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(57) ABSTRACT 

The present invention is related to an oral dosage form 
comprising an effective amount of an alkalizing agent and an 
azithromycin multiparticulate wherein Said multiparticulate 
comprises azithromycin, a glyceride which comprises glyc 
eryl monobelhenate, glyceryl dibehenate, glyceryl tribehen 
ate, or a mixture thereof and a poloxamer. Typically, the oral 
dosage form includes any Suitable oral dosing means Such as 
a powder for oral Suspension, a unit dose packet or Sachet, 
a tablet or a capsule. 
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AZTHROMYCIN DOSAGE FORMS WITH 
REDUCED SIDE EFFECTS 

0001. This application is a continuation application of 
U.S. Ser. No.10/763,340, filed on Jan. 23, 2004 which is a 
nonprovisional application of provisional application Ser. 
No. 60/527,084, filed Dec. 4, 2003. 

BACKGROUND OF THE INVENTION 

0002 Azithromycin is an antibiotic which is adminis 
tered orally or intravenously, to treat various infections, 
particularly infections of the urinary tract, bronchial tract, 
lungs, Sinuses and the middle ear. 
0.003 Oral dosing of azithromycin can result in adverse 
gastrointestinal (GI) side effects Such as nausea, cramping, 
diarrhea and vomiting in a significant number of patients. 
Such GI side effects can also occur in non-human mammals, 
e.g., dogs. 

0004. In combined clinical studies of azithromycin 
involving 3,995 human patients (all dose levels combined), 
9.6% of patients reported GI side effects; the most frequent 
of these side effects were diarrhea (3.6%), nausea (2.6%), 
and abdominal pain (2.5%) Hopkins, 91 Am. J. Med. 40S 
(suppl 3A 1991). 
0005 The frequency of these adverse effects increase 
with higher dose levels of azithromycin. In treating adult 
humans, for a single 1 gram dose, administered in an oral 
Suspension, the reported incidence of various GI side effects 
was 7% diarrhea/loose stools, 5% nausea, 5% abdominal 
pain, and 2% vomiting (U.S. Package Insert for Zithromax(R) 
azithromycin for oral Suspension). However, for a single 2 
gram, administered in an oral Suspension, the reported 
incidence of various GI side effects was 14% diarrhea/loose 
stools, 7% abdominal pain, and 7% vomiting (Ibid.). 
0006 Similarly, in treating pediatric humans, by admin 
istering an oral Suspension containing 10 mg/kg on Day 1 
and 5 mg/kg on days 2-5, the reported incidence of various 
GI side effects was 4% diarrhea/loose stools, 2% abdominal 
pain, and 2% vomiting (Ibid.), while, for a single 30 mg/kg 
dose, administered in an oral Suspension, the reported inci 
dence of various GI side effects was 6.4% diarrhea/loose 
stools, 1.7% nausea, and 4% vomiting (Ibid.). 
0007 Antacids, which are alkalizing agents that are pro 
Vided in large doses to raise Stomach pH from about 1-3 to 
about 4-7, may provide a patient with relief from diarrhea, 
cramping, and gastric upset. However, patients have been 
cautioned against Simultaneously taking an antacid, particu 
larly those containing aluminum or magnesium, with 
azithromycin, as antacids have been shown to reduce 
azithromycin maximum Serum concentration C by 24% 
(Ibid.). Further, to avoid antacid caused interference with 
azithromycin absorption, patients have also been advised to 
Separate the administration of azithromycin and antacid 
doses by at least two hours. 
0008 Presently, Small amounts, about 132 mg or less, of 
the alkalizing agent anhydrous tribasic Sodium phosphate 
are used in commercial dosage forms of azithromycin to 
mask the bitter taste of azithromycin by reducing the Solu 
bility of azithromycin before Swallowing. Further, in treat 
ing uncomplicated gonococcal infections, two Single dose 
packets of azithromycin, which each contain 88 mg of 
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anhydrous tribasic Sodium phosphate, are concurrently 
administered in a Single dose to a patient in need thereof. 
0009 More recently, azithromycin controlled release 
dosage forms have been prepared, as described in U.S. Pat. 
No. 6,068,859, that reduce the gastrointestinal side effects, 
resulting from an administered dose of azithromycin, as 
compared to an equivalent dose of commercial immediate 
release azithromycin capsules. However, the bioavailability 
of many of the controlled release dosage forms, Specifically 
exemplified therein, were Subsequently found to be less than 
their immediate release equivalents. 
0010. Therefore, what is needed is an azithromycin dos 
age form that has a bioavailability similar to, and gas 
trointestinal Side effects less than, an equivalent dose of 
immediate release azithromycin. 

