is a plateau at a value equal to radio ligand biriding in the absence
of the competing unlabeled drug. This is total binding. The bottom of the curve is a
plateau equal to nonspecific binding (NS).The difference between the top and bottom

plateaus is the specific binding.

The Y axis can be expressed as cpm or converted to more useful units like fmol bound
per milligram protein or number of binding sites per cell. It is possible to normalize the
data from 100% (no competitor) to 0% (nonspecific binding at maximal concentrations

of competitor).

The concentration of unlabeled drug that results in radio ligand binding halfway
between the upper and lower plateaus is called the IC 50 (inhibitory concentration
50%) also called the EC 50 (effective concentration 50%). The ICS50 is the

concentration of unlabeled drug that blocks half the specific binding.

If the labeled and unlabeled ligand competes for a single binding site, the steepness of

the competitive binding curve is determined by the law of mass action.

Nonlinear regression is used to fit the competitive binding curve to determine the log
(IC50). Typically the Graph pad Prism Software is used and using the One Site
Competition model equation, the Log(IC50) is determined.

In order to determine the best-fit value of IC 50 (the concentration of unlabeled drug
that blocks 50% of the specific binding of the radio ligand), the nonlinear regression
problem must be able to determine the 100% (total) and 0% (nonspecific) plateaus.
With data collected over wide range of concentrations of unlabeled drug, the curve will
have clearly defined bottom and top plateaus and the program sh_ouid have no trouble

fitting all three values (both plateaus and the IC 50).

The rationally formulated composition is bioavailable upon immediate release. In

associatively conjugated therapeutic agent: of the above-described type, the polymer
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component may be suitably constructed, modified, or appropriately functionalized to

impart the ability for associative conjugation in a selective manner.

In one aspect, the invention provides fatty acid compositions with one or ‘more
saturated or unsaturated C4, C5, C6, C7, C8, C9 or C10 fatty acids and/or salts of such
fatty acids. Preferred fatty acids are caprylic, capric, myristic and lauric. Preferred fatty

acid salts are sodium salts of caprylic, capril{;, myristic and lauric acid.

The modifying moieties may include other>hydrophilic polymers. Examples include
poly(oxyethylated polyols) such as poly(oxyethylated glycerol), poly(o\xyethylated
sorbitol), and poly(oxyethylated glucose); poly(vinyl alcohol) ("PVA"); dextran;
carbohydrate-based polymers and the like. The polymers can be homopolymers or
random or block copolymers and terpolymers based on the monomers of the above

polymers, linear chain or branched.

The total amount of cation-insulin compound conjugate to be used can be determined
by those skilled in the art. The amount of therapuetic agent is an amount effective to
accomplish the purpose of the particular a;:tive agent. The amount in the composition is
a therapeutically effective dose, i.e., a pharmacologically or biologically effective
amount. However, the amount can be less than a pharmacologically or biologically
effective amount when the composition is used in a dosage unit form, such as a capsule,
a tablet or a liquid, because the dosage unit form may contain a multiplicity of delivery
agent/biologically or chemically active agent compositions or may contain a divided
pharmacologically or biologically effective amount. The total effective amounts can
then be administered in cumulative units containing, ih total, pharmacologically or
biologically or chemically active amounts of biologically or pharmacologically active

agent.

In certain preferred embodiments, the pharmaceutical composition contained in one or
more dosage forms comprises from about 5 mg to about 800 mg of delivery agent,
preferably about 10 mg to about 600 mg, more preferably from about 10 mg to about
400 mg, even more preferably from about 25 mg to about 200 mg, most preferably
about 75 mg, 100 mg or 150 mg. More preferably, the composition provides a peak

plasma insulin concentration within about 15 minutes to about 60 minutes after oral
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administration and more preferably within about 10-20 minutes after oral

administration to fed diabetic patients.

It is contemplated for purposes of the present invention that dosage forms of the present

invention comprising therapeutically effective amounts of insulin may include one or

‘more unit doses (e.g., tablets, capsules, powders, semisolids, oral sprays, sublingual

tablets (e.g. gelcaps or films) to achieve the therapeutic effect. It is further
contemplated for the purposes of the present invention that a preferred embodiment of

the dosage form is an oral dosage form.

In some cases, the complexed insulin compound conjugate will exhibit an extended or
otherwise altered pK profile relative to a scientifically acceptable control, such as a
corresponding uncomplexed insulin compound conjugate. pK profile can be assessed
using standard in vivo experiments, e.g., in mice, rats, dogs, or humans. Assays
described herein for assessing the attributes of cation-iqsulin compound conjugate

complexes are an aspect of the invention.

In a preferred aspect, the process of manufacture of the orally deliverable tablet
comprising atleast one biologically active compound selected from proteins/peptides,
their conjugates, and/or cation-polypeptide conjugate complexes possessing resistance

to enzymatic degradation comprising the steps:

1. Grinding a suitable saturated or unsaturated C4-C12 fatty acid and/or salts of
such a fatty acid. _

2. Granulating the resulting fatty acid obtained from step (1) with an organic
solvent. '

3. Air-drying the granules obtained from step (2).

4. Rasping the dried granules through a mesh to obtain granules of desired particle
size '

5. Blending the fatty acid granules with the cation-insulin compound conjugate,
disintegrant, binder and other excipients.

6. Tablet compression, polishing and packing

In yet another preferred aspect, the process of manufacture of the orally deliverable

tablet comprising at least one biologically active compound selected from
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proteins/peptides, their conjugates, and/or cation-polypeptide conjugate complexes

possessing resistance to enzymatic degradation comprising the steps:

1. Grinding suitable saturated or unsaturated C4-C12 fatty acid and/or ‘salts of such
a fatty acid such as sodium caprate, PVP-K-30.

2. Suspending IN-105 in an organic solvent using PVPK-30 as a binder to form a

wet mass ,

Granulation of the resulting components using PVP-K30 as a binder

Rasping of dried Sodium caprate granules through 45# (355pm)

Blending of sodium caprate granules with other excipients.

AN AN o

Tablet compression, polishing and packing.

According to the most signiﬁcant aspects of the invention the term “stable” as it applies
to the composition of the present invention is meant for purposes of the invention to
mean that the formulation remains undegraded or does not degrade to an-unacceptable
extent even after exposure of the formulation to a range of storage conditions selected
from the group comprising (i) temperature of about 2-8°C, 25 °C, 30°C and 40°C (ii)
25°C/60% relative humidity (RH), 30°C/65% relative humidity, 40°C/75% relative
humidity for at least one year or any combination of the illustrated conditions. In
context of the nature of the present invention undegraded or does not degrade to an
unacceptable extent shall mean that the dosage components remain well within the

applicable limits of stability during the test periods.

According to one aspect of the invention testing for stability is conducted for a period
of 1-12 months, preferably 1 month, preferably 2 months, preferably 3 months,
preferably 4 moﬁths, preferably 5 months, preferably 6 months, preferéb_ly 7 months,
preferably 9 months, preferably 11 months and most preferably 12 months. The
invention contemplates the stability attributes of the dosage form to remain compatible

for a period extending to about 2 years.

The stability attributes of pharmaceutical composition of the instant invention is
evaluated at different test conditions of temperature such as lower temperature

conditions in the range of 2-8°C, ambient room temperature conditions of 25°C- 30°C
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and slightly elevated temperature conditions of 40°C. As may be apparent to one skilled
in the art, the temperature conditions and the stabilities established in the said
temperature conditions may not be strictly limited to the temperature conditions tested
herein. The invention contemplates the extension of the stability attributes displayed
during the test conditions to be established within the scope of a broad range of lower
and elevated temperatures. The composition and its stability attributes are not subjected

to much variation at temperatures ranging from 2 - 40 °C

The stability attributes of pharmaceutical composition of the instant invention is
evaluated at different test conditions of relative humidity such as RH conditions
25°C/60% relative humidity (RH), 30°C/65% relative humidity, 40°C/75% relative
humidity or combination of the conditions illustrated herein. As may be apparent to one
skilled in the art, the relative humidity conditions and the stabilities established in the
said temperature conditions may not be strictly limited to the relative humidity
conditions tested herein. The invention contemplates the extension of the stability
attributes displayed during the test conditions to be established within the scope of a
broad range of relative humidity temperatures not explicitly disclosed herein. The
composition and its stability attributes are not subjected to much variation at relative

humidities ranging from 25°C/60%-40°C/75%.

According to one aspect of the invention the composition 6f the instant invention is
characterized in that at least 95% % 2% of the composition remains undegraded over
exposure to conditions selected from the group comprising.
(@)  temperature range of about 2-8°C or 25 °C- 40°C
(b)  25°C/60% relative humidity (RH), 30°C/65% relative humidity,
40°C/75% relative humidity for over a period of at least 6 months.

According to one aspect of the invention the composition of the instant invention is

characterized in that at least 95% + 2% of the composition remains undegraded over

exposure to conditions selected from the group comprising
(a)  temperature range of about 2-8°C or 25 °C- 40°C
(b) 25°C/60% relative humidity (RH), 30°C/65% relative humidity,

40°C/75% relative humidity for over a period of at least 6 months.
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According to yet another aspect of the instant invention the various stability attributes
tested for the tablet composition include but is not limited to hardness, disintegration

time dissolution profile and the chromatographic purity.

