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DESCRIPTION
Field of invention

[0001] The present invention relates to pharmaceutical compositions for the manufacture of 
medicaments useful for treatment of cartilage and bone disorders. The composition according 
to the invention comprises only two strontium salts, wherein said strontium salts consists of 
strontium carbonate and strontium chloride for oral administration in the form of a tablet, a 
capsule, or a dissolvable tablet, and may further comprise secondary active ingredients such 
as a vitamin D compound. The compositions comprise a large amount of strontium relative to 
the total amount of strontium salts and are therefore very useful for the manufacture of 
medicaments for the treatment of bone disease and disorders.

Background of invention

[0002] Bone material is continuously removed by osteoclasts and replaced with new bone 
material formed by osteoblasts.

[0003] This continuous process is highly regulated, i.e. the functioning of osteoclasts and 
osteoblasts are linked such that total amount of bone is constant e.g. the same amount of 
bone is formed as is being removed.

[0004] Osteoblasts synthesise the collagenous precursors of bone matrix and also regulate its 
mineralization. The activities of the osteoblasts meet the requirements of skeletal growth and 
matrix and also regulate its maintenance and mechanical function.

[0005] These activities are thought to be influenced by various factors, such as hormones, 
growth factors, physical activity and other stimuli. Osteoblasts are thought to have receptors for 
parathyroid hormone and estrogen. Ostoeclasts adhere to the surface of bone undergoing 
resorption and are thought to be activated by some form of signal from osteoblasts.

[0006] Inappropriate regulation of bone re- and degeneration can lead to bone disorders, or 
metabolic bone diseases. Examples of such diseases are osteoporosis, including post 
menopausal osteoporosis, Paget's disease and rickets.

[0007] Other causes or examples of bone diseases include corticosteroid excess from 
Cushing's syndrome, hyperthyroidism, hyperparathyroidism, being confined to a bed and bone 
cancers.

[0008] A relative increase in osteoclastic activity, for example, may cause a reduction in bone 
density and mass, as seen in osteoporosis. Osteoporosis is characterised by a general loss of 
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bone density. Thinning and weakening of the bones leads to increased fracturing from minimal 
trauma. Osteoporosis may be either a primary disease or secondary to another disease or 
other diseases.

[0009] Osteoporosis is the most common of the metabolic bone diseases and approximately 

every third women and every 8th man suffers from osteoporosis. Post-menopausal 
osteoporosis is currently the most common form of osteoporosis. The most prevalent fracturing 
in post-menopausal osteoporosis is of the wrist and spine. Senile osteoporosis afflicts elderly 
patients of either sex and younger individuals occasionally suffer from osteoporosis. Senile 
osteoporosis, is characterised by a higher than average fracturing of the femur.

[0010] Oestrogen deficiency has been considered to be a major cause of post-menopausal 
osteoporosis. Indeed steroids including oestrogen have been used as therapeutic agents 
supplemented with calcium supplements and bisphosphonates.

[0011] This treatment resulted in many side-effects, such as weight gain (infiltration of fluid - 
oedema), nausea, vomiting, headache, bleedings from the uterine (cervix) mucous membrane 
and increased risk of blood clots. Furthermore the reports of the last years have demonstrated 
that the oestrogen treatment of postmenopausal osteoporosis have caused breast cancer. 
Thus the treatment of bone disorders including osteoporosis should preferably be improved to 
avoid or minimise these side-effects and increase the benefits of treatment.

[0012] WO 2004/098619 (published November 18, 2004) describes use of the specific 
strontium salts: strontium malonate, strontium succinate, strontium fumerate, strontium 
ascorbate, strontium aspartate in either L and/or D-form, strontium glutarate, strontium 
maleate, strontium methanesulfonate and strontium benzenesulfonate and mixtures thereof for 
treatment of osteoporosis.

Summary of invention

[0013] The invention relates to a pharmaceutical composition comprising only two strontium 
salts, wherein said strontium salts consists of strontium carbonate and strontium chloride for 
oral administration in the form of a tablet, a capsule, or a dissolvable tablet. The medicament 
improves the treatment of bone disease and disorders as the medicament have less side­
effects and improved effects of treatment due to a high content, a high solubility and a high 
availability of the active components.

[0014] The composition may further comprise at least one Vitamin D compound.

[0015] A further aspect of the invention relates to the use of a pharmaceutical composition 
according to the invention for use in a method of treatment.
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[0016] The invention further relates to use of a pharmaceutical composition according to the 
invention for use in a method of treatment or prevention of osteoporosis.

[0017] An aspect of the invention relates to a method of treatment comprising administering to 
a subject a pharmaceutically effective amount of the pharmaceutical composition or the 
medicament according to the invention.

[0018] The invention further relates to a kit of part comprising;

1.i. the pharmaceutical composition comprising only two strontium salts, wherein said 
strontium salts consists of strontium carbonate and strontium chloride for oral 
administration in the form of a tablet, a capsule, or a dissolvable tablet; and

2. ii. a medicament comprising at least one calcium salt

wherein the compositions i. and ii. are discrete units

Description of Drawings

[0019] Figure 1

ICP-MS analysis of Sr84 in different strontium salts

Detailed description

[0020] The application relates to a pharmaceutical composition for the manufacture of a 
medicament, and particularly for the prevention or treatment of cartilage- and bone disorders. 
The medicament of the invention has been found to be surprisingly efficient for alleviating 
symptoms of bone disorders. The medicament is more effective and the use is accompanied 
by fewer side effects than previously described medicaments for treatment of bone disorders. 
As the medicament is unrelated to steroids used for treatment of osteoporosis, treatment using 
the medicament according to the invention is free of the side effects associated with hormone 
treatment.

[0021] Without being bound by the theory it is believed that coordinated administration of 
strontium and/or vitamin D and/or calcium, contributes to the improved effect of the 
medicament. The coordinated administration of strontium and/or vitamin D and/or calcium may 
sensitize the bone tissue for absorption of calcium whereby the beneficial effect on bone tissue 
is obtained.

[0022] Thus strontium and vitamin D are preferrably administered separately from calcium, 
whereby strontium (and vitamin D) stimulates and primes calcium absorption and bone 
formation. Strontium (and vitamin D) may stimulate bone formation and absorption of calcium, 
including calcium obtained by food products as well as calcium obtained from medicaments



DK/EP 1768748 T4

and dietary supplements.

Calcium

[0023] Calcium is needed for various functions in the body including maintaining of bone 
tissue. Especially dietary products are rich in calcium that can be easily absorbed by the body. 
Other products such as vegetables also comprise calcium, thus calcium supply may be 
increased by altering the diet of the subject. In situations where the diet does not supply the 
body with enough calcium or in situations where the body is not capable of using the calcium in 
the diet, supplements with calcium may be required.

Strontium

[0024] Strontium is, like calcium, an alkaline earth metal, and as other alkaline earth elements 
strontium has an oxidation number of +2 making it very reactive. Four stable isotope of 
strontium exists, 84, 86, 87 and 88, the latter being the most prevalent. The radioactive 
isotopes 89 and 90 have previously acquired considerable interest but due to their toxicity 
these isotopes are not relevant for the invention.

[0025] Due to the chemical similarities of calcium and strontium both compounds readily form 
salts with similar anionic groups. Strontium is present in small amount in normal diet, and in 
most products comprising calcium due to the similarities of the two elements.

[0026] The disclosure relates to the finding that for the treatment of bone disorders it is 
advantageous to coordinate administration of strontium, vitamin D and calcium to stimulate 
calcium uptake and to assure that calcium is available for rebuilding of the bones or preventing 
further loss of bone tissue and/or bone density. For patients suffering from bone disorders or 
bone diseases the amount of strontium, vitamin D and calcium obtained from the food is not 
adequate and ordinary food supplements does not provide suitable amounts of the relevant 
compound.

Vitamin D compound

[0027] Vitamin D3 plays an essential role in the metabolism of calcium and phosphorus in the 

body. A plentiful supply of 7-dehydrocholesterol, the precursor of vitamin D3, exists in human 

skin and needs only to be activated by a moderate amount of ultraviolet light. Vitamin D 
deficiencies can be compensated by the intake of food additives of Vitamin D2 (found in 

irradiated yeast and used in some commercial preparations of the vitamin) or vitamin D3 (found 

in fish liver oils and in fortified milk) or by exposure to ultraviolet light.
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[0028] The group of compounds classified as D vitamins consists of to two fat-soluble 
compounds; vitamin D2 (calciferol) and vitamin D3 (cholecalciferol). Cholecalciferol is following 

converted to 25-hydroxycholecalciferol in the liver, which is subsequently, in the kidney, altered 
to 1,25 dihydroxycholecalciferol, the two latter forms of vitamin D3 being five and ten times 

more effective, respectively, in terms of bioavailability than cholecalciferol it self.

Strontium composition

[0029] The invention is based on the improved effect of using a strontium composition 
comprising only two strontium salts, wherein said strontium salts consists of strontium 
carbonate and strontium chloride and the effect of coordinated administration of strontium 
and/or vitamin D and/or calcium.

