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COMPOSITIONS USEFUL FOR THE TREATMENT OF DIABETES AND
OTHER CHRONIC DISORDER

Technical Field

The present invention relates to protein therapeutics for treatment of chronic diseases.

Background of Invention

Protein medications are the most rapidly expanding class of therapeutics,
serving patients with diabetes, cancer, cardiovascular, renal, gastrointestinal,
rheumatologic and néurological diseases among many others. The therapeutic
and commercial value of protein as therapeutics including insulin,
erythropoietin, G-CSF, plasminogen activator, and interferons is undisputed.
Improved proteins or their formulations have enhanced the therapeutic
efficacy of these parent products, by increasing their potency, time of action,

and other properties.

EP 0 510 913 discloses a fibrillation process for calcitonin wherein a calcitonin powder is mixed
with water or an aqueous solution and is then stirred at a temperature of 2°C to 50°C. For a

solution of 200 mg/ml calcitonin in water an incubation period of one hour is needed.

Bauer et al. (1995) J. Struct. Biol. 115(1): 1-15 discloses a process for aggregating calcitonin
comprising dissolving lyophilized calcitonin in ultrapure water, filtering the solution through a
low protein binding sterile filter and incubating the solution at 4°C for a period ranging from

hours to months.
Summary of the Invention

According to a first aspect of the present invention, there is provided the use of a supramolecular
calcitonin assembly (SCA) for the manufacture of a medicament for the treatment of
osteoporosis, wherein said assembly comprises insoluble and aggregated oligomeric form of
calcitonin, and wherein said SCA is prepared in accordance with a process comprising:

a. dissolving calcitonin at a temperature of about 25 to 60°C, in a solution having

pH in the range of 4.0 to 8.0; and

AH25(8310266_1):GCC
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b. incubating the above for a period of 6 to 48 hours with constant stirring to obtain
Supramolecular Calcitonin Assembly (SCA), wherein SCA comprises insoluble and aggregated

oligomeric form of calcitonin.

According to a second aspect of the present invention, there is provided a method for the
treatment of osteoporosis in a patient, wherein said method comprises administering to said
patient a therapeutically effective amount of a supramolecular calcitonin assembly (SCA), and
wherein said assembly comprises insoluble and aggregated oligomeric form of calcitonin, and
wherein said SCA is prepared in accordance with a process comprising:

a. dissolving calcitonin at a temperature of about 25 to 60°C, in a solution having
pH in the range 0of 4.0 to 8.0; and

b. incubating the above for a period of 6 to 48 hours with constant stirring to obtain
Supramolecular Calcitonin Assembly (SCA), wherein SCA comprises insoluble and aggregated

oligomeric form of calcitonin.

According to a third aspect of the present invention, there is provided a process of preparation of
supramolecular calcitonin assembly (SCA) in accordance with the first aspect of the present
invention, said process comprising:

a. dissolving calcitonin at a temperature of about 25 to 60°C, in a solution having
pH in the range of 4.0 to 8.0; and

b. incubating the above for a period of 6 to 48 hours with constant stirring to obtain
Supramolecular Calcitonin Assembly (SCA), wherein SCA comprises insoluble and aggregated

oligomeric form of calcitonin.

The present invention discloses protein therapeutics for treatment of chronic diseases. The
present invention particularly discloses supramolecular protein assembly, wherein the
supramolecular protein assembly comprises the insoluble and aggregated oligomeric form of the

protein.

The present invention also discloses the pharmaceutical composition comprising supramolecular

protein assembly.

AH25(8310266_1):GCC
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The supramolecular protein assembly and compositions disclosed in the present invention are
useful for the treatment of metabolic disorders and other chronic and inflammatory diseases
such as rheumatoid arthritis, osteoporosis, chronic inflammatory and peripheral pain, sepsis, and
allergy where a continuous and prolonged therapy is required using peptides, proteins or small

drug molecules.

One aspect of the present disclosure provides a supramolecular protein or peptide assembly
(SPA) useful as protein therapeutics for the treatment of chronic diseases selected from the
group consisting of osteoporosis, arthritis, cancer, endotoxic shock, wherein the assembly

comprises insoluble and aggregated oligomeric form of the protein or peptide.

Another aspect of the present invention provides a supramolecular calcitonin assembly (SCA)
useful as protein therapeutics for the treatment of osteoporosis, wherein the assembly comprises

insoluble and aggregated oligomeric form of calcitonin.