Accordingly, as per various embodiments of the invention exhibhits various advantages
with respect to the dosing and convenient method of administration. The invention
constitutes yet another advantage over the prior art compositions as the inventors
propose that the claimed rationally designed oral formulation of IN-105 with measured
components of other excipents and the process of manufacturing the orally
administrable tablets are easily scalable without affecting the release profile in-vitro or
in-vivo. Further, attributed to this rationally designed oral formulation and the process
of making the same, the scalability factor does not impact the in-vivo drug performance

or its in-vivo release profile.

One of the important-aspects of the invention relates to spray drying the composition to

obtain an homogenous, amorphous mixture of the cation-insulin conjugate complex.

A variety of parameters may be optimized to modify the average size of the droplets.
Droplet size can be influenced, e.g., by adjusting the near supercritical fluid pressure or
pressure of the high-pressure gas, adjusting the suspension or solution pressure,
adjusting the flow rate of the suspension or solution, choice of the nozzle conduit
internal diameter, adjusting the temperature of the drying gas, adjusting the pressure
inside the particle formation vessel, changing the concentrations of suspension or
solution constituents, and/or the like. For example, the suspension or solution can be
supplied to the mixing chamber at from about 0.5 ml/min to aboﬁt 40 ml/min to spray
from a 100 um internal diameter nozzle oriﬁ;:e; lower rates forming smaller droplets
and faster rates forming larger droplets. In the methods, formation of droplets ranging

in mass median diameter from about 1 um to about 200 um is preferred.

In the present invention, the temperature at which spray-drying is efficiently conducted
is normally in the range between about 80°C and about 300°C, preferably between

about 1000C and about 180°C. Temperature control may be particularly important for
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mairitaining the stability of product particles which are formed or contain highly

temperature sensitive substances.

The pharmaceutical compositions obtained using certain embodiments of the invention
can be administered to any animal that can experience the beneficial effects of the
compounds of the invention. Foremost among such animals are humans, although the

invention is not intended to be so limited.

The method of preparing powdered formulation particles in the invention can comprise,
for example, preparing an aqueous suspension or solution of a bioactive material and a
polyol optionally with one or more of other compatible pharmaceutical excibie_nts,
forming a mixture of the solution or suspension with a pressurized gas, spraying
ultrafine droplets by depressurizing the mixture, and drying the droplets into powder
particles by exchanging the spray gases with drying gases, e.g., to by spraying into a
drying chamber of the spray dry apparatus.

The term "solvent" refers to the liquid in which the material forming the bulk of the
spray dried particle is dissolved, suspended, or emulsified for delivery to the atomizer
of a spray dryer and which is evaporated into the drying gas, whether or not the liquid
is a solvent or non-solvent for the material. The choice of solvent depends on the bulk
material and the form of the material fed to the atomizer, e.g., whéther the material is to
be dissolved, suspended, or emulsified in the solvent. The most preferred solvent in

context of the present invention is water.

When employing spray-drying method, a raw material in the form of a solution
comprising at least one of active ingredients selected from the group consisting of
cation-insulin compound conjugate in combination with the diluents is spray-dried to

produce particles.

The size of the particles of drug solution is a function of the atomizer used to spray the
polymer solution, the atomizer pressure, the flow rate, the ingredients used, their
concentration, the type of solvent, the viscosity, the temperature of spraying (both inlet
and outlet temperature), and the molecular weight of the therapeutic agent. Generally,

the higher the molecular weight, the larger the particle size, assuming the concentration

" is the same.
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One of the aspects of the present invention relates to a comparative dog clamp study of

two prototype formulations of cation-insulin compound conjugates oral compositions

- prepared by direct compression method arid the spray drying method.

The following measurements were performed: glucose infusion rate, plasma insulin
concentration, and plasma glucose levels (to allow an estimation of endogenous insulin
compound release). The glucose infusion rate required to maintain euglycemia provides
an index of insulin compound action. The glucose infusion rates and plasrﬁa insulin

levels were evaluated and corripared.

The prototype formulations prepared by the spray dried method show consistent levels
of drug absorption and resultant glucose infusion rate without loss of stability or

biological activity.

The prototype formulation I ( Formulation 862) has the following composition

Ingredient Quantity (mg) per tablet
IN-105 6
Sodium caprate 150 | ro
Ménnitol 150
Explotab (Croscarmellose sédim) 25

The present invention is further defined in the following Examples. It should be
understood that these Examples, while indicating preferred embodiments of the
invention, are given by way of illustration only. From the above discussion and these
Examples, one skilled in the art can ascertain the essential characteristics of this
invention, and without departing from the spirit and scope thereof, can make various

changes and modifications of the invention to adapt it to various uses and conditions.

The invention will be better understood from the folldwing Examples. However, those
of ordinary skill in the art will readily understand that these Examples are merely
illustrative of the invention that is defined in the claims that follow thereafter.

The following Examples represent preferred embodiments of the present invention.
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EXAMPLE I:

Drug formulations in accordance with the present invention were prepared and tested.
Accordingly, required amount of ground Sodium caprate was weighed accurately in to
a planetary mixture and the granulate with 700ml of isopropyl alcohol. The amount of
isopropyl alcohol added to convert the powder mixture to granular form was calculated.
The wet mass was scraped every 5 minutes, such that the mixture doe§ not stick to the
wall of the planetary mixture. The wet mass was passed through 18# sieve in a wet

granulator and air dried overnight under the hood.

Moisture Content of Granules: Sample Weight = 0.662 gm; % of moisture content

=227%

Appropriate quantity of IN-105, sodium caprate granules, Kollidon CL and pearlitol
was weighed and passed through a 60# sieve and mixed in a double cone blender for 20
minutes at a speed of 12 r.p.m. After homogenous mixing for 20 minutes, the blend was

lubricated with aerosol and magnesium stearate for 3 minutes at a speed of 88-90 r.p.m.

TABLE: I
INGREDIENTS PER TABLET FOR 1000gm
MG)
IN-105* 5.8207 17.27
Sodium Caprate granules 150.000 445.10
Kollidon CL 33.700 100.00
Pearlitol SD 200 144.1093 427.62
Aerosil 200 Pharma 1.685 5.00
Magnesium Stearate 1.685 5.00
Total -337 mg Total-1000 gm

The tablets prepared as per the example I, were tested in 26 hrs fasted six healthy male
beagle dogs. Each tablet was administered with 20 ml of water. The blood samples
were collected for measuring blood glucose and plasma insulin levels. As represented

in FIG.1 and FIG.2 the tablet resulted in a rapid increase of plasma insulin levels
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showing a Cmax of about 100mU/ml with a Tmax of 20 minutes from the time of
administration resulting in a corresponding drop of about 35% in plasma glucose

concentration.

The tablets thus produced were subjected to stability studies as per the ICH guidelines.
5 The long term studies were carried out at 2-8 deg C and 25 deg C while the accelerated
stability was carried out at 30 deg C/65% RH and 40 deg C/75% RH. 4

Stability of 5 mg IN-105 tablets at 2-8 deg C.

Testing | Hardn | Disintegr HMWP Chromat | Assay % Disssolu
Interva | ess | ation time . ographic Assay tion
Is purity
In NMT | NMT15 | NMT3.0% [NLT93% | (in (w.r.t NLT
months | 5.0 min mg) | Label | 75.0%
Kg/cm Claim) at 15
2 minutes
0 1.58 1.49 0.053 95.3 5.08 102% 99.1%
1 1.58 1.50 0.052 94.8 5.07 101% 92.6%
3 1.51 1.50 0.059 94.5 5.07 101% 104.9%
6 1.42 1.44 0.065 94.5 5.14 103% 103.7%
9 1.38 1.41 0.056 94.7 5.1 102% 99.3%
12 1.40 1.45 0.060 94.4 5.08 102% 95.6%

Stability of 5 mg IN-105 tablets at 25 deg C 60 % RH.

