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EFFERVESCENT BISPHOSPHONATE 
FORMULATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] Not Applicable 

STATEMENT REGARDING 
FEDERALLY-SPONSORED R&D 

[0002] Not Applicable 

REFERENCE TO MICROFICHE APPENDIX 

[0003] Not Applicable 

FIELD OF THE INVENTION 

[0004] This invention relates to pharmaceutical efferves 
cent formulations of bisphosphonates, especially alendr 
onate, and in particular, tablets and poWders Which effer 
vesce When added to Water. 

BACKGROUND OF THE INVENTION 

[0005] There are numerous bisphosphonates Which have 
been identifed as having utility as pharmaceutical agents 
Which inhibit bone resorption. These include: 

[0006] alendronate—(4-amino-l-hydroxy-butyl 
idene)bis-phosphonate; 

[0007] cimadronate—[(cycloheptylamino)methyl 
ene]bis-phosphonate; 

[0008] clodronate—(dichloromethylene)-bis-phos 
phonate; 

[0009] EB-1053—[1-hydroxy-3-(1-pyrrolidinyl) 
propylidene]bis-phosphonate; 

[0010] etidronate—(1-hydroxyethylidene)-bis-phos 
phonate; 

[0011] ibandronate—[1-hydroxy-3-(methylpenty 
lamino)propylidene]bis-phosphonate; 

[0012] neridronate—(6-amino-l-hydroxyhexy 
lidene)bis-phosphonate; 

[0013] olpadronate—[3-(dimethylamino)-1-hy 
droxy-propylidene]bis-phosphonate; 

[0014] pamidronate—(3-amino-1-hydroxypropy 
lidene)bis-phosphonate; 

[0015] risedronate—[1-hydroxy-2-(3-pyridinyl)-eth 
ylidene]bis-phosphonate; 

[0016] tiludronate—[[(4-chlorophenyl)thio]methyl 
ene]bis-phosphonate 

[0017] YH 529—[1-hydroxy-2-imidaZo-(1,2a)pyri 
din-3-ylethylidene]bis-phosphonate; and 

[0018] Zoledronate—[1-hydroxy-2-(1H-imidaZol-1 
yl)ethylidene]bis-phosphonate. 

[0019] Alendronate has been approved by various regula 
tory agencies, including the Food and Drug Administration 
in the United States as an oral osteoporosis treatment in post 
menopausal Women. The currently marketed formulation is 
a tablet, and the patient is instructed to take the tablet With 
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a full glass of Water in the morning, at least a half hour prior 
to eating or drinking. HoWever, certain side effects, includ 
ing esophageal irritation and erosion have been reported if 
the tablet Was not taken With enough Water, or if the patient 
did not remain in an upright position for approximately 
one-half hour after taking the medication. 

[0020] It Would be desirable to develop a formulation 
Which alloWs a bisphosphonate to be taken orally, yet avoids 
problems associated With prolonged contact betWeen the 
medication and the esophagus. 

SUMMARY OF THE INVENTION 

[0021] Not Applicable 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Not Applicable 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] The present invention is directed to an effervescent 
pharmaceutical formulation comprising, as an active ingre 
dient, a bisphosphonate seletcted from the group consisting 
of: alendronate, cimadronate, clodronate, EB-1053, etidr 
onate, ibandronate, neridronate, olpadronate, pamidronate, 
risedronate, tiludronate, YH 529, Zoledronate, pharmaceu 
tically acceptable salts and esters of the foregoing, and 
mixtures of the foregoing; 

[0024] an acid source selected from the group con 
sisting of: citric acid, tartaric acid, malic acid, 
fumaric acid, adipic acid, succinic acid; an anhydride 
of said acids; an acid salt selected from the group 
consisting of sodium dihydrogen phosphate, diso 
dium dihydrogen pyrophosphate and sodium acid 
sul?te; and mixtures of the acids, anhydrides and 
acid salts; 

[0025] a carbonate source selected from the group 
consisting of: sodium bicarbonate, sodium carbon 
ate, potassium bicarbonate, potassium carbonate, 
sodium sesquicarbonate, sodium glycine carbonate, 
and mixtures thereof; 