Strontium salt(s)

[0030] The amount of strontium obtained in 1 gram of strontium salt depends on the molecular 
weight of the compound, relative to the number of strontium molecules therein, thus a salt with 
low molecular weight per strontium molecule maybe preferred.

[0031] This may be expressed as the effective ratio of the salt. The effective ration (Re) may 

be defined as,
Str<mtium(mg)

Re= ' ' w

[0032] The higher effective ratio the smaller amount of the salt is required. As a relatively large 
amount of the active ingredient is required a strontium salt with a high effective ratio is 
preferred.

[0033] In a preferred embodiment the strontium salt is a strontium chloride selected from the 
group of SrCl2, SrCl2 ·2Ή2Ο, SrCl2 ·6Ή2Ο differing in the extent of hydration. More preferably, 

the strontium salt is strontium chloride hexahydrate (SrCl2 ·6Ή2Ο).

[0034] The high Re of strontium carbonate makes it a preferred salt as low amounts of the salt 

provide high amounts of the active ingredient. Thus, in a preferred embodiment the strontium 
salt is strontium carbonate.

[0035] The invention especially relates to the finding that improved strontium compositions 
may be formulated using two strontium salts.

[0036] The solubility or availability of strontium in the stomach may be improved by combining 
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two strontium salts. Thus in an embodiment the strontium composition comprises two strontium 
salts.

[0037] The effective ratio (Re) described above may also be considered in relation to 

compositions comprising two strontium salts. Then the ratio is calculated as the total weight of 
strontium divided by the total weight of the two strontium salts (' and ").
„ Strontium(mg)
Fig— ' j .. ..& e

Stontiumsalt (n<)+Stontiumsali (mg)

[0038] It is preferred that the Re of the two strontium salts is more than 0.30, such as more 

than 0.31 such as more than 0.32, such as more than 0.33, such as more than 0.34, such as 
more than 0.36, such as more than 0.38, such as more than 0.40, or such as more than 0.42, 
such as more than 0.44 such as more than 0.46, such as more than 0.50, such as more than 
0.52, such as more than 0.54, such as more than 0.56, such as more than 0.58.

[0039] In an embodiment the Re of the two strontium salts is 0.30-1.00, such as 0.35-0.80, 
such as 0.40-0.59, preferably 0.46-0.58 or more preferably 0.50-0.57.

[0040] In another embodiment the Re of the strontium salt comprised by the strontium 

composition is more than 0.35 preferably more than 0.40 and most preferably at least 0.45 or 
0.5.

[0041] The combination of two salts may further serve to optimize the effect of the composition 
and/or minimize undesirable effect of the compounds used. For example high intake of certain 
compounds, such as carbonates, may alter the pH in the stomach and intestine and thereby 
affect the uptake and secretion of other compounds in an unfavourable way. In alternative 
embodiments this may be an advantage as carbonate may neutralize the gastric juice, this 
may be particular favourable in situation of acidity of the stomach or acid indigestion.

[0042] By the combination of two strontium salts the desired effect may be obtained.

[0043] More preferably the two strontium salts are strontium carbonate and strontium chloride 
hexa-hydrate.

[0044] It is believed strontium chloride has a positive effect on the ability of the composition to 
form stable tablets. Especially strontium chloride hexa-hydrate enables easy humidification of 
the composition and thereby the formation of a mixture suitable for tablet pressing.

[0045] With out being bound by the theory, it is further believed that strontium chloride, 
especially strontium chloride hexa-hydrate stimulates the solubilisation of the second strontium 
salts in the acid environment in the stomach. Thereby strontium chloride enhances the effect of 
the other strontium salt(s).
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[0046] The high Re of strontium carbonate makes it a preferred salt as low amounts of the salt 

provide high amounts of the active ingredient.

[0047] The strontium composition according to the invention may comprise the two strontium 
salts in different percentage. Thus, strontium carbonate may contribute with 1-99.95 % of the 
total amount of strontium comprised by the composition.

[0048] In an embodiment the strontium composition comprises at least 50 % strontium 
carbonate. The composition may preferably comprise more strontium in the form of strontium 
carbonate than in the form of strontium chloride, with respect to molar percentages. In 
preferred embodiments the compositions comprise such as 55-99.95 % of strontium in the 
form of strontium carbonate and 0.05 to 45 % strontium in the form of strontium chloride, or 
such as 60-95 % strontium in the form of strontium carbonate and 5-40 % strontium in the form 
of strontium chloride, or such as 70-90 % strontium in the form of strontium carbonate and 10- 
30 % strontium in the form of strontium chloride, or such as 75 % strontium in the form of 
strontium carbonate and 25 % strontium in the form of strontium chloride.

[0049] In an efficient pharmaceutical composition the amount of strontium chloride contribute 
with such as at least 0.05 % of the strontium of the composition in other embodiments 
strontium chloride contribute with at least 0.1 %, such as 1 %, such as at least 5 or 10 %, even 
such as at least 15 or 20 % of strontium is contributed by strontium chloride. In specific 
embodiments strontium chloride contribute with at least 25 %, such as 30 % or alternatively 
such as 40 or 50 % of the strontium of the composition.

[0050] The increased effect of the strontium composition further relates to a high solubility of 
the composition.

[0051] Thus the strontium salt(s) according to the invention should be readily dissolvable in 
water or the acidic environment of the stomach. The pH of the stomach is 4 although food 
intake may reduce the pH from 4 to 2.

[0052] The solubility of the strontium composition is important for the availability of strontium 
ions. It is further important to evaluate the solubility velocity of the strontium salt(s) to ensure 
that the active compound is available with the right timing after administration.

[0053] The solubility velocity of the strontium salt(s) may be measured by any method known 
in the art. The solubility velocity of SrCOß and SrCI_2 and mixtures thereof was measured using 

Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) as described in example 10.

Secondary active ingredients

[0054] An improved effect of the pharmaceutical composition is achieved by the coordinated 
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administration of strontium and/or vitamin D and/or calcium. The secondary active ingredients 
may be administered separately, sequentially and/or simultaneously with the strontium 
composition. Thus the secondary active ingredients may be administered as a separate 
medicament or together with strontium in a combined medicament.

[0055] In one embodiment the invention relates to a composition comprising two strontium salt 
and one or more secondary active ingredients.

[0056] The metabolism of calcium is regulated by vitamin D, and the invention further describe 
that improved treatment of cartilage and bone disorders by coordinated administration of 
strontium with a vitamin D compound. Vitamin D compound may be administered separately, 
sequentially and/or simultaneously with the strontium composition. Thus, according to the 
invention the Vitamin D compound maybe comprised by a separate medicament and thereby 
administered separately or sequentially from the strontium composition or administered 
simultaneous with strontium in a combined medicament.

[0057] According to the invention the strontium composition may comprise any vitamin D 
compound suitable for the manufacturing of a medicament. The vitamin D compound(s) may 
be one or more of the naturally occurring Vitamin D2 and D3 compounds, one or more vitamin 

D2 and D3 analogs or any synthetic alternative of vitamin D capable of assisting metabolism of 

calcium and phosphate in the body. In particular a compound with the ability to increase 
absorption of calcium is preferred.

[0058] In one embodiment the pharmaceutical composition comprise one or more vitamin D 
analogs. In a second preferred embodiment the pharmaceutical composition comprise vitamin 
D2 in a form suitable for preparation of a medicament. In a third preferred embodiment the 

pharmaceutical composition comprises vitamin D3 in a form suitable for preparation of a 

medicament. In a preferred embodiment the pharmaceutical composition comprises vitamin D3 

or a vitamin D3 analog, most preferably vitamin D3.

[0059] The success of treatment of bone disorders is increased by coordinated administration 
of calcium. Thus according to the invention calcium maybe comprised by a separate 
medicament and thereby administered separately or sequentially from the strontium 
composition. Thus for optimal benefit, the pharmaceutical composition should not comprise 
large amount of calcium. With out being bound by the theory it is believed that the effect of 
strontium is neutralised if the composition comprises more calcium than strontium. Therefore 
the weight ratio of strontium to calcium should not be less than 1. It is further considered that 
an increase effect is obtained if the amount of strontium exceeds the amount of calcium. Thus 
it is preferred that the weight ratio of strontium to calcium is more than 1, such as more than 
1.2, or such as more than 1.5, or such as more than 1.8, or such as more than 2, or such as 
more than 5, or such as more than 10, or such as more than 15, or such as more than 20, or 
such as more than 25.
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[0060] It is most preferred that the pharmaceutical composition comprising strontium 
comprises an insignificant amount of calcium.

[0061] Although, the composition comprising strontium may comprise only modest amounts of 
calcium, the invention further relates to a second pharmaceutical composition comprising 
calcium, for the coordinated administration with the strontium comprising medicament. The 
medicament may comprise calcium in any form suitable for the preparation of a medicament.