Testing | Hardne | Disinte HMWP Chrom Assay - % Assay Dissolution
Intervals sS gration atogra
time phic
: purity
In NMT NMT NMT 3.0% NLT (in mg) (w.r.t Label | NLT 75.0%
months 5.0 15 min 93% . Claim) at 15
Kg/cm2 minutes
0 1.58 1.49 0.053 95.3 5.08 102.0 99.1
1 1.70 1.40 0.13 94.8 5.06 101.0 77.2
2 1.63 1.38 0.26 94.0 . 5.04 101.0 85.6
3 1.66 . 1.36 0.23 94.5 5.09 102.0 95.9
6 1.84 1.34 0.19 94.7 471 94.0 . 84.7
9 1.59 1.33 0.19 94.0 4.69 94.0 852
12 1.74 1.38 0.25 94.3 4.85 97.0 85.6
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Stability of 5 mg IN-105 tablets at 30 deg C 65 % RH.
Disi % Dissoluti
nteg Chrom Assay on
Testing rati atograp
Interva | Hardne | on hic
Is SS time HMWP purity | Assay :
: (w.r.t NLT
NMT | NM Label | 75.0% at
In 5.0 T15 NLT Claim) 15
months | Kg/cm2 | min | NMT 3.0% 93% (in mg) minutes
0 1.58 1.49 0.053 95.3 5.08 102.0 99.1
1 1.69 1.48 .0.06 95.2 5.10 102.0 84.1
2 1.55 | 1.50 0.059 94.8 5.12 102.0 82.6
3 1.55 1.50 0.070 94.6 5.13 102.0 100.4
6 1.63 1.44 0.130 94.3 4.92 98.0 943
Stability of 5 mg IN-105 tablets at 40 deg C 70 % RH.
Chro % Dissoluti
Testing matog Assay on
Interva | Hardne | Disintegrati raphic
Is sS on time HMWP | purity | Assay
(w.r.t NLT
NMT Label | 75.0% at
In 5.0 NMT 15 NMT NLT Claim) 15
months | Kg/cm2 min 3.0% 93% | (in mg) minutes
0 1.58 1.49 0.053 95.3 5.08 102.0 99.1
1 1.58 1.43 0.110 94.2 4.84 97.0 86.0
2 1.54 1.45 0.130 93.8 4.79 96.0 90.0
3 1.51 1.48 0.150 93.9 4.64 93.0 79.0
6 1.42 1.53 0.200 93.3 4.75 96.0 78.0
EXAMPLE 2:

Milled sodium caprate was accurately weighed and taken in a planetary mixer and

mixed for 2 minutes. Required quantities of IN-105 weighed was added to isopropanol

with 0.35% w/w of polyvinylpyrrolidone to form a suspension and stirred well for 30

minutes using a magnetic stirrer. Appropriate amounts of isopropanol was added during

granulation.

The granules were mixed for 15 min in planetary mixer and passed through 14# sieve a

dried in Hot Air Oven for 2 hrs at 30°C.
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TABLE 2:
INGREDIENTS | QUANTITY(per tablet) |QUANTITY(G)
Sodium Caprate 150mg 192.67
IN-105 5.7078mg 7.33
PVP-K 30 5.45mg 7.00

Speed of Planetary mixer = 4 for 15 min. Volume of IPA added = 200ml.

0.7gm (0:35%) PVP + 7.33GM. IN-105 was suspended in 80 ml of IPA. Remaining
6.3gm of PVP was suspended in 40 ml of IPA. Remaining amount of IPA was added to

form a hard wet mass.

BLENDING PROCESS:

Accurately weighed quantity of IN-105 + Sodium caprate + PVP K-30 granules,
Pearlitol and Kollidon CL were passed through 45# sieve and mixed in a octagonal
blender. After homogenous mixing the blend was lubricated with Aerosil and

Magnesium stearate, mixed well and compressed into tablets.

TABLE 3:
INGREDIENTS PER TABLET (MG) | FOR 50gm (G)
IN-105 ' 5.7078 0.92
Sodium Caprate granules _ 150.00 24.19
PVP K-30 5.45 0.88
Pearlitol 114.742 18.51
Kollidon CL 31 5.00
Aerosil 200 Pharma 1.55 0.25
Magnesium Stearate 1.55 0.25
Total-310mg Total-50g
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Tablets prepared as per the example 2, were tested in 26 hours fasted six healthy male

beagle dogs. Each tablet was administered with 20 ml of water. The blood samples

were collected for measuring blood glucose and plasma insulin levels. As represented

in FIG.3 and FIG.4, the tablets resulted in a rapid increase in plasma insulin levels

showing a Cmax of about 75SmU/ml with a Tmax of 20 minutes from the time of

administration. This resulted in a corresponding drop of about 35% in plasma glucose

concentration from the baseline.

The tablets thus produced were subjected to stability studies as per the ICH guidelines.

The long term studies were carried out at 2-8 deg C and 25 deg C while the accelerated
stability was carried out at 30 deg C/ 65% RH and 40 deg C/75% RH.

Stability of 5 mg IN-105 tablets at 2-8 deg C.

Testing | Hardness | Disinteg | HMWP | Chromat | Assay % Dissoluti
Interva ration ographic | - Assay on
Is time purity
In NMTS.0 [ NMT 15| NMT |NLT93% | (in (w.r.t NLT
months | Kg/cm2 min 3.0% mg) Label | 75.0% at
Claim 15
minutes
0 1.88 2.10 0.13 - 95.3 5.34 107.0 94.0%
1 1.58 1.50 0.052 94.8 5.07 102.0 90.0%
3 1.51 1.50 0.059 94.5 5.07 102.0 102.0%
6 1.42 1.44 0.065 94.5 5.14 103.0 86.0
9 1.38 1.41 0.056 94.7 5.21 104.0 95.0
12 1.40 1.45 |- 0.060 94.4 5.18 104.0 89.0
Stability of 5 mg IN-105 tabléts at 25 deg C 60 % RH.
Testing | Hardness | Disinteg | HMWP- | Chroma | Assay % Dissoluti
Interva ration tograph Assay on
Is time ie
purity
In NMT 5.0 | NMT 15| NMT NLT (in w.r.t NLT
months | Kg/cm2 min 3.0% 93% mg) Label | 75.0% at
Claim 15
minutes
0 1.88 2.1 0.13 95.3 5.34 107.0 94.0%
1 1.60 1.40 0.13 94.8 5.26 105-0- 89.0
2 1.60 1.38 0.26 94.0 5.22 105.0 91.0
3 1.52 1.36 0.23 94.5 5.29 106.0 94.0
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6 1.48 1.34 0.19 94.7 5.17 103.0 90.0
9 1.45 1.33 0.19 94.0 5.13 | 103.0 103.0
12 1.48 1.38 0.25 943 | 5.20 104.0 87.0

Stability of 5 mg IN-105 tablets at 30 deg C 65 % RH.

Testing : Chromat | Assay Y% Dissolutio
Interval | Hardn | Disintegr ographic Assay n
s ess | ation time | HMWP purity ' .
NMT - (im w.r.t NLT
5.0 mg) | Label | 75.0% at
In Kg/cm | NMT 15 NMT Claim 15
months 2 min 3.0% | NLT 93% minutes
0 1.88 2.1 0.13 95.3 5.34 107.0 94.0%
1 1.61 1.48 0.06 95.2 4.97 99.0 90.0%
2 1.58 1.50 0.059 94.8 4.92 98.0 102.0%
3 1.51 1.50 0.070 94.6 4.88 98.0 86.0%
6 1.42 1.44 0.130 94.3 4.79 96.0 | 79.0%
Stability of 5 mg IN-105 tablets at 40 deg C 75 % RH.
Testing Disinteg Chromat Y% Dissolutio
Interval ration ographic | Assay | Assay n

s Hardness | time | HMWP | purity

(im w.r.t NLT
mg) | Label | 75.0% at

In NMT 5.0 | NMT 15| NMT Claim 15
months | Kg/cm2 min 3.0% [ NLT 90% minutes

0 1.88 2.1 0.13 95.3 534 | 107.0 94.0%

1 1.58 2.0 0.17 94.2 5.09 | 102.0 96.0%

2 1.54 2.3 0.19 93.7 506 | 101.0 84.0%

3 1.51 2.2 0.16 93.9 5.01 100.0 89.0%

6 1.42 1.9 0.29 93.3 4.91 98.0 92.0%
EXAMPLE 3:

Accurately weighed Qty of IN-105, Sodium caprate + Beta-Cyclodextrin complex,
Sodium bicarbonate and Kollidon CL were passed through 45# sieve and mixed in a
Polyethylene bag. After homogenous mixing the blend was lubricated with Aerosil and

