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PHARMACEUTICALLY ACCEPTABLE

FORMULATIONS/COMPOSITIONS FOR PEPTIDYL DRUGS

Related Applications

This application claims the benefit of U.S. Provisional Application No. 61/227972,

filed July 23, 2009.

FIELD OF THE INVENTION

This application relates to pharmaceutical formulations of peptidic drugs.

BACKGROUND O F THE INVENTION

Use of excipients and cosolvents in parenteral pharmaceuticals is often necessary to

overcome challenges in drug solubility of insoluble compounds, typically small molecules.

However, commonly used solvents to aid in solubility such as propylene glycol, polyethylene

glycol, and glycerol have potential to cause irritation and hemolysis when delivered in large

amounts, so their use in parenteral products has been limited. Protein and peptide

pharmaceuticals typically have good aqueous solubility, so use of cosolvents in these types of

drugs is also limited as the need for solubility enhancers is typically not necessary. What has

been unexpectedly observed is that certain cosolvent aqueous mixtures have the potential to

increase the relative bioavailability of peptide and protein formulations.

SUMMARY OF THE INVENTION

The present invention provides for pharmaceutically acceptable formulations/

compositions for peptidyl drugs, method of making thereof, and methods of use thereof.

According to some embodiments, there is provided a pharmaceutically acceptable parenteral

composition comprising: a pharmaceutically effective amount of a peptidyl drug and a

bioavailability enhancer in an amount sufficient to increase the bioavailability of the peptidyl

drug. According to some embodiments, there is provided a pharmaceutically acceptable

subcutaneous composition comprising: a pharmaceutically effective amount of a peptidyl

drug and a bioavailability enhancer in an amount sufficient to increase the bioavailability of

the peptidyl drug.

The present compositions are useful in methods of administering peptidyl drugs and

may be used where it is desirable to increase the blood levels of the peptidyl drug or drugs.



The compositions of the present embodiments may assist the user in increasing blood levels

of a peptidyl drug by greater than 10% AUC when administered to a subject as compared to a

composition that is absent the bioavailability enhancer. In some embodiments, the

compositions of the present embodiments may assist the user in increasing blood levels of a

peptidyl drug by greater than 20% AUC when administered to a subject as compared to a

composition that is absent the bioavailability enhancer.

In some embodiments, the bioavailability enhancer may be present at concentration

from about 10% to about 60%. In some embodiments, the bioavailability enhancer is a diol or

diol ether. In some embodiments, the diol or diol ether may be between 2 to 20 carbons. In

some embodiments, the diol or diol ether is straight-chain or branched, linear or cyclic,

aliphatic or aromatic. In some embodiments, the diol or diol ether has a molecular weight of

less than 400 MW. In some embodiments, the diol or diol ether has a molecular weight of

less than 350 MW. In some embodiments, the diol or diol ether has a molecular weight of

less than 300MW. In some embodiments, the diol or diol ether has a molecular weight of less

than 250 MW. In some embodiments, the diol or diol ether has a molecular weight of less

than 200 MW. In some embodiments, the diol or diol ether is propylene glycol.

In some embodiments, the composition further comprises a buffer to maintain the

composition at a physiological acceptable pH. In some embodiments, the buffer may be

present in a concentration of from about 1 mM to about 100 mM.

In some embodiments, the composition further comprises an antioxidant. In some

embodiments, the composition further comprises a preservative. In some embodiments, the

composition further comprises m-cresol, benzalkonium chloride, parabens, benzyl alcohol,

chloroethanol, and mixtures or combinations thereof. In some embodiments, the composition

further comprises a bulking/stabilizing agent.

In some embodiments, the composition is formulated for parenteral administration. In

some embodiments, the composition is formulated for subcutaneous administration. In some

embodiments, the composition is in a sealed sterile glass vial.

According to some embodiments, there is provided a pharmaceutically acceptable

subcutaneous composition comprising: a pharmaceutically effective amount of a peptide or

peptide mimetic, wherein the peptide or peptide mimetic is less than or equal to 50 amino

acids in length; a bioavailability enhancer in an amount sufficient to increase the relative

bioavailability of the peptide or peptide mimetic. The bioavailability enhancer may be a diol

or diol ether as described herein.



In some embodiments, the peptide or peptide mimetic is 2 to 10 amino acids in length.

In some embodiments, the peptide or peptide mimetic is 10 to 50 amino acids in length. In

some embodiments, the peptide or peptide mimetic has a molecular weight of less than 8,000

Da. In some embodiments, the peptide or peptide mimetic has a molecular weight of less

than 6,000 Da. In some embodiments, the peptide or peptide mimetic has a molecular weight

of less than 4,000 Da. In some embodiments, the peptide or peptide mimetic has a molecular

weight of less than 2,000 Da.

In some embodiments, the peptidyl drug may be human parathyroid hormone (hPTH),

therapeutic fragment thereof, or peptide mimetic thereof. In some embodiments, the peptidyl

drug may be a PTH variant, including, but not limited to, the following PTH( 1-31), PTH( 1-

34), PTH(l-37), PTH(l-38), PTH(1-41) and PTH(l-84). In some embodiments, the PTH

variant is cyclic.

According to some embodiments, there is provided pharmaceutically acceptable

parenteral compositions comprising a pharmaceutically effective amount of a therapeutic

protein and a bioavailability enhancer in an amount sufficient to increase the relative

bioavailability of said therapeutic protein. In some embodiments, the parenteral compositions

are suitable for subcutaneous administration. The bioavailability enhancer may be a diol or

diol ether as described herein.

In some embodiments, the one or more therapeutic proteins may be between 8,000 Da

and 200,000 Da. In some embodiments, the one or more therapeutic proteins may be

between 10,000 Da and 150,000 Da. In some embodiments, the one or more therapeutic

proteins may be between 20,000 Da and 150,000 Da. In some embodiments, the protein is an

antibody. In some embodiments, the one or more therapeutic proteins may have molecular

weight of between 10,000 Da and 20,000 Da. In some embodiments, the one or more

therapeutic proteins may have molecular weight of between 20,000 Da and 50,000 Da. In

some embodiments, the one or more therapeutic proteins may be 50 to 100 amino acids in

length. In some embodiments, the one or more therapeutic proteins may be 100 to 250

amino acids in length.

According to some embodiments, kits are provided comprising a pharmaceutically

effective amount of a peptidyl drug in lyophilized form, and a solution for a reconstituting the

lyophilized peptidyl drug comprising a bioavailability enhancer in an amount sufficient to

increase the bioavailability of the peptidyl drug. The bioavailability enhancer may be a diol

or diol ether as described herein.



According to some embodiments, kits are provided comprising a pharmaceutically

effective amount of a peptide or peptide mimetic in lyophilized form, wherein the peptide or

peptide mimetic is less than or equal to 50 amino acids in length; and a solution for a

reconstituting the lyophilized peptide or peptide mimetic comprising a bioavailability

enhancer in an amount sufficient to increase the bioavailability of the peptide or peptide

mimetic. The bioavailability enhancer may be a diol or diol ether as described herein.

According to some embodiments, kits are provided comprising a pharmaceutically

effective amount of a therapeutic protein and a solution for a reconstituting the lyophilized

therapeutic protein comprising a bioavailability enhancer in an amount sufficient to increase

the bioavailability of the therapeutic protein. The bioavailability enhancer may be a diol or

diol ether as described herein.

The present invention provides for methods of preparing the pharmaceutically

acceptable formulations/compositions of the present invention.

The present invention provides for methods of treating a subject comprising administering to

a subject in need thereof a formulation/composition of the present invention. In some

embodiments, the composition is administered subcutaneously.

According to some embodiments, there is provided methods of treating a subject in

need thereof comprising administering to the subject the peptidyl drug compositions of the

present invention, wherein the amount of bioavailability enhancer is sufficient to reduce the

dose given to achieve the same (e.g., within approx. within 10%) pharmacological activity of

the peptidyl drug when administered to a subject as compared to a composition that is absent

the bioavailability enhancer.

According to some embodiments, there is provided methods of reducing the side

effects associated with treating a subject with peptidyl drugs comprising administering to the

subject the peptidyl drug compositions of the present invention, wherein the amount of

bioavailability enhancer is sufficient to reduce the dose given to achieve the same

pharmacological activity of said drug when administered to a subject as compared to a

composition that is absent the bioavailability enhancer.

The present invention provides pharmaceutical compositions and formulations

containing suitable PTH peptides or analogs thereof for use in methods directed to treating

subjects suffering from various bone degenerative, bone deficit, or hematopoietic, or

hematological disorders.



In one aspect, the invention provides a method for the treatment of osteoporosis, for

treating a bone fracture, for inducing bone formation in trabecular and cortical bones, for

treating or preventing renal osteodystrophy (ROD) and related disorders, comprising

administering to a subject in need thereof a pharmaceutically acceptable formulation

comprising a parathyroid hormone (PTH) peptide or analog, wherein the dosage administered

results in an effective pharmacokinetic profile and effective bioactivity.

PTH peptides of the present invention include full-length 1-84, or fragments thereof,

including PTH 1-34 and PTH 1-31. Additional PTH peptide analogues can optionally

include less than the first 34 amino acids at the N-terminal end.

Specific embodiments of PTH peptide analogues of the present invention include the

following: PTH-(I -3 1)NH2, Ostabolin; PTH-(I -3O)NH2; PTH-(I -29)NH2; PTH-(I -28)NH2;

LeU27PTH-(I -3 1)NH2; Leu27PTH-(l -3O)NH2; Leu27PTH-(l-29)NH 2; Leu27cyclo(22-26)PTH-

(1-3I)NH 2 Ostabolin-C™; Leu27cyclo(22-26)PTH-(1-34)NH 2; Leu27cyclo(Lys26-Asp30)PTH-

(1-34)NH2; Cyclo(Lys27-Asp30)PTH-(l-34)NH 2; Leu27cyclo(22-26)PTH-( 1-3 1)NH2; Ala27 or

NIe27 or Tyr27 or He27 cyclo(22-26)PTH-( 1-3 1)NH2; Leu27cyclo(22-26)PTH-(1-32)NH 2;

Leu27cyclo(22-26)PTH-(l-3 1)OH; Leu27cyclo(26-30)PTH-(l-3 1)NH2;

Cys22Cys26Leu27cyclo(22-26)PTH-(l -31)NH2; Cys22Cys26Leu27cyclo(26-3 O)PTH-(I -3 1)NH2;

Cyclo(27-30)PTH-(l-31)NH 2; Leu27cyclo(22-26)PTH-(l-30)NH 2; Cyclo(22-26)PTH-(l-

3I)NH 2; Cyclo(22-26)PTH-(1-30)NH 2; Leu27cyclo(22-26)PTH-(1-29)NH 2; Leu27cyclo(22-

26)PTH-(1-28)NH 2; Glu17,Leu27cyclo(13-17)(22-26)PTH-(l-28)NH 2; and

Glu17,Leu27cyclo(13-17)(22-26)PTH-(l-31)NH 2.

Other embodiments include any dosage with any route of administration which results

in an effective pharmacokinetic profile and effective bioactivity. Administration of the

peptidyl or protein formulations of the present invention includes both direct administration,

including self-administration, and indirect administration, including the act of prescribing a

drug. For example, as used herein, a physician who instructs a patient to self-administer a

drug and/or provides a patient with a prescription for a drug is administering the drug to the

patient.

A variety of administration routes can be used in accordance with the present

invention, including oral, topical, transdermal, nasal, pulmonary, transpercutaneous (wherein

the skin has been broken either by mechanical or energy means), rectal, buccal, vaginal, via

an implanted reservoir, or parenteral. Parenteral includes subcutaneous, intravenous,

intramuscular, intraperitoneal, intra-articular, intra-synovial, intrasternal, intrathecal,



intrahepatic, intralesional and intracranial injection or infusion techniques, as well as

injectable materials (including polymers) for localized therapy. More preferably, the route of

administration is subcutaneous..

The peptidyl drugs of the present invention can also be administered at a variety of

doses. Effective dosages can vary according to the type of formulation of peptidyl drug

administered as well as the route of administration. One skilled in the art can adjust the

dosage by changing the route of administration or formulation, so that the dosage

administered would result in a similar pharmacokinetic or biological profile as would result

from the preferred dosage ranges described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 Mean PTH(I -34) (Teraparatide) Plasma Concentration vs. Time Profiles in

Female Sprague Dawley Rats Following Single Subcutaneous 20 µg Fixed Doses

Administered as Teraparatide Formulations Containing Either Glycerol or Propylene Glycol

or Forteo®.