[0062] Calcium compounds useful for the preparation of a pharmaceutical composition include 
the following compounds; calcium acetate, calcium carbonate, calcium chloride, calcium citrate, 
calcium gluconate (or calcium glubionate), calcium gluceptate, calcium glycerophosphate, 
calcium lactate, calcium lactate-gluconate, di-basic or tri-basic calcium phosphate.

[0063] According to the invention the calcium composition preferably comprise calcium in the 
form of a calcium salt, such as calcium carbonate, di-basic calcium phosphate (CaHPCU) or tri- 

basic calcium phosphate (Ca3(PO4)3/Ca5(OH)(PO4)3) or a chelated calcium compound, such 

as calcium citrate (Ca3(C6H5O7)2'4H2O) or calcium lactate (CaCH3CHOHCOO)25 H2O).

[0064] According to the invention the calcium composition may comprise calcium in a form 
combined with other substances, such as calcium lactate or calcium gluconate.

[0065] In one preferred embodiment the calcium composition comprise a calcium salt selected 
from the group of calcium carbonate, calcium phosphate and calcium citrate.

[0066] In a second embodiment the calcium composition comprises the calcium salt calcium 
citrate.

[0067] In a third preferred embodiment the calcium composition comprises the calcium salt 
calcium carbonate.

[0068] Other components able to improve the treatment may be added to the pharmaceutical 
composition according to the composition.

[0069] To further strength the bones additional compounds may be added. Such compounds 
may, for example be selected from other metals such as silicon.

[0070] In an embodiment the composition according to the disclosure further comprise silicon.

Pharmaceutical composition

[0071] Pharmaceutical compositions of the present invention may be prepared by conventional 
techniques, e.g. as described in Remington: The Science and Practice of Pharmacy 1995, 
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edited by E. W. Martin, Mack Publishing Company, 19th edition, Easton, Pa. Standard test of 
mass variant and disintegration time may be measured as described in European 
Pharmacopoeia (Ph. Eur.)

[0072] An aspect of the disclosure relates to a pharmaceutical composition comprising two 
strontium salts. In further embodiment the disclosure relates to a pharmaceutical composition 
with any of the characteristics of the strontium composition described herein above.

[0073] With out being bound by the theory it is believed that a composition with favourable 
pharmacokinetic characteristics is obtained by the combination of strontium carbonate and 
strontium chloride, especially strontium chloride hexa-hydrate.

[0074] The medicament is for oral administration in the form of a tablet, a capsule, or a 
dissolvable tablet.

[0075] Oral administration is a preferred mode of administration of medicaments to be 
absorbed in the gastro intestinal tract. Solid tablet and capsules of the medicament are 
swallowed and dissolves following in the stomach and intestine. The active ingredient(s) is/are 
mostly absorbed in the small intestine by an absorptive mucosal lining the intestine. According 
to the disclosure oral administration relates to the entrance of a medicament in to the 
gastrointestinal system by swallowing. Depending on the composition of the medicament the 
active ingredients can be absorbed in the stomach or during the passage though the gastro 
intestinal tract. The active ingredient(s) transfers to the blood circulation and reaches its place 
of action via the blood circulation.

[0076] The medicament is for oral administration.

[0077] The medicament of the present disclosure may be formulated for a wide variety of oral 
administration dosage forms. The medicament comprises two strontium salts and suitable 
pharmaceutically acceptable carriers or excipients, which can be solid.

[0078] For oral administration, such excipients include pharmaceutical grades of mannitol, 
lactose, starch, magnesium stearate, sodium saccharine, talcum, silicon dioxide, cellulose 
(preferably micro crystal), polyvidon, glucose, gelatin, sucrose, ultramyl, magnesium 
carbonate, and the like, preferably talcum and silicon dioxide.

[0079] In an embodiment mannitol is preferred, further polyvidon (Poly (1-vinyl-2-pyrrolidon)) 
and magnesium sterate may be preferred. In a further embodiemtn it is preferred that the 
composition comprises ultramyl.

[0080] In tablets, the active ingredients of the disclosure is mixed with a carrier having the 
necessary binding capacity in suitable proportions and compacted in the shape and size 
desired. Tablets preferably contain from one to about seventy percent of the composition 
according to the disclosure. Suitable carriers are magnesium carbonate, magnesium stearate, 
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talc, sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, methylcellulose, sodium 
carboxymethylcellulose, a low melting wax, cocoa butter, and the like. The term "preparation" 
is intended to include the composition of the disclosure with encapsulating material as carrier 
providing a capsule in which composition of the disclosure, with or without carriers, is 
surrounded by a carrier, which is in association with it. Tablets and capsules, are suitable for 
oral administration.

[0081] Solid administration form preparations include, tablets and capsules. Solid 
administration form preparations may include one or more substances which may act as 
colorants, flavouring agents, stabilizers, buffers, artificial and natural sweeteners, dispersants, 
thickeners, solubilizing agents, diluents, lubricants, suspending agents, binders, preservatives, 
wetting agents, tablet disintegrating agents and encapsulating material.

[0082] The medicament may according to the disclosure be administered as tablets, capsules 
or dissolvable tablets.

[0083] A favour preparation form is tablets. The manufacturing method may be entirely 
conventional, e.g. formation of a granulate intermediate containing some or all of the milled 
components, followed by optionally blending with the other components and then pressing into 
tablets. A pharmaceutical composition capable of forming a stable tablet using tablet standard 
manufacturing method as described below is preferred. The stability of tablets may be 
evaluated based on methods know in the art. In one preferred embodiment the medicament is 
a tablet.

[0084] It is further contemplated that the combination of two strontium salts may enhances the 
ability of the composition to be pressed as tablets. Some strontium salts does not readily form 
stable tablets using conventional pharmaceutical excipients. In order to facilitate the formation 
of stable tablets two strontium salts are used according to the disclosure.

[0085] Initial trails showed difficulties in the preparation of tables as some tablets decomposed 
with in few days, such as 4-5 days. According to the disclosure the composition comprises two 
strontium salts assisting the formation of stable tablets, such as tablets not decomposing within 
7 days, such as with in 2 weeks, preferably the tablets are stable for at least 3 or 4 week or 
more preferably 2 months. Most preferably the tablets are stable for at least 3 months, such as 
at least 4 or 5 months preferably at least 6 months. Further problems relating to the formation 
of homogenous tablets with equal amounts of the active ingredients was experienced. These 
problems may be reduced by using two strontium salts.

[0086] Also included are solid form preparations which are intended to be converted, shortly 
before use, to liquid form preparations for oral administration, such a preparation may be 
dissolvable tablets. Such liquid forms include solutions, suspensions, and emulsions. These 
preparations may contain, in addition to the active ingredients of the disclosure, colorants, 
flavours, stabilizers, buffers, artificial and natural sweeteners, dispersants, thickeners, 
solubilizing agents, and the like.
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[0087] In a second preferred embodiment the medicament is a dissolvable tablet.

[0088] Converted liquid preparations may further be a drink, such as a fruit juice, cacao milk or 
protein/vitamin compositions comprising two strontium salts. Especially elder people frequently 
have problems swallowing tablets or other sort of medicine and may prefer drinks with more 
favourable tastes. It is preferred that the strontium salts do not change the flavour of the drink 
in an untolerateable way. It is preferred to use drinks with a strong flavour to cover the taste of 
the strontium salts. In general the taste of strontium chloride is more offensive as to the taste 
of strontium carbonate, thus the molar ratio of strontium chloride is preferably below 1, such as 
below 0.75, 0.5 or 0.25. The amount of added strontium salts should be adjusted according to 
needs.

Solubilizing agents

[0089] Solutions are favoured over suspensions for oral administration, since drugs in solution 
are more rapidly absorbed. Solutions are also often more acceptable to patients, in terms of 
palatability. It has been proposed to prepare dry effervescent formulations of medicaments in 
which, on addition to water (or other liquid), the medicament is dispersed in the water by the 
effervescing action and dissolves either as a result of the agitation or by interaction with 
components of the formulation.

[0090] To help the solubilization of a preparation a solubilizing agent may be included in the 
medicament. The solubilizing agent may be an effervescent couple which comprises an acid 
component and an alkaline component (a carbonate or a bicarbonate), which generates 
carbon dioxide on contact with water. The alkaline component of the couple is preferably 
present in excess of the stoichiometric equivalent of the acid component.

[0091] The acid and the alkali are the components which provide the effervescence and the 
disintegration of the tablet as it is brought into contact with water. As acidic component citric 
acid both in the hydrated and anhydrous forms may be used, but other edible acids like 
tartaric, fumaric, adipic, malic acid can be used as well.

[0092] The carbonate, which represents the source of carbon dioxide which generates the 
effervescence, generally is a water-soluble alkaline carbonate such as potassium or calcium 
(bi)carbonate, sodium carbonate, or sodium glycine carbonate. The choice of the carbonate is 
very important since, besides provoking the effervescence, it can influence the robustness of 
the medicament. Sodium bicarbonate is one of the most used carbonate because it is very 
soluble and of low cost. Alternatively, modified sodium bicarbonate can be used, obtained by 
heating common sodium bicarbonate in order to convert the surface of its particles to sodium 
carbonate thereby increasing its stability.