AH25(8310266_1).GCC
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Further the present disclosure provides a pharmaceutical composition useful as protein
therapeutics for the treatment of chronic diseases selected from a group consisting of
osteoporosis, arthritis, cancer, endotoxic shock, wherein the composition comprising
therapeutically effective amount of the supramolecular protein or peptide (SPA) assembly

disclosed in the present invention.

Also provided is a pharmaceutical composition for the treatment of osteoporosis, the

composition comprising supramolecular calcitonin assembly (SCA) of the present disclosure.

Yet another invention is to provide a process of preparation of supramolecular calcitonin
assembly (SCA) disclosed in the present invention, the process comprising dissolving calcitonin
at a temperature of about 25 to 60°C in a solution having pH in the range of about 4.0 to 8.0;
and incubating the above for a period of 6-48 hours with constant stirring to obtain
Supramolecular Calcitonin Assembly (SCA), wherein SCA comprises insoluble and aggregated

oligomeric form of calcitonin.

Further, the present disclosure provides a method for treating of chronic diseases selected from a
group consisting of osteoporosis, arthritis, cancer, endotoxic shock, wherein the method
comprising administering to a subject in need thereof a therapeutically effective amount of the

pharmaceutical composition which is effective for the alleviation of the disorder or disease.

One of the aspect of the present disclosure is to provide a method for treating osteoporosis,
wherein the method comprising administering to a subject in need thereof of a therapeutically
effective amount of the pharmaceutical composition comprising the supramolecular calcitonin

assembly for treating osteoporosis.

Yet another aspect of the present disclosure provides use of a supramolecular protein assembly
for the treatment of chronic diseases selected from a group consisting of osteoporosis, arthritis,

cancer and endotoxic shock.

Brief Description of the Drawings

Figure | shows kinetics of calcitonin fibril formation in PBS at 37°C under stagnant condition.

Fibril formation was monitored by turbidity measurement at 400nm.

AH25(7471002_1):GCC
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Figure 2 shows in vitro release profile of calcitonin released from SCA-II under constant

volume of 1 ml and dialyzing against membrane in 2% mannitol (S ml). The release was

observed by monitoring absorbance at 275 nm.

Figure 3 shows profile of calcitonin released from SCA-II in the serum of ovariectomized rat of

different treatment group. Calcitonin in serum was measured by an immunoassay kit.

Figure 4 shows treatment of ovariectomized rats with different dosage of SCA-II administered

subcutaneously.

Figure 5 shows comparison of different treatment of ovariectomized rats with different dosage

of SCA-II administered subcutaneously and human calcitonin.

Figure 6 shows in vivo release of calcitonin in blood from SCA administered subcutaneously to

ovariectomized rats.

Figure 7 shows comparison of different treatment of ovariectomized rats using osmotic pump

implanted subcutaneously.
Detailed Description of the Invention

The present disclosure provides protein therapeutics for treatment of chronic diseases/disorders.
The present disclosure particularly provides supramolecular protein or peptide (SPA) assembly,
wherein the supramolecular protein or peptide assembly (SPA) comprises the insoluble and
aggregated oligomeric form of the protein, wherein the protein is calcitonin. The present
disclosure also provides the pharmaceutical compositions comprising’supramolecular protein

assembly.

The supramolecular protein or peptide (SPA) assembly and pharmaceutical compositions
disclosed herein are useful for the treatment of chronic and inflammatory diseases such as
rheumatoid arthritis, osteoporosis, chronic inflammatory and peripheral pain, sepsis, and allergy
where a continuous and prolonged therapy is required using peptides, proteins or small drug

molecules.

AH25(8217349 1YGCC
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The methodology of the present disclosure can also be extended for the treatment of

osteoporosis using calcitonin, a peptide hormone for therapy.

The term "supramolecular protein assembly" also refers to an intermediate form of a protein

16 Jan 2014

formed during the process of fibrilization and is characterized by an oligomeric association of

peptide/protein monomers.

The term "supramolecular calcitonin assembly"” or "SCA" used herein refers to supramolecular

calcitonin assembly, which is the insoluble and aggregated oligomeric form of calcitonin.

2008354530

In accordance with the present disclosure, one embodiment provides a supramoleg¢ular protein or

peptide assembly (SPA) useful as protein therapeutics for the treatment of chronic diseases

AH25(8217349 1)GCC
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selected from the group consisting of osteoporosis, arthritis, cancer, endotoxic shock, wherein

the assembly comprises insoluble and aggregated oligomeric form of said protein or peptide.