Magnesium stearate, mixed well and compressed into tablets.
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TABLE 4:
INGREDIENTS PER TABLET (FOR 50gm (G)
MG)
IN-105 5.7078 1.30
Beta-Cyclodextrin 40.38 9.18
Sodium Caprate granules 75.00 17.05
Sodium bicarbonate 74.71 16.98
Kollidon CL 22 5.00
Aerosil 200 Pharma 1.1 0.25
Magnesium Stearate 1.1 0.25
Total-220mg Total-50g
Stability of 5 mg IN-105 tablets at 2-8 deg C.
Testing | Hardne | Disint | HMW | Chroma | Assay % Assay | Dissolutio
Interva sS egrati P tograph n
Is on ic
time purity '
In NMT NMT | NMT (in mg) w.r.t. NLT
months 50 - 15 3.0% NLT Label 75.0% at
Kg/cm2 | min 93% Claim 15
minutes
0 1.58 1.49 | 0.053 95.3 4.99 99.0 95.0%
1 1.58 1.50 0.052 94.8 4.99 99.0 91.0%
3 1.51 1.50 0.059 94.5 5.01 100.0 85.0%
6 1.42 1.44 | 0.065 94.5 4.96 99.0 101.0%
9 1.38 1.41 0.056 94.7 4.93 99.0 92.0%
12 1.40 1.45 0.060 94.4 4.97 99.0 89.0%
5  Stability of 5 mg IN-105 tablets at 25 deg C 60 % RH.
Testing | Hardness | Disinte || HMWP | Chromatog Assay % Assay Dissolution
Intervals gration raphic
time purity
In NMT 5.0 NMT NMT (in mg) w.r.t. Label | NLT 75.0%
months Kg/cm2 15 min 3.0% NLT 93% Claim at
: 15 minutes
0 1.58 1.49 0.053 95.3 4.99 99.0 - 95.0%
1 - 1.60 1.40 0.13 94.8 5.06 101.0 89.0%
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2 1.60 1.38 0.26 94.0 4.93 99.0 91.0
3 1.52 1.36 0.23 94.5 4.92 98.0 101.0
6 1.48 1.34 0.19 94.7 4.95 99.0 87.0
9 1.45 1.33 0.19 94.0 491 98.0 90.0
12 1.48 1.38 0.25 94.3 4.87 97.0 85.0
Stability of S mg IN-105 tablets at 30 deg C 65 % RH.
Chromatog Assay % Assay Dissolution
Testing : Disintegr raphic
Interval | Hardness | ation time | HMWP purity )
. (in mg) w.r.t. Label | NLT 75.0%
In NMTS5.0 | NMT 15 NMT Claim at
months Kg/cm2 min 3.0% NLT 93% 15 minutes
0 1.58 1.49 0.053 95.3 499 99.0 95.0%
1 1.61 1.48 0.06 95.2 5.00 100.0 94.0%
2 1.58 1.50 0.059 94.8 4.81 96.0 92.0%
3 1.51 1.50 0.070 94.6 4.83 96.0 84.0%
6 1.42 1.44 0.130 94.3 4.72 . 940 90.0%
Stability of 5 mg IN-105 tablets at 40 d/'eg C 75 % RH.
Chromat Assay % Assay Dissolution
Testing Disintegr ographic
Interval | Hardness | ation time | HMWP purity
(in mg) w.r.t. Label | NLT 75.0%
In NMT 5.0 | NMT 15 NMT Claim at
months | Kg/cm2 |- min 3.0% | NLT 93% 15 minutes
0 1.58 149 0.053 95.3 4.99 99.0 95.0%
1 1.58 1.50 0.110 94.2 4.88 98.0 90.0
2 1.57 1.48 0.130 93.6 4.92 194.0 81.0
3 1.51 1.50 0.150 93.9 4.77 - 95.0 79.0
6 1.42 1.44 0.200 93.3 4.64 92.8 76.0
EXAMPLE 4:

Accurately weighed Qty of IN-105, Sodium Lauryl sulphate, Kollidon CL and Pearlitol

were passed through 45# sieve and mixed in a octagonal blender.After homogenous

mixing, the blend was lubricated with Aerosil and Magnesium stearate, mixed well and

compressed in to Tablets.
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TABLE §:
INGREDIENTS PER TABLET FOR 50gm (G)
MG)
IN-105 60# - 5.7078 1.90
Sodium Lauryl sulfate 50.0 16.67
Kollidon CL 15.00 ~5.00
Pearlitol SD 200 77.7922 25.93
Aerosil 200 Pharma 0.75 0.25
Magnesium Stearate 0.75 ' 0..5_5
Total-150mg Total-50g

Tablets prepared as described in example 4, were tested in 26 hrs fasted six healthy
“male beagle dogs. Each tablet was administered with 20 ml of water. The blood
samples were collected for measuring blood glucose and plasma insulin levels. Results
obtained is represented in FIG. 5 and FIG. 6. The tablets thus produced were subjected
to stability studies as per the ICH guidelines. The long term studies were carried out at
~ 2-8 deg C and 25 deg C while the accelerated stability was carried out at 30 deg C/ 65%
RH and 40 deg C/75% RH. "'

Stability of 5 mg IN-105 tablets at 2-8 deg C.

Testing | Hardne | Disinteg | HMW | Chromat | Assay | % Assay | Dissolutio
Interva SS ration P - | ographic n
Is time purity '
In NMT |NMT 15| NMT | NLT 93% (in w.r.t. . NLT
months 5.0 min 3.0% mg) Label | 75.0% at
Kg/cm2 Claim 15
. | minutes
0 1.64 1.62 0.064 95.7 5.16 103.2 97.6%
1 1.61 1.58 0.068 95.2 5.24 104.8 98.4%
2 1.62 1.56 0.072 95.5 5.20 104.0 97.2%
3 ~ 1.59 1.49 0.070 95.3 5.01 100.0 95.0%
6 1.59 1.54 0.076 94.8 4.94 98.8 92.7%
9 1.55 1.42 0.082 94.2 5.10 102.0 88.4%
12 1.50 1.46 0.090 94.1 4.91 98..2 90.0%
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Stability of 5 mg IN-105 tablets at 25 deg C 60 % RH.

PCT/IN2008/000683

Testing | Hardne | Disint | HMW | Chromat | Assay % Assay | Dissolutio
Interva s egrati P ographic n
Is on purity -
time
In NMT NMT | NMT (in mg) w.r.t. NLT
months 5.0 15 3.0% | NLT 93% Label 75.0% at
Kg/cm2 | min Claim 15
‘ minutes
0 1.64 1.62 | 0.064 95.7 5.16 103.2 97.6%
1 1.62 1.66 | 0.070 95.1 5.26 105.2 90.0%
2 1.60 '1.54 | 0.074 95.0 5.14 102.8 94.1%
3 1.64 1.59 | 0.072 95.2 4.97 99.6 89.1%
6 1.57 1.56 | 0.081 94.6 4.82 96.4 92.0%
9 1.49 142 | 0.086 94.1 4.98 99.6 96.0%
12 1.44 1.47 | 0.092 93.7 4.87 97.4 98.4%
Stability of 5 mg IN-105 tablets at 30 deg C 65 % RH.
Testin Assay % Dissolutio
g . Disinteg Chromat | Assay n
Interv | Hardne | ration | HMW | ographic
al ss time P purity
' (in mg) wrt. | NLT
In NMT : Label 75.0% at
month 5.0 NMT 15| NMT o Claim 15
s Kg/cm2 min 3.0% | NLT93% minutes
0 1.64 1.62 0.064 95.7 5.16 103.2 97.6%
1 1.62 1.62 0.072 95.3 5.10 102.0 98.6%
2 1.62 1.60 0.076 94.8 5.01 100.2 92.4%
3 1.50 1.46 0.082 94 .4 4.84 96.8 94.0%
6 . 1.44 1.29 0.094 93.6 4.79 95.8 88.4%
Stability of 5 mg IN-105 tablets at 40 deg C 70 % RH.
Testin Disint Assay % Assay | Dissolutio
g egrati Chromat ‘ n
Interv | Hardne on HMW | ographic
al sS time P purity
: -(in mg) w.r.t. NLT
In NMT | NMT Label 75.0% at
month 5.0 15 NMT Claim 15
s Kg/cm2 | min | 3.0%. NLT 93% minutes
0 1.64 1.62 | 0.064 95.7 5.16 1032 |, 97.6%
1 1.58 1.59 | 0.072 . 95.1 5.08 102.0 -92.0%
2 1.52 1.54 | 0.079 94.5 4.92 98.4 94.5%
3 1.42 148 | 0.086 94.0 4.86 97.2 89.7%
6 1.38 146 | 0.102 93.2 4.64 92.8% 90.1%
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EXAMPLE §:

PREPARATION OF SODIUM CAPRATE, SODIUM BICARBONATE AND

' PEARLITOL GRANULES WITH PVP K-30 (2%W/W) AS BINDER AND PEG

6000 (1% W/W) AS PLASTICIZER AND IN-105 ADDED DURING
GRANULATION.

Accurately weighed quantity of Ground Sodium caprate, Sodium bicarbonate and
Pearlitol was taken in planetary mixer, dry mixing was done for 5 min. Meanwhile PVP
K 30 was dissolved in IPA and IN-105 was suspended. PEG 6000 was dissolved in
water (5% v/v). The Solution were stirred well using Magnetic Stirrer. Sodium caprate, -
Sodium bicarbonate and Pearlitol were granulated using PVPK and PEG solution as
granulating agent. The process was carried out for 20 min. The Wet mass formed was

passed through 18# sieve in Wet granulator and dried in LAF.

Volume of IPA added - 130 ml.

100 ml = IN-105 + PVP k. 6 ml = PEG in water. Speed of Planetary mixer = 2-4 for
20 min.

Speed of Wet granulator - 200.rpm.

Moisture content of granules.

Weight of Sample - 0.525 gm.

% Moisture content - 1.99 %.

TABLE 6:
Ingredients Quantity per Tablet (mg) | For 250 gm |
batch
. IN-105 10.6952 8.60
Sodium caprate 150 120,55
Sodium bicarbonate 90 72.33
Pearlitol 200 SD 60.37 48.52
PVP k-30 (2% w/w) 6.22 5
PEG 6000 (1% w/w) 3.11 25

PCT/IN2008/000683



WO 2009/050738 PCT/IN2008/000683
53
TABLE 7:
INGREDIENTS | PERTABLET FOR 200 gm (G)
MG)
IN-105 10.6952 5.94
Sodium Caprate 150.00 83.33
Sodium Bicarbonate 90.00 50.00
Pearlitol 200 SD 60.37 33.54
PVP K 30 6.22 3.46
PEG 6000 311 173
Kollidon CL 36.00 20.00
Aerosil 200 Pharma 1.8 1.00
Magnesium Stearate 1.8 11.00 -
Total-360 mg | Total-200 gm

Accurately weighed quantity of IN-105 + Sodium caprate + Sodium bicarbonate +
Pearlitol + PVP K 30 and PEG granules were passed through 35# seive and mixed with
Kollidon CL in a doubl cone blender. After homogenous mixing the -blend was
lubricated with Aerosil and Magnesium stearate, mixed well and compressed into

tablets.