[0026] a binder selected from the group consisting of 
a non-reducing sugar such as mannitol, lactose, 
dextrose or sorbitol; polyvinyl pyrrolidone, or, 
sodium chloride, sodium benZoate and sodium sul 
fate; 

[0027] a lubricant selected from the group consisting 
of stearic acid salts, poWdered sodium benZoate, 
L-leucine, sodium laurel sulfate and polyethylene 
glycol (PEG); and 

[0028] optionally, one or more additional agents 
selected from the group consisting of ?avoring 
agents (such as orange and cherry) colorants, and 
sWeeteners (including xylitol, aspartame or 
acesulfame 

[0029] The present invention is also directed to an effer 
vescent pharmaceutical formulation comprising alendronate 
or a pharmaceutically acceptable salt thereof as an active 
ingredient and 
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[0030] an acid source selected from the group con 
sisting of: citric acid, tartaric acid, malic acid, 
fumaric acid, adipic acid, succinic acid; an anhydride 
of said acids; an acid salt selected from the group 
consisting of sodium dihydrogen phosphate, diso 
dium dihydrogen pyrophosphate and sodium acid 
sul?te; and mixtures of the acids, anhydrides and 
acid salts; 

[0031] a carbonate source selected from the group 
consisting of: sodium bicarbonate, sodium carbon 
ate, potassium bicarbonate, potassium carbonate, 
sodium sesquicarbonate, sodium glycine carbonate, 
and mixtures thereof; 

[0032] Wherein the acid source is present in at least 
an equivalent amount relative to the source of car 

bonate; 
[0033] a binder selected from the group consisting of 

mannitol, sorbitol, polyvinyl pyrrolidone, lactose, 
sodium chloride sodium benZoate and sodium sul 
fate; 

[0034] a lubricant selected from the group consist of 
stearic acid salts, poWdered sodium benZoate, L-leu 
cine, sodium laurel sulfate, poWdered sodium bicar 
bonate and polyethylene glycol (PEG); and 

[0035] optionally, one or more additional agents 
selected from the group consisting of ?avoring 
agents, particularly orange and cherry colorants, and 
sWeeteners selected from the group consisting of 
xylitol, aspartame and acesulfame K. 

[0036] The effervescent pharmaceutical formulation of the 
present invention may be either a tablet or a poWder. To use 
the formulation, the tablet or poWders are placed in an 
convenient amount of Water to produce an effervescent 
liquid, and the patient drinks the effervescent liquid. 

[0037] In one embodiment the formulation is a tablet, 
Wherein in one class the total Weight of the tablet ranges 
from about 100 to about 50,000 mg. In another embodiment, 
the tablet Weight ranges from about 1500 to about 32,500 mg 
and more particularly from about 20,800 to about 30,150 
mg. 

[0038] As used throughout this speci?cation and claims, 
the term “bisphosphonate” is intended to include the related 
bisphosphonic acids and salts, and various crystalline and 
amorphous forms. “Alendronate” includes the related bis 
phosphonic acid, and salt forms. It includes crystalline, 
hydrated crystalline, and amorphous forms of alendronate. It 
speci?cally includes alendronate sodium and alendronate 
monosodium trihydrate. 

[0039] Methods for the preparation of bisphosphonates are 
Well knoWn in the art. Methods for the preparation of 
alendronate and alendronate sodium salt trihydrate are 
knoWn. In particular, methods for the preparation of alen 
dronate may be found in US. Pat. Nos. 4,922,007, 5,019,651 
and 5,510,517, each of Which is hereby incorporated by 
reference. The amount of active in the formulation based on 
a Weight of alendronate Will range from 1 to 80 mg, 
particularly 5-40 mg and more particularly 5-15 mg. Exem 
plary amounts of alendronate are 5, 10 and 40 mg. 

[0040] The formulations of this invention have many 
distinct advantages. First of all, the patients drinks an 
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effervescent liquid, Which limits the amount of time in Which 
the bisphosphonate is in contact With the esophageal tissue, 
thus minimiZing the risk of irritation. Secondly, the bioavail 
ability of at least some of the bishosphonates, including 
alendronate is increased as a consequence of an excipient 
acting as a sequestering agent. Thirdly, the alendronate 
formulations are particularly advantageous in that alendr 
onate is often prescribed to elderly patients Who may expe 
rience difficulty in sWalloWing pills, but can more easily 
sWalloW a liquid formulation. 