Fig. 2 Mean PTH(I -34) (Teriparatide) Plasma Concentration vs. Time Profiles in

Female Sprague Dawley Rats Following a Single Intravenous 5 µg Fixed Dose of

Teriparatide or Following a Single Subcutaneous 20 µg Fixed Dose Administered of Forteo®

or Teraparatide Formulations Containing Different Concentrations of Propylene Glycol.

Fig. 3 Mean PTH(I -34) (Teriparatide) Plasma Concentration vs. Time Profiles in

Humans Following a Single Intravenous 15 µg Fixed Dose of Teriparatide or Following a

Single Subcutaneous 20 µg Dose of Forteo® or Teraparatide Formulations Containing

Different Concentrations of Propylene Glycol.

DETAILED DESCRIPTION OF THE INVENTION

According to some embodiments, the present invention provides for pharmaceutically

acceptable formulations/ compositions of peptidyl drugs. According to some embodiments,

the present invention provides for pharmaceutically acceptable formulations/ compositions of

therapeutic peptides or peptide mimetics. According to some embodiments, the present

invention provides for pharmaceutically acceptable formulations/ compositions of therapeutic

proteins. The phrase "pharmaceutically acceptable" or "therapeutically acceptable"

refers to molecular entities and compositions that are physiologically tolerable and preferably



do not typically produce an allergic or similar untoward reaction, such as gastric upset,

dizziness and the like, when administered to a human. Preferably, as used herein, the term

"pharmaceutically acceptable" means approved by a regulatory agency of the Federal or a

State government or listed in the U.S. Pharmacopeia or other generally recognized

pharmacopeia (e.g., Remington's Pharmaceutical Sciences, Mack Publishing Co. (A. R.

Gennaro edit. 1985)) for use in animals, and more particularly in humans.

A "peptidyl drug" as used herein is an active agent, drug or pharmacologically active

agent that comprises a peptide, polypeptide or protein. Pharmacologically active derivatives,

variants, mimetics, and fragments of peptidyl drugs are included as well. For ease of

discussion, a "peptidyl drug" will also include a single amino acid and derivatives thereof.

A "peptide" refers to a polymer in which the monomers are amino acids linked

together through amide bonds. "Peptides" are generally smaller than proteins, i.e., about two

to about fifty amino acids in length. The term "peptide" includes "dipeptides" comprised of

two amino acids and "tripeptides" comprised of three consecutively linked amino acids, and

so forth. The term "polypeptide" is used synonymously with the term "peptide".

A "protein" as used herein refers to a polymer of amino acids conventionally

comprised of over fifty amino acids. The proteins that may be used as peptidyl drugs in the

present invention may be naturally occurring proteins, modified naturally occurring proteins,

or chemically synthesized proteins that may or may not be identical to naturally occurring

proteins.

DIOLSAND DIOL ETHERS

According to some embodiments, the formulations/compositions of the present

invention comprise a pharmaceutically effective amount of one or more peptidyl drugs and a

bioavailability enhancer in an amount sufficient to increase the bioavailability of the peptide

or peptide mimetic, wherein the bioavailability enhancer is a diol or diol ether.

The diol or diol ether is present in an amount in sufficient to increase the

bioavailability of the one or more peptidyl drugs. In some embodiments, the diol or diol

ether is present in an amount in sufficient to increase the blood levels of the one or more

peptidyl drugs to greater than about 10% (e.g., about 12%, about 15%, about 18%, about

20%, about 22%, about 25%, about 30%, about 50%) AUC when administered to a subject as

compared to a formulation without the bioavailability enhancer. In some embodiments, the



comparison is made with an identical formulation but where glycerol is used instead of the

diol or diol ether.

The composition may be administered subcutaneously, parenterally, intranasally,

buccally, intravenously, or trans-mucosally.

According to preferred embodiments, the diol is a diol with 2 to 20 carbons.

According to preferred embodiments, the diol is a diol with 2 to 12 carbons (i.e., 2, 3, 4, 5, 6,

7, 8, 9, 10, 11, and 12 carbons). The diols may be straight-chain or branched. The diols may

be linear or cyclic. The diols may be aliphatic or aromatic.

According to some embodiments, the diol has a molecular weight of less than about

400 MW (e.g. , less than about 350, less than about 300, less than about 250, less than about

200, less than about 150, less than about 100, less than about 50). According to preferred

embodiments, the diol has a molecular weight of less than 200 MW.

A representative list of diols useful in the present invention include one or more of

following: 1,2-ethanediol; 1,2-propanediol; 1,3-propanediol; 1,2-butanediol; 1,3-butanediol;

2,3-butanediol; 1,4-butanediol; but-2-ene-l,4-diol; 1,2-pentanediol; 1,4-pentanediol , 2,4-

Pentanediol ,1,5-pentanediol; 1,2-hexanediol, 1,5-hexanediol , 2,5-hexanediol ;1,6-

hexanediol; 1,2-heptanediol; 1,7-heptanediol; 1,2-octanediol; 1,8-octanediol; 1,2-Nonanediol;

1,9-nonanediol; 1,2-decanediol ;l,10-decanediol; 1,2-dodecanediol; 1,12-dodecanediol; 3-

methylpentane- 1,5-diol; 2,5-dimethyl-l,3-hexanediol; 1,2 -cyclopentanediol , 2,2,4-trimethyl-

1,3-pentanediol; 1,2-cyclohexanediol; 1,4-cyclohexanediol; 1,4-

bis(hydroxymethyl)cyclohexane; neopentyl glycol hydroxypivalate; 2,2-bis(4-

hydroxyphenyl)propane; 2,2-bis[4-(2-hydroxypropyl)phenyl]propane; diethylene glycol;

triethylene glycol; tetraethylene glycol; dipropylene glycol; tripropylene glycol;

tetrapropylene glycol; and 3-thiopentane-l,5-diol, 2,2-dimethyl- 1,3 -propanediol 2,3-

dimethyl-2,3-butanediol; 2,3-dimethyl-l,2-butanediol,l-phenyl-l,2-propanediol; 2-methyl-

1,3 -propanediol and mixtures and combinations thereof. According to some embodiments,

the diol is propylene glycol.

In some embodiments, diol ethers for use with the present embodiments may have the

following structure:

R-(OCH2CH2)n-OR'

Where: n = 1, 2, or 3; R = alkyl C7 or less or R phenyl or alkyl substituted phenyl; R'= H or

alkyl C7 or less or OR' is a carboxylic acid ester, sulfate, phosphate, nitrate, or sulfonate.



In some embodiments, diol ethers for use with the present embodiments may have the

following structure:

R-[OCH2CH(CH3)]n-OR'

where: n = 1, 2, or 3; R = alkyl C7 or less or R = phenyl or alkyl substituted phenyl;

R - H or alkyl C7 or less or OR' is a carboxylic acid ester, sulfate, phosphate, nitrate, or

sulfonate.

A representative list of diol ethers useful in the present invention include one or more

of following: ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, ethylene

glycol monopropyl ether, ethylene glycol monoisopropyl ether, ethylene glycol monobutyl

ether, ethylene glycol monophenyl ether, ethylene glycol monobenzyl ether, diethylene

glycol monomethyl ether, diethylene glycol monoethyl ether, diethylene glycol mono-n-butyl

ether, propylene glycol methel ether, propylene glycol n-propyl ether, propylene glycol n-

butyl ether, propylene glycol phenyl ether, dipropylene glycol methyl ether, dipropylene

glycol n-propyl ether, dipropylene glycol n-butyl ether, dipropylene glycol phenyl ether,

tripropylene glycol methyl ether, tripropylene glycol n-propyl ether, tripropylene glycol n-

butyl ether, and tripropylene glycol phenyl ether.

The diol or diol ether may be present in the formulations/compositions of the present

invention in a concentration of from about 10% to about 60% (e.g., about 12%, about 14%,

about 16%, about 18%, about 20%, about 22%, about 24%, about 26%, about 28%, about

30%, about 32%, about 34%, about 36%, about 38%, about 40%, about 42%, about 44%,

about 46%, about 48%, about 50%, about 60%). This includes, but is not limited to, the

following: from about 15% to about 50%; from about 20% to about 50%; from about 25% to

about 50%; from about 30% to about 50%; from about 35% to about 50%; from about 40% to

about 50%; from about 45% to about 50%; from about 10% to about 40%; from about 15% to

about 40%; from about 20% to about 40%; from about 25% to about 40%; from about 30% to

about 40%; from about 35% to about 40%; from about 10% to about 30%; from about 15%

to about 30%; from about 20% to about 30%; from about 25% to about 30%; and from about

10% to about 20%; and from about 15% to about 20%; from about 50% to about 90%; from

about 60% to about 90%; from about 70% to about 90%; from about 50% to about 80%; from

about 50% to about 70%; and from about 50% to about 60%..

PEPTIDES

The peptide or peptide mimetic to be used in the formulations/compositions of the

present invention include any peptide or peptide mimetic known in the art to have therapeutic



qualities. In some embodiments, the peptide is less than or 50 amino acids (e.g., 10, 15, 20,

22, 25, 30, 32, 34, 38, 40, 45, 50). This includes, but is not limited to, less than 50 amino

acids, less than 45 amino acids, less than 40 amino acids, less than 35 amino acids, less than

30 amino acids, less than 25 amino acids, less than 20 amino acids, and less than 15 amino

acids. For example, the peptide or peptide mimetic may comprise from about 10 to about 50

amino acids; from about 15 to about 50 amino acids; from about 20 to about 50 amino acids;

from about 25 to about 50 amino acids; from about 30 to about 50 amino acids; from about

40 to about 50 amino acids; from about 10 to about 40 amino acids; from about 20 to about

40 amino acids; from about 30 to about 40 amino acids; from about 10 to about 35 amino

acids; from about 10 to about 30 amino acids; from about 10 to about 25 amino acids; from

about 10 to about 20 amino acids; from about 10 to about 15 amino acids; from about 15 to

about 35 amino acids; from about 15 to about 55 amino acids; about 20 to about 55 amino

acids; about 20 to about 35 amino acids; about 25 to about 35 amino acids; about 2 to about 7

amino acids; about 2 to about 10 amino acids; about 2 to about 15 amino acids; about 2 to

about 20 amino acids; about 7 to about 10 amino acids; about 7 to about 15 amino acids; or

about 7 to about 20 amino acids.

According to some embodiments, the peptide or peptide mimetic is less than 35 amino

acids in length.

According to some embodiments, the peptide or peptide mimetic may less than about

8 kDa. The includes, for example, less than about 8 kDa, less than about 6 kDa, less than

about 4 kDa, less than about 2 kDa.

According to some embodiments, the peptide may be PTH (e.g., human PTH) or

peptide mimetic thereof. In some embodiments, the peptide mimetic is PTH(I -31), PTH(I-

34), PTH(l-37), PTH(l-38), PTH(1-41) and PTH(l-84).

A representative list of peptide drugs useful in the present invention include one or

more of following: activin, amylin, angiotensin, atrial natriuretic peptide, calcitonin,

calcitonin gene-related peptide, calcitonin N-terminal flanking peptide, cholecystokinin,

ciliary neurotrophic factor, corticotropin, corticotropin-releasing factor, epidermal growth

factor, follicle-stimulating hormone, gastrin, gastrin inhibitory peptide, gastrin-releasing

peptide, ghrelin, glucagon, gonadotropin-releasing factor, growth hormone releasing factor,

human chorionic gonadotropin, inhibin A, inhibin B, insulin, leptin, lipotropin, luteinizing

hormone, luteinizing hormone-releasing hormone, a-melanocyte-stimulating hormone, (3-

melanocyte-stimulating hormone, y-melanocyte-stimulating hormone, melatonin, motilin,



oxytocin, pancreatic polypeptide, parathyroid hormone, placental lactogen, prolactin,

prolactin-release inhibiting factor, prolactin-releasing factor, secretin, somatotropin,

somatostatin, thyrotropin, thyrotropin-releasing factor, thyroxine, triiodothyronine,

vasoactive intestinal peptide, vasopressin, buserelin, deslorelin, fertirelin, goserelin, histrelin,

leuprolide, lutrelin, nafarelin, triptorelin, abarelix, ghrelin, enterostatin, pentigetide, midkine,

magainin, gonadorelin, bradykinin, potentiator B, bradykinin potentiator C, kallidin

Cetrotide, DDAVP (desmopressin acetate), and SANDOSTATIN.

PROTEINS

The therapeutic proteins for use in the formulations/compositions of the present

invention include any protein (e.g., antibody) known in the art to have therapeutic qualities.