[0093] The effervescent couple is provided in a sufficient amount to rapidly disperse and assist
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dissolution of the components of the formulation.

[0094] In an embodiment of the pharmaceutical composition or medicament according to the 
invention comprise one or more solubilizing agent(s)

[0095] The solubilizing agent(s) of the invention serve to enhance the solubility of the strontium 

salt and thereby to enhance the absorption of the strontium ion (Sr2+) and thereby increase the 
amount of strontium entering the blood circulation.

[0096] The solubilizing agent(s) may be selected from the group of; ammonium carbonate and 
sodium carbonate.

[0097] Ammonium carbonate (ΝΗ^ΟΟβ or more precisely CH2O3 XNH3 as ammonium 

carbonate consists of ammonium bicarbonate (CH5NO3) and ammonium carbamate 

(CH6N2O2) in varying proportions.

[0098] In an embodiment a solubilizing agent is ammonium carbonate.

[0099] In an embodiment the ammonium carbonate have approximately equal amounts of 
each component CH6N2O2 and CH5NO3.

[0100] In an embodiment the ammonium carbonate have more CH6N2O2 than CH5NO3.

[0101] In an embodiment the ammonium carbonate have less CH6N2O2 than CH5NO3.

[0102] Sodium carbonate exists in a non-hydrated form and in a hydrated form comprising 10 
water molecules associated with each sodium carbonate molecule. This enables the 
compound to dissolve quickly in water.

[0103] In an embodiment the solubilizing agent is sodium carbonate.

[0104] In an embodiment the sodium carbonate is sodium carbonate decahydrat (Na2CO3 

■10H2O).

[0105] In an embodiment the solubilizing agent is an effervescent couple preferably based on 
citric acid and sodium bicarbonate (NaHCOs) or sodium glycine carbonate.

Lubricants

[0106] Tablets may contain conventional water-soluble lubricants such as sodium lauryl 
sulphate or sodium benzoate, typically up to around 7.5% or less. Alternatively tablets may be 
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made using external lubrication on liquid-lubricated presses or on double-sided presses where 
solid lubricant placebo compacts containing, for example, magnesium stearate are made on 
one side, continuously pre-lubricating the dies.

Buffers

[0107] The pharmaceutical composition and medicament according to the invention may 
comprise one or more buffers useful to stabilize/neutralise pH. An example of such a buffer is 
ammonium chloride or citric acid. Other buffers may comprise acetate, carbonate, bicarbonate, 
phosphate, citrate, tris or hepes.

Encapsulating material

[0108] The medicaments may comprise an encapsulating material surrounding the 
medicament. The encapsulating material may be a coating on the surface of the medicament 
providing the active compounds with a surface suitable for oral administration, further the 
coating may prevent that the active compounds are release immediately by contact with 
salvage in the mouth. The encapsulating material may thereby serve to postpone release of 
the active compounds until a specific area of the gastrointestinal system have been reached. It 
may be an advantage to prevent release of the active compounds in the stomach, thus the 
active compounds may be encapsulated until the intestine has been reached. In an 
embodiment hypromellose and Macrogol 6000 is used as coating agents se further below.

Controlled release formulations

[0109] The following terms may be considered to be substantially equivalent to controlled 
release, for the purposes of the present invention: continuous release, controlled release, 
delayed release, depot, gradual release, long-term release, programmed release, prolonged 
release, proportionate release, protracted release, repository, retard, slow release, spaced 
release, sustained release, time coat, timed release, delayed action, extended action, layered­
time action, long acting, prolonged action, repeated action, slowing acting, sustained action, 
sustained-action medications, and extended release. Further discussions of these terms may 
be found in Lesczek Krowczynski, Extended-Release Dosage Forms, 1987 (CRC Press, Inc.).

[0110] The various controlled release technologies cover a very broad spectrum of drug 
dosage forms. Controlled release technologies include, but are not limited to physical systems 
and chemical systems.

[0111] Physical systems include, but not limited to, reservoir systems with rate-controlling 
membranes, such as microencapsulation, macroencapsulation, and membrane systems; 
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reservoir systems without rate-controlling membranes, such as hollow fibers, ultra microporous 
cellulose triacetate, and porous polymeric substrates and foams; monolithic systems, including 
those systems physically dissolved in non-porous, polymeric, or elastomeric matrices (e.g., 
non-erodible, erodible, environmental agent ingression, and degradable), and materials 
physically dispersed in non-porous, polymeric, or elastomeric matrices (e.g., non-erodible, 
erodible, environmental agent ingression, and degradable); laminated structures, including 
reservoir layers chemically similar or dissimilar to outer control layers; and other physical 
methods, such as osmotic pumps, or adsorption onto ion-exchange resins.

[0112] Chemical systems include, but are not limited to, chemical erosion of polymer matrices 
(e.g., heterogeneous, or homogeneous erosion), or biological erosion of a polymer matrix 
(e.g., heterogeneous, or homogeneous). Additional discussion of categories of systems for 
controlled release may be found in Agis F. Kydonieus, Controlled Release Technologies: 
Methods, Theory and Applications, 1980 (CRC Press, Inc.).

[0113] Controlled release drug delivery systems may also be categorized under their basic 
technology areas, including, but not limited to, rate-preprogrammed drug delivery systems, 
activation-modulated drug delivery systems, feedback-regulated drug delivery systems, and 
site-targeting drug delivery systems.

[0114] In rate-preprogrammed drug delivery systems, release of drug molecules from the 
delivery systems "preprogrammed" at specific rate profiles. This may be accomplished by 
system design, which controls the molecular diffusion of drug molecules in and/or across the 
barrier medium within or surrounding the delivery system. Fick's laws of diffusion are often 
followed.

[0115] In activation-modulated drug delivery systems, release of drug molecules from the 
delivery systems is activated by some physical, chemical or biochemical processes and/or 
facilitated by the energy supplied externally. The rate of drug release is then controlled by 
regulating the process applied, or energy input.

[0116] In feedback-regulated drug delivery systems, release of drug molecules from the 
delivery systems may be activated by a triggering event, such as a biochemical substance, in 
the body. The rate of drug release is then controlled by the concentration of triggering agent 
detected by a sensor in the feedback regulated mechanism.

[0117] In a site-targeting controlled-release drug delivery system, the drug delivery system 
targets the active molecule to a specific site or target tissue or cell. This may be accomplished, 
for example, by a conjugate including a site specific targeting moiety that leads the drug 
delivery system to the vicinity of a target tissue (or cell), a solubilizer that enables the drug 
delivery system to be transported to and preferentially taken up by a target tissue, and a drug 
moiety that is covalently bonded to the polymer backbone through a spacer and contains a 
cleavable group that can be cleaved only by a specific enzyme at the target tissue.
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[0118] There are a number of controlled release drug formulations that are developed 
preferably for oral administration. These include, but are not limited to, osmotic pressure- 
controlled gastrointestinal delivery systems; hydrodynamic pressure-controlled gastrointestinal 
delivery systems; membrane permeation-controlled gastrointestinal delivery systems, which 
include microporous membrane permeation-controlled gastrointestinal delivery devices; gastric 
fluid-resistant intestine targeted controlled-release gastrointestinal delivery devices; gel 
diffusion-controlled gastrointestinal delivery systems; and ion-exchange-controlled 
gastrointestinal delivery systems, which include cationic and anionic drugs. Additional 
information regarding controlled release drug delivery systems may be found in Yie W. Chien, 
Novel Drug Delivery Systems, 1992 (Marcel Dekker, Inc.), some of these formulations will now 
be discussed in more detail.

[0119] Enteric coatings may be applied to tablets to prevent the release of drugs in the 
stomach either to reduce the risk of unpleasant side effects or to maintain the stability of the 
drug which might otherwise be subject to degradation of expose to the gastric environment. 
Most polymers that are used for this purpose are polyacids that function by virtue of the fact 
that their solubility in aqueous medium is pH-dependent, and they require conditions with a pH 
higher then normally encountered in the stomach.

[0120] Enteric coatings may be used to coat a solid or liquid dosage form of the compounds 
according to the invention. Enteric coatings promote the inventive compounds remaining 
physically incorporated in the dosage form for a specified period when exposed to gastric juice. 
Yet the enteric coatings are designed to disintegrate in intestinal fluid for ready absorption. 
Delay of the compounds' absorption is dependent on the rate of transfer through the 
gastrointestinal tract, and so the rate of gastric emptying is an important factor. Some 
investigators have reported that a multiple-unit type dosage form, such as granules, may be 
superior to a single-unit type. Therefore, in a preferable embodiment, the compounds 
according to the invention may be contained in an enterically coated multiple-unit dosage form. 
In a more preferable embodiment, the dosage form of the compounds according to the 
invention is prepared by spray-coating granules of an compounds -enteric coating agent solid 
dispersion on an inert core material. These granules can result in prolonged absorption of the 
drug with good bioavailability.

