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10
LTITLE QF THE INVENTION

PHARMACEUTICAL COMPOSITIONS CONTAINING INSOLUBLE
SALTS OF BISPHOSPHONIC ACIDS

15 ABSTRACT OF THE DISCLOSURE
Crystalline and amorphous insoluble calcium
salts of bisphosphonic acids may be formulated to
provide compositions suitable for I.M.
(intramuscular) and S.C. (subcutaneous)

g administration. As compared to solutions of the
soluble salts of bisphosphonic acids, suspensions of
the crystalline and amorphous calcium salts provide
slow systemic release of the bisphosphonic acid and
reduce tissue damage and localized pain and

55 irritation when used in the treatment of disturbances
involving calcium or phosphate metabolism, in
particular, the treatment and prevention of diseases
involving bone resorption, especially osteoporosis,
Paget's diseage, malignant hypercalcemia, and

39 Metastatic bone disease.
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TITLE OQF THE INVENTION

PHARMACEUTICAL COMPOSITIONS CONTAINING INSOLUBLE
SALTS OF BISPHOSPHONIC ACIDS

The present invention relates to suspensions
of crystalline and amorphous insoluble calcium salts
of bisphosphonic acids, processes for their
preparation, pharmaceutical compositions containing
them, and methods for their use in the treatment and
prevention of diseases involving bone resorption,
especially osteoporosis, Paget's disease, malignant
hypercalcemia, and metastatic bone disease.
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BACKGROUND QF THE INVENTION

Certain bisphosphonic acids, for example
methylene bisphosphonic acid, dichloromethylene
bisphosphonic acid, (l-hydroxyethylidene)-
bisphosphonic acid, (2-aminoethylidene)bisphosphonic
acid, (3-amino-l-hydroxypropylidene)bisphosphonic
acid and (4-amino-l-hydroxybutylidene)bisphosphonic
acid have utility in the treatment of diseases
characterized by abnormal calcium metabolism, in
particular, diseases involving bone resorption,
especially osteoporosis, Paget's disease, malignant
hypercalcemia, and metastatic bone disease.

There 1s a long-felt need to improve the
pharmacological properties of bisphosphonic acids.
An important disadvantage of bisphosphonic acids in
pharmaceutical applications is that they can cause
tissue damage, localized pain and irritation
following intramuscular or subcutaneous injection.
Another disadvantage is that the level of
bisphosphonic acid in the blood after intravenous
injection reaches a peak within a couple of hours and
levels off to less than 10% of the peak value within
5 hours after intravenous injection. As a result,
many bisphosphonic acids are taken up in significant
quantity by the liver or excreted by the kidneys.
When administered orally, bisphosphonic acids suffer
from the problem of low biocavailability and, in
addition, may exhibit gastrointestinal side effects,
particularly with the large oral doses required to
provide therapeutic efficacy. The pharmacological
profile of bisphosphonic acids is therefore not as
favorable as one might desire.
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U.S. Patent No. 4,621,077, issued November

4, 1986, to Rosini and Staibano discloses

pharmaceutical compositions comprising (4-amino-1-

hydroxybutylidene)-1,1-bisphosphonic acid (ABP) or a
g water-soluble (sodium, aniline or lysine) salt
thereof. The insoluble, calcium salts of ABP are not
disclosed.

U.S. Patent No. 4.44 2, issued May 1,

1984, to Sunberg and Benedict discloses a gel
comprising di[(3-amino-l1-hydroxypropylidene)-1,1-

10
bisphosphonic acid] tricalcium salt in water. The

gel 1s disclosed to be useful for the treatment of
certain disorders of calcium metabolism in warm
blooded animals. No suggestion is made that the
r pharmaceutical compositions containing insoluble
salts can be modified to avoid undesirable
properties, such as gel formation, caking, particle
size growth, relatively high viscosity or poor
syringability. It is important to note that a gel
0 formulation suffers severe difficulties in S.C. or
I.M. administration and is to be avoided. The
suspensions of the present invention overcome such
problems inherent with gel formulations.
Three insoluble calcium salts of
- (4-amino-l-hydroxybutylidene)-1,1-bisphosphonic acid
(ABP) wherein the molar ratio of ABP to calcium is
1:1, 2:1, or approximately 3:4 (hereinafter referred
to as (ABP)Ca, (ABP),Ca, and (ABP)3Ca,, respectively)
as suspensions in an aqueous pharmaceutical
composition at a pH from about 6 to about 7.5 each