[0041] In preferred embodiments of the invention the acid 
source is chosen from acid sources Which are also seques 
tering agents. This is an important consideration because 
bisphosphonates, particularly alendronate, can be a potent 
sequestering agent of divalent cations, especially Ca2+ and 
Mg2+. If either of these cations are present, the alendronate 
Will sequester them, rendering the alendronate less bioavail 
able. Preferred acid sources Which also act as a sequestering 
agent include citric acid and tartaric acid, and mixtures 
thereof. The excess citric acid or tartaric acid in the formu 
lation binds the ions in issue and prevents their complex 
ation With alendronate. 

[0042] The carbonate source should be chosen so that it 
does not contain divalent cations Which could be sequestered 
by the bisphosphonate. Suitable carbonate sources are 
sodium bicarbonate, sodium carbonate, potassium bicarbon 
ate, potassium carbonate and sodium glycine carbonate. 
Preferred carbonate sources are sodium bicarbonate, sodium 
carbonate, and mixtures thereof. 

[0043] In one aspect of this invention the acid source is 
present in an amount equal or greater than the carbonate 
source, on a molecular equivalent basis. Thus, When citric 
acid is the acid source and sodium bicarbonate is the 
carbonate source, the mole ratio of citric acid/bicarbonate is 
at least 1:3. In a particular class of this aspect there is an 
excess of citric acid, as this not only helps to efficiently 
generate the effervescence, but also acts to sequester any 
ions Which might otherWise complex With alendronate and 
the excess also acts as a ?avor enhancer. In an illustration of 
the excess acid source, the mole ratio of citric acid to 
bicarbonate ranges from 1:1 to 3:1. Where sodium carbonate 
is used as the source of carbonate an equal equivalent With 
citric acid Will require a mole ratio of 2 moles citric acid to 
3 moles carbonate. Analogous ratios can be calculated for 
any source of acid and carbonate, and of course the carbon 
ate source may be present as a mixture of bicarbonate and 
carbonate. 

[0044] For patients Who exhibit gastric irritation another 
aspect of this invention is to employ excess amounts of the 
carbonate source to provide an antacid effect to the formu 
lation. Example 2 beloW demonstrates such a formulation. 

[0045] The binder may be a non-reducing sugar, such as 
mannitol, compressible lactose, dextrose or sorbitol. Alter 
natively, a polymer such as polyvinylpyrrolidone may be 
used. Other binders can include sodium chloride, sodium 
benZoate and sodium sulfate. The binder is usually present 
in approximately 3-10% of the tablet, and preferably about 
5% (based on Wt/Wt), eg if the tablet Weighs 1000 mg, the 
binder Will be from about 30-100 mg, more preferably about 
50 mg. If, hoWever, a direct compression process is used to 
make the tablets, then a higher amount of binder is 
employed, preferably about 300-400 mg. 
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[0046] The tablet should also contain a lubricant, Which 
typically comprises about 0.5 to about 5% of the tablet on a 
Wt/Wt basis, and preferably about 1%. Preferred lubricants 
include poWdered sodium benZoate, microniZed polyethyl 
ene glycol 6000 and polyethylene glycol 8000, sodium 
lauryl sulfate, poWdered sodium bicarbonate and L-leucine. 

[0047] For effervescent poWder formulations, the compo 
sition of the poWder is similar to that of the tablet, except 
that the lubricant is generally present in a lesser amount 
(about less than one-half that in the tablet) and the binder 
should be chosen so that it is a dry binder. In preferred 
formulations, the poWder is granulated. 

[0048] Where desired a colorant, ?avoring agent such as 
orange or cherry or sWeetner from the group xylitol, aspar 
tame, or acesulfame K may be added to the formulation. 
Various methodologies for preparing the formulations of the 
current invention are illustrated in the examples beloW. 

[0049] The folloWing formulations and manufacturing 
procedures can be used for manufacture of effervescent 
tablets containing alendronate sodium. 

[0050] It should be understood that one skilled in this art 
Will recogniZe equivalent formulations Which are intended to 
be included With the scope of this invention. 