SUMMARY OF THE INVENTION 

0011. The present invention relates to an oral dosage 
form of azithromycin comprising azithromycin and an effec 
tive amount of an alkalizing agent. Preferably, Said oral 
dosage form comprises an effective amount of an alkalizing 
agent and an azithromycin multiparticulate wherein Said 
multiparticulate comprises azithromycin, a mixture of glyc 
eryl mono-, di- and tribehenates, and a poloxamer. 

0012. The present invention further relates to an oral 
Suspension comprising azithromycin, an effective amount of 
an alkalizing agent and a vehicle. Preferably, the azithro 
mycin is in multiparticulate form. More preferably, the 
multiparticulates comprise azithromycin, a mixture of glyc 
eryl mono-, di- and tribehenates, and a poloxamer. 
0013 Even more preferably, the azithromycin oral dos 
age form and oral Suspension further comprise 300 mg to 
400 mg of tribasic sodium phosphate, 200 mg to 300 mg of 
magnesium hydroxide, and multiparticulates, wherein Said 
multiparticulates comprise (i) azithromycin, (ii) a mixture of 
glyceryl monobelhenate, glyceryl dibehenate and glyceryl 
tribehenate, and (iii) poloxamer 407, and wherein Said 
dosage form contains about 1.5 gA to about 4 gA of 
azithromycin. 

0014. In addition, the present invention also relates to a 
method for reducing gastrointestinal Side effects, associated 
with administering azithromycin to a mammal, comprising 
contiguously administering azithromycin and an effective 
amount of alkalizing agent to Said mammal wherein the 
frequency of gastrointestinal Side effects is lower than that 
experienced by administering an equal dose of azithromycin 
without Said alkalizing agent. In this method, it is preferable 
that the multiparticulates comprise (i) azithromycin, (ii) a 
mixture of glyceryl monobelhenate, glyceryl dibehenate and 
glyceryl tribehenate, and (iii) a poloxamer. 
0015 The present invention further relates to a method of 
treating a bacterial or protozoal infection in a mammal in 
need thereof comprising contiguously administering to Said 
mammal an oral dosage form wherein Said oral dosage form 
comprises azithromycin and an effective amount of an 
alkalizing agent. Preferably, in this method, between 250 
mgA and 7 gA of azithromycin are administered to a human. 
More preferably, 1.5 gA to 3 gA of azithromycin are 
administered to a human, even more preferably in a single 
dose. Also more preferably, for a pediatric human weighing 
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30 kg or less, between 45 mgA/kg and 75 mgA/kg of 
azithromycin are administered to Said child, even more 
preferably in a Single dose. 

0016. The present invention additionally relates to 
azithromycin multiparticulates comprising azithromycin, a 
Surfactant; and a pharmaceutically acceptable carrier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1, which is further discussed in Example 1, 
shows the effects on pH of titrating different alkalizing 
agents with increasing volumes of 0.1N HC1. 
0.018 FIG. 2, which is further discussed in Examples 1 
and 8, shows the calculated pH of different alkalizing agents 
when titrated with 0.1 N HCl over time. 

0019 FIG. 3, which is further discussed in Example 8, 
shows the calculated pH of different alkalizing agents when 
titrated with 0.1 NHCl over time. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0020. As used in the present invention, the term “about” 
means the specified value +10% of the specified value. 

0021 AS used in the present invention, the terms “a” or 
"an' mean one or more. 

0022. For example, the term “an alkalizing agent’ means 
one or more alkalizing agents, the term "a carrier means 
one or more carriers, and the term "a dissolution enhancer' 
means one or more dissolution enhancers. 

0023 The term “alkalizing agent”, as used herein, means 
a pharmaceutically acceptable excipient which will raise the 
pH in a constituted Suspension or in a patient's Stomach after 
being orally administered to Said patient. 
0024. The term “pharmaceutically acceptable', as used 
herein, means that which is compatible with other ingredi 
ents of the composition, and not deleterious to the recipient 
thereof. 

0.025 The term “constituted suspension” means that the 
powder has been mixed with a vehicle and forms an “oral 
Suspension'. In this oral Suspension, the azithromycin and 
excipients may be (a) completely Suspended in the vehicle or 
(b) partially Suspended in the vehicle and partially in Solu 
tion in the vehicle. Oral Suspensions of the present invention 
include vehicles containing azithromycin which is SuS 
pended within the vehicle, or wherein the azithromycin is 
temporarily Suspended, in the vehicle after Shaking, Stirring 
or mixing. 