have pharmaceutical properties very similar to the

30

soluble sodium salts of ABP, but with a much lower
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propensity to cause tissue damage, pain and
irritation following intramuscular or subcutaneous
injection. Moreover, the pharmaceutical compositions
of the present invention comprising (ABP)Ca,
(ABP),Ca, or (ABP)3Ca, have very good physical
stability (as indicated by lack of caking or gelling
of the suspension). The systemic release of ABP from
the calcium salts is slow which results in a lower
uptake of ABP by the liver as compared to the sodium
salts. This slow systemic release results in the
desired concentration of ABP in solution and provides
benefits in a number of therapeutic uses of ABP
including the treatment and prevention of diseases
involving bone resorption, especially osteoporosis,
Paget's disease, malignant hypercalcemia, and
metastatic bone disease.

It i1s therefore a purpose of this invention
to provide an aqueous suspension of insoluble calcium
salts of ABP. It 1is a further purpose of this
invention to provide a pharmaceutical compositions
comprising an aqueous suspension of an insoluble
calcium salt of ABP wherein the molar ratio of ABP to
calcium 1is 1:1, 2:1, or approximately 3:4. It is a
further purpose of this invention to provide methods
of treatment of calcium disorders virtually without
side effects of tissue damage, pain and irritation
following intramuscular or subcutaneous injection.
Finally, this invention provides methods for the
treatment of calcium disorders which require a slow

systemic release of ABP.



10

15

20

25

30

2035173

62/JET23 -5~ 18078IA

DESCRIPTION OF THE INVENTION
| The present invention relates to aqueous

suspensions comprising from about 0.05% to about 3%
[(4-amino-1-hydroxybutylidene)-1,1-bisphosphonic
acid] monocalcium salt, (ABP)Ca, di[(4-amino-1-
hydroxybutylidene)-1,1-bisphosphonic acid] mono-
calcium salt, (ABP),Ca or tri[(4-amino-l-hydroxybutyl-
idene)-1,1-bisphosphonic acid] tetracalcium salt,
(ABP)3Ca,. Relative to the soluble sodium salts of
ABP these suspensions of the insoluble calcium salts
Of ABP provide slow systemic release of ABP and
significantly reduced tissue damage, pain and
irritation upon intramuscular or subcutaneous
administration.

In 1ts narrower aspects this invention is
directed to the pharmaceutical compositions
comprising (ABP)Ca, (ABP)ZCa, or (ABP)3Ca4 and to
improved methods of treating disorders which can
normally beneficially be treated with a bisphosphonic
acid, which method comprises the step of systemically
administering the insoluble (ABP)Ca, (ABP),Ca, or
(ABP)3Ca, salt to an afflicted human or warm-blooded
animal.

By '"[(4-amino-l-hydroxybutylidene)-1,1-
bisphosphonic acid] monocalcium salt' herein is meant
the calcium salt of (4-amino-l-hydroxybutylidene)-1,1-
bisphosphonic acid which has a molar ratio of
bisphosphonic acid:calcium of 1:1 and may optionally
be present as the monohydrate. By '"di[(4-amino-1-
hydroxybutylidene)-1,1-bisphosphonic acid] monocalcium
salt'" herein is meant the calcium salt of (4-amino-1-
hydroxybutylidene)-1,1-bisphosphonic acid which has a
molar ratio of bisphosphonic acid:calcium of 2:1. By
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"tri[(4-amino-l1-hydroxybutylidene)-1,1-bisphosphonic
acid] tetracalcium salt' herein is meant the calcium
salt of (4-amino-l-hydroxybutylidene)-1,1-bisphos-
phonic acid which has a molar ratio of bisphosphonic
acid:calcium which may range from 4:5 to 2:3, but is
preferably, approximately 3:4.

By '"insoluble'" herein is meant to mean that
the concentration of the compound ABP (as the free
acid) in the supernatant phase is 1.0 mg/ml or less.

Relative to the soluble salts of ABP (such
as (ABP)Na, (4-amino-l-hydroxybutylidene)-1,1-
bisphosphonic acid monosodium salt) and to ABP
1tself, these suspensions of the insoluble calcium
salts of ABP ((ABP)Ca, (ABP),Ca or (ABP)3Ca,) cause
less tissue damage, pain and irritation when
administered intramuscularly or subcutaneously to
humans and other warm-blooded animals. In
particular, the (ABP)Ca salt, being intrinsically
neutral in pH, remains relatively non-irritating
following intramuscular or subcutaneous
administration and subsequent diffusion of the
pharmaceutical vehicle. Additionally, the insoluble
(ABP )Ca, (ABP)ZCa, Or (ABP)3Ca4 salts are
characterized by a slow systemic release as compared
to the soluble salts of ABP and to ABP, itself.
Nevertheless, the insoluble (ABP)Ca, (ABP)ZCa, or
(ABP)3Ca, salts have similar biological properties to
the soluble salts of ABP or ABP, itself. These
properties make the insoluble (ABP)Ca, (ABP),Ca, and
(ABP)3Ca, salts extremely useful in a number of
pharmaceutical applications of bisphosphonic acids of
the prior art.
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The pharmaceutical compositions of the
suspensions of the insoluble calcium salts of the
present invention when administered by intramuscular
or subcutaneous injection avoid the inconvenience of
intravenous administration while maintaining the
advantages of parenteral administration 1.e. good
bioavailability.