[0121] Typical enteric coating agents include, but are not limited to, hyd roxypropylmethyl- 
cellulose phthalate, methacrylic acid-methacrylic acid ester copolymer, polyvinyl acetate­
phthalate and cellulose acetate phthalate. Akihiko Hasegawa, Application of solid dispersions 
of Nifedipine with enteric coating agent to prepare a sustained-release dosage form, Chem. 
Pharm. Bull. 33: 1615-1619 (1985). Various enteric coating materials may be selected on the 
basis of testing to achieve an enteric coated dosage form designed ab initio to have a 
preferable combination of dissolution time, coating thicknesses and diametral crushing 
strength. S. C. Porter et al., The Properties of Enteric Tablet Coatings Made From Polyvinyl 
Acetate-phthalate and Cellulose acetate Phthalate, J. Pharm. Pharmacol. 22:42p (1970). In an 
embodiment hypromellose and Macrogol 6000 is used as coating agents.
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[0122] On occasion, the performance of an enteric coating may hinge on its permeability. S. C. 
Porter et al., The Permeability of Enteric Coatings and the Dissolution Rates of Coated Tablets, 
J. Pharm. Pharmacol. 34: 5-8 (1981). With such oral drug delivery systems, the drug release 
process may be initiated by diffusion of aqueous fluids across the enteric coating. 
Investigations have suggested osmotic driven/rupturing affects as important release 
mechanisms from enteric coated dosage forms. Roland Bodmeier et al., Mechanical Properties 
of Dry and Wet Cellulosic and Acrylic Films Prepared from Aqueous Colloidal Polymer 
Dispersions used in the Coating of Solid Dosage Forms, Pharmaceutical Research, 11: 882- 
888 (1994).

[0123] Another controlled release dosage form is a complex between an ion exchange resin 
and the compounds according to the invention. Ion exchange resin-drug complexes have been 
used to formulate sustained-release products of acidic and basic drugs. In one preferable 
embodiment, a polymeric film coating is provided to the ion exchange resin-drug complex 
particles, making drug release from these particles diffusion controlled. See Y. Raghunathan et 
al., Sustained-released drug delivery system I: Coded ion-exchange resin systems for 
phenylpropanolamine and other drugs, J. Pharm. Sciences 70: 379-384 (1981).

[0124] Other controlled release technologies that may be used in the practice of this invention 
are quite varied. They include SODAS (Spheroidal Oral Drug Absorption System), INDAS 
(Insoluble Drug Absorption System), IPDAS (Intestinal Protective Drug Absorption System), 
MODAS (Multiporous Oral Drug Absorption System), EFVAS (Effervescent Drug Absorption 
System), PRODAS (Programmable Oral Drug Absorption System), and DUREDAS (Dual 
Release Drug Absorption System) available from Elan Pharmaceutical Technologies, Dublin, 
Ireland. SODAS are multi particulate dosage forms utilizing controlled release beads. INDAS 
are a family of drug delivery technologies designed to increase the solubility of poorly soluble 
drugs. IPDAS are multi particulate tablet formation utilizing a combination of high density 
controlled release beads and an immediate release granulate. MODAS are controlled release 
single unit dosage forms. Each tablet consists of an inner core surrounded by a 
semipermeable multiparous membrane that controls the rate of drug release. EFVAS is an 
effervescent drug absorption system, PRODAS is a family of multi particulate formulations 
utilizing combinations of immediate release and controlled release mini-tablets. DUREDAS is a 
bilayer tablet formulation providing dual release rates within the one dosage form. Although 
these dosage forms are known to one of skill, certain of these dosage forms will now be 
discussed in more detail.

[0125] INDAS was developed specifically to improve the solubility and absorption 
characteristics of poorly water soluble drugs. Solubility and, in particular, dissolution within the 
fluids of the gastrointestinal tract is a key factor in determining the overall oral bioavailability of 
poorly water soluble drug. By enhancing solubility, one can increase the overall bioavailability 
of a drug with resulting reductions in dosage. INDAS takes the form of a high energy matrix 
tablet. In a preferred embodiment of the invention production involves including adenosine 
analogs in an amorphous form together with a combination of energy, excipients, and unique 
processing procedures.
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[0126] Once included in the desirable physical form, the resultant high energy complex may be 
stabilized by an absorption process that utilizes a novel polymer cross-linked technology to 
prevent recrystallization. The combination of the change in the physical state of the adenosine 
analogs according to the invention coupled with the solubilizing characteristics of the excipients 
employed enhances the solubility of the adenosine analogs according to the invention. The 
resulting absorbed amorphous drug complex granulate may be formulated with a gel-forming 
erodable tablet system to promote substantially smooth and continuous absorption.

[0127] IPDAS is a multi-particulate tablet technology that may enhance the gastrointestinal 
tolerability of potential irritant and ulcerogenic drugs. Intestinal protection is facilitated by the 
multi-particulate nature of the IPDAS formulation which promotes dispersion of an irritant 
adenosine analog according to the invention throughout the gastrointestinal tract. Controlled 
release characteristics of the individual beads may avoid high concentration of drug being both 
released locally and absorbed systemically. The combination of both approaches serves to 
minimize the potential harm of the adenosine analog according to the invention with resultant 
benefits to patients.

[0128] IPDAS is composed of numerous high density controlled release beads. Each bead 
may be manufactured by a two step process that involves the initial production of a micromatrix 
with embedded adenosine analogs according to the invention and the subsequent coating of 
this micromatrix with polymer solutions that form a rate limiting semipermeable membrane in 
vivo. Once an IPDAS tablet is ingested, it may disintegrate and liberate the beads in the 
stomach. These beads may subsequently pass into the duodenum and along the 
gastrointestinal tract, preferably in a controlled and gradual manner, independent of the 
feeding state. Adenosine analog release occurs by diffusion process through the micromatrix 
and subsequently through the pores in the rate controlling semipermeable membrane. The 
release rate from the IPDAS tablet may be customized to deliver a drug-specific absorption 
profile associated with optimized clinical benefit. Should a fast onset of activity be necessary, 
immediate release granulate may be included in the tablet. The tablet may be broken prior to 
administration, without substantially compromising drug release, if a reduced dose is required 
for individual titration.

[0129] MODAS is a drug delivery system that may be used to control the absorption of water 
soluble adenosine analogs according to the invention. Physically MODAS is a non­
disintegrating table formulation that manipulates drug release by a process of rate limiting 
diffusion by a semipermeable membrane formed in vivo. The diffusion process essentially 
dictates the rate of presentation of drug to the gastrointestinal fluids, such that the uptake into 
the body is controlled. Because of the minimal use of excipients, MODAS can readily 
accommodate small dosage size forms. Each MODAS tablet begins as a core containing active 
drug plus excipients. This core is coated with a solution of insoluble polymers and soluble 
excipients. Once the tablet is ingested, the fluid of the gastrointestinal tract may dissolve the 
soluble excipients in the outer coating leaving substantially the insoluble polymer. What results 
is a network of tiny, narrow channels connecting fluid from the gastrointestinal tract to the inner 
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drug core of water soluble drug. This fluid passes through these channels, into the core, 
dissolving the drug, and the resultant solution of drug may diffuse out in a controlled manner. 
This may permit both controlled dissolution and absorption. An advantage of this system is that 
the drug releasing pores of the tablet are distributed over substantially the entire surface of the 
tablet. This facilitates uniform drug absorption and reduces aggressive unidirectional drug 
delivery. MODAS represents a very flexible dosage form in that both the inner core and the 
outer semipermeable membrane may be altered to suit the individual delivery requirements of 
a drug. In particular, the addition of excipients to the inner core may help to produce a micro 
environment within the tablet that facilitates more predictable release and absorption rates. 
The addition of an immediate release outer coating may allow for development of combination 
products.

[0130] Additionally, PRODAS may be used to deliver adenosine analogs according to the 
invention. PRODAS is a multi particulate drug delivery technology based on the production of 
controlled release mini tablets in the size range of 1.5 to 4 mm in diameter. The PRODAS 
technology is a hybrid of multi particulate and hydrophilic matrix tablet approaches, and may 
incorporate, in one dosage form, the benefits of both these drug delivery systems.

[0131] In its most basic form, PRODAS involves the direct compression of an immediate 
release granulate to produce individual mini tablets that contain adenosine analogs according 
to the invention. These mini tablets are subsequently incorporated into hard gels and capsules 
that represent the final dosage form. A more beneficial use of this technology is in the 
production of controlled release formulations. In this case, the incorporation of various polymer 
combinations within the granulate may delay the release rate of drugs from each of the 
individual mini tablets. These mini tablets may subsequently be coated with controlled release 
polymer solutions to provide additional delayed release properties. The additional coating may 
be necessary in the case of highly water soluble drugs or drugs that are perhaps gastroirritants 
where release can be delayed until the formulation reaches more distal regions of the 
gastrointestinal tract.