Another embodiment of the present disclosure provides the protein or a peptide for preparation
of supramolecular protein assembly disclosed in the present invention, wherein the protein is

calcitonin.

The present disclosure also provides a supramolecular calcitonin assembly (SCA) useful as
protein therapeutics for the treatment of osteoporosis, wherein said assembly comprises

insoluble and aggregated oligomeric form of calcitonin.

The supramolecular calcitonin assembly (SCA) disclosed herein upon administration releases

calcitonin for about 55-60 days in a subject in need thereof.

Further the present disclosure provides the supramolecular protein assembly, wherein the

peptide in assembly is coupled with a small molecule drug.

One embodiment of the present disclosure provides the supramolecular protein assembly

disclosed in the present invention acts as a prodrug.

Another embodiment of the present disclosure provides the supramolecular protein assembly

disclosed herein acts as a prodrug, wherein the assembly is supramolecular calcitonin assembly
(SCA).

In one embodiment of the present disclosure, there is provided the supramolecular protein

assembly which is non cytotoxic.

In another embodiment of the present disclosure, there is provided the supramolecular protein

assembly which is non cytotoxic, wherein the assembly is supramolecular calcitonin assembly
(SCA).

In accordance with the present disclosure, one embodiment provides a pharmaceutical
composition useful as protein therapeutics for the treatment of chronic diseases selected from a

group consisting of osteoporosis, arthritis, cancer, endotoxic shock, wherein the composition

AH25(7471002_1):GCC
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comprising therapeutically effective amount of the supramolecular protein or peptide (SPA)

assembly as disclosed herein.

One embodiment relates to the pharmaceutical composition comprising the supramolecular
protein or peptide (SPA) assembly of the present disclosure, wherein the protein or a peptide is

calcitonin.

In another embodiment, there is provided a pharmaceutical composition for the treatment of
osteoporosis, the composition comprising supramolecular calcitonin assembly (SCA) as

disclosed herein.

In another embodiment, the present disclosure provides the pharmaceutical composition
comprising supramolecular calcitonin assembly (SCA) as disclosed in the present invention,

wherein said composition releases calcitonin.

In another embodiment, the present disclosure provides the pharmaceutical composition
comprising supramolecular calcitonin assembly (SCA) as disclosed herein, wherein said

composition upon administration releases calcitonin for about 55 to 60 days.

In yet another embodiment, the present disclosure provides the pharmaceutical composition
comprising supramolecular calcitonin assembly (SCA) as disclosed herein, wherein single dose
of the composition upon administration releases calcitonin for about 55 to 60 days, wherein
concentration of calcitonin released from supramolecular calcitonin assembly (SCA) is in the

range of 15-20 pg/ml.

The pharmaceutical composition disclosed herein comprises pharmaceutically acceptable

carriers, additives or diluents.

The pharmaceutical composition disclosed herein is administered intravenously,

intramuscularly, orally or subcutaneously.

The pharmaceutical composition disclosed herein is administered through a device capable of
releasing the composition, wherein the device is selected from a group consisting of pumps,

catheters and implants.

AH25(7471002_1):GCC
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The pharmaceutical composition disclosed herein, wherein single dose of the composition upon

administration releases said protein for prolonged period.

In yet another embodiment of the present invention, there is provided a process of preparation of
supramolecular calcitonin assembly (SCA) as disclosed in the present invention, the process
comprises dissolving calcitonin at a temperature of about 25 to 60°C in a solution having pH in
the range of about 4.0 to 8.0; and incubating the above for a period of 6-48 hours with constant
stirring to obtain Supramolecular Calcitonin Assembly (SCA), wherein SCA comprises

insoluble and aggregated oligomeric form of calcitonin.

In a further embodiment, process of preparation of supramolecular calcitonin assembly (SCA) as
disclosed in the present invention further comprises washing the SCA with PBS; and re-

suspending the SCA in water or 2% mannitol.

One embodiment provides the solution for dissolving the protein, wherein the solution is
selected from a group consisting of hydrochloric or acetic acid in water having pH in the range
of 1.5 to 2.5; sodium acetate buffer having pH in the range of 3.5 to 5.5; phosphate buffer (PBS)
having pH 6, and citrate buffer having pH in the range of 4 to 6.

The process of preparation of supramolecular protein assembly disclosed herein comprises

dissolving the protein at 37°C temperature.

The process of preparation of supramolecular protein assembly disclosed herein comprises

dissolving the protein in a solution having pH 7.2.

The process of preparation of supramolecular calcitonin assembly disclosed in the present

invention comprises incubation of the calcitonin in the solution for 8 hours.