The tablets thus produced were subjected to stability studies as per the ICH guidelines.
' The long term studies were carried out at 2-8 deg C and 25 deg C while the accelerated

stébility was carried out at 30 deg C/ 65% RH and 40 deg C/75% RH.
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Stability of 5 mg IN-105 tablets at 2-8 deg C.

Testing | Hard | Disintegr | HMW | Chroma | Assa % Dissolutio

Interva | ness ation P tograph y Assay n
Is , time ic
purity

In NMT | NMT 15 | NMT | NLT (in | w.r.t NLT
months | 5.0 min 3.0% 93% mg) | Label | 75.0% at
Kg/c Claim 15
m2 minutes
1.58 1.49 0.053 95.3 5.08 | 102.0 96.0%
1.58 1.50 0.052 94.8 5.07 | 102.0 92.0%
1.51 1.50 0.059 94.5 5.07 | 102.0 86.7%
1.42 1.44 0.065 94.5 5.14 | 103.0 90.3%
1.38 1.41 0.056 947 " | 5.1 | 103.0 98.0%

2 1.40 1.45 0.060 94.4 5.08 | 102.0 89.2%

O R[WwWi—|

[a—

Stability of 5 mg IN-105 tablets at 25 deg C 60 % RH.

Testi | Hardne | Disintegrati | HMW [ Chroma | Assay | % | Dissolutio
ng Ss on time P tograph Assa n
Inter ic Yy
vals purity
In NMT NMT 15 NMT (in | w.r.t NLT
mont 5.0 min 3.0% | NLT mg) | Lab | 75.0% at
hs Kg/cm2 93% el - 15
: ' ’ Clai | minutes
m
0 1.58 1.49 0.053 953 ~5.08 | 102. 96.0%
0
1 1.60 1.40 0.13 94.8 5.06 | 102. 102.0%
- 0
2 1.60 1.38 0.26 94.0 5.04 | 101. 93.1%
0
3 1.52 1.36 0.23 94.5 5.09 | 102. 91.2%
0
6 1.48 1.34 0.19 94.7 471 | 94.0 84.6%
9 1.45 1.33 0.19 94.0 4.69 | 94.0 81.9%
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Stability of 5 mg IN-105 tablets at 30 deg C 65 % RH.
Disint Assay % Dissolutio
Testing egrati Chromat Assay n
Interva | Hardne | on HMW | ographic
1 ss time P purity
(in w.r.t NLT
NMT | NMT "mg) | Label | 75.0% at
In 5.0 15 NMT Claim 15
months | Kg/cm2 | min | 3.0% | NLT 93% minutes
0 1.58 1.49 | 0.053 95.3 5.08 102.0 96.0%
1 1.61 1.48 0.06 95.2 5.10 104.0 89.2%
2 1.54 1.52 | 0.070 | .. 94.4 5.08 104.0 92.0%
3 1.51 1.50 | 0.070 | *:94.6 5.13 104.0 89.0%
6 1.42 1.44 | 0.130 94.3 4.71 | 94:2 84.7%
Stability of 5 mg IN-105 tablets at 40 deg C 75 % RH.
Testin : Chroma | Assay % Dissolutio
g Disinteg tograph Assay n
Interv | Hardne | ration | HMW ic
al SS time P purity
(in w.r.t NLT
In NMT NLT mg) | Label | 75.0% at
month 5.0 NMT 15 | NMT Claim 15
) Kg/cm2 min 3.0% 93% : minutes
0 1.58 1.49 0.053 95.3 5.08 102.0 96.0%
1 1.58 1.50 0.110 94.2 4.84 97.0 98.0%
2 1.50 148 | 0.12 93.6 4.78 96.0 87.6%
3 1.51 1.50 0.150 93.9 4.64 88.0 84.7%
6 1.42 1.44 0.200 93.3 4.75 96.0 80.0%

These are preferred dose proportional formulations giving desirable drug release
profiles. These formulations provide an approximately consistent release of IN-105

have been envisioned.

EXAMPLE 6:
water by adjusting the pH to 8.28 using 10% sodium hydroxide. Solution was take for

1.663 gm of IN-105 and 50 g of sodium caprate were dissolved in

spray drying. The solution was spray dried at 80 °C in a cocurrent fashion. Atomization
pressure used was 1.5 kg/cm2, and the feed flow rate to the spray drier was 2 ml/min.
The purity of the spray dried sample was ~ 98 % and from total expected 52 gm, a total

of 16 gm granules and 1.5 gm fine powder was recovered.
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This spray dried powder was mixed with other formulation excipients like mannitol,
explotab, colloidal silica and magnesium stearate and compressed in to tablet form.
These tablets were then tested in dog clamp model to see the pharmacokinetic and

pharmacodynamic response.

EXAMPLE 7: A feed slurry of IN105 having concentration 35 g/l was used for
obtaining spray dried samples. Excipients used were Mannitol and Sodium caprate. To
a mixture of 1050 mg Sodium caprate and 1015 mg Mannitol, 20 ml of solution
containing 1 ml of feed slurry was added and mixed thoroughly. The solution was spray
dried at 80 °C in a cocurrent fashion. Atomization pressure used was 1.5 kg/cm?2, and
the feed flow rate to the spray drier was 2 ml/min. A recovery of around 60% was

obtained for the sample and its purity of the spray dried sample was ~ 98 %.

EXAMPLE 8: A feed slurry of IN105 haﬁng concentration 35 g/l was used for
obtaining spray dried samples. Excipients used were Mannitol and Sodium caprate. To
a mixture of 1050 mg Sodium Caprate and 945 mg of Mannitol, 20 ml of solution
containing 3 ml of feed slurry was added and mixed thoroughly. The solution was spray
dried at 80 °C in a cocurrent fashion. Atomization pressure used was 1.2 kg/cm2; and
the feed flow rate to the spray drier was 2 ml/min. A recovery of around 60% was

obtained for the sample and its purity was later found out to be 98.6 %.

EXAMPLE 9: A feed slurry of IN105 having concentration 35 g/l was used f0r~
obtaining spray dried samples. Excipients used were Mannitol.and Sodium caprate. To
a mixture of 1050 mg Sodium caprate and 1015 mg Mannitol, 20 ml of solution
containing 1 ml of feed slurry was added and mixed thoroughly. The solution was spray
dried at 120 °C in a cocurrent fashion. Atomization pressure used was 1.5 kg/cm2, and
the feed flow rate to the spray drier was 2 ml/min. A recovery of around 60% was

obtained for the sample and its purity was later found out to be 99.5 %.

EXAMPLE 10: A feed. slurry of IN105 having concentration 35 g/l was used for

\ obtaining spray dried samples. Excipients used were Mannitol and Sodium.caprate. To

a mixture of 1050 m'g Sodium Caprate and 945 mg of Mannitol, 20 ml of solution
containing 3 ml of feed slurry was added and mixed thoroughly. The solution was spray

dried at 120 °C in a cocurrent fashion. Atomization préssure used was 1.2 kg/cm2, and

PCT/IN2008/000683
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the feed flow rate to the spray drier was 2 ml/min. A recovery of around 60% was

obtained for the sample and its purity was later found out to be 98.3 %.

EXAMPLE 11: A feed slurry of IN105 having concentration 11.5 g/l was used for
obtaining spray dried samples. Excipients used were Mannitol and Sodium caprate. To
a mixture of 3000 mg Sodium Caprate and 2885 mg of Mannitol, 50 ml of solution
containing 10 ml of feed slurry was added and mixed thoroughly. The solution was
spray dried at 150 °C in a countercurrent fashion. Atomization pressure used was 0.86
kg/cm2, and the feed flow rate to the spray drier was 4 ml/min. The sample purity was

found out to be 94.71 %.

The two> prototype formulations [Formulation -862 Tablet prepared by direct
compression method ] and [Formulation -872 — Tablet prepared by spray-drying
method] that were screened through dog clamp study indicated that formulation — 872
prepared by the spray drying process exhibited comparatively consistent levels of drug
absorption and resultant glucose infusion rate without loss of stability or biological
activity affording a process of preparing a much economical, commercially viable and

scalable method of manufacturing cation-insulin compound conjugate compositions.