The intrinsically neutral crystalline
insoluble calcium salt of ABP, (ABP)Ca, is obtained
by the mixing of a solution of a soluble salt of
(4-amino-l1-hydroxybutylidene)-1,l1-bisphosphonic acid
or the free acid of ABP at a pH above 6 with a
solution of a soluble salt of calcium. A suitable
example of such soluble salts of ABP is monosodium
ABP and a suitable example of such soluble salts of
calcium is CaCl,. Preferably, the amounts are
stoichiometric, (i.e., a ABP:Ca ratio of 1:1). Prior
to mixing the pH of the solution of the soluble ABP
salt or ABP free acid is adjusted to about 9 by the
addition of a strong inorganic Or organic base (such
as NaOH) and the solution is heated (at 50-100°C) to
facilitate the reaction. A short time after the
mixing of the solution of the soluble salt of ABP and
and the soluble calcium salt, crystallization
commmences. After cooling to room temperature and
the completion of crystallization, the crystalline
(ABP)Ca is collected by filtration. The crystalline
(ABP)Ca is then micronized (or otherwise reduced in
particle size), suspended in a suitable isotonic
vehicle containing an appropriate suspending agent
(such as that composed of sodium carboxymethyl-
cellulose and sodium chloride in water) and
sterilized prior to administration.
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The crystalline insoluble calcium salt of
ABP, (ABP),Ca, is obtained by the mixing of a
solution of a soluble salt of (4-amino-1-hydroxy-
butylidene)-1,1-bisphosphonic acid or the free acid
of ABP at a pH of about 1.5 to about 2.5 with a
solution of a soluble salt of calcium. A suitable
example of such soluble salts of ABP is monosodium
ABP and a suitable example of such soluble salts of
calcium 1s CaCl,. Preferably, the amounts are
stoichiometric, (i.e., a ABP:Ca ratio of 2:1). Prior
to mixing the pH of the solution of the soluble ABP
salt or ABP free acid is adjusted to from about 1.5
to about 2.5 by the addition of a strong inorganic or
organic acid (such as HC1l) and the solution is heated
(at 50-90°C) to facilitate the reaction. A short
time after the mixing of the solution of the soluble
salt of ABP and and the soluble calcium salt,
crystallization commmences. After cooling to room
temperature and the completion of crystallization,
the crystalline (ABP),Ca is collected by filtration.
The crystalline (ABP),Ca is then micronized (or
otherwise reduced in particle size), sterilized and
suspended in a suitable isotonic vehicle containing
an appropriate suspending agent and buffering agent
(such as that composed of sodium carboxymethyl-
cellulose, sodium chloride and sodium acetate in
water) prior to administration.

A solution of the amorphous insoluble
calcium salt of ABP, (ABP)3Ca,, is obtained by mixing
of a solution of a soluble salt of (4-amino-1-
hydroxybutylidene)-1,1-bisphosphonic acid or the free
acid of ABP at a pH of about 9 to about 13 with a
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solution of a soluble salt of calcium. A suitable
example of such soluble salts of ABP is monosodium
ABP and a suitable example of such soluble salts of
calcium is CaCl,. Preferably, the amounts are
stoichiometric, (i.e., a ABP:Ca ratio of
approximately 3:4). Prior to mixing, the pH of the
solution of the soluble ABP salt is adjusted to from
about 9 to about 13 by the addition of a strong
inorganic or organic base (such as NaOH) and the
solution is buffered by the addition of a suitable
buffering agent (such as 2-amino-2-hydroxymethyl-1, 3-
propanediol, Tris). Upon mixing the solution of the
soluble salt of ABP and and the soluble calcium salt,
precipitation commmences. Following dilution to a
known volume and sterilization, the suspension of the
amorphous salt (ABP)4Ca, may be administered.