The present invention further provides a method for treating chronic diseases selected from a
group consisting of osteoporosis, arthritis, cancer, endotoxic shock, wherein the method
comprises administering to a subject in need thereof a therapeutically effective amount of the
pharmaceutical composition disclosed herein, which effective for the alleviation of the disorder

or disease.

AH25(7471002_1):GCC
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In another embodiment of the present disclosure, there is provided a method for treating
osteoporosis, wherein the method comprises administering to a subject in need thereof a
therapeutically effective amount of the pharmaceutical composition comprising the

supramolecular calcitonin assembly herein, which is effective for the alleviation of osteoporosis.

The method for treatment using the pharmaceutical composition as disclosed herein, wherein the

composition is administered intramuscularly, intra peritonealy or subcutaneously.

The present disclosure also provides use of supramolecular calcitonin assembly disclosed

herein, for the treatment of osteoporosis.

In still another embodiment, the present disclosure provides a composition comprising of the

supramolecular protein assembly which is stable, protease resistance and has longer shelf life.

In still another embodiment, the present disclosure provides a composition comprising of the
supramolecular peptide tagged assembly which is stable, protease resistance and has longer shelf
life.

In still another embodiment, the present disclosure provides a composition comprising of the
supramolecular protein assembly which is stable, protease resistance and has longer shelf life

ranging from about 10 days to 150 days or more.

Also within the scope of the present disclosure is a variety of supramolecular protein or peptide
assembly (SPA), wherein the SPA comprises the insoluble and aggregated oligomeric form of

the protein or peptide, wherein the protein or peptide is useful as therapeutic protein.

As will be appreciated by those in the art a variety of the solutions such as known buffers
can be used for re-suspension and washing of the supramolecular protein assembly disclosed

herein.

The term “therapeutically effective amount” as used herein refers to an amount of a
therapeutic agent to treat, ameliorate, or prevent a desired disease or condition, or to exhibit a
detectable therapeutic or preventative effect. The precise effective amount for a subject will
depend upon the subject's size and health, the nature and extent of the condition, and the

therapeutics or combination of therapeutics selected for administration. The effective amount

AH25(7471002_1):GCC
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for a given situationis determined by routine experimentation and is within the judgment

of the clinician.

For purposes of the present disclosure, an effective dose of SCA will generally be from
about 0.1 mg/kg to about 0.3 mg/kg, or about 0.3 mg/kg to about 0.8 mg/kg or about
0.5 mg/kg to about 1.0 mg/kg of the compositions of the present disclosure in the

subject to which it is administered.

A pharmaceutical composition can also contain a pharmaceutically acceptable carrier. The
term "pharmaceutically acceptable carrier" refers to a carrier for administration of a
therapeutic agent, such as antibodies or a polypeptide, genes, and other therapeutic agents.
The term refers to any pharmaceutical carrier that does not itself induce the production of
antibodies harmful to the individual receiving the composition, and which can be
administered without undue toxicity. Suitable carriers can be large, slowly metabolized
macromolecules such as proteins, polysaccharides, polylactic acids, polyglycolic acids,
polymeric amino acids, amino acid copolymers, and inactive virus particles. Such carriers are
well known to those of ordinary skill in the art. Pharmaceutically acceptable carriers in
therapeutic compositions can include liquids such as water, saline, glycerol and ethanol.
Auxiliary substances, such as wetting or emulsifying agents, pH buffering substances, and
the like, can also be present in such vehicles. Typically, the therapeutic compositions are
prepared as injectables, either as liquid solutions or suspensions; solid forms suitable for
solution in, or suspension in, liquid vehicles prior to injection can also be prepared. Liposomes
and neosomes are included within the definition of a pharmaceutically acceptable carrier.
Pharmaceutically acceptable salts can also be present in the pharmaceutical composition,
e.g., mineral acid salts such as hydrochlorides, hydrobromides, phosphates, sulfates, and the
like; and the salts of organic acids such as acetates, propionates, malonates, benzoates, and the
like.

The pharmaceutical compositions can be prepared in various forms, such as granules,
tablets, pills, suppositories, capsules, suspensions, salves, lotions and the like. Pharmaceutical
grade organic or inorganic carriers and/or diluents suitable for oral and topical use can be
used to make up compositions containing the therapeutically-active compounds. Diluents
known to the art include aqueous media, vegetable and animal oils and fats. Stabilizing

agents, wetting and emulsifying agents, salts for varying the osmotic pressure or buffers for

AH25(7471002_1):GCC
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securing an adequate pH value, and skin penetration enhancers can be used as auxiliary

agents.