TABLE 8:
862 872

Time Plasma Insulin SEM Plasma Insulin | SEM
60 8.2 1.5 6.0 1.1
80 7.0 1.4 5.8 1.5
85 21.2 6.2 22.5 12.4
90 48.5 15.1 53.7 8.5
100 52.4 18.1 46.0 184
110 39.5 25.7 35.7 5.4
125 443 39.0 14.3 1.5
170 30.7 29.1 10.8 2.5
200 17.0 12.8 10.8 4.0
205. 26.2 159 | . 11.4 2.2
210 54.6 323 30.8 20.8
220 49.7 23.6 70.7 83.5
230 15.0 6.2 76.8 76.4
245 9.7 1.1 479 57.8
290 ) 8.5 3.5 8.0 4.1
320 6.8 0.5 8.2 3.0
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TABLE 9:
862 . 872
Time GIR SEM GIR SEM
60 0.00 0.00 0.00 0.00
80 0.00 0.00 0.00 0.00
85 0.00 0.00 0.00 0.00
90 0.00 0.00 0.00 0.00
100 3.20 0.86 2.52 1.14
110 2.49 1.03 4.72 1.04
125 1.72 1.58 1.02 0.02
170 |- 2.82 2.87 0.00 0.00
200 1.92 2.16 0.00 0.00
205 0.05 0.06 0.00 0.00
210 0.46 0.56 0.00 0.00
220 2.16 1.41 1.52 0.68
230 1.95 1.74 4.90 1.75
245 2.05 1.16 4.80 6.78
290 0.43 0.41 1.03 1.46
320 043 | 041 0.35 0.49
TABLE 10:
862 872
Time Plasma glucose SEM Plasma glucose . | SEM
60 111.3 1.8 - 106.5 2.1
80 108.8 2.0 106.0 1.4
85 108.5 2.2 105.0 1.4
90 106.8 2.6 102.0 1.4
100 109.5 53 99.5 4.9
110 110.8 2.7 111.5 3.5
125 109.8 1.6 105.5 2.1
170 108.8 24 107.5 2.1
200 107.8 1.8 106.5 0.7
205 106.3 2.5 104.5 0.7
210 103.3 3.9 103.5 0.7
220 106.3 4.7 99.0 1.4
230 105.7 3.5 112.0 19.8
245 111.3 4.5 102.5 0.7
290 110.3 4.1 - " 106.5 3.5
320 107.3 1.1 103.5 2.1
EXAMPLE 12:

Ovemight dialyzed DS formulated as Insugen (R) and IN105, in 10 mM Tris, pH 8,

were provided with the concentrations determined by HPLC quantitation.
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TABLE-11
INSULIN SAMPLES
CONCENTRATION Tnsugen IN-105 HIM-2
mg/ml 2.84 2.65 20

Table 11: Dialyzed Insulin concentrations used for the mitogenic assay study

3T3-A31 cells were obtained from ATCC (mouse fibroblast, ATCC CCL-163).
Dulbecco’s Modified Eagles Medium (DMEM), Heat Inactivated Fetal Bovine Serum
(FBS) and Alamar Blue dye were procured from Invitrogen. IGF1 and 1M HEPES
solution was obtained from Sigma Aldrich. 3T3-A31 cells were maintained in 10 mM
HEPES-buffered DMEM supplemented with 10% FBS under humidified conditions at
37°Cin an afmosphere of 5% CO2. For the assay, 3T3-A31 cells were trypsinized with
0.25% trypsin-EDTA. The cell number was counted by hemocytometer using trypan
blue staining. 10,000 cells per well were seeded in 10 mM HEPES buffered DMEM
supplemented with 0.5% FBS in 96 well plates. Various concentrations of respective
insulin were added in triplicates in the wells. After 20 hours of culture with the various
concentrations of growth factors, Alamar Blue dye (10% V/v) was added and the plates
were further incubated for additional 4 hours at 37°C incubator. Fluorescence
(Excitation wa\}elength = 530 nm; Emission wavelength = 590 nm) was measured

using a 96 well plate reader.

" TABLE 12: Mitogenic potency ratio comparison of Insugen versus IN-105 versus

HIM-2 obtained from PLA analysis using 4 points in a linear range.

INSUGEN IN-105 HIM-2
1 0.237 0.044
1 _ 0.256 _ 0.021
1 ’ 0.286 0.048 '
Average 0.259+£0.020 0.0376 +0.020
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EXAMPLE 13:

_Overnight dialyzed DS formulated as Insugen (R) and IN105 in 10 mM Tris, pH 8 with

the concentrations determined by HPLC quantitation is provided in TABLE 13.

TABLE 13: Dialyzed concentrations used for the metabolic study.

PCT/IN2008/000683

INSULIN SAMPLES
CONCENTRATION Insugen IN-105 HIM-2
mg/ml 2.84 2.65 20

3T3-L1 cells were obtained from ATCC. Dulbecco’s Modified Eagles Medium
(DMEM), Heat Inactivated Fetal Bovine Serum (FBS), Penicillin-Streptomycin
solution (10X) and 1M HEPES solution were procured from Invitrogen.
Dexamethasone, Isobutyl methyl xanthine, 4-amino antipyrine, N-ethyl N-sulfopropyl
m-toluidine and Glucose oxidase/peroxidase reagent were obtained from Sigma
Aldrich.

3T3-L1 cells were maintained in 10 mM HEPES-buffered DMEM supplemented with
10% FBS, 100U/100 pg Penicillin/Streptomycin (maintainance medium) under
humidified conditions at 37°C in an atmosphere of 5% CO2. For performing the
metabolic assay, 3T3-L1 cells had to be differentiated to adipocytes. 3T3-L1 cells were
trypsinized with 0.25% trypsin-EDTA. The cell number ‘was counted by
hemocytometer using trypan blue staining. 25,000 lcells per well were seeded in
maintainance medium in 96 well plates. The cells were allowed to attain confluency for
the next 2 days. On day 3 the cells were replaced with differentiation medium (0.5 mM
Dexémethasone and 0.25 pM Isobutyl methyl xanthine in maintainance medium) for
additional four days. On day 7 the differentiation media was replaced back to
maintainance media for three days. On day 9 the cells were washed with 1X PBS and
various concentrations of respective insulin prepared in 15 mL centrifuge tubes in Low
Glucose Medium assay buffer supplemented with 0.5%' FBS, 2 mM L-glutamine and
1X Pen-Strep. The dilutions were added in triplicates in the wells. After 22 hours of
culture with the various concentrations of Insulin, the 96 well plates were removed

from the incubator for glucose estimation. The glucose-was estimated by the help of
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GOPOD reagent which convert the glucose in the medium to gluconic acid and
hydrogen peroxide. The hydrogen peroxide formed reacts with the substrate (4-amino
antipyrine and N-ethyl N-sulfopropyl m-toluidine) to give a violet colored product
which can be read at 550 nm wavelength. Metabolic activity calculations: For data
representation % glucose left in the medium was measured by considering the value of

“no insulin” as 100%.

The results of this assay indicated that the metabolic potencies of both Insugen (R),
IN105 and HIM-2 are similar and the potencies are within the acceptable limits (0.8 —
1.2) of the PLA analysis thereby establishing that Insugen and IN-105 are metabolically
equipotent as represented in Figl4. Fig 14 shows that the metabolic potency of Insugen
(R) versus IN105 and Insugen (R) versus HIM-2 is same. The metabolic potency ratio
of Insugen (R) to IN105 was found to be 1.166 and Insugen (R) to HIM-2 was found to
be 1.149. The data represented Mean +SEM of triplicate determinations of an
experiment Fig 15 shows the parallelism and linearity of the bioassay across various
concentrations of Insugen (R) and IN105 determined by the PLA software. The data

represents average + SEM of triplicate values of an experiment.

TABLE 14: Metabolic potency ration comparison of Insugen versus IN-105 versus

HIM-2 obtained from PLA analysis using 4 points in a linear range.

PCT/IN2008/000683

INSUGEN IN-105 HIM-2
i 1.121 119
i 12 1.104
i 1179 1153
Average 1.166 + 0.041 1.149 + 0.043
EXAMPLE 14:

Thé various insulin vials were clarified using glacial acetic acid (pH ~3.4). The
clarified solution v/vas then loaded' on the C8 silica reverse phase column and separated
using a gradient elution with 250mM acetic acid and 100% ethanol. Fractions were
collected during elution, and were pooled based on greater than or equal to 99% purity.

This elution pool was dialyzed for 15 hrs. Using a 1KD cut off membrane against
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10mM Tris, pH 8.0. Finally, dialysed Zn free and excipient free insulin, obtained at pH
8.0, was analyzed by analytical RP-HPLC. Overnight dialyzed DS Zinc free
formulated as Insugen (R), IN105 and HIM-2 in 10 mM Tris, pH 8 with the
concentrations determined by HPLC quantitation is provided in TABLE 15.

PCT/IN2008/000683

TABLE 15
INSULIN SAMPLES
CONCENTRATION Tnsugen IN-105 HIM-2
mg/ml 0.82 138 34

HepG?2 cells were obtained from ATCC (ATCC Catalogue No. HB-8065). Dulbecco’s
Modified Eagle’s medium (DMEM), Heat Inactivated Fetal Bovine Serum (FBS),
100X Penicillin-Streptomycin solution and 100X HEPES salt solution were procured
from Invitrogen. Bovine serum albumin, Sodium hydroxide, Triton-X 100 and Sodium

bicarbonate was obtained from Sigma Aldrich.

The radiolabeled recombinant human Insulin would be procured from Perkin Elmer

with a specific radioactivity of 2200 Ci/mmole (Catalog No. NEX420)

HepG2 cells are maintained in 10 mM HEPES-buffered DMEM supplemented with
10% FBS and 1X Penicillin-Streptomycin solution under humidified conditions at 37°C
in an atmosphere of 5% CO2. For the assay, HepG2 cells are trypsinized and seeded at
a density of 400,000 cells per well of a 24 well plate. After 3 days of incubation the

cells are used to perform the radio-ligand binding assays (1, 2).