In some embodiments, the therapeutic proteins are between about 8,000 Da and about

200,000 Da, preferably between about 20,000 Da and about 160,000 Da. This includes, for

example, proteins having a molecular weight between about 10 kDa and 150 kDa, between

about 8 kDa and 20 kDa, between about 10 kDa and 20 kDa, between about 12 kDa and 20

kDa, between about 15 kDa and 20 kDa, between about 20 kDa and 150 kDa, between about

20 kDa and 140 kDa, between about 20 kDa and 120 kDa, between about 20 kDa and 100

kDa, between about 20 kDa and 90 kDa, between about 20 kDa and 80 kDa, between about

20 kDa and 70 kDa, between about 20 kDa and 60 kDa, between about 20 kDa and 50 kDa,

between about 20 kDa and 40 kDa, between about 20 kDa and 30 kDa, between about 40

kDa and 150 kDa, between about 40 kDa and 140 kDa, between about 40 kDa and 120 kDa,

between about 40 kDa and 100 kDa, between about 40 kDa and 90 kDa, between about 40

kDa and 80 kDa, between about 40 kDa and 70 kDa, between about 40 kDa and 60 kDa,

between about 40 kDa and 50 kDa, between about 60 kDa and 150 kDa, between about 60

kDa and 140 kDa, between about 60 kDa and 120 kDa, between about 60 kDa and 100 kDa,

between about 60 kDa and 90 kDa, between about 60 kDa and 80 kDa, between about 60

kDa and 70 kDa, between about 80 kDa and 150 kDa, between about 80 kDa and 140 kDa,

between about 80 kDa and 120 kDa, between about 80 kDa and 100 kDa, between about 80

kDa and 90 kDa, between about 100 kDa and 150 kDa, between about 100 kDa and 140 kDa,

between about 100 kDa and 120 kDa, between about 120 kDa and 150 kDa, and between

about 120 kDa and 140 kDa.

A representative list of therapeutic protein or protein drugs useful in the present

invention include one or more of following: antithrombin III, factor I, factor II, factor III,

factor V, factor VII, factor VIII, factor IX, factor X, factor XI, factor XII, heparin cofactor II,



kallikrein, plasmin, plasminogen, prekallikrein, protein C, protein S, thrombo-modulin

;colony stimulating factor 4, heparin binding neurotrophic factor, interferon-a, interferon a-

2a, interferon a-2b, interferon a-n3, interferon-(3, interferon-y, interleukin-1, interleukin-2,

interleukin-3, interleukin-4, interleukin-5, interleukin-6, interleukin-7, interleukin-8,

interleukin-9, interleukin-10, interleukin-1 1, interleukin-12, interleukin-13, interleukin-1 4,

interleukin- 60 15, interleukin-1 6, interleukin-1 7, tumor necrosis factor, tumor necrosis

factor-a, granuloycte colony-stimulating factor, granulocyte-macrophage colony-stimulating

factor, macrophage colony-stimulating factor, thymopoietin, endorphin, adenosine

deaminase, anakinra, ancestim, alteplase, alglucerase, asparaginase, bivalirudin, bombesin,

desmopressin acetate, erythropoeitin, exendin-4, fibroblast growth factor-2, filgrastim, (3-

glucocerebrosidase, hyaluronidase, insulinotropin, lepirudin, nerve growth factor,

thrombopoietin, thymosin a-1, thymidin kinase, tissue plasminogen activator, tryptophan

hydroxylase, urokinase, urotensin II, RITUXAN, AVASTIN, HERCEPTIN, ERBITUX,

TYSABRI, REMICADE, ENBREL, HUMIRA, XOLAIR, and RAPTIVA.

A non-limiting list of peptidyl drugs useful in the present invention are provided in

the table below.







SOLUBILITY

According to some embodiments, the active peptidyl drug is at least "very slightly

soluble" at 37 ± 1° C in aqueous media in the pH range of approximately 4 - 8.0. According

to some embodiments, the active peptidyl drug is at least "slightly soluble" at 37 ± 1° C in

aqueous media in the pH range of approximately 4 - 8.0. According to some embodiments,

the active peptidyl drug is at least "sparingly soluble" at 37 ± 1° C in aqueous media in

the pH range of approximately 4 - 8.0. According to some embodiments, the active peptidyl

drug is at least "soluble" at 37 ± 1° C in aqueous media in the pH range of approximately 4 -

8.0. In some embodiments, the active peptidyl drug is at least "freely soluble" at 37 ± 1° C in



aqueous media in the pH range of approximately 4 - 8.0. In some embodiments, the active

peptidyl drug is "very soluble" at 37 ± 1° C in aqueous media in the pH range of

approximately 4 - 8.0.

The USP definitions for "very slightly soluble", "slightly soluble", "sparingly

soluble", "soluble", "freely soluble", and "very soluble" are provided in the table below.

Values for estimating drug solubility based upon "USP definition"

The United Stated Pharmacopeia, USP 26, NF 21, 2003

BUFFERS

Any pharmaceutically acceptable buffer may be used in the present formulations/

compositions. Preferably, the buffer is present in a concentration of from about 1 mM to

about 100 mM {e.g., about 5 mM, about 10 mM, about 15 mM, about 20 mM, about 25 mM,

about 30 mM, about 35 mM, about 40 mM, about 50 mM, about 55 mM, about 60 mM, about

65 mM, about 70 mM, about 75 mM, about 80 mM, about 85 mM, about 90 mM, about 95

mM).

The buffer to be included in the formulations may include, but is not limited to, the

following: acetate {e.g., sodium acetate), sodium carbonate, citrate {e.g., sodium citrate),

tartrate, glycylglycine, histidine, glycine, lysine, arginine, sodium dihydrogen phosphate,

disodium hydrogen phosphate, sodium phosphate, and tris(hydroxymethyl)-aminomethan, or

mixtures thereof. Each one of these specific buffers constitutes an alternative embodiment of

the invention. In a preferred embodiment of the invention the buffer is glycylglycine, sodium

dihydrogen phosphate, disodium hydrogen phosphate, sodium phosphate or mixtures thereof.

The buffers are added to maintain the pH of the formulation to between about 3 to

about 8 {e.g., about 3, about 3.5, about 4, about 4.5, about 5, about 5.5, about 6, about 6.5,



about 6.8, about 7, about 7.2, about 7.3, about 7.4, about 7.5, about 7.6, about 7.7, about 7.8,

about 7.9, about 8.0). According to some embodiments, the pH of the formulation may be

between about 3 to about 6, between about 3 to about 5.5, between about 3 to about 5.2,

between about 3 to about 4.5, between about 3 to about 4, between about 4 to about 5.5,

between about 4.5 to about 5.5, between about 4 to about 6, between about 4 to about 7,

between about 3 to about 7, between about 4 to about 7.5, between about 5 to about 7.5,

between about 5 to about 6.5, between about 5 to about 8, between about 6 to about 8,

between about 6.5 to about 7.5, or between about 7.5 to about 8.0). The value of pH assumes

normal procedures taken to obtain a pH measurement of 100% aqueous solutions.

OTHER ADDITIVES: PRESERVATIVES

Where a pharmaceutically acceptable preservative is to be included in the

formulations of the invention, the preservative is selected from the group consisting of

phenol, m-cresol, benzalkonium chloride, chloroethanol, methyl p-hydroxybenzoate, propyl

p-hydroxybenzoate, parabens, 2-phenoxyethanol, butyl p-hydroxybenzoate, 2-phenylethanol,

benzyl alcohol, chlorobutanol, and thiomerosal, or mixtures thereof. Each one of these

specific preservatives constitutes an alternative embodiment of the invention. In a preferred

embodiment of the invention the preservative is benzyl alcohol, a phenol, or m-cresol.

In a further embodiment of the invention the preservative is present in a concentration

from about 0.1 mg/ml to about 50 mg/ml, more preferably in a concentration from about 0 .1

mg/ml to about 25 mg/ml, and most preferably in a concentration from about 0.1 mg/ml to

about 10 mg/ml.

ADMINISTRA TION

For parenteral administration, the compositions of the present invention may be

administered by either intravenous, subcutaneous, or intramuscular injection, in compositions

with pharmaceutically acceptable vehicles or carriers. The peptidyl drugs may be prepared as

compositions/formulations according to the present invention for parenteral administration by

injection, for example, by bolus injection or continuous infusion. Formulations for injection

can be presented in unit dosage form, for example, in ampoules or in multi-dose containers,

with an added preservative. The compositions can take such forms as suspensions, solutions,

or emulsions in oily or aqueous vehicles, and can contain formulatory agents, for example,

suspending, stabilizing, and/or dispersing agents. Alternatively, the active ingredient can be



in powder form for constitution with a suitable vehicle, for example, sterile pyrogen-free

water, or sterile cosolvent formulation, before use.

For administration by injection, it is preferred to use the compound(s) in solution in a

sterile vehicle which may also contain other solutes such as buffers or preservatives as well

as sufficient quantities of pharmaceutically acceptable salts or of glucose to make the solution

isotonic. In some embodiments, the pharmaceutical compositions of the present invention

may be formulated with a pharmaceutically acceptable carrier to provide sterile solutions or

suspensions for injectable administration. In particular, injectables can be prepared in

conventional forms, either as liquid solutions or suspensions, solid forms suitable for solution

or suspensions in liquid prior to injection or as emulsions. Suitable excipients are, for

example, water, saline, dextrose, mannitol, lactose, trehalose, lecithin, albumin, sodium

glutamate, cysteine hydrochloride, or the like. In addition, if desired, the injectable

pharmaceutical compositions may contain minor amounts of nontoxic auxiliary substances,

such as wetting agents, pH buffering agents, and the like.

According to some embodiments, the compositions are in a sealed sterile glass vial.

In some embodiments, the compositions are in liquid form. In some embodiments, the

compositions are in lyophilized form.

DOSAGES

Pharmaceutical compositions comprising one or more of proteins, peptides, and

mimetics thereof of the present invention may be administered to a patient in an amount

sufficient to elicit an effective protective or therapeutic response in the patient. An amount

adequate to accomplish this is defined as "therapeutically effective dose." The dose will be

determined by the efficacy of the particular compound employed and the condition of the

subject, as well as the body weight or surface area of the area to be treated. The size of the

dose also will be determined by the existence, nature, and extent of any adverse effects that

accompany the administration of a particular compound or vector in a particular subject.

Exemplary dosages within the scope of the present invention include administering a

peptidyl drug in a daily dose selected from about 0.1 mg to about 10 mg {e.g., 0.1, 0.2, 0.3,

0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 mg), or fractions thereof, for example 2.5,

4.7, etc. Exemplary dosages for subcutaneous delivery include a daily dose of 2 µg to 10 mg

of a formulation stabilized with propylene glycol and/or ethanol, and weekly doses at 3-7

times the daily doses. Other suitable dosages include any dosage with any route of



administration that results in a bioavailability or pharmacokinetic profile similar to those

yielded by the above-described dosage ranges.

Highly specific peptidyl drugs (e.g., hormones) may be administered at a dose in a

daily dose selected from about 1 µg to 200 µg (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,

15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,

40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64,

65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,

90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,

111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 125, 130, 140, 145, 150, 155, 160, 170,

180, 190, or 200 µg), or fractions thereof, for example 12.5, 14.7, etc. Exemplary dosages for

subcutaneous delivery include a daily dose of 1 µg to 200 µg of a formulation stabilized with

propylene glycol and/or ethanol, and weekly doses at 3-7 times the daily doses. Other

suitable dosages include any dosage with any route of administration that results in a

bioavailability or pharmacokinetic profile similar to those yielded by the above-described

dosage ranges.

Dosages for subcutaneous delivery of an aqueous formulation of peptidyl drugs

include dosages between about 0.1 to about 9 mg, about 0.1 to about 8 mg, about 0.1 to about

7 mg, about 0.1 to about 6 mg, about 0.1 to about 5 mg, about 0.1 to about 4 mg, about 0.1 to

about 3 mg, about 0.1 to about 2 mg, about 0.1 to about 1 mg, about 0.1 to about 0.5 mg,

about 0.1 to about 0.2 mg, 0.2 to about 9 mg, about 0.2 to about 8 mg, about 0.2 to about 7

mg, about 0.2 to about 6 mg, about 0.2 to about 5 mg, about 0.2 to about 4 mg, about 0.2 to

about 3 mg, about 0.2 to about 2 mg, about 0.2 to about 1 mg, about 0.2 to about 0.5 mg, 0.5

to about 9 mg, about 0.5 to about 8 mg, about 0.5 to about 7 mg, about 0.5 to about 6 mg,

about 0.5 to about 5 mg, about 0.5 to about 4 mg, about 0.5 to about 3 mg, about 0.5 to about

2 mg, or about 0.5 to about 1 mg.