The pharmaceutical compositions disclosed herein are useful for the treatment of chronic and
inflammatory diseases such as rheumatoid arthritis, osteoporosis, chronic inflammatory and
peripheral pain, sepsis, and allergy where a continuous and prolonged therapy is required using

peptides, proteins or small drug molecules.

The compositions disclosed herein comprise supramolecular protein assemblies of the
relevant/applicable therapeutic proteins and are applicable for treatment of a number of chronic

diseases and acute symptoms.

The compositions disclosed herein comprises oligomers of therapeutic proteins particularly

the supramolecular assembly of a protein for sustained release of the protein.

Some widely-used biopharmaceuticals such as insulin, glucagon, and calcitonin can be induced
to form amyloids. Compared to soluble precursor proteins, amorphous aggregates formed as
a prelude to amyloid formation, gain new properties such as enhanced stability, protease
resistance; self-propagation, longer shelf life, highly organized structure and can serve as a

concentrated compact source of pure molecules.

The supramolecular protein assemblies disclosed herein exist with in a defined structure having

both a-helical and B-sheetcomponents.

One embodiment of the present disclosure provides a process for preparation of
supramolecular oligomers of protein for the treatment of various diseases. The inventors also
disclose acute and chronic diseases such as osteoporosis, inflammatory and chronic pain,
rheumatoid arthritis, arthritic pain, cancer, endotoxic shock, etc., where a similar approach to
transform the peptide or present the drug molecule attached to such a transformed
'supramolecularly oligomerized proteins or peptides' and use them as a depot of the native

drug has given good results.

In yet another embodiment, the current methodology can be extended to those chronic and
inflammatory diseases where a sustained and continuous therapy is required using peptides,

proteins or small molecules.

AH25(7471002_1):GCC
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Another embodiment of the present invention relates to the formation of supramolecular

assembly of calcitonin and its therapeutic utilization for the treatment of various diseases.

In still another embodiment of the present disclosure, supramolecular oligomer of salmon

calcitonin was used for the treatment of osteoporosis in diseased subjects.

According to one embodiment of the present invention, the formation of amyloid fibrils by

salmon clacitonin is concentration dependent and is completely formed by 44 h.

In yet another embodiment, the supramolecular calcitonin assembly (SCA) I, II and III are

formed by 6, 8 and 12 h respectively.

Further, in another embodiment of the present invention, the release of free calcitonin from
SCA follows a bell shaped curve (in small volume), with continuous release through a dialysis

membrane (in large volume of aqueous solvent).

In still another embodiment of the present invention, the release of calcitonin monomers from

fully grown fibrils was negligible.

In yet another embodiment of the present invention, the supramolecular calcitonin assembly
(SCA) was incorporated into Alzet pumps, from which a slow and controlled release of

calcitonin monomers at a rate of 2.5 ul/his obtained.

According to one embodiment of the present invention, ovariectomised rats were
administered vehicle or human/salmon calcitonin either intermittently by subcutaneous
injection or continuously by Alzet osmotic minipumps containing 200 ul of either Calcitonin

(CT) or supramolecular calcitonin assembly (SCA, 2mg/ml) in 2% mannitol.

In still another embodiment, a dosage of 8 U/kg b wt was given to ovariectomised rats through

the pump and 16 U/kg b wt subcutaneously on alternate days.

In yet another embodiment, demeclocycline and calcein was administered 10 and 3 days

before sacrifice, respectively, at a dosage of 15 mg/kg b wt.

AH25(7471002_1).GCC
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According to one embodiment of the present invention, the serum levels of calcitonin was
maintained at a higher level (19 pg/ml) in rats treated with SCA compared to that of other

groups.

In still another embodiment of the present invention, the serum level of calcitonin was

maintained at a higher level for up to 60 days with a single pump containing the SCA.

In yet another embodiment of the present invention, supramolecular calcitonin treated rats'
demonstrated marginal increase in their body weight, calcium and phosphorous levels, in
comparison to ovariectomised rats given vehicle which had an increase in their body weight
by almost 11% during the experimental time frame and an increase in calcium and

phosphorous levels in serum.

Further, in another embodiment of the present invention, negligible levels of antibodies

were found against salmon calcitonin in the serum of the treated animals.