As hereinbefore indicated, the suspensions
of the insoluble (ABP)Ca, (ABP),>Ca, and (ABP)3Ca4
salts of the present invention (in particular, the
(ABP)Ca salt) have a dramatically lower propensity of
causing pain, irritation and damage to soft tissues
upon intramuscular or subcutaneous administration
than the bisphosphonic acids of the prior art.

The suspensions of the insoluble (ABP)Ca,
(ABP),Ca, and (ABP)5Ca, salts of this invention have
also been found to provide slow systemic release of
ABP. This significantly alleviates the problem of
liver and renal toxicity of ABP itself. For example,
shortly after intravenous dosing of sodium ABP
solution, there is a high level of the drug in the
bloodstream. The body responds by accumulating the
drug in the liver and by excreting an important
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amount of the drug through the kidneys. However,
upon subcutaneous administration of a pharmaceutical
formulation of either the (ABP)Ca salt, the (ABP),Ca
salt, or the (ABP)3Ca, salt, the insoluble salt
remains at the injection site and is only slowly
released into the bloodstream. Therefore, the level
of the drug in the bloodstream is never very high and
consequently, the uptake by the liver and excretion
by the kidneys is lower than in the case of the
soluble sodium ABP solution.

Depending on the condition to be treated a
pharmaceutical formulation containing the suspension
of (ABP)Ca salt, the (ABP),Ca salt, or the (ABP)3Ca,
salt is administered by either intramuscular or
subcutaneous injection. Examples of conditions which
may be treated by administration of a safe and
effective amount of the (ABP)Ca salt, the (ABP),Ca
salt, or the (ABP)3Ca4 salt include disturbances
involving calcium or phosphate metabolism, in
particular, the treatment and prevention of diseases
involving bone resorption, especially osteoporosis,
Paget's disease, malignant hypercalcemia, and
metastatic bone disease.

In addition to utility in the treatment and
prevention of diseases involving bone resorption
(especially osteoporosis, Paget's disease, malignant
hypercalcemia, and metastatic bone disease),
suspensions containing the (ABP)Ca salt, the (ABP),Ca
salt, or the (ABP)3Ca, salt have utility in other
applications that require slow release of
bisphosphonic acids such as the treatment of
periodontal disease, the minimization of alveolar
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bone loss in tooth sockets following extraction, the
prevention of skin and soft tissue calcification, and
other treatments in which systemic or localized
application of a bisphosphonic acid is desired.

The (ABP)Ca salt, the (ABP),Ca salt, and the
(ABP)3Ca, salt are administered as an injectable
suspension comprising the (ABP)Ca salt, the (ABP),Ca
salt, or the (ABP)3Ca, salt and a suitable
pharmaceutical carrier. These injectable suspensions
may be formulated according to known art, using
suitable non-toxic, parenterally-acceptable diluents
or solvents, such as 1,2-propanediol, water, Ringer's
solution, dextrose solution or isotonic sodium
chloride solution. These injectable suspensions may
further contain excipients suitable for the
manufacture of aqueous suspensions. Such excipients
may be:

(1) suspending agents such as sodium carboxy-

methylcellulose, methylcellulose, hydroxypropylmethyl-

cellulose, sodium alginate, polyvinylpyrrolidone, gum

tragacanth and gum acacia;
(Z2) dispersing or wetting agents which may be

(a) a naturally-occurring phosphatide such
as lecithin,
(b) a condensation product of an alkylene
oxide with a fatty acid, for example,
polyoxyethylene stearate,
(c) a condensation product of an ethylene
oxide with a long chain aliphatic alcohol,

for example, heptadecaethyleneoxycetanol,



10

15

20

25

30

20351793

62/JETZ23 -12- 18078IA

(d) a condensation product of ethylene oxide
with a partial ester derived from a fatty
acid and a hexitol such as polyoxyethylene
sorbital monooleate, or

(e) a condensation product of ethylene oxide

with a partial ester derived from a fatty

acid and a hexitol anhydride, for example
polyoxyethylene sorbitan monooleate.

Such suspensions may further contain
microcrystalline cellulose for imparting bulk and
methylcellulose as a viscosity enhancer.

The aqueous suspensions may also contain one
Or more preservatives, for example, ethyl or n-propyl
p-hydroxybenzoate, and antioxidants and the like may
be incorporated as required.

In addition, the aqueous suspension may be
buffered i1if necessary to an physiologically
appropriate pH by the addition of a suitable buffer,
such as sodium acetate, sodium lactate, sodium
benzoate or Tris.