Dosages for subcutaneous delivery of an aqueous formulation of highly specific

peptidyl drugs (e.g., hormones) include dosages between 1-9 µg, 10-19 µg, 20-30 µg, 31-40

µg, 42-45 µg, 46-50 µg, and more specifically at 5 µg, 7.5 µg, 10 µg, 15 µg, 20 µg, 25 µg, 30

µg, 35 µg, 40 µg, 45 µg, or 50 µg.

PARATHYROID HORMONE ANALOGUES

As active ingredient, the pharmaceutically acceptable composition or solution

described herein may incorporate full-length PTH (1-84), 1-31 and 1-34 fragments, and other

fragments, or variants of fragments, including substitutions, deletions, or insertions, of human



PTH, or of rat, porcine or bovine PTH that have human PTH activity as determined in the

ovarectomized rat model of osteoporosis reported by Kimmel et al., Endocrinology, 1993,

32(4): 1577. The PTH analogues used in the present invention are naturally or non-naturally

occurring and may optionally incorporate less than the first 34 N-terminal residues of PTH.

The native PTH sequence, and its truncated 1-34 form, has been shown to have all of

these activities. The hPTH-(l-34) sequence is:

Ser VaI Ser GIu He GIn Leu Met His Asn Leu GIy Lys His Leu Asn Ser Met GIu Arg VaI

GIu Trp Leu Arg Lys Lys Leu GIn Asp VaI His Asn Phe-OH (SEQ ID NO: 1)

Specific embodiments of PTH peptide analogues of the present invention include the

following: PTH-(l-34), PTH-(I -34)NH 2, PTH-(I -3 1)NH2, Ostabolin; PTH-(I -3O)NH2; PTH-

(1-29)NH 2; PTH-(I -28)NH 2; Leu27PTH-(l-31)NH 2; LeU27PTH-(I -3O)NH2; LeU27PTH-(I-

29)NH2; Leu27cyclo(22-26)PTH-(1-31)NH 2 Ostabolin-C™; Leu27cyclo(22-26)PTH-(1-

34)NH2; Leu27cyclo(Lys26-Asp30)PTH-(l-34)NH 2; Cyclo(Lys27-Asp30)PTH-(l-34)NH 2;

Leu27cyclo(22-26)PTH-(1-31)NH 2; Ala27 or NIe27 or Tyr27 or He27 cyclo(22-26)PTH-(l-

3I)NH 2; Leu27cyclo(22-26)PTH-(1-32)NH 2; Leu27cyclo(22-26)PTH-(1-31)OH;

Leu27cyclo(26-30)PTH-(l-31)NH 2; Cys22Cys26Leu27cyclo(22-26)PTH-(l-31)NH 2;

Cys22Cys26Leu27cyclo(26-30)PTH-(l-31)NH 2; Cyclo(27-30)PTH-(l-31)NH 2; Leu27cyclo(22-

26)PTH-(l-30)NH 2; Cyclo(22-26)PTH-(l-31)NH 2; Cyclo(22-26)PTH-(l-30)NH 2;

Leu27cyclo(22-26)PTH-(l-29)NH 2; Leu27cyclo(22-26)PTH-(l-28)NH 2; Glu 17,Leu27cyclo(13-

17)(22-26)PTH-(1-28)NH 2; and Glu 17,Leu27cyclo(13-17)(22-26)PTH-(l-3 1)NH2.

Exemplary dosages within the scope of the present invention include administering a

PTH peptidyl drug in a daily dose selected from 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,

16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,

41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 µg, or fractions thereof, for example 12.5, 14.7, etc.

For example, PTH 1-34 may be administered in a daily dose selected from 1, 2, 3, 4, 5, 6, 7,

8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,

33, 34, 35, 36, 37, 38, 39, or 40 µg, or fractions thereof, for example 12.5, 14.7, etc. PTH 1-

84 may be administered in a daily dose selected from 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,

60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84,

85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106,

107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, or 120 µg, or fractions

thereof, for example 12.5, 14.7, etc.



The PTH peptidyl drugs of the present invention can also be administered at a variety

of doses. Effective dosages can vary according to the type of formulation of PTH peptidyl

drug administered as well as the route of administration. One skilled in the art can adjust the

dosage by changing the route of administration or formulation, so that the dosage

administered would result in a similar pharmacokinetic or biological profile as would result

from the preferred dosage ranges described herein.

Exemplary dosages include a daily dose of 2 µg to 50 µg for subcutaneous delivery of

a formulation stabilized with propylene glycol and/or ethanol, and weekly doses at 3-7 times

the daily doses. Other suitable dosages include any dosage with any route of administration

that results in a bioavailability or pharmacokinetic profile similar to those yielded by the

above-described dosage ranges.

Preferred dosages for subcutaneous delivery of an aqueous formulation for a PTH

peptiyl drug include dosages between 5-9 µg, 10-19 µg, 20-30 µg, 31-40 µg, 42-45 µg, 46-50

µg, and more specifically at 5 µg, 7.5 µg, 10 µg, 15 µg, 20 µg, 25 µg, 30 µg, 35 µg, 40 µg, 45

µg, or 50 µg.

METHODS OF THE INVENTION AND AGENTS USEFUL THEREIN

The methods provided by this invention are generally practiced by administering to an

animal in need thereof a daily or weekly dose of a PTH compound in an amount effective to

induce bone formation and inhibit or reduce bone loss or resorption.

One aspect of the present invention provides a method for treating osteoporosis by

administering to a subject in need thereof a pharmaceutically acceptable formulation

comprising a PTH peptide analogue in a daily subcutaneous dose of an aqueous formulation

of 2 µg to 100 µg or a weekly dose of from 14 µg to 700 µg , Exemplary dosages include a

daily dose of 0.5 to 50 µg for subcutaneous delivery of a formulation stabilized with

propylene glycol.

Exemplary dosages within the scope of the present invention include administering

PTH 1-34 in a daily dose selected from 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,

18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or 40 µg,

or fractions thereof, for example 12.5, 14.7, etc., and administering PTH 1-84 in a daily dose

selected from 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,

71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,



96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114,

115, 116, 117, 118, 119, or 120 µg, or fractions thereof, for example 12.5, 14.7, etc.

Other suitable dosages include any dosage with any route of administration that

results in a bioavailability or pharmacokinetic profile similar to those yielded by the above-

described dosage ranges. In one embodiment, the subject is a human man or woman. In a

preferred embodiment the woman is post-menopausal.

In another embodiment, the osteoporosis can be selected from the group consisting of

advanced-stage osteoporosis, hypogonadal osteoporosis, spinal osteoporosis, transplant-

induced osteoporosis, and steroid-induced osteoporosis.

ROUTES OF ADMINISTRATION

Administration of the PTH peptide analogues of the present invention includes both

direct administration, including self-administration, and indirect administration, including the

act of prescribing a drug. For example, as used herein, a physician who instructs a patient to

self-administer a drug and/or provides a patient with a prescription for a drug is administering

the drug to the patient.

A variety of administration routes can be used in accordance with the present

invention, including oral, topical, transdermal, nasal, pulmonary, transpercutaneous (wherein

the skin has been broken either by mechanical or energy means), rectal, buccal, vaginal, via

an implanted reservoir, or parenteral. Parenteral includes subcutaneous, intravenous,

intramuscular, intraperitoneal, intra-articular, intra-synovial, intrasternal, intrathecal,

intrahepatic, intralesional and intracranial injection or infusion techniques. More preferably,

the route of administration is subcutaneous, transcutaneous, intranasal, transdermal, oral, or

inhalation administration.

FORMULATIONS

A stabilized solution of a parathyroid hormone can include a stabilizing agent, a

buffering agent, a preservative, an antibacterial agent and the like. The stabilizing agent

incorporated into the solution or composition includes alcohols, ethanol or a polyol which

includes a saccharide, preferably a monosaccharide or disaccharide, e.g., glucose, trehalose,

raffinose, or sucrose; a sugar alcohol such as, for example, mannitol, sorbitol or inositol, and

a polyhydric alcohol such as glycerine or propylene glycol or mixtures thereof. A preferred

polyol is propylene glycol. The concentration of polyol may range from about 10 to about 40



wt-%, preferably about 10-30 wt-% of the total solution.

The buffering agent employed in the solution or composition of the present invention

may be any acid or salt combination which is pharmaceutically acceptable. Useful buffering

systems are, for example, acetate, tartrate or citrate sources. Preferred buffer systems are

acetate or tartrate sources, most preferred is an acetate source. The concentration of buffer

may be in the range of about 2 mM to about 500 mM, preferably about 2 mM to 100 mM.

The stabilized solution or composition of the present invention may also include a

parenterally acceptable preservative. Such preservatives include, for example, cresols, benzyl

alcohol, phenol, benzalkonium chloride, benzethonium chloride, chlorobutanol, phenylethyl

alcohol, methyl paraben, propyl paraben, thimerosal and phenylmercuric nitrate and acetate.

A preferred preservative is m-cresol or benzyl alcohol; most preferred is m-cresol. The

amount of preservative employed may range from about 0.1 to about 2 wt-%, preferably

about 0.3 to about 1.0 wt-% of the total solution.

The parathyroid hormone compositions can, if desired, be provided in a powder form

containing not more than 2% water by weight, that results from the freeze-drying of a sterile,

aqueous hormone solution prepared by mixing the selected parathyroid hormone, a buffering

agent and a stabilizing agent as above described. Especially useful as a buffering agent when

preparing lyophilized powders is a tartrate source. Particularly useful stabilizing agents

include glycine, sucrose, trehalose and raffinose.

Ready to use formulations containing hPTH, or more specifically, Ostabolin-C or

PTH(I -34) (Forteo®), are not stable at room temperature and must be stored under

refrigerated conditions (2-80C). Since hPTH undergoes hydrolysis, oxidation and

deamidation in aqueous media, it is difficult to develop a solution formulation for room

temperature storage. Although, the formulation is stable at 5 0C, it is preferred that the

formulation is stable at about pH 7.5, as the pH is closer to physiological pH. Studies have

indicated that an Ostabolin-C or PTH(l-34) (Forteo®) solution is less stable at pH 7.5

compared to the ready-to-use formulation. Oxidation and deamidation both occur and takes

place above pH 7.0. As such, a 100% aqueous formulation above pH 7 under refrigerated

conditions may not be feasible. Hence mixtures of ethanol/water or propylene/water systems

were used with the antioxidants methionine or lipoic acid to evaluate the stability of the

formulations of this invention.

Another additive to help maintain the stability of an hPTH formulation is Methionine.

Methionine has been shown to be a potential antioxidant and improve hPTH stability.



Additionally, polyols have the potential to stabilize peptide and protein formulations and

sucrose concentrations up to IM at pH 5.5 have been found to reduce the rate of both

deamidation and oxidation of hPTH.

In addition, parathyroid hormones formulated with typical buffers and excipients

employed in the art to stabilize and solubilize proteins for parenteral administration. Buffers

also have an effect on stability. Previous models showed that for pHs above 7, TRIS buffer

had a much lower deamidation rate constant than a corresponding phosphate buffer. Adding

NaCl also has a positive effect of the formulation because of its physiological ionic strength.

Art recognized pharmaceutical carriers and their formulations are described in Martin,

"Remington's Pharmaceutical Sciences," 15th Ed.; Mack Publishing Co., Easton (1975).

More details of stabilizing additives to a hPTH formulation are shown in Examples 15 and

16.

The PTH peptide analogue may also be formulated into a composition suitable for

administration by any convenient route, e.g., orally (including sublingually), topically,

transdermally (including percutaneous absorption of the composition through the skin, such

as by patches, ointments, creams, gels, salves and the like), or intranasally.

Compositions for parenteral administration may be formulated using an injectable

liquid carrier such as sterile pyrogen-free water, sterile peroxide-free ethyl oleate, dehydrated

alcohol or propylene glycol or a dehydrated alcohol/propylene glycol mixture, and may be

injected intravenously, intraperitoneally, subcutaneously or intramuscularly. Sterile

injectable solutions are prepared by incorporating the active compounds in the required

amount in the appropriate solvent with various of the other ingredients enumerated above, as

required, followed by filtered sterilization. Generally, dispersions are prepared by

incorporating the various sterilized active ingredients into a sterile vehicle which contains the

basic dispersion medium and the required other ingredients from those enumerated above. In

the case of sterile powders for the preparation of sterile injectable solutions, the preferred

methods of preparation are vacuum-drying and freeze-drying techniques which yield a

powder of the active ingredient plus any additional desired ingredient from a previously

sterile-filtered solution thereof.