Packages

[0132] Tablets and dissolvable tablets are preferably conventionally packaged in protective 
containers such as screw cap bottles, aluminium foil sachets, plastics or metal tubes, or 
aluminium blister packs. It may be appropriate to incorporate a desiccant in the packages.

[0133] The packages may comprise separate strontium, vitamin D and calcium medicaments, 
or a combined medicament comprising strontium and vitamin D and a seperate medicament 
comprising calcium. Such packages may be in the form of blister packages including strontium 
tablets (including or excluding vitamin D) and calcium tablets side by side. Hereby the patient 
obtains the possibility to administer the different medicaments independently while avoiding the 
difficulties associated with handling multiple packages of medicaments. The packages may 
further include information about the timing of administration of the different medicaments.
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Kit of parts

[0134] The packages may be a kit of parts comprising the active ingredients in one or more 
medicament suitable for administering to the subject.

[0135] In one embodiment the invention relates to a kit of part comprising;

1.i. a pharmaceutical composition comprising only two strontium salts, wherein said 
strontium salts consists of strontium carbonate and strontium chloride for oral 
administration in the form of a tablet, a capsule, or a dissolvable tablet and

2. ii. a medicament comprising at least one calcium salt,

wherein the medicaments i. and ii. are discrete units.

[0136] In a second embodiment the strontium medicament comprise a vitamin D compound.

[0137] The kit of parts, according to the invention, may comprise a medicament having one or 
more of the characters of the pharmaceutical composition and medicament described above.

Solubility

[0138] An effective oral administered medicament should be easily dissolved. Disintegration of 
the medicament enhances the solubility and thus fast disintegration is important for the 
solubility and following absorption of the medicament. It is well experienced that for oral 
administered substances, that, unless the substance has an aqueous solubility above 10 
mg/ml over the pH-range 1-7, potential absorption problems may occur. A solubility less than I 
mg/ml is likely to give dissolution-rate limited absorption because solubility and dissolution rate 
are interrelated.

[0139] The pharmaceutical composition and medicament according to the invention readily 
dissolve in water or in the acid environment of the stomach.

[0140] In order to evaluate a pharmaceutical composition it is important to confirm solubility of 
the active ingredients. As the intestine and stomach environment is acidic the solubility of 
pharmaceutical compositions for oral administration are preferably measured in a similar 
environment with a pH below 5, such as below 4 or below pH 3, preferably below pH 2.

[0141] The release of the active ingredients of the pharmaceutical composition may be 
measured as described in example 15 where the release of strontium from a medicament 
formulated as a tablet is measured. The amount of released strontium is measured after 15, 
30, 45 and 60 minutes. In an embodiment the amount of released strontium is at least 40 % 
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within 45 minutes, or at least 50 % is released within 45 minutes, preferably at least 55 % or 
more preferably 60 % is released within 45 minutes. In alternative embodiments at least 35 % 
is released within 30 minutes, preferably 40 %, more preferably at least 45 and most preferably 
50 % is released with in 30 minutes.

Disintegration

[0142] For solid medicaments disintegration increases with the surface area of the 
medicament and therefore enhances the solubility, thus it is preferred that the disintegration of 
the medicament is fast.

[0143] For easy use of a dissolvable medicament it is preferred that the medicament have a 
short disintegration time, thus the time from immerging the medicament in water until the 
solution is ready should not be long. At the same time the medicament must have a reasonably 
robustness that permit the medicament to be handled, shipped, and carried by patients.

[0144] The disintegration time can be characterized by either in vivo or in vitro tests. The 
disintegration time of the dissolvable medicament of the invention have a desirable time range 
of 0-300 seconds, a range of 0-240 seconds, a preferred range of 0-120 seconds, more 
preferable range of 1-60 seconds or 1-30 seconds or most preferred range of 0-20 seconds.

[0145] Disintegration time of coated tablets may be measured as in Ph. Eur. in water and 
should not exceed 60 minutes, preferably the disintegration time is at most 45 minutes such as 
at most 30 minutes and most preferably less than 30 minutes.

[0146] This invention describes pharmaceutical compositions and medicaments which are 
comprised of a highly compactable, rapidly dispersing tablet and one or more active 
ingredients that may be directly compressed to form rapidly dispersing tablet with practical 
hardness and resistance to chipping and abrasion.

Disintegration volume of dissolvable medicaments

[0147] Dissolvable tablet should be easily disintegrated in a volume of water (or other liquid), 
suitable for consumption by the patient. The solution obtained should be of a consistence, 
colour and taste not disfavoured by the patient. In an embodiment the disintegration volume of 
a dosage is less than 250 ml, such as less that 200 ml, such as less than 150 ml, such as less 
than 100 ml.

Dosages
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[0148] The dosage requirements will vary with the particular drug composition employed, the 
route of administration and the particular subject being treated. Ideally, a patient to be treated 
by the present method will receive a pharmaceutically effective amount of the compound not 
exceeding the maximum tolerated dose (MTD), which is generally no higher than that required 
before drug resistance develops.

[0149] Suitable dosing regimens are preferably determined taking into account factors well 
known in the art including type of subject being dosed; age, weight, sex and medical condition 
of the subject; the route of administration; the renal and hepatic function of the subject; the 
desired effect; and the particular compound employed.

[0150] The dosage may further vary depending on the treatment. For example preventive 
treatment and maintaining treatment may include dosages comprising approximately half the 
amounts of active ingredients. A period of maintaining treatment may follow a normal 
treatment, to maintain healthy and/or strong bones or to prevent reoccurring of the disease or 
disorder. Preventive treatment may be relevant for patients receiving corticosteroid treatment 
e.g. in rheumatism/arthritis patients. Such treatment may be for a limited period or a life long 
treatment.

Strontium

[0151] An effective dosage of strontium includes at least 300 mg strontium equalling 3.5 mmol 
of strontium. Thus the dosages of strontium should be in the amounts from 3.5 mmol to 15 
mmol of the strontium salts.

[0152] In preferred embodiments a dosage of the medicament comprise 3.0 -15 mmol of 
strontium or such as 4-12 mmol, or such as 5-10 mmol of strontium, or such as 6-8 mmol of 
strontium, or such as 6,5-7,5 mmol of strontium.

[0153] A dosage may include various amounts of the strontium salts depending of the 
strontium salts comprised by the pharmaceutical composition.

[0154] In a preferred embodiment a dosage comprise 0.9 g to 4.0 g of strontium chloride 
hexahydrate.

[0155] In embodiments comprising two strontium salts a dosage may comprise various 
amounts of the strontium salts as described in the section related to the strontium salts.

Calcium

[0156] According to the invention a dosage of the medicament comprises 5 to 50 mmol, or 
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such as 10 to 40 mmol, or such as 12.5 to 37.5 mmol, or such as 15 to 35 mmol, or such as 20 
to 30 mmol, or such as 22.5 to 28 mmol of calcium.

[0157] In an embodiment a dosage comprise 10 to 50 mmol of calcium.

[0158] Equivalent dosage of the medicament according to the invention comprises 200 to 2000 
mg of calcium, or such as 400 mg to 1600 mg, or such as 500 mg to 1500 mg, or such as 600 
mg to 1400 mg, or such as 800 mg to 1200 mg, or such as 900 mg to 1100 mg calcium per 
dosage.

[0159] According to the invention the medicament preferably comprises 500 mg to 1500 mg 
calcium, or such as 750 mg to 1225 mg calcium per dosage, or such as 900 mg to 1100 mg 
calcium such as approximately 1000 mg calcium per dosage.

[0160] Depending on the calcium compound various amounts of the calcium salt or salts, such 
as 0.5 g to 5.0 g of calcium carbonate, and 0.95 g to 9.5 g of calcium citrate, and 0.8 mg to 8.5 
mg of dibasic calcium phosphate dehydrate, and 0.5 g to 8 g of tri-basic calcium phosphates.

Vitamin D

[0161] The amount of the vitamin D compound may be varied depending on the needs. As 
mention below few subgroups of patients may not tolerate Vitamin D compounds, and thus a 
medicament with insignificant amounts of vitamin D may be useful. In other embodiments the 
medicament may comprise Vitamin D. According to the invention at least 25, such as at least 
50, such as at least 100, such as at least 200, such as at least 400 IU of vitamin D should be 
administered pr dosage.

[0162] According to the invention up to 1000, such as up to 800, such as up to 600, such as up 
to 400, such as up to 200 IU of vitamin D should be administered pr dosage. As described 
above any compound having an effect of vitamin D suitable for the manufacturing of a 
medicament, including vitamin D2, vitamin D3 and analogs thereof may be used.

[0163] In an embodiment a dosage of the medicament comprise 100-800 IU of a vitamin D 
compound.

[0164] In a preferred embodiment a dosage of the medicament comprise 200-400 IU of a 
vitamin D compound.

[0165] In a preferred embodiment a dosage of the medicament comprise 200-400 IU or 5 to 
12 microgram of vitamin D3 (cholecalciferol).

[0166] The precise dosage may depend upon age, clinical evaluation, diet, nutritional status,
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and the availability of sunlight.