Dispersible powders and granules are suitable
for the preparation of an aqueous suspension. They
provide the active ingredient in admixture with a
dispersing or wetting agent, a suspending agent and
one or more preservatives. Suitable dispersing or
wetting agents and suspending agents are exemplified
by those already mentioned above. Additional excipi-
ents may also be present.

Oily suspension may be formulated by sus-
pending the active ingredient in a vegetable 01l, for
example, arachis o1l, olive 0il, sesame 011l Or COCO-
nut 0il, or in a mineral o0il such as liquid paraffin.
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The o01ly suspensions may contain a thickening agent,
for example, beeswax, hard paraffin or cetyl alcohol.
These compositions may be prepared by the addition of
an antioxidant such as ascorbic acid.

To minimize irritation upon administration,
1t 1s preferred that the mixture of the aqueous
suspension of (ABP),Ca, or (ABP)3Ca, and the
pharmaceutical carrier be buffered to a pH of 5.5 -
7.5 by the addition of an appropriate buffering agent
(such as sodium acetate, sodium lactate, sodium
benzoate or Tris). Being intrinsically neutral in
pH, the (ABP)Ca salt may not require the addition of
a buffering agent when in an aqueous suspension with
a pharmaceutical carrier. A pharmaceutical
composition in unit dosage form contains from about
0.0l mg/ml to about 300 mg/ml, (ABP)Ca, (ABP),Ca, or
(ABP)45Ca,, preferably from about 0.1 mg/ml to about
30 mg/ml.

Due to the slow systemic release, a
pharmaceutical formulation containing a suspension of
the (ABP)Ca salt, the (ABP),Ca salt or the (ABP)3Ca,
salt 1s effective at very low dosage rates. Due to
the low tissue damaging propensity, rather high
dosages can be used without serious adverse side
effects. Daily dosage rates are from about 0.00l1
mg/kg to about 10 mg/kg, preferably from about 0.0l
mg/kg to about 1.0 mg/kg. Dosages are expressed as
mg ABP per kg body weight of the patient.

A pharmaceutical formulation containing the
(ABP)Ca salt, the (ABP),Ca salt, or the (ABP)3Ca,
salt may also be administered on an intermittent
basis. For the treatment or prophylaxis of diseases
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involving bone resorption a typical daily primary
I.M. or S.C. dose which lies within the range of from
about 0.001 mg/kg to about 10 mg/kg may be
administered over a period of about 1 day to about 90
days and then, if necessary a sustaining dose
approximately equal to the primary dose may be
administered at weekly, semiweekly, semimonthly,
monthly, bimonthly, quarterly, semiannual, annual or
biannual intervals. Dosages are expressed as mg ABP
per kg body weight of the patient.

The following examples are given for the
purpose of illustrating the present invention and
shall not be construed as being limitations on the
scope or spirit of the instant invention.

EXAMPLE 1

Preparation of (4-Amino-l-hydroxybutylidene)-1,1-
bisphosphonic acid monosodium salt trihydrate

Ten grams (37.4 mmol) of (4-amino-1-
hydroxybutylidene)-1,1-biphosphonic acid, (ABP) was
suspended in 300 mL of distilled deionized water with

vigorous stirring at 25°C. The pH was 2.27 and was
titrated to pH 4.3 to 4.4 by the gradual addition of
7.5 ml (37.4 mmol) 5N sodium hydroxide solution,
resulting in a clear solution.

The clear solution was filtered through a
medium sintered-glass funnel to remove any insoluble
material. Twenty percent of the filtrate (~60 mL)
was added over 5 minutes to 400 mL of 95% ethanol at
20-25°C with vigorus stirring and aged for one hour.
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The remaining 240 mL of aqueous solution was
added over 15 minutes and the mixture aged for 2
hours at 20-25°C. The white sbdium salt was
collected by filtration, washed with 100 ml of 2:1
EtOH:H,0 and air dried at 40°C to yield 11.25 g (93%)
of (4-amino~l-hydroxybutylidene)-1,l-bisphosphonic
acid monosodium salt trihydrate.

The title compound may also be prepared as
described in U.S. Patent No. 4,922,007, issued May 1,
1990 to Kieczykowski et al.