DOSINGREGIMEN

Administration in this invention may consist of one or more cycles; during these

cycles one or more periods of osteoclastic and osteoblastic activity will occur, as well as one



or more periods when there is neither osteoclastic nor osteoblastic activity. Alternatively,

administration may be conducted in an uninterrupted regimen; such a regimen may be a long

term regimen, e.g., a . permanent regimen.

It will be understood that the dosages of compositions and the duration of

administration according to the invention will vary depending on the requirements of the

particular subject. The precise dosage regime will be determined by the attending physician

or veterinary surgeon who will, inter αliα, consider factors such as body weight, age and

symptoms (if any). The compositions may if desired incorporate one or more further active

ingredients.

During the dosing regimen, the hormone can be administered regularly {e.g. , once or

more each day or week), intermittently (e.g., irregularly during a day or week), or cyclically

(e.g., regularly for a period of days or weeks followed by a period without administration).

Regular administration can include once daily, once every two days, once every three days,

once every four days, once every five days, once every six days, or once every seven days

(once/week). Preferably PTH is administered once daily for 1-7 days for a period ranging

from 3 months for up to 3 years in osteoporotic patients. In additional embodiments, PTH is

administered for no less than 8 days. The present invention also encompasses embodiments

wherein PTH is administered on a weekly basis.

KITS

The present invention also encompasses a kit including the present pharmaceutical

compositions and to be used with the methods of the present invention. The kit can contain a

vial, for example, which contains a formulation of the present invention and suitable carriers,

either dried or in liquid form. The kit further includes instructions in the form of a label on

the vial and/or in the form of an insert included in a box in which the vial is packaged, for the

use and administration of the compounds. The instructions can also be printed on the box in

which the vial is packaged. The instructions contain information such as sufficient dosage

and administration information so as to allow a worker in the field to administer the drug. It

is anticipated that a worker in the field encompasses any doctor, nurse, or technician who

might administer the drug, or a patient who might self-administer the pharmaceutical

composition.

In one embodiment the kit contains a medication delivery pen that houses a cartridge

assembly containing a vial or cartridge that has the capability of holding about a 60 day



supply of daily doses of the pharmaceutical compositions described herein. In additional

embodiments, the pen has the capability of holding a 1, 2, 3, 4, 5, 6, 7, or 8 week supply of

daily doses of the pharmaceutical compositions described herein. In preferred embodiments,

the pen has the capability of holding a 2 or 4 week supply of daily doses of the

pharmaceutical compositions described herein. Such a device provides ease of use for self-

administration of the pharmaceutical compositions described herein.

In a further embodiment, the cartridge can contain a liquid dosage of the

pharmaceutical composition, or a lyophilized dosage, which is reconstituted by the user prior

to injection. Those of skill in the pharmaceutical arts will recognize that medication delivery

pens, cartridge assemblies for holding a liquid or lyophilized pharmaceutical dosage

formulation for same, and methods of lyophilizing and sealing an injectable composition are

known in the art, as evidenced by U.S. Patent Nos. 5,334,162; 6,053,893; and 6,648,859 the

teachings of which are incorporated herein by reference.

The examples which follow are illustrative of the invention and are not intended to be

limiting.

EXAMPLE 1: PHARMACOKINETICS OF PTH AFTER INTRA VENOUS OR
SUBCUTANEOUSADMINISTRATION OF TERIPARATIDE OR
FORTEO® IN FEMALE SPRAGUE DA WLEYRA TS.

The objective of this study was to evaluate the pharmacokinetics of PTH after single

intravenous (IV) or subcutaneous (SC) doses of Teriparatide formulation in propylene glycol

cosolvents or Forteo® in female Sprague Dawley rats.

Thirty female Sprague Dawley rats were assigned to six dose groups with five rats per

group. Animals in Groups 1 to 5 were administered a single subcutaneous fixed dose of

20 µg PTH(l-34) as teriparatide or as Forteo® (pre-filled pen device) also marketed as

FORSTEO in Europe. Animals in Group 6 were administered a single intravenous fixed dose

of 5 µg teriparatide. Serial blood samples were collected for PTH(I -34) analysis. Summary

of the results are provided in Table 1-1.

TABLEl-L SUMMARY OF PTH(l-34) PHARMACOKINETICS IN RATS
FOLLOWING SINGLE 20 µG SC FIXED DOSES OF TERIPERA TIDE OR
FORTEO® OR ASINGLE 5 µG I VDOSE OF TERIPARATIDE



/ (mean AUCi ast IV x Dose

sc)] x 100

b Bioavailability relative to the Forteo® dose, where % Frei = (AUCi ast τeriparatide / mean AUC last Forteo) x 100

NA: Not Applicable

All animals in the study were dosed successfully. There were no abnormalities noted at the

time of dosing or during sample collection with the exception of one rat in Group 4 with

moderate to severe erythema. There was no erythema or edema formation in any of the other

animals post-dose. In each group, plasma PTH(I -34) concentrations were quantifiable at

least to 60 minutes post-dose. Comparing the mean pharmacokinetic parameters, exposure to

PTH(I -34) following IV and SC dosing, measured as Cmax and AUC, was higher following

SC administration of Teriparatide compared to SC dosing with Forteo®. Mean absolute

bioavailability (%FabS) of PTH(I -34) (compared to IV Teriparatide administration) following

SC dosing was 81% with a 40% propylene glycol formulation, 64% using a 30% propylene

glycol , low volume formulation (20 µL), 77% for a 20% propylene glycol formulation, 78%

with a 30% propylene glycol, high volume formulation (50 µL), and 30% for Forteo®. Mean

relative bioavailability (%Frei) of PTH(I -34), compared to Forteo® SC administration, was

269% for the 40% propylene glycol formulation, 212% for the 30% propylene glycol, low



volume formulation (20 µL), 254% for the 20% propylene glycol formulation, and 258% for

the 30% propylene glycol, high volume formulation (50 µL). The mean terminal half-life was

similar for each SC dose group, ranging from 17 to 2 1 minutes. The mean terminal half-life

following IV dosing was 10 minutes.

This section provides abbreviations used throughout this report.

AUCiast Area under the plasma concentration-time curve from time zero to the time of

the last measurable concentration

AUC nf Area under the plasma concentration-time curve from time zero to infinity

CL Systemic clearance

Cmax Maximum plasma concentration

Fabs Absolute bioavailability

FVC Femoral vein cannula(ted)

Frei Relative bioavailability

Forteo® teriparatide (rDNA origin) injection

IV Intravenous

JVC Jugular vein cannula(ted)

NA Not Applicable

SC Subcutaneous

t i/ Terminal half-life

Tmax Time of maximum plasma concentration

Vdss Volume of distribution at steady state

The PTH(l-34) AUQ
3St

following SC dosing of teriparatide or Forteo® compared to

PTH(I -34) AUCiast following IV dosing with teriparatide resulted in mean absolute

bioavailability values (Fabs) of 81% for teriparatide in the 40% propylene glycol formulation,

64% for teriparatide in the 30% propylene glycol formulation (low dosing volume), 77% for

teriparatide in the 20% propylene glycol formulation, 78% for teriparatide in the 30%

propylene glycol formulation (high dosing volume), and 30% for Forteo®.

The PTH(l-34) AUQ
8St

following SC dosing of teriparatide compared to PTH(l-34)

AUCiast following SC dosing with Forteo® resulted in mean relative bioavailability values

(Frei) of 269% for teriparatide in the 40% propylene glycol formulation, 212% for teriparatide

in the 30% propylene glycol formulation (low dosing volume), 254% for teriparatide in the



20% propylene glycol formulation, and 258% for teriparatide in the 30% propylene glycol

formulation (high dosing volume).

Terminal half-life ( 2) was similar for all five SC dose groups. The mean t i/2 was

18 minutes following teriparatide administration in the 40% propylene glycol formulation,

17 minutes following teriparatide administration in the 30% propylene glycol formulation

(low dosing volume), 18 minutes following teriparatide administration in the 20% propylene

glycol formulation, 2 1 minutes following teriparatide administration in the 30% propylene

glycol formulation (high dosing volume), and 20 minutes following Forteo® administration.

Mean t following IV administration of 5 µg teriparatide in saline was 10 minutes.

Dosing Formulations: Formulations for IV and SC dosing were prepared on the day

of dosing as described below.

Group 1 Formulation - Teriparatide ( 1 mg/mL adjusted for 90.8% peptide assay, 1.1

mg/mL) in 40% propylene glycol, 0.7% NaCl, 50 mM Tris, 5 mg/mL methionine, 3 mg/mL

m-cresol solvent buffer: 9.4 mg of teriparatide was weighed out and combined with 8.54 mL

of 40% propylene glycol, 0.7% NaCl, 50 mM Tris, 5 mg/mL methionine, 3 mg/mL m-cresol

solvent buffer, Lot BA041409-05. The formulation was mixed for 5 minutes and vortexed

for 1 minute after which the pH was determined to be 7.38. No pH adjustment was made.

The total formulation weight was 8.9786 g.

Group 2 Formulation - teriparatide ( 1 mg/mL adjusted for 90.8% peptide assay) in

30% propylene glycol, 0.7% NaCl, 50 mM Tris, 5 mg/mL methionine, 3 mg/mL m-cresol

solvent buffer: 9.3 mg of teriparatide was weighed out and combined with 8.44 mL of 30%

propylene glycol, 0.7% NaCl, 50 mM Tris, 5 mg/mL methionine, 3 mg/mL m-cresol solvent

buffer, Lot BA04 1409-06. The formulation was mixed for 5 minutes and vortexed for

1 minute after which the pH was determined to be 7.63. No pH adjustment was made. The

total formulation weight was 8.7815 g.

Group 3 Formulation - Teriparatide ( 1 mg/mL adjusted for 90.8% peptide assay) in

20% propylene glycol, 0.7% NaCl, 50 mM Tris, 5 mg/mL methionine, 3 mg/mL m-cresol

solvent buffer: 8.7 mg of teriparatide was weighed out and combined with 7.90 mL of 20%

propylene glycol, 0.7% NaCl, 50 mM Tris, 5 mg/mL methionine, 3 mg/mL m-cresol solvent

buffer. The formulation was mixed for 5 minutes and vortexed for 1 minute after which the

pH was determined to be 7.55. No pH adjustment was made. The total formulation weight

was 8.1944 g.



Group 4 Formulation - Teriparatide (0.4 mg/mL adjusted for 90.8% peptide assay) in

30% propylene glycol, 0.7% NaCl, 50 mM Tris, 5 mg/mL methionine, 3 mg/mL m-cresol

solvent buffer: to 4 mL of the 30% propylene glycol formulation used for Group 2 dosing

(Lot # BA041 509-02 above) was added 6 mL 30% propylene glycol, 0.7% NaCl, 50 mM

Tris, 5 mg/mL methionine, 3 mg/mL m-cresol solvent buffer . The formulation was mixed for

5 minutes after which the pH was determined to be 7.61. No pH adjustment was made. The

total formulation weight was 10.3073 g.

Group 5 Formulation - Forteo ® (0.25 mg/mL solution): the Forteo® solution was

removed directly from the pre-filled pen device into the dosing syringe using another needle

to vent the device.

Group 6 Formulation - Teriparatide (0.25 mg/mL adjusted for 90.8% peptide assay)

in 0.9% NaCl (sterile saline): 5.3 mg of teriparatide was weighed out and combined with

19.25 mL of saline, mixed for 5 minutes and vortexed for 1 minute after which the pH was

determined to be 5.5. No pH adjustment was made. The total formulation weight was

19.341O g. The formulation was clear and assigned.

Dose Administration: Thirty female Sprague Dawley rats (25 JVC, 5 FVC/JVC) were

received was and there was a minimum of 2 days acclimation prior to releasing all animals to

this study. Animals were assigned to six dose groups with 5 rats per group. Animals in

Groups 1 to 5 were administered a single SC fixed dose of teriparatide or Forteo® at 20

µg/animal. Animals in Group 6 were administered a single IV fixed dose of teriparatide at 5

µg/animal via FVC. The dose groups and doses are as follows:



Sample Collections: Blood samples were collected from each animal in Groups 1 -5 at

pre-dose and at 5, 10, 15, 25, 60 and 180 min post-dose (0.5 mL). Blood samples were

collected from each animal in Group 6 at pre-dose and at 2, 5, 10, 15, 25, 60 and 180 min

post-dose (0.3 mL for samples collected pre-dose through 10 minutes post-dose, 0.5 mL for

samples collected after 10 minutes post-dose). Non-terminal blood samples were collected

via the JVC, and the terminal (180 min) blood sample was collected by cardiac puncture.