EXAMPLE 1 

[0051] 

Alendronate sodium 5-10 10 mg 
(in mg alendronate acid) 
Citric acid, anhydrous (granular) 600-700 650 mg 
Sodium bicarbonate (granular) 300-500 367 mg 
Sodium carbonate, anhydrous 20-60 40 mg 
Flavoring agent (optional) 10-50 25 mg 
Colorant (optional) 0-10 5 mg 
Sodium benzoate 5-15 7.5 mg 
Water 0-5 2 mg. 

[0052] Premix sodium benZoate With sodium bicarbonate 
and alendronate sodium. Mix color With sodium carbonate. 
Place citric acid in a boWl of a suitable blender. Add the 2 
mg Water to the citric acid sloWly and mix thoroughly to 
form a moist blend. Add to the blend, in sequence, While 
mixing, the sodium bicarbonate mix, and the sodium car 
bonate-color mix until uniformly distributed. Compress tab 
lets using suitable siZe tooling. Cure the tablets, cool and 
package in aluminum foil. 

EXAMPLE 2 

[0053] 

Alendronate sodium 5-10 5 mg or 

(in mg alendronate acid) 10 mg 
Citric acid, anhydrous (granular) 450-650 590 mg 
Sodium bicarbonate (granular) 750-1000 850 mg 
Sodium bicarbonate, powder 50-150 87 mg 
Citrus ?avor (optional) 0-50 25 mg 
Water 0-25 15 mg. 
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[0054] Blend alendronate sodium, citric acid and citrus 
?avor in a suitable blender. Quickly add all of Water and mix 
until a Workable mass is formed. Granulate through a 
suitable screen using a granulator. Spread evenly on a 
paper-lined tray or a ?uid bed dryer. Place a dried granula 
tion in a suitable blender and add poWder sodium bicarbon 
ate. Mix Well. Compress tablets using a suitable ?at face 
beveled edge tooling. Package in aluminum foil or alumi 
num tubes. 

EXAMPLE 3 

[0055] 

Alendronate sodium 10 mg 
(in mg alendronate acid) 
Mannitol, direct compression grade 165 mg 
Sodium bicarbonate 850 mg 
Citric acid 530 mg 
Sodium benzoate 15 mg 

[0056] Mix alendronate sodium and sodium benZoate in a 
suitable mixer. Add mannitol and continue mixing till uni 
form. Add sequentially citric acid and sodium bicarbonate. 
Roller compact the poWder mix folloWed by granulation 
using a suitable screen. Compress the granulation using a 
suitable tooling. Package the tablets in aluminum foil. 

EXAMPLE 4 

[0057] 

Alendronate sodium 
(in mg alendronate acid) 

2.5-10 10 mg 

Citric acid, anhydrous (granular) 400-800 600 mg 
Sodium bicarbonate (granular) 1000-2000 1500 mg 
Sodium carbonate, anhydrous 20-80 40 mg 
Flavoring agent (optional) 0-50 25 mg 
Colorant (optional) 0-15 5 mg 
Sodium benzoate 25-175 150 mg 
Xylitol 100-300 200 mg 
SWeetner (aspartame) 1-10 2.5 mg 

[0058] Part 1. Blend in a suitable mixer xylitol, alendr 
onate and 400 mg sodium bicarbonate. Roller compact this 
mixture. 

[0059] Part 2. Blend in a suitable mixer sodium benZoate, 
citric acid, 900 mg sodium bicarbonate, color, ?avor and 
sWeetner; then roller compact this mixture. 

[0060] Part 3. Granulate Parts 1 and 2 through a suitable 
screen, add remaining poWders and mix. 

[0061] Compress the granulation using a suitable tooling. 
Package the tablets in aluminum foil. 