EXAMPLE 2

Preparation of Crystalline (ABP)Ca Salt

Monohydrate _ o o

[ (4-Amino-1-hydroxybutylidene)-1,1-bisphos-
phonic acid] monosodium salt trihydrate (3.25 g, 0.01
mmol) was suspended in 50 ml of water. To this

solution was added 10 ml of 1.0 M aqueous NaOH. Upon
addition of NaOH, complete dissolution occurs. To
this solution was added 10 ml of 1.0 M aqueous CaCl,
solution with stirring. Upon addition of CaCl,,
heavy precipitation of amorphous (ABP)Ca salt was
observed. Heating of the slurry at approx. 90°C for
approx. 2 hours resulted in complete crystallization
to product. The crystalline product was isolated by
filtration, washed with water and air dried to yield
2.74 g (89.8% yield) crystalline (ABP)Ca as the
monohydrate.
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Anal. Calcd. for C4313N08P2C8.H20 (MW 305.18)!
C, 15.74; H, 4.29; N, 4.59; P, 20.30;

Ca, 13.13;
Found: C, 15.79; H, 4.14; N, 4.52; P, 20.32;
Ca, 13.30.

EXAMPLE

Extemporaneous Preparation of Suspensions of

Crystalline (ABP)Ca Salt
Micronized crystalline (ABP)Ca was suspended

in a suitable vehicle the composition of which was
sodium carboxymethylcellulose (10 g/1 in deionized
distilled water) and sodium chloride (8.8 g/1l).

E LE &

e———— e —

Preparation of Crystalline (ABP),Ca JSalt

[ (4-Amino-1-hydroxybutylidene)-1,1-bisphos-
phonic acid] monosodium salt trihydrate (3.25 g, 0.01
mmol) was dissolved with heating (at approximately
80°C) in 100 ml of 0.01 M HC1l. To this solution was
added 5 ml1 of 1.0 M CaCl, solution with stirring.
The crystallization commenced after a 10-30 minute
lag period at which time the heating was ceased and
the mixture was allowed to co0l to room temperature.
After the crystallization was complete the
crystalline (ABP),Ca was collected by filtration,
washed with a small amount of cold water and air
dried for several hours. The yield of crystalline
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di[(4-amino-1-hydroxybutylidene)-1,1-bisphosphonic
acid] monocalcium salt, (ABP),Ca, was > B0%. The
stochiometry of the crystalline salt was confirmed by

total elemental analysis and single crystal x-ray
analysis.

EXAAMPLE O

bExtemporaneous Preparation of Suspensions of
Crystalline (ABP),Ca Salt . ~

Micronized crystalline (ABP)-Ca was
suspended 1n a suitable vehicle the composition of
which was sodium carboxymethylcellulose (0.5-1.0% in
deionized distilled water), sodium chloride (4.5 /1)
and sodium acetate (6.3 g/1).

mad 4

EXAMPLE 6

Preparation of Suspensions of Amorphous (ABP);Ca, Salt

Step A: Preparation of a Buffered Solution of (4-
Amino-1-hydroxyk lidene)-1.1-bisphosphonic acid

A mixture of 13.05 g of [(4-amino-l-hydroxy-
butylidene)-1,1-bisphosphonic acid] monosodium salt
trihydrate, 2.60 g of sodium hydroxide, 2.50 g of
sodium chloride and 1.10 g of 2-amino-2-hydroxymethyl-
l1,3-propanediol (Tris) were dissolved in 500 ml of
deionized distilled water and the resulting solution
was filtered through a 0.22 pum Millipore (Tragde Mark)
filter.
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Step B: Preparation of a Solution of Calcium Chloride

| Calcium chloride dihydrate (8.10 g) was

dissolved in 300 ml of deionized distilled water and

the resulting solution was filtered through a 0.22 um
s Millipore filter.

Step C: Preparation of Suspensions of Amorphous
(ABP)3Ca, Salt .
The solution of (4-amino-l-hydroxybutyl-

yo idene)-1,l-bisphosphonic acid (prepared in Step A)
was added to the solution of calcium chloride
(prepared in Step B) with vigorous stirring.
Amorphous tri[(4-amino-l-hydroxybutylidene)-1,1-
bisphosphonic acid] tetracalcium salt, (ABP)3Ca,,

15 precipitated during the mixing to form a finely
divided floculant suspension. The total volume was
made up to one liter and the suspension was
subdivided and sterilized by autoclave. The
stochiometry of the amorphous salt was determined by

»9 back calculation from the known concentrations of
starting materials and the supernatant phase
following precipitation.

25
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PHARMACACOLOGICAL TESTS

Local Irritation Study/Rat Paw Licking Response
Test _

Group of rats were given the test compound
(as a suspension in sodium carboxymethylcellulose,
aqueous sodium chloride and aqueous sodium acetate
for the (ABP),Ca, as a suspension in aqueous sodium
chloride and Tris buffer for the (ABP)3Ca, salt and
as a solution in isotonic saline buffer for the
(ABP)Na salt) at wvarious concentrations by
subcutaneous administration in the paw.