Blood was collected into labeled tubes containing K2EDTA. Plasma samples were stored at

approximately -70 0C until analysis.

Pharmacokinetic Analysis: Individual plasma concentration-time data were

used to determine the pharmacokinetic parameters. Non-compartmental pharmacokinetic

parameters were calculated using the WinNonlin™, version 4.1 (WinNonlin™ Copyright ®

2003, Pharsight Corporation, Mountain View, CA). The terminal elimination rate constant

(λ) was obtained, where possible, by linear regression of the terminal elimination phase of a

log-linear plot of the plasma concentration-time data. The apparent terminal-phase

elimination half-life (tm) was calculated according to the following formula:

Acceptance criteria for λ determination required regression of at least three points

from the elimination phase and r2 equal to or greater than 0.85.



The area under the plasma concentration-time curve from time 0 to the time of the last

measurable plasma concentration (AUCi ast) was determined by the linear trapezoidal method.

AUC, nf was calculated as:

AUC inf = AUC last + CIast / λ

Nominal sampling times were used for t /2 and AUC calculations, since samples were

taken at the scheduled times.

Systemic clearance (CL) and volume of distribution at steady-state (Vd ss) following

IV administration were calculated according to the following:

C L = Dose

AUCnf

Vdss = MRTmf • CL

Bioavailability was calculated using AUCi t - Absolute bioavailability (%F abs) for

individual rats in the SC dose groups was calculated relative to the IV dose group, calculated

as:

%Fabs = [(AUCiast sc x Dose lv ) / (mean AUQa V x Dose Sc)] x 100

The bioavailability for individual rats in the teriparatide dose groups relative to the

Forteo ® dose group (%F rei) was calculated as:

%Frel = (AUCiast tenparat.de SC / mean AUCiast Forteo Sc) X 100

Nominal doses were used to calculate CL, Vdss and F.

EXAMPLE 2: PHARMACOKINETICS OF PTH AFTER
SUBCUTANEOUSADMINISTRA TION OF THREE FORMULATIONS
OF TERIPARATIDE OR FORTEO®IN FEMALE
SPRAGUE DA WLEYRATS

The objective of this study was to evaluate the pharmacokinetics of PTH after single

subcutaneous (SC) doses of TERIPARATIDE or Forteo ® in female Sprague Dawley rats.

Twenty female Sprague Dawley rats were assigned to four dose groups with five rats

per group. All animals were administered a single fixed subcutaneous dose of 20 µg as



teriparatide (3 formulations) or as Forteo ® (teriparatide injection, Eli Lilly and Co.). Serial

blood samples were collected for PTH(I -34) analysis.

All animals on study were dosed successfully. There were no abnormalities noted at

the time of dosing or during sample collection. There was no erythema or edema formation

at the injection was observed for any animal. In each group, plasma PTH(I -34)

concentrations were quantifiable at least to 60 minutes post-dose. Exposure to PTH(I -34)

following SC dosing, measured by mean Cmax and AUC, was greater following

administration of teriparatide compared to Forteo ® . Mean relative F of PTH(I -34) following

teriparatide dosing was 143% for the 50% glycerol low volume formulation, 112% for the

50% glycerol high volume formulation, and 294% for the 40% propylene glycol formulation.

The mean terminal half-life ranged from 19 to 23 minutes in the 4 groups.

Group mean (± SD) pharmacokinetics are summarized below.

Table 2-1. Summary of PTH(l-34) Pharmacokinetics in Rats Following Single 20 µg

Subcutaneous Injection Doses of teriparatide (Three Formulations) or Forteo ®

a Bioavailability (F) relative to the Forteo dose, where F(%) = AUC, nf teriparatide / mean AUC inf

Forteo X 100

NA: Not Applicable

Formulations for SC dosing were prepared on the day of dosing as described below.

Group 1 Formulation- 1 mg/mL teriparatide in 50% glycerol (v/v), 0.7% NaCl, 50

mM Tris, 5 mg/mL Methionine buffer: 10.46 m g of teriparatide was weighed and combined



with 9.509 niL of 50% Glycerol in Tris aqueous buffer stock. The formulation was mixed on

a magnetic stirrer for 5 minutes after which the pH was determined to be 7.5. No pH

adjustment was made. The formulation was clear and colorless and was assigned. The

nominal concentration of teriparatide was 1.0 mg/mL after adjusting for 90.8% peptide assay.

Group 2 Formulation - 0.4 mg/mL teriparatide in 50% glycerol, 0.7% NaCl, 50 mM

Tris, 5 mg/mL Methionine buffer: 4 mL of Group 1 Formulation was combined with 6 mL of

50% Glycerol in Tris aqueous buffer stock. The formulation was mixed on a magnetic

stirrer for 5 minutes, and the pH was determined to be 7.6. No pH adjustment was made.

The formulation was clear and colorless. The nominal concentration of teriparatide was 0.4

mg/mL after adjusting for 90.8% peptide assay.

Group 3 Formulation - 1 mg/mL teriparatide in 40% propylene glycol, 0.7% NaCl, 50

mM Tris, 5 mg/mL Methionine buffer: 7.92 mg of teriparatide was weighed and combined

with 7.2 mL of 40% Propylene Glycol in Tris aqueous buffer stock. The formulation was

mixed on a magnetic stirrer for 5 minutes, after which the pH was determined to be 7.6. No

pH adjustment was made. The formulation was clear and colorless.

Group 4 Formulation - Forteo® (0.25 mg/mL solution): The Forteo® solution was

removed directly from the pre-fϊ lled pen into the dosing syringe using a second needle to vent

the chamber.

Results:

Mean PTH(I -34) plasma concentration versus time profiles for Groups 1 through 4

are shown in Figure 1.

In each group, plasma PTH(I -34) concentrations were quantifiable at least to 60

minutes post-dose. Exposure to PTH(I -34) following a single fixed 20 µg SC dose,

measured by mean Cmax and mean AUC, was greater following administration of teriparatide

in three different formulations compared to Forteo®. Of the teriparatide dose groups (Groups

1-3), exposure to PTH(I -34) was greatest when teriparatide was administered in the 40%

propylene glycol formulation.

Mean Cmax was 23440 pg/mL following administration of teriparatide formulated in

50% glycerol (low dosing volume), 16180 pg/mL following administration of teriparatide

formulated in 50% glycerol (high dosing volume), 32120 pg/mL following administration of

teriparatide formulated in 40% propylene glycol, and 16960 pg/mL following administration

of Forteo®.



Similarly, mean AUCmf was 1118442 pg-min/mL following administration of

teriparatide formulated in 50% glycerol (low dosing volume), 870975 pg-min/mL following

administration of teriparatide formulated in 50% glycerol (high dosing volume),

2302104 pg-min/mL following administration of teriparatide formulated in 40% propylene

glycol, and 783432 pg-min/mL following administration of Forteo®.

The PTH(I -34) AUCmf following SC dosing of teriparatide compared to AUC,nf

following SC dosing with Forteo® resulted in mean relative bioavailability values of 143%

for teriparatide in the 50% glycerol formulation (low dosing volume), 112% for teriparatide

in the 50% glycerol formulation (high dosing volume) and 294% for teriparatide in the 40%

propylene glycol formulation.

The terminal half-life ( /2) was similar for all four dose groups. The mean terminal

half-life was 19 minutes following teriparatide administration in the 50% glycerol

formulation (low dosing volume), 23 minutes following teriparatide administration in the

50% glycerol formulation (high dosing volume), 22 minutes following teriparatide

administration in the 40% propylene glycol formulation, and 2 1 minutes following

administration of Forteo®.

EXAMPLE 3: SUBCUTANEOUSFORMULATIONS OFPTH

Formulations:

Formulation 1: 40% propylene glycol, 0.7% NaCl, 50 mM TRIS, 5 mg/mL methionine, 3

mg/mL m-cresol, 1 mg/mL teriparatide, pH 7.4



Formulation 2 : 30% propylene glycol, 0.7% NaCl, 50 niM TRIS, 5 mg/mL methionine, 3

mg/mL m-cresol, 1 mg/mL teriparatide, pH 7.4

Formulation 3 : 20% propylene glycol, 0.7% NaCl, 50 mM TRIS, 5 mg/mL methionine, 3

mg/mL m-cresol, 1 mg/mL teriparatide, pH 7.4

Formulation 4 : 30% propylene glycol, 0.7% NaCl, 50 mM TRIS, 5 mg/mL methionine, 3

mg/mL m-cresol, 0.4 mg/mL teriparatide, pH 7.4

Formulation concentrations will be adjusted for the assay result of 90.8% for PTH(I -34).

Teriparatide Dose preparation instructions for Formulations 1-4:

There are 3 steps to dose preparation:

1. Preparation of stock aqueous TRIS buffer

2. Preparation of solvent stock solutions using aqueous TRIS Buffer

3. Preparation of dosing solutions by adding teriparatide to aliquot of solvent stock solutions

or diluting dosing solution with aliquot of solvent stock solution

The instructions for each of these steps are described in detail as follows:

Preparation of Stock Aqueous TRIS Buffer (125 mM TRIS, 1.75% NaCL 12.5 mg/mL

Methionine, 7.5 mg/mL m-cresol, pH 7.4):

1. Dispense 90 mL WFI (water for injection) in a clean container.

2. Add 1.75 g NaCl.

3. Add 1.51 g Tris base.

4. Add 1.25 g L-methionine.

5. Add 750 mg m-cresol, USP

6. Stir until dissolved and adjust pH with HCl or NaOH to 7.4. Record temperature of

room.

7. Adjust volume to 100 mL total with addition of WFI and mix.

Preparation of Solvent Stock solutions using Stock Aqueous TRIS Buffer:

1. Prepare three separate solutions by adding TRIS buffer from above and solvent,

according to Table 3-1 below

2. Stir until dissolved.



3. Adjust pH to 7.4 with HCl or NaOH.

4 . Adjust weight to 100 g total with addition of WFI and mix.

5. Recheck and record pH.

Table 3-1

Preparation of Formulations 1, 2 and 3 dosing solutions:

1. Prepare Formulations 1, 2 and 3 dosing solutions by adding teriparatide to aliquot of

solvent stock solutions, according to Table 3-2 below, and mix until teriparatide is

dissolved (~ 5 min).

2. Adjust pH to nominal 7.4 (+/-0.3) with HCl or NaOH (with <3% dilution of

formulation).

3. Record room temperature.

Table 3-2

*Takes into account peptide assay of 90.8%



Preparation of Group 4 dosing solution:

1. Prepare Formulation 4 dosing solution by diluting Formulation 2 dosing solution with

aliquot of 30% propylene glycol solvent stock solution, according to Table 3-3 below,

and mix.

2 . Adjust pH to nominal 7.4 (+/-0.3) with HCl or NaOH (with <3% dilution of

formulation) if necessary.

3. Record room temperature.

Table 3-3

After dosing, remaining dosing formulations 1-4 are stored at -20°C.



EXAMPLE 4: SUBCUTANEOUSFORMULATIONS OFPTH

Formulations are prepared by repeating the steps of Example 20 wherein a polyol is

added, the preservative is benzyl alcohol and the pH adjusted to 7.1. The following

formulations are produced:

Formulation 1: 40% propylene glycol 50 mM TRIS, 5 mg/mL methionine, 100 mg/ml

sucrose, 0.9% benzyl alcohol, 0.5 mg/mL teriparatide, pH 7.1.

Formulation 2 : 30% propylene glycol 50 mM TRIS, 5 mg/mL methionine, 100 mg/ml

sucrose, 0.9% benzyl alcohol 0.5 mg/mL teriparatide, pH 7.1.

Formulation 3 : 20% propylene glycol 50 mM TRIS, 5 mg/mL methionine, 100 mg/ml

sucrose, 0.9% benzyl alcohol 0.5 mg/mL teriparatide, pH 7.1.

EXAMPLE 5: SUBCUTANEOUS FORMULATIONS OFPTH

Formulations are prepared by repeating the steps of Example 20 wherein a polyol is

added, the preservative is benzyl alcohol and the pH adjusted to 4.5. The following

formulations are produced:

Formulation 1: 40% propylene glycol, 1OmM sodium acetate, 5 mg/mL methionine, 100

mg/ml sucrose, 0.9% benzyl alcohol, 0.5 mg/mL teriparatide, pH 4.5.