The present disclosure provides the usage of supramolecular assembly of calcitonin as a
potential therapeutic candidate for the treatment of osteoporosis in ovariectomised rats. Details
are provided in Example 1. Supramolecular calcitonin assembly or SCA is incorporated
into Alzet pumps, from where there is a slow and continuous release of calcitonin into the
blood. This slow release of calcitonin alleviates the symptoms of osteoporosis, maintaining

normal body weight and serum calcium and phosphorous levels.

A solution of Salmon calcitonin- 1 and 2 mg/ml was prepared in PBS and incubated at 37°C for
80 hrs. The kinetics of calcitonin amyloid fibril formation was monitored by measuring
turbidity at 400nm at different time interval. As shown in Fig 1, the rate of fibril formation is
concentration dependent and almost completed after 44 h. The SCA-I, SCA-II and SCA-III were
formed at 6, 8 and 12 h, respectively.

The release of free calcitonin from the SCA was monitored in 2% mannitol in a constant
volume of 1 ml and by dialyzing through a dialysis membrane. The release was monitored by
absorbance at 275 nm. As shown in Fig 2, the release of calcitonin from SCA in a
constant volume of 1 ml follows a bell shaped curve. However, continuous release was
observed under dialysis through a membrane. The release of calcitonin from fully grown

calcitonin fibers was very slow and could be considered negligible for further experiments.

AH25(7471002_1):GCC
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The calcitonin SCA was further used for the in vivo experiments for the treatment of

osteoporosis in ovariectomized rat.

As mentioned in experimental section, five groups of rats (10 rats in each group) were
given different treatment. The body weight and serum profile of calcium, phosphorous and
calcitonin was monitored. The release kinetics of salmon calcitonin from SCA in
ovariectomized rats treated with SCA in Alzet and endogenous rat calcitonin in control rats
was determined and is shown in Fig 3, Calcitonin level was maintained at a relatively
higher level in rats treated with SCA, compared to that of other groups. This shows that the
calcitonin SCA solution in Alzet pump releases calcitonin in the biologically active form
with a constant and slow rate, which in turn treated the symptoms of osteoporosis in OVX rat

for up to 60 days compared to daily treatment with soluble calcitonin.

The final body weight for the four groups of rats was monitored. Rats from all four groups
gained weight during the course of the study. The vehicle-treated OVX rats weighed
approximately 11% more than vehicle-treated control rats at the end of the 8 week study (328
=+ 19g vs. 296 + 09g, p < 0.05). The mean body weight of OVX rats treated with CT
intermittently or continuously with SCA were significantly decreased compared with that of

vehicle-treated OVX rats.

Serum biochemical data are listed in Table I. The serum CT concentration was measured-
in all groups during and at the end of 8 week in OVX rats treated with SCA and was
significantly higher than that of vehicle-treated OVX, but not than that of control rats.
Mean serum calcium levels in OVXrats treated with SCA was significantly lower than that
of all other groups. Mean serum phosphorus level was also significantly increased in vehicle-
treated OV X rats relative to vehicle-treated control rats. In contrast, treatment of OVX rats
with CT either intermittently or continuously in case of SCA, significantly decreased serum
phosphorus concentration compared to that of vehicle treatment to OVX rats. Furthermore,
this variability in OVX rats treated with SCA was significantly lower than that in OVX rats
treated with CT intermittently.

Screening the antibody against salmon calcitonin in all the groups showed negligible antibody in

case of control, vehicle treated and calcitonin SCA treated rats. However, lower level of
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antibody raised against salmon calcitonin in calcitonin treated group (intermittently or

continuously).

Thus the disclosure can be further extended to all those diseases such as chronic pain,, sepsis,
arthritis, osteoporosis, inflammation, etc, where a continuous infusion of the therapeutic
drug is required, be it a peptide, protein or a small drug molecule. This methodology of
utilizing the oligomers of the drug as a depot for treatment can be extended to many more

diseases, having a all round, broad spectrum applicability.

The following examples are given by the way of illustration of the invention contained in
the present invention and therefore should not be construed to limit the scope of the present

invention.

EXAMPLES

It should be understood that the following examples described herein are for illustrative
purposes only and that various modifications or changes in light of the specification will be
suggestive to person skilled in the art and are to be included within the spirit and purview of

this application and the scope of the appended claims.

Example 1

Calcitonin fibril formation

I and 2 mg/ml of salmon calcitonin was prepared in PBS and incubated at 37°C for 80hrs.
The kinetics of calcitonin amyloid fibril formation was monitored by measuring turbidity at
400nm at different time interval. As shown in Fig 1 the rate of fibril formation is
concentration dependent and almost completed after 44 h. The SCA-I, SCA-Il and SCA-III

were formed at 12, 22 and 28h, respectively.