Prior to performing the assay the media is removed and the cells are washed twice with
the Binding buffer (DMEM, 2.2 mg/ml Sodium bicarbonate, | mg/ml Bovine Serum
glbumin and 50 mM HEPES) to remove any traces of growth factors present in the
medium. The competitive binding experiments are set up in duplicates using the fixed
amount of radioligand (0.325 nM) and varying concentrations of cold Insulin drug
substance (from 10-12 M to 10-7 M). The final reaction volume is.made to 1 ml. The
plates are then incubated at 15°C overnight with shaker set at 100 rpm (2). The
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following day all the media from the wells are discarded and each well is washed twice

with ice-cold binding buffer.

Each well received 1 ml of solubilization reagent (0.5 M Sodium hydroxide, 0.5%
Triton-X 100). The solubilized cells are transferred to a Radioimmunoassay tube and
the bound radioactivity was read in a gamma counter (Stratec BioMedical Systems,

Germany) The instrument is calibrated and found to have an efficiency of 80%.

Binding Affinity calculations: For normalization of the Counts per minute (CPM
values) at various concentrations of insulin used, percentage binding was calculated .

using the following equation;
% Bound = (CPMsample — CPMblank)/ (CPMcontrol — CPMblank) x 100

Where CPMcontrol is the average CPM of the wells which contained cells with
radiolabeled Insulin without any cold Insulin added, CPMblank is the average CPM of
the wells which did not contain radiolabeled Insulin as well as cold insulin and
CPMsample was the average CPM of the wells which contained radiolabeled Insulin as

well as varying concentrations of cold Insulin.

Tablel6: Comparison of the Binding Affinities in terms of EC50 values with their
95% Confidence Interval.

EC50(M) 95% CI for EC50 (M)

Insugen (R) 1.246 X 10-10 (1.005, 1.544) X 10-10
IN105 1.185 X 10-10 (0.863, 1.626) X 10-10
HIM-2 1.157 X 10-10 (0.896,.1.495) X 10-10

The above description and examples have been given for ease of understanding only.

‘No unnecessary limitations should be understood there from, as modifications will be

obvious to those skilled in the art who will recognize that the invention can be practiced

with modifications and variations within the spirit of the appended claims.

PCT/IN2008/000683
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The foregoing description of a preferred embodiment and best mode of the invention
known to the applicant at the time of filing the application has been presented and is ‘
intended for the purposes of illustration and description. It is not intended to be -
exhaustive or to limit the invention to the precise form disclosed, and many
modifications and variations are possible in the light of the above teachings. The
embodiment was chosen and described in order to best explain the principles of the
invention and its practical application and to enable others skilled in the art to best
utilize the invention in various embodiments and with various modifications as are

suited to the particular use contemplated.
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WE CLAIM:

1.

10.

11.

An orally administrable solid pharmaceutical composition of a cation-insulin
conjugate complex comprising saturated or unsaturated C4 — Cy, fatty acids,
fatty acid esters or salts thereof and at least three pharmaceutically accéptable
excipients selected from the group comprising binders, disintegrants, diluents,
lubricants, plasticizers, permeation enhancers and solubilizers.

The pharmaceutical composition of claim 1, wherein the cation-insulin
conjugate complex of claim 1 is IN-105.

The pharmaceutical compdsition of claim 1, wherein the fatty acid component is
capric acid and/or lauric acid or salts thereof.

The pharmaceutical composition of claim 2, wherein the fatty acid is sodium
caprate.

The pharmaceutical composition of claim 1, wherein the binder is selected from
the group comprising polyvinylpyrrolidone, carboxymethylcellulose,
methylcellulose, starch, gelatin, sugars, natural and synthetic gums or their
combinations thereof. '

The pharmaceutical composition of claim 5, wherein the binder is
polyvinylpyrrolidone.

The pharmaceutical compositioh of claim 1, wherein the diluents is selected
from the group comprising calcium salts, cellulose or cellulose derivatives,
palatinose, organic acids, sugar and sugar alcohols, pectate salts or
combinations thereof. -

The pharmaceutical composition of claim 7, wherein the diluent is mannitol.
The pharmaceutical composition of claim 1, wherein the disintegrant is selected
from  the group  comprising cross-linked  polyvinylpyrrolidone,
carboxymethylcellulose,methyl cellulose, cation-exchange resins, alginic aci‘d,
guar gum or their combinations thereof.

The pharmaceutical composition of claim 1, wherein the lubricant is selected
from the group éomprising magnesium stearate, sodium steareate, sodium
benzoate, sodium acetate, fumaric acid, polyethyleneglycols, alanine and
glycine.

The pharmaceutical composition of claim 10, wherein the lubricant is

magnesium stearate.

PCT/IN2008/000683
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13.
14.

15.

16.

17.

18.

19.
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The pharmaceutical composition of ‘claim 1, wherein the permeation enhancer is
selected from the group comprising sodium lauryl sulfate, sodium laurate,
palmitoyl carnitine, phosphaﬁdylcholine, cyclodextrin and derivatives thereof,
carnithine and their derivatives, mucdadhesive polymers, zonula occludins
toxin, bile salts, fatty acids or combinations thereof.

The pharmaceutical composition of claim 11, wherein the permeation enhancer
is sodium lauryl sulphate.

The pharmaceutical composition of claim 11, wherein the permeation enhancer
is beta-cyclodextrin.

The pharmaceutical composition of claim 1, wherein the plasticizer is selected
from the groﬁp comprising polyethyleneglycol, propylene glycol, acetyl citrate,
triacetin, acetylated monoglyceride, rape oil, olive oil, sesame oil, acetyltriethyl
citrate, glycerin sorbitol, diethyloxalate, diethylmalate, diethylfumarate,
dibutylsuccinate, dibutyl phthalate, dioctylphthalate, dibutylsebacate,
triethylcitrate, tributylcitrate, glyceroltributyrate, glyceryl triacetate, or mixtures
thereof. '

The pharmaceutical composition of claim 10, wherein the plasticizer is
polyethyleneglycol.

An orally administrable pharmaceutical composition according t‘oA claim 1,
wherein the oral dosage form is in the form of a tablet, capsule, particles,
powder or sachet or dry suspensions.

A process for manufacturing an orally administrable solid pharmaceutical
composition of a cation-insulin conjugate complex comprising saturated or
unsaturated C; — C;, fatty acids or salts thereof and at least three
pharmaceutically acceptable excipients selected from the group comprising

binders, disintegrants, diluents, lubricants, plasticizers, permeation enhancers

A and solubilizers.

A process for manufacturing an orally administrable solid pharmaceutical
composition of a cation-insulin conjugate complex of claim 18, comprising
saturated or unsaturated C4 — Cy fatty acids or salts thereof and at least three
pharmaceutically acceptable excipients selected from the group comprising
binders, disintegrants, diluents, lubricants, plasticizers, solubilizers and

permeation enhancers comprising the steps of

PCT/IN2008/000683
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a. Grinding a suitable saturated or unsaturated C4-C), fatty acids and/or
salts of such fatty acid;
b. granulating the resulting fatty acid obtained from step (a) with an
organic solvent;
c. air-drying the granules obtained from step (b);
d. Rasping the dried granules through a mesh to obtain granules of desired
particle size;
e. Blending the fatty acid granules with the cation-insulin éonjugate
complex with the other excipients; and
f. Compressing the blended mixture for tablet formation.
A process for manufacturing an orally administrable solid pharmaceutical
composition ‘of a cation-insulin conjugate complex of claim 18, comprising
saturated or unsaturated C4 — C,, fatty acids or salts thereof and at least three
pharmaceutically acceptable excipients selected from the group comprising
binders, disintegrants, lubricants, plasticizers and permeation enhancers
comprising the steps of
a. Grinding suitable saturated or unsaturated C4-Ci fatty acids and/or salts
of such fatty acid and a binder;
b. Suspending the cation-insulin conjugate complex in an organic solvent
using the binder to form a wet mass;
c. Granulation of the components obtained from step (b) using the binder;
d. Rasping the dried granules of step (c);
| e. Blending the granules with other excipients; and
f. Compressing the blended mixture for tablet formation.
A process according to any of the preceding claims 18-20, wherein the organic
solvent used is selected from the group comprising isopropanol, acetone, methyl
alcohol, methyl ‘isobutyl ketone, chloroform, 1-propanol, 2-propanol,
acetonitrile, 1-butanol, 2-butanol, ethyl alcohol, cyclohexane, dioxane, ethyl
acetate, dimethylformamide, dichloroethane, hexane, isooctane, methyiene
chloride, tert-butyl alchohol, toluene, carbon tetrachloride, or combinations

thereof.

PCT/IN2008/000683
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A 5-500 mg tablet composition of an cation-insulin conjugate corﬁplex
comprising saturated or unsaturated C4 — C) fatty acids, fatty acid esters, - or
salts thereof and at least three pharmaceutically acceptable excipients selected
from the group comprising binders, disintegrants, lubricants, plasticizers and
permeation enhancers.

A 50 mg tablet composition of an a cation-insulin conjugate complex
comprising saturated or unsaturated C4 — C,; fatty acids, fatty acid estérs, or
salts thereof and at least three pharmaceutically acceptable excipients selected
from the group comprising binders, disintegrants, lubricants, plasticizers and
permeation enhancers. '

A 100 mg tablet composition of an a cation-insulin conjugate complex
comprising saturated or unsaturated C4 — C,, fatty acids, fatty acid esters, or
salts thereof and at least three pharmaceutically acceptable excipients selected
from the group comprising binders, disintegrants, lubricants, plasticizers and
permeation enhancers.