[0167] It is further contemplated that a subgroup of patients may not tolerate Vitamin D 
compounds. An example of such a subgroup is patients suffering from sarcoidosis or Boeck's 
disease, thus in such particular cases the Vitamin D compound should be omitted. 
Furthermore, vitamin D3 (cholecalciferol) should not be administered to patients with reduced 

kidney function due to altered metabolism of cholecalciferol in these patients.

Bone disorders

[0168] In appropriate regulation of bone re- and degeneration can lead to bone disorders or 
metabolic bone diseases resulting in weakening of the bones and following an increased rate 
of fractures. Included are cartilage and/or bone disease and/or conditions resulting in a 
dysregulation of cartilage and/or bone metabolism in a subject, such as e. g. osteoporosis, 
osteoarthritis, osteopetrosis, osteopenia and Paget's disease, hypercalcemia of malignancy, 
periodontal disease, hyperparathyroidism,periarticular erosions in rheumatoid arthritis, 
osteodystrophy, myositis ossificans, Bechterew's disease, malignant hypercalcemia, osteolytic 
lesions produced by bone metastasis, bone pain due to bone metastasis, bone loss due to sex 
steroid hormone deficiency, bone abnormalities due to steroid hormone treatment, bone 
abnormalities caused by cancer therapeutics, osteomalacia, Bechet's disease, hyperostosis, 
metastatic bone disease, immobilization-induced osteopenia or osteoporosis, or glucocorticoid- 
induced osteopenia or osteoporosis, osteoporosis pseudoglioma syndrome, idiopathic juvenile 
osteoporosis, fractures after trauma or atraumatic fracture, implant instability, need of 
strengthening muscle tissues and need for weight gain.

Treatment

[0169] The medicament according to the invention may be used for treatment or prevention of 
cartilage and bone diseases/disorders as mentioned above. Treatments of diseases disorders 
include reduction of the symptoms of the diseases/disorder, preventing development of a bone 
diseases/disorder, or prevention or inhibition of the progression of a diseases/disorder.

[0170] In one embodiment the pharmaceutical composition of the invention is used for the 
preparation of a medicament for treatment and prevention of cartilage or bone 
diseases/disorders.

[0171] In a second embodiment the pharmaceutical composition of the invention is used for 
the preparation of a medicament for treatment or prevention of osteoporosis.

Method of prevention and treatment.
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[0172] An aspect of the invention relates to a method of treatment or prevention comprising 
administering to a subject a pharmaceutical effective amount of a medicament comprising two 
strontium salts.

[0173] In an embodiment the invention relates to a method of treatment comprising 
administering a pharmaceutical effective amount of a pharmaceutical composition or 
medicament according to the invention.

[0174] In a further embodiment the method of treatment is for the prevention or treatment of a 
cartilage or bone disease/disorder.

[0175] In a second embodiment the method of treatment is for the prevention or treatment of 
osteoporosis.

[0176] In a preferred embodiment the method of treatment include administration of 3.5-15 
mmol of strontium per dosage.

[0177] The method according to the invention further include coordinated administration of 
medicaments according to the invention comprising at least two strontium salt and/or vitamin D 
and/or calcium and. By coordinated administration is meant that the medicaments may be 
administered separately, sequentially or simultaneously. In an embodiment the method include 
administration of a medicament comprising calcium, wherein administration of calcium is 
separate from administration of strontium.

[0178] In an embodiment the medicament comprising strontium is administered prior, such as 
at least 30 minutes before, such as at least 45 minutes before, such as at least 60 minutes 
before, such as at least 90 minutes before, such as at least 120 minutes before, such as at 
least 180 minutes before, such as at least 240 minutes before, such as at least 300 minutes 
before, such as at least 360 minutes before the medicament comprising calcium. In preferred 
embodiments the medicament comprising strontium is administered at least 7 or more 
preferably at least 8 hours before the calcium comprising medicament.

[0179] In a second embodiment the medicament comprising strontium is administered prior, 
such as up to 360 minutes before, such as up to 300 minutes before, such as up to 240 
minutes before, such as up to 180 minutes before, such as up to 120 minutes before, such as 
up to 90 minutes before, such as up to 60 minutes before, such as up to 45 minutes before, 
such as up to 30 minutes before the medicament comprising calcium. Preferably the strontium 
is administer up to 10 hours, such as 9 or 8 hours before the calcium comprising medicament.

[0180] In a further embodiment the medicament comprising strontium is administered 
simultaneously with a vitamin D compound either as a separate medicament or as a combined 
medicament.

Detailed description of the drawings
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[0181] Figure 1. The ^Sr signal obtained by ICP-MS analysis of a strontium carbonate and 
strontium chloride composition as described in example 10.

[0182] The arrows points at the front curves and the top value used to calculate the solubility 
velocity.

Examples

[0183] The following examples illustrate the invention without limiting it thereto.

Example 1 (not falling within the claimed subject matter)

[0184]

100% Strontium carbonate

Re=0.59

1038 g Strontium carbonate (7 mmol)

Example 2

[0185]

75 % Strontium carbonate

25 % Strontium chloride

Re=0.52

778,50 g Strontium carbonate (5,3 mmol)

469,25 g Strontium chloride (1,7 mmol)

Example 3
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[0186]

50 % Strontium carbonate

50 % Strontium chloride

Re=0.46

519 g Strontium carbonate (3,5 mmol)

938,5 g Strontium chloride (3.5 mmol)

Example 4

[0187]

75 % Strontium chloride

25 % Strontium carbonate

Re=0.39

1,410 g Strontium chloride (5,3 mmol)

250 g Strontium carbonate (1,7 mmol)

Example 5 (not falling within the claimed subject matter)

[0188]

100 % Strontium chloride

Re=0.325 1,866 g Strontium chloride (7 mmol)

Example 6

[0189]

1.33 g Strontium chloride (5 mmol)
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0.74 g Strontium carbonate (5 mmol)

Example 7

[0190]

1.33 g Strontium chloride hexahydrate (5 mmol)

0.74 g Strontium carbonate (5 mmol)

20 pg of vitamin D3 (cholecalciferol)

Example 8 (not falling within the claimed subject matter)

[0191] Strontium chloride solubilized by ammonium carbonate

2,66 g Strontium chloride (10 mmol)

Ammonium carbonate (solubilizing agent)

Example 9 (not falling within the claimed subject matter)

[0192] Strontium carbonate solubilized by sodiume carbonate

1,48 g Strontium carbonate (10 mmol)

20 pg vitamin D3 (cholecalciferol)

Sodium carbonate decahydrate (solubilizing agent)

Example 10

[0193] Determination of solubility velocity by Inductively Coupled Plasma-Mass Spectrometry 
(ICP-MS)
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[0194] The solubility is measures as strontium signals over time using ICP-MS. Using this 

technique it is possible to follow multiple isotopes of the element, here, ^Sr, 86Sr, 87Sr and 

88Sr.

[0195] The measurement was performed on strontium salts as indicated in table 1, following 
the examples 1 to 3 here above. A hydrochloride solution (0.1 M) was added to the sample 
and the sample then immediately enters, by means of a peristaltic pump, the atomizer of the 
ICP-MS apparatus. The pump speed was 4.4 ml/min.

[0196] The hydrochloride concentration of 0.1 M equals the concentration of HCI in the
stomach. The tern oerature of the HCI solution was 37 °C.

Experiment Mass SrCO3 (mg) Mass SrCI2*6H2O (mg) Mass Sr (mg)
1 1039 0 617
2A 779.1 476.0 619
2B 780.9 466.1 617
3 522.4 941.5 620

Results

[0197] The signal relating to the isotope 84Sr was followed. The signal obtained in experiment 
3 is shown in figure 1.

[0198] The solubility velocity of the compound is obtained by analysing the slopes of the front 
curves. The first curve represents the experiment and the second curve the apparatus, thus 
the difference between the slopes of the two curves are used to calculate the solubility velocity 
by division with the top value. The solubility velocity of strontium was found not to be 
significantly different in the three experiments.

[0199] The solubility velocity for strontium carbonate and for strontium chloride in 
hydrochloride is very high. The average solubility was determent to 240 +/- 165 mg Strontium 
per second.

Example 11

[0200] Medicament formulated as a tablet

[0201] Strontium from strontium chloride provides 0.06 % of all strontium 
b _ jOTO+ZO mg _ η ηκβτό

51l255 mg -
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[0202] 1000 tablets may be formulated using the following ingredients.