What is claimed is: 
1. An effervescent pharmaceutical formulation compris 

ing as an active ingredient a bisphosphonate selected from 
the groups consisting of: alendronate, cimadronate, clodr 
onate, EB-1053, etidronate, ibandronate, neridronate, olpad 
ronate, pamidronate, risedronate, tiludronate, YH 529, 
Zoledronate, pharmaceutically acceptable salts and esters of 
the foregoing, and mixtures of the foregoing; and 
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an acid source selected from the group consisting of: citric 
acid, tartaric acid, malic acid, fumaric acid, adipic acid, 
succinic acid; an anhydride of said acids; an acid salt 
selected from the group consisting of sodium dihydro 
gen phosphate, disodium dihydrogen pyrophosphate 
and sodium acid sul?te; and mixtures of the acids, 
anhydrides and acid salts; a carbonate source selected 
from the group consisting of: sodium bicarbonate, 
sodium carbonate, potassium bicarbonate, potassium 
carbonate, sodium sesquicarbonate, sodium glycine 
carbonate, and mixtures thereof; 

a binder selected from the group consisting of a non 
reducing sugar, polyvinyl pyrrolidone, sodium chlo 
ride, sodium benZoate and sodium sulfate; 

a lubricant selected from the group consist of stearic acid 
salts, poWdered sodium benZoate, L-leucine, sodium 
laurel sulfate and PEG; and 

optionally, one or more additional agents selected from 
the group consisting of ?avoring agents, colorants, and 
sWeeteners. 

2. An effervescent pharmaceutical formulation according 
to claim 1 Wherein the active ingredient comprises alendr 
onate or a pharmaceutically acceptable salt thereof as an 
active ingredient and further comprising: 

an acid source selected from the group consisting of: citric 
acid, tartaric acid, malic acid, fumaric acid, adipic acid, 
succinic acid; an anhydride of said acids; an acid salt 
selected from the group consisting of sodium dihydro 
gen phosphate, disodium dihydrogen pyrophosphate 
and sodium acid sul?te; and mixtures of the acids, 
anhydrides and acid salts; a carbonate source selected 
from the group consisting of: sodium bicarbonate, 
sodium carbonate, potassium bicarbonate, potassium 
carbonate, sodium sesquicarbonate, sodium glycine 
carbonate, and mixtures thereof; 

Wherein the acid source is present in an equal or excess 
amount compared to the carbonate source, based on 
molecular equivalent amounts; 

a binder selected from the group consisting of mannitol, 
sorbitol, polyvinyl pyrrolidone, lactose, sodium chlo 
ride, sodium benZoate and sodium sulfate; 

a lubricant selected from the group consist of stearic acid 
salts, poWdered sodium benZoate, L-leucine, sodium 
laurel sulfate and PEG; and 

optionally, one or more additional agents selected from 
the group consisting of ?avoring agents, colorants, and 
sWeeteners. 

3. Aformulation according to claim 2 Wherein the amount 
of alendronate or salt thereof is from 1-80 mg. 

4. A formulation according to claim 3 Wherein the acid 
source is citric acid, tartaric acid or mixtures thereof. 
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5. A formulation according to claim 3 Wherein the car 
bonate source is sodium bicarbonate, sodium carbonate, and 
mixtures thereof. 

6. A formulation according to claim 5 Wherein the mole 
ratio of citric acid to bicarbonate is from 1:1 to 1:3. 

7. A formulation according to claim 5 Wherein the binder 
is mannitol, lactose, dextrose or sorbitol. 

8. A formulation comprising (in mg): 

Alendronate sodium 5-10 mg 
(in mg alendronic acid) 
citric acid 600-750 
sodium bicarbonate 300-500 
sodium carbonate 20-60 
sodium benzoate 5-15 
Water 0-5. 

9. Aformulation according to claim 8, further comprising 
a ?avoring agent or a colorant. 

10. A formulation comprising (in mg): 

Alendronate sodium 5-10 
(in mg alendronic acid) 
citric acid 450-650 
sodium bicarbonate (total) 800-1150. 

11. A formulation comprising (in mg): 

Alendronate sodium 2.5-10 
(in mg alendronic acid) 
citric acid 400-800 
sodium bicarbonate 1000-2000 
sodium carbonate 20-80 
sodium benzoate 25-175 
xylitol 100-300. 

12. A formulation made by the process of combining: 

Alendronate sodium 2.5-10 
(in mg alendronic acid) 
citric acid 400-800 
sodium bicarbonate 1000-2000 
sodium carbonate 20-80 
sodium benzoate 25-175 
xylitol 100-300. 