Formulation 2 : 30% propylene glycol, 1OmM sodium acetate, 5 mg/mL methionine, 100

mg/ml sucrose, 0.9% benzyl alcohol, 0.5 mg/mL teriparatide, pH 4.5.

Formulation 3 : 20% propylene glycol, 1OmM sodium acetate, 5 mg/mL methionine, 100

mg/ml sucrose, 0.9% benzyl alcohol, 0.5 mg/mL teriparatide, pH 4.5.

EXAMPLE 6: SUBCUTANEOUSFORMULATIONS OFPTH

Formulations are prepared by repeating the steps of Example 20 wherein diethylene

glycol monoethyl ether (DEGMEE) is used instead of propylene glycol. The following

formulations are produced:

Formulation 1: 40% 1,2-ethanediol, 0.7% NaCl, 50 mM TRIS, 5 mg/mL methionine, 3

mg/mL m-cresol, 1 mg/mL teriparatide, pH 7.4.



Formulation 2 : 30% 1,2-ethanediol, 0.7% NaCl, 50 niM TRIS, 5 mg/mL methionine, 3

mg/mL m-cresol, 1 mg/mL teriparatide, pH 7.4.

Formulation 3 : 20% 1,2-ethanediol, 0.7% NaCl, 50 mM TRIS, 5 mg/mL methionine, 3

mg/mL m-cresol, 1 mg/mL teriparatide, pH 7.4.

Formulation 4 : 30% 1,2-ethanediol, 0.7% NaCl, 50 mM TRIS, 5 mg/mL methionine, 3

mg/mL m-cresol, 0.4 mg/mL teriparatide, pH 7.4.

EXAMPLE 7: SUBCUTANEOUS FORMULATIONS OF
INSULIN

Formulations are prepared by repeating the steps of Example 20 wherein insulin is

used instead of hPTH. The following formulations are produced:

Formulation 1: 40% propylene glycol, 0.7% NaCl, 50 mM TRIS, 3 mg/mL m-cresol, 1

mg/mL insulin, pH 7.4.

Formulation 2: 30% propylene glycol, 0.7% NaCl, 50 mM TRIS, 3 mg/mL m-cresol, 1

mg/mL insulin, pH 7.4.

Formulation 3 : 20% propylene glycol, 0.7% NaCl, 50 mM TRIS, 3 mg/mL m-cresol, 1

mg/mL insulin, pH 7.4.

Formulation 4 : 30% propylene glycol, 0.7% NaCl, 50 mM TRIS, 3 mg/mL m-cresol, 0.4

mg/mL insulin, pH 7.4.

EXAMPLE 8: INTRA VENOUS OR SUBCUTANEOUS FORMULA TIONS OF
CALCITONIN

Formulations are prepared by repeating the steps of Example 20 wherein calcitonin is

used instead of hPTH The following formulations are produced:

Formulation 1: 40% propylene glycol, 0.7% NaCl, 50 mM TRIS, 3 mg/mL m-cresol, 1

mg/mL calcitonin, pH 7.1.

Formulation 1: 40% diethylene glycol monoethyl ether, 50 mM TRIS, 5 mg/mL methionine,

100 mg/ml sucrose, 0.9% benzyl alcohol, 0.5 mg/mL calcitonin, pH 7 .1.

Formulation 2 : 30% diethylene glycol monoethyl ether 50 mM TRIS, 5 mg/mL methionine,

100 mg/ml sucrose, 0.9% benzyl alcohol 0.5 mg/mL calcitonin, pH 7.1.



Formulation 3 : 20% diethylene glycol monoethyl ether 50 mM TRIS, 5 mg/mL methionine,

100 mg/ml sucrose, 0.9% benzyl alcohol 0.5 mg/mL calcitonin, pH 7.1.

EXAMPLE 9: SUBCUTANEOUS FORMULATIONS OFPTH

Formulations are prepared by repeating the steps of Example 20 wherein a polyol is

added, the preservative is benzyl alcohol and the pH adjusted to 4.5. The following

formulations are produced:

Formulation 1 : 40% diethylene glycol monoethyl ether, 1OmM sodium acetate, 5 mg/mL

methionine, 100 mg/ml sucrose, 0.9% benzyl alcohol, 0.5 mg/mL teriparatide, pH

4.5.

Formulation 2 : 30% diethylene glycol monoethyl ether, 1OmM sodium acetate, 5 mg/mL

methionine, 100 mg/ml sucrose, 0.9% benzyl alcohol, 0.5 mg/mL teriparatide, pH

4.5.

Formulation 3 : 20% diethylene glycol monoethyl ether, 1OmM sodium acetate, 5 mg/mL

methionine, 100 mg/ml sucrose, 0.9% benzyl alcohol, 0.5 mg/mL teriparatide, pH

4.5.

EXAMPLE 10: INTRA VENOUS OR SUBCUTANEOUS FORMULA TIONS OF
ENBREL

Formulations are prepared by repeating the steps of Example 20 wherein etanercept is

used instead of hPTH The following formulations are produced:

Formulation 1: 40% propylene glycol, 100 mg/ml sucrose, 50 mM TRIS, 0.9% benzyl

alcohol, 25 mg/mL etanercept, pH 7.4.

Formulation 2 : 30% propylene glycol, 100 mg/ml sucrose, 50 mM TRIS, 0.9% benzyl

alcohol, 25 mg/mL etanercept, pH 7.4.

Formulation 3 : 20% propylene glycol, 100 mg/ml sucrose, 50 mM TRIS, 0.9% benzyl

alcohol, 25 mg/mL etanercept, pH 7.4.

Formulation 4 : 20% propylene glycol, 100 mg/ml sucrose, 50 mM TRIS, 0.9% benzyl

alcohol, 50 mg/mL etanercept, pH 7.4.



EXAMPLE 11: INTRAVENOUS OR SUBCUTANEOUS FORMULATIONS OF
RAPTIVA

Formulations are prepared by repeating the steps of Example 20 wherein efalizumab

is used instead of hPTH. The following formulations are produced:

Formulation 1: 40% propylene glycol, 0.7% NaCl, 50 mM TRIS, 3 mg/niL m-cresol, 100

mg/mL efalizumab, pH 7.4.

Formulation 2 : 30% propylene glycol, 0.7% NaCl, 50 mM TRIS, 3 mg/mL m-cresol, 100

mg/mL efalizumab, pH 7.4.

Formulation 3 : 20% propylene glycol, 0.7% NaCl, 50 mM TRIS, 3 mg/mL m-cresol, 100

mg/mL efalizumab, pH 7.4.

Formulation 4 : 30% propylene glycol, 0.7% NaCl, 50 mM TRIS, 3 mg/mL m-cresol, 40

mg/mL efalizumab, pH 7.4.

EXAMPLE 12: SUBCUTANEOUS FORMULATIONS OF RAPTIVA

Formulations are prepared by repeating the steps of Example 24 wherein a polyol is

added, the preservative is benzyl alcohol and the pH adjusted to 6.2. The following

formulations are produced:

Formulation 1: 40% diethylene glycol monoethyl ether, 50 mM histidine, 100 mg/ml

sucrose, 0.9% benzyl alcohol, 100 mg/ml efalizumab, pH 6.2.

Formulation 2 : 30% diethylene glycol monoethyl ether, 50 mM histidine, 100 mg/ml

sucrose, 0.9% benzyl alcohol, 100 mg/ml efalizumab, pH 6.2..

Formulation 3 : 20% diethylene glycol monoethyl ether, 50 mM histidine, 100 mg/ml

sucrose, 0.9% benzyl alcohol, 100 mg/ml efalizumab, pH 6.2.

EXAMPLE 13: INTRA VENOUS OR SUBCUTANEOUS FORMULATIONS OF

GLUCAGON

Formulations are prepared by repeating the steps of Example 20 wherein glucagon is

used instead of hPTH The following formulations are produced:

Formulation 1: 40% propylene glycol, 0.7% NaCl, 50 mM TRIS, 3 mg/mL m-cresol, 10

mg/mL glucagon, pH 7.4.



Formulation 2 : 30% propylene glycol, 0.7% NaCl, 50 niM TRIS, 3 mg/mL m-cresol, 10

mg/mL glucagon, pH 7.4.

Formulation 3 : 20% propylene glycol, 0.7% NaCl, 50 mM TRIS, 3 mg/mL m-cresol, 10

mg/mL glucagon, pH 7.4.

Formulation 4 : 30% propylene glycol, 0.7% NaCl, 50 mM TRIS, 3 mg/mL m-cresol, 5

mg/mL glucagon, pH 7.4.

EXAMPLE 14: A RANDOMIZED, SINGLE-BLIND, 5-PERIOD CROSSOVER
STUDY TO EVALUATE THE PHARMACOKINETICSAND
TOLERABILITY OF TWO SUBCUTANEOUS FORMULA TIONS OF
TERIPARATIDE COMPARED TO FORTEO (TERIPARATIDE) AND
INTRA VENOUS TERIPARATIDEFOLLOWING SINGLE-DOSE
ADMINISTRATION IN HEALTHY ADULT SUBJECTS

Teriparatide 20 µg is the currently marketed dose for all indications. Preclinical data

suggest that teriparatide formulated in propylene glycol (PG) may provide improved

bioavailability and stability relative to Forteo ®. A dose range of teriparatide from 15 µg to 25

µg was selected in order to obtain relative bioavailability data. The 15 µg dose of IV

teriparatide was selected to provide a 1: 1 absolute bioavailability comparison with 2 of the

teriparatide SC injections. This dose is less than the dose that was administered in the

absolute bioavailability study conducted for teriparatide (17.5 µg), as documented in the Food

and Drug Administration (FDA) approval package notes of Forteo R.

Methodology:

This was a Phase I, single-center, single-dose, single-blind, randomized, 5-period

crossover study in healthy subjects to evaluate the PK and tolerability of 2 SC formulations

of teriparatide compared to teriparatide and IV teriparatide following single dose

administration. Five treatment regimens (A, B, C, D, and E) were administered to each

subject during Periods 1 through 4 in a sequence assigned by randomization. Regimen E was

administered in Period 5. Table 14-1 provides a description of each treatment regimen:

Table 14-1: Treatments Administered



Subcutaneous Dose of teriparatide (Regimens A B, and C)

teriparatide was formulated as a clear and colorless sterile solution containing PG

(concentration varies), Tris 5OmM, L-methionine 5 mg/mL, sucrose 100 mg/mL, and benzyl

alcohol 0.9% which was injected subcutaneously into the abdominal wall following

measurement of the appropriate volume for a given dose. Regimen A was formulated with

20% PG and given as 15 µg in 30 µL. Regimens B and C were formulated with 30% PG.

Regimen B was given as 15 µg in 30 µL, while Regimen C was given as 25 µg in 50 µL.

Subcutaneous Dose of Teriparatide (Forteo®) (Regimen D)

Teriparatide (Forteo®) is formulated as a clear and colorless sterile isotonic solution in

a glass cartridge which was pre-assembled into a disposable delivery device (pen) for SC

injection. Each mL of solution contains 250 µg teriparatide (corrected for acetate, chloride,

and water content), 0.41 mg glacial acetic acid, 0.1 mg sodium acetate (anhydrous), 45.4 mg

mannitol, 3 mg Metacresol, and water for injection. In addition, hydrochloric acid solution

10% and/or sodium hydroxide solution 10% may have been added to adjust the product to pH

4. Each cartridge, pre-assembled into a delivery device, delivers 20 µg of teriparatide per

dose each day for up to 28 days. For this study, all subjects received the 20 µg (in 80 µl)

injection in the abdominal wall for consistency.

Teriparatide was manufactured by Lilly France - F-67640 Fegersheim, France for Eli

Lilly and Company - Indianapolis, IN, USA. It was supplied in a pre-filled pen delivery

device, NDC 0002-8400-01 (MS8400).

Intravenous Dose of teriparatide (Regimen E)

teriparatide was formulated as a clear and colorless sterile solution containing

mannitol 45.4 mg/mL, Na+ acetate (anhydrous) 0.1 mg/mL, and acetic acid 0.41 mg/mL. It

was injected intravenously using an angiocath in a volume of 60 µL (containing 15 µg). The

angiocath was primed with 1 ml of sterile saline (0.9% NaCl, preservative-free) and

following administration of teriparatide flushed with 2 ml of sterile saline (0.9% NaCl,

preservative-free) in order to ensure that all the teriparatide reaches the blood stream.