Ingredients

For production is further use

[0203]

Strontium carbonate (58.75 % Sr) 510.64 g 3.46 mol
Strontium chloride (32.5 % Sr) 615,38 mg 2.3 mmol
Vitamin D3* 100.000 IE/G 1.1g(+10%OD)
Cellulose (microcryst.) (Ph Eur) 52 g
Mannitol (Ph Eur) 510,64 g
Polyvidon (Ph Eur) 25.60
Magnesium sterate (Ph Eur) 5.50 g

Tablet weigth 1106 mg/tablet.
Strontium content 3.46 mmol/tablet

[0204]

Ethanol 96 % (Ph Eur) 230.40 g

Coating

[0205]

Hypromellose (Ph Eur) 8.84 g
Macrogol 600 (Ph Eur) 883 mg

For coating is further used

[0206]

Ethanol 96 % Ph Eur
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* Vitamin D3 composition consists of (measured according to activity):

Ph Eur (The European Pharmacopoeia)

[0207]

Cholecalciferol (Ph Eur) 2.9 mg
Gelatine (Ph Eur) 0.26 g
Saccharose (Ph Eur) 0.39 g
Modified starch (FCC) Ö.2Ö g

Triglycerider medium chain (Ph Eur) 0.21 g
Sodium aluminium silicate (E 554) 2.9 mg
Butylhydroxytoluen (Ph Eur) 10.5 mg
Water 27.6 mg
Total 1104 mg

FCC (Food Chemical codex)

Example 12

[0208] As example 11 except that the composition further comprising 2 % ultramyl.

Example 13

[0209] As example 11 and 12 except that the compositions comprises 2 times the amount of 
Vitamin D3, e.g. 2.2 g (+10% OD).

Example 14

[0210] Quantitative measurement of strontium by atomic absorption spectroscopy (AAS)

Wave length: 460,7 nm

Flame: acetylen-dinitrogenoxid
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Lanthane-solution: 29.3 g La203 + 50 ml kone HCL + H2O to 500 ml

Standards: strontium standard solutions of 1,2, 3, 4, 5 ppm. as 50 ml solutions including 10 ml 
La-solution.

[0211] 10 tablets are weighted and the average weight (Wa) is determined.

[0212] The tablets are crushed and 1.200 gram is weight out (in duplicates). The crushed 
tablet material is transferred to a 100 ml flask (in duplicates) and 10 ml H2O and 10 ml 6 M HCL 

is added to each flast. The suspensions are heated over a gas flame. After 30 minutes of 
heating H2O is added to 100 ml. The solution is filtered and a 2:100 dilution in H2O is prepared. 

2 ml of this solution is added to a 50 ml flask and 10 ml of a Lanthane-solution is added and 
H2O is added to 50 ml.

Calculation:

[0213]
Strontium per tablet (mg). itaredppnrxW^xJOO^Wmg)

Weight out mass (mg) x 2 x 2 x 1000

Example 15

[0214] Solubility of strontium tablets

Material

[0215]

USP Apparatus 2, paddle, 50 rpm.

900 ml 01 N HCI

37 °C

Height 2.5 cm above bottom

Lanthane-solution: 29.3 g La2C>3 + 50 ml konc HCL + H2O to 500 ml
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[0216] The determinations are made with 6 independent experiments. The tablets are 
submerged in 5 ml 0.1 N HCI each at 37 C, after 15 minutes a sample of 5 ml is taken from 
each tube, the sample is filtered immediately. The 5 ml is replaced by 0.1 N HCI, 37 C. 1 ml of 
the filtered sample is transferred to a 50 ml flask and 10 ml La(ll) solution and 0.1 HCI to 50 ml 
are added. The procedure is repeated at 30, 45 and 60 minutes from the beginning of the 
experiment. The content of strontium is measured using atomic absorption spectroscopy (AAS) 
as described in example 14.

Wave length: 460, 7 nm

Flame: acetylen-dinitrogenoxid

Standards: strontium standard solutions of 1,2, 3, 4, 5 ppm. as 50 ml solutions including 10 ml 
La-solution.

Calculation:

[0217]
.„I Measured ppm x 50 x 0.9 xWa (mg) x 100

Dissolved Strontium (%) =----------——----------------------~
Weight out mass (mg) x 1 x 300

Example 16

[0218] The solubility of the tablets described in example 11 measured as described in example 
15.

Results

[0219]

The percentage of dissolved strontium is given; the figures in brackets are the highest and 
lowest value obtained)

Dissolved strontium at 15 minutes is 32.7 % (25.5 - 38.4).

Dissolved strontium at 30 minutes is 41.7 % (36.4 - 49.7).

Dissolved strontium at 45 minutes is 51.6 % (44.3 - 58.8).
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Dissolved strontium at 60 minutes is 60.7 % (55.0 - 70.7).

Example 17

[0220] Example of tablet comprising 3.5 mmol strontium

463 mg strontium carbonate

93 mg strontium chloride

297 mg MCC

100 mg Mannitol

12 mg Sillicon Dioxid

5 mg Magnesium sterat

Example 18

[0221] Tablets formulated as in example 11 or 17 but with different amounts of strontium 
carbonate and strontium chloride. Table 1 here below shows the percentage of strontium 
contributed by SrCOß and SrCI_2 and the molar amounts of each component in a tablet 

comprising 3.5 mol of strontium.
Table 1.

SrCO3/SrCI_2 (%) SrCO3 (mmol) SrCI_2(mmol)

A 1/99 0.035 3.465
B 2/98 0.070 3.430
C 5/95 0.175 3.325
D 7/93 0.245 3.255
E 10/90 0.350 3.150
F 15/85 0.525 2.975
G 20/90 0.700 2.800
H 25/75 0.875 2.625
I 30/70 1.050 2.450
J 40/60 1.400 2.100
K 50/50 1.750 1.750
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[0222] In further examples the compositions may further comprise the components as 
described in example 12 and 13.

[0223] The solubility of the tablets is analysed as in example 15.
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PATENTKRAV

1. Farmaceutisk sammensætning, som kun omfatter to strontiumsalte, hvor strontium­

saltene består af strontiumcarbonat og Strontiumchlorid, til oral indgivelse i form af en 

tablet, en kapsel eller en opløselig tablet.

2. Farmaceutisk sammensætning ifølge krav 1, hvor sammensætningen omfatter 

mindst én vitamin D-forbindelse.

3. Sammensætning ifølge et hvilket som helst af kravene 1-2, hvor Strontiumchlorid er 

valgt fra gruppen: SrCk, SrCl2-2-H2O, SrCk-e-FUO.

4. Farmaceutisk sammensætning ifølge krav 3, hvor strontiumchloridet er SrCk-e-FUO.

5. Farmaceutisk sammensætning ifølge et hvilket som helst af kravene 1-4, hvor sam­

mensætningen omfatter strontiumchlorid-hexahydrat og strontiumcarbonat.

6. Farmaceutisk sammensætning ifølge krav 2-5, hvor den mindst ene vitamin D-forbin- 

delse er vitamin D3.

7. Farmaceutisk sammensætning ifølge krav 1-6, hvor sammensætningen omfatter et 

opløsende middel.

8. Anvendelse af den farmaceutiske sammensætning ifølge et hvilket som helst af de 

foregående krav til fremstilling af et lægemiddel til forhindring eller behandling af brusk­

eller knoglelidelser eller -sygdomme.

9. Anvendelse ifølge krav 8, hvor lægemidlet er til behandling eller forhindring af osteo- 

porose.

10. Anvendelse ifølge et hvilket som helst af kravene 8-9, hvor mængden af frigivet 

strontium er mindst 40% i løbet af 45 minutter.
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11. Anvendelse ifølge et hvilket som helst af kravene 8-9, hvor lægemidlet er formule­

ret som en tablet.

12. Anvendelse ifølge krav 11, hvor tabletten er en coatet tablet.

13. Anvendelse ifølge et hvilket som helst af kravene 8-12, hvor lægemidlet er formule­

ret til reguleret frigivelse.

14. Anvendelse ifølge et hvilket som helst af kravene 8-13, hvor lægemidlet er formule­

ret som et opløseligt lægemiddel.

15. Anvendelse ifølge et hvilket som helst af kravene 8-14, hvor en dosering omfatter 

3,0-15 mmol strontium.

16. Farmaceutisk sammensætning ifølge et hvilket som helst af de foregående krav 1-7 

til anvendelse i en behandlingsmetode.

17. Farmaceutisk sammensætning ifølge krav 16, hvor behandlingsmetoden er til be­

handling eller forhindring af en brusk- eller knoglelidelse eller -sygdom.

18. Farmaceutisk sammensætning ifølge krav 16, hvor behandlingsmetoden er be­

handling eller forhindring af osteoporose.

19. Farmaceutisk sammensætning ifølge krav 16, hvor 3,0-15 mmol strontium admini­

streres pr. dosering.

20. Farmaceutisk sammensætning ifølge krav 16, hvor behandlingsmetoden yderligere 

omfatter indgivelse af et lægemiddel omfattende calcium, hvor indgivelse af calcium er 

adskilt fra indgivelse af strontium.

21. Kit af dele omfattende:

i) en farmaceutisk sammensætning ifølge et hvilket som helst af kravene 1-7 og

ii) et lægemiddel omfattende mindst ét calciumsalt, hvor sammensætningerne i) 

og ii) er særskilte enheder.
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22. Kit af dele ifølge krav 21, hvor kittet af dele er til behandling eller forhindring af en 

brusk- eller knoglelidelse eller -sygdom.
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