In vitro release of calcitonin from Supramolecular calcitonin assembly

The release of free calcitonin from the SCA was monitored in 2% mannitol in constant
volume of |1 ml and by dialyzing trough dialysis membrane. The release was monitored by
absorbance at 275 nm. Asshownin Fig 2 the release of calcitonin from SCA in constant
1 ml follows bell shaped curve. However, continuous release was observed under dialysis

through membrane. The release of calcitonin from fully grown calcitonin fiber was very slow
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and could be considered negligible for further experiment. The calcitonin SCA was further

used for the in vivo experiments for the treatment of osteoporosis in ovariectomized rat.

Model for osteoporosis and treatment using calcitonin

44 female Sprague-Dawley rats (Charles River Laboratory, Wilmington, MA),
approximately 90 days of age with an average body weight of 230 g were grouped into four
groups at the beginning of the study. All rats were anesthetized with an intraperitoneal
injection of ketamine hydrochloride and xylazine at doses of 50 and 10 mg/kg body weight
(BW), respectively. Bilateral ovariectomies were performed in three groups from a dorsal-
approach. All rats were housed individually at 25°C with a 12 h light/12 h dark cycle. The
food consumption of ovariectomized (OVX) rats was restricted to that of the control rats to
minimize increase in the body weight associated with ovariectomy. All rats were treated for
8 weeks with vehicle or Human/salmon CT (Sigma)-either intermittently by subcutaneous
injection or continuously by Alzet osmotic minipumps (Model 2ML4; Alza Corp., Palo Alto,
CA) containing 200 pl of either CT (4 ug/kg) or SCA (Supramolecular calcitonin
assembly) (2 mg/ml) in 2% mannitol, designed to deliver the solutions at a constant rate of
2.5 ul/h for 28 days. The intermittent treatments started a day after surgery. The minipumps
for continuous CT or Calcitonin SCA or vehicle treatments were implanted at the time of
surgery (day 0) and replaced after 3 weeks in case of continuous CT and vehicle treatment.
However SCA injected during this period formed a depot which keeps on releasing
calcitonin for up to about 6-8 weeks. For subcutaneous injections of CT, the hormone was
dissolved in a vehicle of 2% mannitol. A dose of 16 IU/kg (4 ng/kg) body weight was

chosen based on positive results from previous studies in OVX rats.

Half of the OVX rats from this group were injected subcutaneously on alternate days with 2%
mannitol as a vehicle. The remaining OVX rats in this group were implanted subcutaneously
with Alzet osmotic minipumps for continuous infusion of vehicle. Because statistically
significant differences in bone variables were not observed between OVX rats treated with

vehicle intermittently or continuously, the data from these subgroups have been combined.

Each OVX rat of one group was injected subcutaneously on alternate days with salmon CT at
a dose of 16 U/kg BW (4ug/kg b wt), and the other was implanted subcutaneously with an

Alzet osmotic minipump for continuous infusion of human CT. The daily dose delivered to
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each rat by the minipump was 8 U/kg BW (2 ng/kg BW), which was equivalent to the dose

given to the preceding group through subcutaneous injections on alternate days (16 U/kg).

Serum samples were stored at -80°C until analyzed for their CT concentration by immunoassay
methods with a commercially available kit (Bio-Merica). This kit was used to successfully
measure serum salmon CT in rats in one of our previous studies. 15 Serum samples were also
analyzed spectrophotometrically for their calcium and phosphorus contents by the
cresolphthalein complexone and ammonium molybdate colorimetric methods, respectively
(Table 1). Figure 3 shows profile of calcitonin released from SCA-II in the serum of
ovariectomized rat of different treatment group. Calcitonin in serum was measured by an

immunoassay Kit.

The antibody generated against salmon calcitonin in all the treated groups was monitored by
indirect ELISA using monoclonal antibody for calcitonin. Data are expressed as the mean £
standard deviation (SD) for each group. Statistical differences were evaluated by analysis of

variance. P values < 0.05 were considered to be significant.