As indicated in Table 1, the suspensions of
both the (ABP),Ca salt, or the (ABP)3Ca, salt induced
a lower number of responses and were better tolerated
than the solution of the (ABP)Na salt in this test.




10

15

20

25

30

62/JET23 -20-
TABLE 1

ir men

(ABP)ZCa

5 mg P/ml 4/12 (2.
10 mg P/ml 5/12 (2.
20 mg P/ml 6/12 (2.
(ABP)3C&4

5 mg P/ml 4/12 (3
10 mg P/ml 3/12 (3
20 mg P/ml 2/12 (1.
(ABP )Na

2.5 mg P/ml 6/12 (6.
1.25 mg P/ml 2/12 (4.

7)
6)
7)

1)
)

5)

3)
5)

¥¢

2035179

18078IA

*Number of rats showing positive response.

' I
Number in parenthesis represent average numbe

of responses per rat.

(Concentrations are expressed as mg ABP per ml)
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Effect in Preventing Bone Loss Associated with
Immobili ion (Study I)
Groups of five male Sprague-Dawley derived
rats weighing about 250 grams were given the test
5 compound (as a suspension in sodium carboxymethyl-
cellulose, aqueous sodium chloride and aqueous sodium
acetate for the (ABP),Ca, as a suspension in agqueous
sodium chloride and Tris buffer for the (ABP)3Ca,
salt and as a solution in isotonic saline buffer for
1o the (ABP)Na salt) at a concentration of 1.0 mg P/ml
by subcutaneous administration in one dose of either
1.0 mg P/kg or 0.1 mg P/kg each on day -4 before
surgery, and in one dose again on day -3 before
surgery (dosages are expressed as mg ABP per kg body
weight of the subject). It was noted that the
suspension of the (ABP),Ca salt and the suspension of
the (ABP)3Ca, salt exhibited a lower tendency to
induce irritation at the site of injection relative
to the solution of the (ABP)Na salt. On day 0 all
rats underwent surgery whereby the sciatic nerve of
the right hind 1limb was severed. Ten days following
immobilization surgery, the rats were sacrificed and
hind limbs removed. The femora were defleshed,
maximum femoral length of both femora measured and
then placed in a muffle furnace at 700°C for 24
hours. Ash weight was then determined and the data
are reported in Table 2. As indicated in Table 2,
the % bone loss was less for the groups of rats
treated with a suspension of either the (ABP),Ca salt
or the (ABP)3Ca, salt, relative to the group of test
animals treated with a solution of the (ABP)Na salt.

15
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TABLE 2
Treatment mg Diff se 7/ Bone Loss se
(ABP),Ca 7.38 3.86 2.09 1.10

(2 X1.0 mg P/kg)

(ABP),Ca 6.50 3.08 1.93 0.90
(2 X 0.1 mg P/kg)

(ABP)5Ca, 3.94 2.62 1.22 0.81
(2 X 1.0 mg P/kg)

(ABP)5Ca, 7.68 0.98 2.48 0.37
(2 X 0.1 mg P/kg)

(ABP )Na 14.62 2.02 4 .68 0.64
(2 X 0.1 mg P/kg)

Vehicle 25.62 2.05 8.32 0.63
(Saline) ) - . .

n = 5/group

mg Diff = difference in ash weight between the
intact femur and the immobilized femur

se = standard error of the mean

% Bone Loss

ash weight difference between the
intact femur and the immobilized
femur divided by the ash weight of
the intact femur
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Effect in Preventing Bone Loss Associated with

Immobilization (Study II) - -

Groups of five male Sprague-Dawley derived

rats weighing about 250 grams were given the test
compound, (as a suspension in sodium carboxymethyl-
cellulose, aqueous sodium chloride and Tris buffer
for the (ABP)Ca salt, as a suspsension in aqueous
sodium chloride and aqueous sodium acetate for the
(ABP),Ca, and as a solution in isotonic saline buffer
for the (ABP)Na salt) at a concentration of 1.0 mg
P/ml by subcutaneous administration in one dose of
0.1 mg P/kg, 0.01 mg P/kg, 0.001 mg P/kg or 0.0001 mg
P/kg each on day -2 before surgery, and 1n one dose
again on day -1 before surgery to produce
immobilization (dosages are expressed as mg ABP per
kg body weight of the subject). Immobilization was
produced by unilateral hind limb sciatic neurectomy.
Ten days after surgery the rats were sacrificed, hind
limbs removed, and the femora ashed at 700°C for 24
hours. Ash weight was determined and the difference
between the ash weight of the intact limb and
immobilized limb calculated and expressed as the mg
difference. Per cent difference was calculated as
the % difference in ash weight between the intact and
immobilized 1imb. As indicated in Table 3, the %
bone loss for the groups of rats treated with a
suspension of either the (ABP)Ca salt or the (ABP),Ca
salt, was comparable to the % bone 1loss for the group
of test animals treated with a solution of the