Pharmacokinetics

Summaries and analyses of PK results were performed using the PK Evaluable

Population, which consisted of all subjects from the Safety Population who had adequate and

reliable PK data. The PK parameters were calculated for each subject with sufficient plasma

teriparatide or teriparatide concentration data for analysis using the standard non

compartmental method.

Plasma PK parameters were tabulated by treatment regimen and summary statistics,

including number of subjects, arithmetic mean, standard deviation (SD), minimum,

maximum, median, coefficients of variation (CV%) , and geometric mean. The upper and

lower limits of the 90% confidence intervals (CI) were presented for Cmax, t
2
, AUCs, CLfF,

and Vz/F. In addition, the geometric mean and CV% were calculated for Cmax and AUC

values.

Bioavailability

A mixed model was used for the analysis of bioavailability on the logarithm-

transformed PK parameters (AUC0-t, AUC0-jnf, and Cmax) . The mixed model included

treatment (formulation), period and sequence as fixed factors and subject within sequence as

random effect. A 10% level of significance was used to test the sequence effect.

Pharmacokinetic parameters (AUC0-t, AUC0-jnf, and Cmax) of SC teriparatide doses and

teriparatide were used for the bioavailability analyses (relative, absolute, and apparent

absolute). The PK parameters were logarithm-transformed for statistical analyses. The least-

square (LS) means, the difference between LS means of the different drug formulations, and

the standard error associated with the difference were calculated with the mixed model.

These values were back-transformed to the original scale. The bioavailability was evaluated

by calculating a 90% CI of the difference between LS mean (expressed as a percentage

relative to the reference formulation).

Summary of Results:

Pharmacokinetic / Pharmacodynamic;

The geometric mean for AUCo-t for PTH (1-34) concentration was 126.98 hr*pg/mL

for treatment A, 103.20 hr*pg/mL for treatment B, 183.84 hr*pg/mL for treatment C, 80.44

hr*pg/mL for treatment D, and 141.60 hr*pg/mL for treatment E.

The mean AUCo-t for PTH (1-34) concentration was 133.27 hr*pg/mL for treatment

A, 110.34 hr*pg/mL for treatment B, 188.81 hr*pg/mL for treatment C, 88.93 hr*pg/mL for

treatment D, and 147.82 hr*pg/mL for treatment E.



The absolute bioavailability analysis (test formulations vs. IV formulation)

demonstrated the following for dn-AUC 0-t :

• Ratio of geometric LS means of 0.877 (CI 0.75 1, 1.024) for treatment A

• Ratio of geometric LS means of 0.722 (CI 0.61 8, 0.843) for treatment B

• Ratio of geometric LS means of 0.77 1 (CI 0.660, 0.90 1) for treatment C

The relative bioavailability analysis (test formulations vs. teriparatide)

demonstrated the following for dn-AUC 0-t:

• Ratio of geometric LS means of 2.078 (CI 1.785, 2.419) for treatment A

• Ratio of geometric LS means of 1.7 11 (CI 1.469, 1.992) for treatment B

• Ratio of geometric LS means of 1.828 (CI 1.570, 2 .129) for treatment C

The apparent absolute bioavailability analysis (teriparatide vs. IV formulation)

yielded a ratio of the geometric LS mean for dn-AUC 0-t of 0.422 (CI 0.361, 0.493).

Pharmacokinetic and Pharmacodynamic Results

Table 14-3 presents the PK results for each treatment for the PK Evaluable

Population. The mean AUC 0-, was 133.27 hr*pg/mL (SD 39.87), for treatment A,

110.34 hr*pg/mL (SD 40.19) for treatment B, 188.81 hr*pg/mL (SD 46.01) for treatment C,

88.93 (SD 35.89) for treatment D, and 147.82 (SD 38.35) for treatment E.

TABLE 14-3: PHARMACOKINETIC PARAMETERS FOR
PLASMA PTH (1-34) - PK EVALUABLE POPULATION





CV% 68.07 75.55 43.58 47.91 34.37

Geom. Mean 131.61 184.47 190.61 193.43 14. 86

CV% = coefficients of variance; IV = intravenous; PG = propylene glycol; SD =

standard deviation.

Bioavailability

A comparison of formulations was conducted using geometric LS Means. The values

for AUCo-t, AUCo-inf and Cmax were dose-normalized (dn) for both the test formulations and

the reference formulations.

Relative Bioavailability

The ratios of the geometric LS means of dn-AUC 0-t are summarized below.

Tablel4- 2 : Ratio of Geometric LS Means for Treatments A, B and C

versus Teriparatide

The ratios of the geometric LS means for dn-AUCo-inf for treatment regimens A, B

and C versus teriparatide were 2.064, 2.128 and 1.645, respectively. The ratios of the

geometric LS means for dn-Cmax for treatment regimens A, B and C versus teriparatide were

1.099, 1.035 and 0.857, respectively.



WHATIS CLAIMED IS:

1. A pharmaceutically acceptable parenteral composition comprising:

(a) a pharmaceutically effective amount of a human parathyroid hormone

(PTH) or active fragment, variant, or mimetic thereof; and

(b) a bioavailability enhancer in an amount sufficient to increase the

bioavailability of said PTH or active fragment, variant, or mimetic thereof, wherein

the bioavailability enhancer is a diol or diol ether,

wherein the diol is selected from the group consisting of: 1,2-ethanediol; 1,2-

propanediol; 1,3-propanediol; 1,2-butanediol; 1,3-butanediol; 2,3-butanediol; 1,4-

butanediol; but-2-ene-l,4-diol; 1,2-pentanediol; 1,4-Pentanediol , 2,4-Pentanediol

,1,5-pentanediol; 1,2-hexanediol, 1,5-Hexanediol , 2,5-Hexanediol ;l,6-hexanediol;

1,2-Heptanediol; 1,7-Heptanediol; 1,2-Octanediol; 1,8-Octanediol; 1,2-Nonanediol;

1,9-Nonanediol; 1,2-Decanediol ;l,10-decanediol; 1,2-dodecanediol; 1,12-

dodecanediol; 3-methylpentane-l,5-diol; 2,5-dimethyl-l,3-hexanediol; 1,2 -

cyclopentanediol , 2,2,4-trimethyl-l,3-pentanediol; 1,2-cyclohexanediol; 1,4-

cyclohexanediol; l,4-bis(hydroxymethyl)cyclohexane; neopentyl glycol

hydroxypivalate; 2,2-bis(4-hydroxyphenyl)propane; 2,2-bis[4-(2-

hydroxypropyl)phenyl]propane; diethylene glycol; triethylene glycol; tetraethylene

glycol; dipropylene glycol; tripropylene glycol; tetrapropylene glycol; and 3-

thiopentane-l,5-diol, 2,2-Dimethyl-l,3-propanediol 2,3-Dimethyl-2,3-Butanediol;

2,3-Dimethyl- 1,2-Butanediol, 1-Phenyl- 1,2-Propanediol; and 2-Methyl- 1,3-

Propanediol;

and wherein the diol ether is a diol ether according to the structure:

R-(OCH2CH2)n-OR'

where: n = 1, 2, or 3; R = alkyl C7 or less or R = phenyl or alkyl substituted

phenyl; R'= H or alkyl C7 or less or OR' is a carboxylic acid ester, sulfate, phosphate,

nitrate, or sulfonate;

or the diol ether is a diol ether according to the structure:

R-[OCH2CH(CH3)]n-OR'

where: n = 1, 2, or 3; R = alkyl C7 or less or R = phenyl or alkyl substituted

phenyl; R - H or alkyl C7 or less or OR' is a carboxylic acid ester, sulfate, phosphate,

nitrate, or sulfonate.



2. The composition of claim 1, wherein said human parathyroid hormone is a PTH

variant selected from the group consisting of PTH(1-31), PTH(l-34), PTH(l-37),

PTH(I -38), PTH(I -41) and PTH(l-84).

3. The composition according to claim 1, wherein the peptide variant is PTH(I -34).

4 . The composition of claim 1, wherein the PTH variant is cyclic.

5. The composition of claim 1, wherein the composition increases the blood levels of the

peptide or peptide mimetic to greater than 10 to 20% AUC when administered to a

subject as compared to a composition that is absent the bioavailability enhancer.

6. The composition of claim 1, wherein the composition increases the blood levels of the

peptide or peptide mimetic to greater than 10 % Cmax when administered to a subject

as compared to a composition that is absent the bioavailability enhancer.

7. The composition of claim 1, wherein the bioavailability enhancer is present at

concentration from about 10% to about 60%.

8. The composition of claim 1, further comprising a antimicrobial preservative.

9. The composition of claim 1, further comprising m-cresol, benzalkonium chloride or

chloroethanol, parabens, or benzyl alcohol.

10. The composition of claim 1, wherein the diol or diol ether is propylene glycol.

11. The composition of claim 1, wherein the bioavailability enhancer is diethylene glycol

monoethylether.

12. A composition according to claim 1 in a sealed sterile glass vial.

13. The composition according to claim 1, wherein the composition is formulated for

subcutaneous administration.

14. A method of treating a subject in need thereof comprising administering to the subject

the parenteral composition of claim 1 wherein the amount of bioavailability enhancer

is sufficient to reduce the dose given to achieve the same pharmacological activity of

said PTH when administered to a subject as compared to a composition that is absent

the bioavailability enhancer.



15. A method of reducing the side effects associated with treating a subject with PTH

comprising administering to the subject the parenteral composition of claim 1 wherein

the amount of bioavailability enhancer is sufficient to reduce the dose given to

achieve the same pharmacological activity of said PTH when administered to a

subject as compared to a composition that is absent the bioavailability enhancer.

16. A kit comprising

(a) a pharmaceutically effective amount of a human parathyroid hormone (PTH) or

active fragment, variant, or mimetic thereof; and

(b) a solution for a reconstituting the lyophilized peptide or peptide mimetic

comprising a bioavailability enhancer in an amount sufficient to increase the

bioavailability of said PTH or active fragment, variant, or mimetic thereof, wherein

the bioavailability enhancer is a diol or diol ether.

wherein the diol is selected from the group consisting of: 1,2-ethanediol; 1,2-

propanediol; 1,3 -propanediol; 1,2-butanediol; 1,3-butanediol; 2,3-butanediol; 1,4-

butanediol; but-2-ene-l,4-diol; 1,2-pentanediol; 1,4-Pentanediol , 2,4-Pentanediol

,1,5-pentanediol; 1,2-hexanediol, 1,5-Hexanediol , 2,5-Hexanediol ;l,6-hexanediol;

1,2-Heptanediol; 1,7-Heptanediol; 1,2-Octanediol; 1,8-Octanediol; 1,2-Nonanediol;

1,9-Nonanediol; 1,2-Decanediol ;l,10-decanediol; 1,2-dodecanediol; 1,12-

dodecanediol; 3-methylpentane-l,5-diol; 2,5-dimethyl-l,3-hexanediol; 1,2 -

cyclopentanediol , 2,2,4-trimethyl-l,3-pentanediol; 1,2-cyclohexanediol; 1,4-

cyclohexanediol; 1,4-bis(hydroxymethyl)cyclohexane; neopentyl glycol

hydroxypivalate; 2,2-bis(4-hydroxyphenyl)propane; 2,2-bis[4-(2-

hydroxypropyl)phenyl]propane; diethylene glycol; triethylene glycol; tetraethylene

glycol; dipropylene glycol; tripropylene glycol; tetrapropylene glycol; and 3-

thiopentane- 1,5-diol, 2,2-Dimethyl- 1,3-propanediol 2,3-Dimethyl-2,3-Butanediol;

2,3-Dimethyl- 1,2-Butanediol, 1-Phenyl- 1,2-Propanediol; and 2-Methyl- 1,3-

Propanediol;

and wherein the diol ether is a diol ether according to the structure:

R-(OCH2CH2)n-OR'

where: n = 1, 2, or 3; R = alkyl C7 or less or R = phenyl or alkyl substituted

phenyl; R - H or alkyl C7 or less or OR' is a carboxylic acid ester, sulfate, phosphate,

nitrate, or sulfonate;

or the diol ether is a diol ether according to the structure:



R-[OCH2CH(CH3)]n-OR'

where: n = 1, 2, or 3; R = alkyl C7 or less or R = phenyl or alkyl substituted phenyl; R'=

H or alkyl C7 or less or OR' is a carboxylic acid ester, sulfate, phosphate, nitrate, or

sulfonate.
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