As shown in Figure 2 the efficacy of SCA is much more than the efficacy of soluble human
calcitonin administered subcutaneously. The SCA injected subcutaneously formed a depot
which keeps on releasing calcitonin for up to about 6-8 weeks. The effect of SCA-II is dose
dependent. The dose response study showed that 600 ug of SCA given better effect than the
lower doses (Figure 1). Figure 3 shows profile of calcitonin released from SCA-II (injected
subcutaneously) in the serum of ovariectomized rat of two different dosage group. The amount
of calcitonin released in vivo is dose dependent. When administered 150ul, maintains the blood
calcitonin level of 30-40pg/ml for at least 4 weeks. The Figure 7 compares the efficacy of
salmon calcitonin, human calcitonin, Ibandronate with the SCA alone or along with Ca and
Vit-D supplement when administered through osmotic pump implanted subcutaneously. As can
be seen from the Figure 7 the efficacy of SCA is equivalent to the efficacy of salmon calcitonin.

No difference was observed when SCA given alone or along with Ca and Vit-D supplements.
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Table 1: Body weight and serum calcitonin, c_alcidm, and phospl.u')rllls

Groups BodyWt. | Calcitonin Calcium | Phosphorus
Cont+VEH 296+09 14.6+2.9 100+ 0.1 [6.7£0.6
OVX+VEH 328+ 19 13.3+£2.1 112+ 04 | 8.5+ 1.1
OVX+CT 274 £ 10 153+4.6 103+ 0.4 | 7.6+ 0.8
OVX+CT(MP) |280+ 11 18.7+5.0 9.5+04 |6.1+0.7
OVX+SCA (MP) | 276+0.9 19.1+4.2 93+03 |6.0+0.6

AH25(8217349 1YGCC
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Data are expressed as mean + SD. p <0.05 OVX +SCA vs. OVX + VEH.
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CLAIMS

1. Use of a supramolecular calcitonin assembly (SCA) for the manufacture of a medicament
for the treatment of osteoporosis, wherein said assembly comprises insoluble and aggregated
oligomeric form of calcitonin, and wherein said SCA is prepared in accordance with a process
comprising:

a. dissolving calcitonin at a temperature of about 25 to 60°C, in a solution having
pH in the range of 4.0 to 8.0; and

b. incubating the above for a period of 6 to 48 hours with constant stirring to obtain
Supramolecular Calcitonin Assembly (SCA), wherein SCA comprises insoluble and aggregated

oligomeric form of calcitonin.

2. The use of claim 1, wherein said medicament upon administration releases calcitonin for

about 55 to 60 days, wherein concentration of calcitonin released is in the range of 15-20 pg/ml.

3. The use of claim 1 or 2, wherein said medicament optionally comprises pharmaceutically

acceptable carriers, additives or diluents.

4, The use of any one of the preceding claims, wherein said medicament is administered
intramuscularly, orally or subcutaneously, and/or through a device capable of releasing said
medicament, wherein said device is selected from a group consisting of pumps, catheters and

implants.

5. A method for the treatment of osteoporosis in a patient, wherein said method comprises
administering to said patient a therapeutically effective amount of a supramolecular calcitonin
assembly (SCA), and wherein said assembly comprises insoluble and aggregated oligomeric
form of calcitonin, and wherein said SCA is prepared in accordance with a process comprising:

a. dissolving calcitonin at a temperature of about 25 to 60°C, in a solution having
pH in the range of 4.0 to 8.0; and

b. incubating the above for a period of 6 to 48 hours with constant stirring to obtain
Supramolecular Calcitonin Assembly (SCA), wherein SCA comprises insoluble and aggregated

oligomeric form of calcitonin.

AH25(8310266_1):GCC



2008354530 06 Feb 2014

20

6. A process of preparation of supramolecular calcitonin assembly (SCA) as
claimed in claim 1, said process comprising:

a. dissolving calcitonin at a temperature of about 25 to 60°C, in a solution having
pH in the range of 4.0 to 8.0; and

b. incubating the above for a period of 6 to 48 hours with constant stirring to obtain
Supramolecular Calcitonin Assembly (SCA), wherein SCA comprises insoluble and aggregated

oligomeric form of calcitonin.

7. The process of claim 6, wherein said calcitonin is dissolved at a temperature of about
37°C.
8. The process of claim 6, wherein said solution has a pH in the range of 6.8 to 7.4. 9.

The process of claim 6, wherein said solution has a pH of 7.2.

10.  The process of claim 6, wherein said dissolved calcitonin is incubated for a

period of 8 to 12 hours.

11.  The process of claim 6, wherein said dissolved calcitonin is incubated for a

period of 8 hours.

12. The process as claimed in any one of claims 6-11, wherein said process further
comprises:
c. washing said SCA with PBS; and

d. re-suspending said SCA in water or 2% mannitol.

National Institute of Immunology
Indian Institute of Science
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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