(ABP )Na salt.
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TABLE
Compound Dose mg Diff se % Bone LOSS
(mg P/kg)
o
(ABP)Ca 0.0001 28.70 2.36 9.34
0.001 25.98 2.25 7.69
0.01 16.72 1.54 5.01
0.1 13.24 3.49 4.12
10
(ABP),Ca 0.0001  29.64 1.51 8.93
0.001 22 .00 2.99 6.58
0.01 12.62 2.79 3.64
0.1 11.32 2.06 4.14
15
(ABP)Na 0.0001 31.14 2.61 9.93
0.001 21.32 2.44 5.95
0.01 18.72 2.90 4.90
0.1 14.10 3.83 4.15
20
Vehicle 0 28.40 2.48 8.68
(saline)
y5 D = S5/group
mg Diff = difference in ash weight between the
intact femur and the immobilized femur
se = standard error of the mean
% Bone Loss = ash weight difference between the
30 intact femur and the immobilized femur

divided by the ash weight of the intact
femur.
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While the foregoing specification teaches
the principles of the present invention, with
examples provided for the purpose of illustration, it
will be understood that the practice of the invention
encompasses all of the casual variations,
adaptations, modifications, deletions, or additions
of procedures and protocols described herein, as come
within the scope of the following claims and its

equivalents.
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CLAIMS

1. An agqueous suspension comprising from about
0.05% to about 3% [(4-amino-l-hydroxybutylidene)-1,1-

bisphosphonic acid] monocalcium salt.

2. An aqueous suspension comprising from about
0.05% to about 3% di| (4-amino-l-hydroxybutylidene)-1,1-

bisphosphonic acid] monocalcium salt.

3. An aqueous suspension comprising from about
0.05% to about 3% tri[(4-amino-l-hydroxybutylidene)-1,1-

bisphosphonic acid] tetracalcium salt.

4, A pharmaceutical composition for the treatment
or prophylaxis of calcium metabolism disturbance or
disease comprising an effective amount of [(4-amino-1-
hydroxybutylidene) -1, 1-bisphosphonic acid] monocalcium

salt and a pharmaceutically acceptable carrier.

5. A pharmaceutical composition for the treatment
or prophylaxis of calcium metabolism disturbance or
disease comprising an effective amount of di[(4-amino-1-
hydroxybutylidene) -1, 1-bisphosphonic acid] monocalcium

salt and a pharmaceutically acceptable carrier.

6. A pharmaceutical composition for the treatment
or prophvlaxis of calcium metabolism disturbance or
disease comprising an effective amount of tri[(4-amino-1-
hydroxybutylidene) -1, 1-bisphosphonic acid] tetracalcium

salt and a pharmaceutically acceptable carrier.

B P TR PP T ERE P PR PET L
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7 . A pharmaceutical composition according to claim

4, 5 or 6, in the form of an aqueous suspension adapted

for intramuscular administration.

8. A pharmaceutical composition according to claim

4, 5 or 6, in the form of an aqueous suspension adapted
for subcutaneous administration.

9. A pharmaceutical composition according to claim
4, 5, 6, 7 or 8, in unit dosage form containing said salt

in a concentration of 0.01 mg/ml to 300 mg/ml of

composition.

10. A pharmaceutical composition according to claim

9, wherein said concentration is 0.1 mg/ml to 30 mg/ml.

11. A pharmaceutical composition according to any
one of claim 4 to 10, further including sodium

carboxymethylcellulose as a suspending agent.

12. A pharmaceutical composition according to any
one of claims 4 to 11, wherein said pharmaceutically
acceptable carrier 1is an isotonic sodium chloride

solution.

13. A pharmaceutical composition according to any
one of claims 4 to 12, further including a buffering

amount of sodium acetate.

14. An aqueous suspension according to claim 1, 2
or 3, for wuse 1in treating or preventing diseases

involving bone resorption.

15. An aqueous suspension according to claim 1, 2,
or 3, for use in treating osteoporosis.
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16. An aqueous suspension according to claim 1, 2

or 3, in a form adapted for intramuscular injection.

17. An aqueous suspension according to claim 1, 2

or 3, in a form adapted for subcutaneous injection.
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