A 150 mg tablet composition of an a cation-insulin conjugate complex
comprising saturated or unsaturated C4 — C; fatty acids, fatty acid esters, or
salts thereof and at least three pharmaceutically acceptable excipients selected
from the group comprising binders, disintegrants, lubricants, plasticizers and
permeation enhancers. |

A 200 mg tablet composition of an a cation-insulin conjugate complex
comprising saturated or unsaturated C4 — C,; fatty acids, fatty acid esters, or
salts thereof and at least three pharmaceutically acceptable excipients selected
from the group comprising binders, disi-ntegrants, lubricants, plasticizers and
permeation enhancers. ‘

A 250 mg tablet composition of an a cation-insulin conjugate complex
comprising saturated or unsaturated C4 — C,; fatty acids, fatty acid esters, or
salts thereof and at least three pharmaceutically acceptable excipients selected
from the group comprising binders, disintegrants, lubricants, plasticizers and
permeation enhancers.

A dose of the orally administrable solid pharmaceutical composition of claim 1,
to achieve a maximum control of post prandial blood glucose concentration in

diabetic patients within 5-60 minutes post - administration.
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- 36.
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The orally administrable solid pharmaceutical composition according to of any
of the preceding claims, which produces a lowered serum glucose in human
patients by at least 5% with in 120 minutes post oral administration.
A stable orally administrable pharmaceutical composition of a cation-insulin
conjugate complex comprising saturated or unsaturated C4 — C,, fatty acids,
fatty acid esters or salts thereof and at least three pharmaceuﬁcally acceptable
excipients selected from the group comprising binders, disintegrants, diluents,
lubriéants, plasticizers, permeation enhancers and solubilizers characterized in
that said composition remains sfable over exposure to conditions selected from
the group comprising _
a. temperature range of about 2- 40°C; and _
b. 25°C+2°C/60%+5% relative humidity (RH), 30°C+2°C/65%+5%
relative humidity, 40°C+2°C /75%+5% relative humidity for over a
period of at least 6 months.
The stable orally administrable solid pharmaceutical compbsition according to
claim 30, characterized in that the impurities do not increase by more than 5%
when compared to the impurity levels at the time of manufacture.
The stable orally administrable solid pharmaceutical composition dccording to
claim 30, characterized in that the impurities do not increvase by more than 10%
when compared to the impurity levels at the time of manufacture.
The stable orally administrable pharmaceutical composition according to claim
30, characterized in that the assay of said compound in the composition do not
decrease by more than 10%
The stable orally administrable solid pharmaceutical composition according to
claim 1, characterized in that the dissolution profile is at least 75% at any said
time interval.
The stable orally administrable solid pharmaceutical composition according to

claim 34, wherein the time interval rangés for a period over 2 years.

- The stable orally administrable solid pharmaceutical composition according to

claim 30, characterized in that the difference between the hardness profile is no
more than  1kg/cm® when compared to the hardness profile at the time of

manufacture.
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The stable orally administrable solid pharmaceutical composition according to
claim 30, characterized in that at least 95% % 2% of the composition remains
undegraded over exposure to conditions selected from the group comprising
(a) temperature range of about 2-8°C or 25 °C- 40°C .
(b) 25°C£2°C /60%+5% relative humidity (RH), 30°C+2°C/65%+5% relative
humidity, 40.°C:t2°C /75%+5% relative humidity for over a period of at least 6
months. \
The stable orally administrable solid pharmaceutical composition according to ..
claim 30,characterized in that at least 90% + 2% of the composition remains
undegraded over exposure to conditions selected from the group comprising
a. temperature range of about 2-8°C or 25 °C- 40°C
b. 25°C+2°C /60%=+5% relative humidity (RH), 30°C+2°C/65%+5%
relative humidity, 40°C+2°C /75%+5% relative humidity for over a
period of at least 6 months.
A method of preparing amorphous spray-dried particles of a cation-insulin
compound conjugate said method comprising steps of
a. Preparing a solution or suspension comprising the cation-insulin
compound conjugate and a fatty acid component ina solvent;
b. Spraying the solution into a chamber under conditions that allow for
substantial amount of the solvent to be removed; and
c. Affording spray-dried particles of the cation-insulin compound
. conjugate.
The method according to claim 39, wherein the fatty acid component is selected‘
from a group comprising C4- C12 fatty acid and/or salts of such a fatty acid.
The method according to claim 40, wherein the fatty acid component is sodium
caprate.
The method according to claim 39, wherein the cation-insulin compound
conjugate is IN-105.
The method according to claim 39, wherein the solvent is water.
The method according to claim 39, wherein the solution or suspension
containing the cation-insulin conjugate and a fatty acid component in a solvent
further comprises a diluent.

The method according to claim 44, wherein the diluent is mannitol.
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The method according to claim 39, wherein the size of the spray-dried particles
is about 1-100p.

The method according to claim 39, wherein the solution or suspension
comprising the cation-insulin conjugate is spray-dried at a temperature ranging

between 80°C - 150°C.

The method accérding to claim 39, the atomization pressure employed for spray

drying is in the range of 0.5kg/cm2 to 1.5kg/cm?2.
The method according to any of the preceding claims, wherein purity of the -
spray-dried composition of a cation-insulin compound conjugate is at least
95%. ‘

The method according to any of the preceding claims, wherein purity of the
spray-dried composit)ion of a.cation-insulin compound conjugate is at least
98%.

The method according to any of the preceding claims, wherein purity of the
spray-dried composition of a cation-insulin compound conjugate is at least
99%.

A spray-dried composition of IN-105.

A spray-dried composition of IN-105, wherein the drug is substantially
amofphous and homogeneous.

A spray-dried composition of IN-105 with purity of at least 95%

A spray-dried composition of IN-105 with purity of at least 98%

A spray-dried composition of IN-105 with purity of at least 99%

An amorphous form of IN-105.

An insulinotropic cation-peptide conjugate complex characterized in that said
conjugate exhibits three-fold reduced mitogenicity in comparison to its native
counterpart.

The insulinotropic cation-peﬁtide conjugate complex of claim 58, characterized
in that said conjugate reduces in-vitro and/or in-vivo cell proliferation to at least
20% = 5% that of its native counterpart.

The insulinotropic cation-peptide conjugate complex of claim 58, characterized
in that said conjugate reduces in-vitro and/or in-vivo cell proliferation to least

2% =+ 0.5% that of its native counterpart.

PCT/IN2008/000683



WO 2009/050738 PCT/IN2008/000683

72

61.  The insulinotropic cation-peptide conjugate complex according to any of the
preceding claims, characterized in that said conjugate displays similar metabolic
efficiency as that of its native counterpart.

62. A pharmaceutical composition comprising the cation-peptide conjugate
complex of claim 58 comprising pharmaceutically accéptable excipients, said
composition characterized in that the excipients do not impact the mitogenic

potency of the conjugate.
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FIG 1: Mean plasma insulin profile — IN-105 formulation tablets (FDT-3) -
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FIG 2: Normalised glucose profile in administration of FDT-3
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FIG 3: Mean plasma inSulin profile — IN-105 formulation tablets (FDT-19)
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Normalized glucose profile in administration of FDT-19
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FIG 4: Normalised glucose profile in administration of FDT-19
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FIG 5: Mean plasma insulin profile — IN-105. formulation tablets (FDT-20)
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FIG 6: Glucose profile after administration of FDT-20
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FIG 7. Plasma Insulin Profile
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FIG 8. Glucose Infusion Rate Profile
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FIG 9. Plasma Glucose Profile
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FIG 10: Parellelism and linearity of the bioassay across various
concentrations of Insugen ® and In-105 determined by the PLA software.
The data represents average £ SEM of triplicate values of an experiment.



WO 2009/050738 PCT/IN2008/000683

11/16

—e—Insugen
: —&— HIM-2
140 -
—ar— IN105
8
¥
E 120
ki)
S
100 -
80 - v v T - v ]
0.01 0.1 1 10 100 1000 10000
concentration in ng/mli

FIG 11: Mitogenic potency compared of Insugen versus IN-105 and HIM-2 -
from PLA analysis using 4 points in a linear range.
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FIG 12 : Parallelism and linearity of the bioassay across various
concentrations of Insugen (R) versus IN105 (A) and Insugen versus HIM-2
(B) determined by the PLA software. The data represents average £ SEM of

triplicate values of an experiment.
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FIG 13: Mitogenic activity of IN-105 dialyzed compared with IN-105 powder
for PLA analysis using a 4 points in a linear range.
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FIG 14: Comparison of Metabolic Potency between Insugen (R), IN105
and HIM-Z.
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FIG 15: Parallelism and linearity of the bioassay across various concentrations of
Insugen (R) versus IN105 (A) and Insugen versus HIM-2 (B) determined by the
PLA software. The data represents average £ SEM of triplicate values of an

experiment.
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FIG 16: One Site Competition Curves of (A) Insugen (R), (B) IN105 and (C)
HIM-2, respectively. The curves were determined by the Graph Pad version-4
software. The data represents average of triplicate values of an experiment.
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