0026. A vehicle of the present invention comprises unfla 
Vored water, flavored water, or a natural or artificial fruit, or 
otherwise flavored, aqueous Solution Such as a beverage. 
0027. In the present invention, the alkalizing agent, 
excipients and Vehicle are pharmaceutically acceptable. 

0028. An “effective amount of an alkalizing agent”, as 
used herein, means an amount of one or more alkalizing 
agents which, when administered in combination with 
azithromycin, provides a relative degree of improvement in 
toleration in terms of the percentage of recipients tolerating 
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azithromycin administration, without GI side effects, rela 
tive to a control dosage form containing the same amount of 
active azithromycin. 
0029 A“relative degree of improvement in toleration” is 
defined as the ratio of (1) the percentage adverse events 
arising from the administration of an immediate release 
control dosage form to (2) the percentage adverse events 
arising from the administration of a controlled release mul 
tiparticulate dosage form of the present invention, where the 
immediate release control dosage form and the controlled 
release multiparticulate dosage form contain the same 
amount of azithromycin. The immediate release control 
dosage form may be any conventional immediate release 
dosage form, Such as Zithromax(E) tablets, capsules, or 
Single-dose packets for oral Suspension. For example, if an 
immediate release control dosage form provides a percent 
age adverse events arising from the administration of 20% 
while the multiparticulate dosage form of the present inven 
tion provides a percentage adverse events arising from the 
administration of 10%, then the relative degree of improve 
ment in toleration is 20%--10% or 2. 

0030 The term “oral dosage form” includes a plurality of 
devices that collectively deliver, by oral ingestion, the 
desired amount of azithromycin, to achieve a desired dose of 
azithromycin. Typically, the oral dosage form is a powder 
for oral Suspension, a unit dose packet or Sachet, a tablet or 
a capsule. 
0031 “Administration” refers generally to introducing 
the dosage form to a use environment, either by placing the 
dosage form in an in vitro dissolution medium or by inges 
tion by an animal So as to enter the in Vivo environment of 
the GI tract. 

0032. As defined herein, the term “use environment” can 
be either the in vivo environment of the GI tract of an 
animal, Such as a mammal and particularly a human, or the 
in vitro environment of a pH 6.0 NaHPO buffer test 
medium as described in Example 5. 
0033. The term “mammal’ is an individual animal that is 
a member of the taxonomic class Mammalia. The class 
Mammalia includes, for example, humans, monkeys, chim 
panzees, gorillas, cattle, Swine, horses, sheep, dogs, cats, 
mice and rats. 

0034. In the present invention, the preferred mammal is 
a human. 

0035. The dosage forms of the present invention provide 
better toleration of administered azithromycin, by raising pH 
in the stomach to a level Sufficient to substantially reduce the 
release rate, or dissolution rate, of azithromycin in the 
Stomach and thereby reduce the concentration of dissolved 
azithromycin in the Stomach and in the duodenum. This 
reduction in the concentration of dissolved azithromycin in 
the Stomach, and preferably in the duodenum, results in a 
decrease in the incidence, or frequency, of GI side effects 
when azithromycin is administered. Specifically, for a dos 
age form of the present invention, which comprise azithro 
mycin and an effective amount of an alkalizing agent, the 
azithromycin release rate or dissolution rate for a dose of 1.5 
gA to 7 gA, in the in vitro environment of the pH 6.0 
Na HPO, buffer test medium of Example 5, should be (i) 
from 15 to 55 wt % of said azithromycin in said dosage form 
at 0.25 hour but no more than 1.1 gA; (ii) from 30 to 75 wt 
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% of said azithromycin in said dosage form at 0.5 hour but 
no more than 1.5 gA, and preferably no more than 1.3 gA, 
and (iii) greater than 50 wt % of said azithromycin in said 
dosage form at 1 hour after administration to the buffer test 
medium. For doses below 1.5 gA, Such as pediatric doses, 
the dose should be Scaled up to 2 gA and then evaluated 
using this in vitro test. 

0.036 The term “gA” refers to grams of active azithro 
mycin, meaning the non-Salt, non-hydrated azithromycin 
macrollide molecule having a molecular weight of 749 
g/mol. 

0037. The present dosage forms provide a relative degree 
of improvement in toleration of administered azithromycin 
of at least 1.1 as compared to an equivalent immediate 
release dosage form. Preferably, the relative degree of 
improvement in toleration is at least about 1.25. More 
preferably, the relative improvement in toleration is at least 
about 1.5. Even more preferably, the relative improvement 
in toleration is at least about 2.0. Most preferably, the 
relative improvement in toleration is at least about 3.0. 

0.038. In a preferred embodiment, the present dosage 
forms also maintain an appropriate level of bioavailability 
by not significantly lowering the azithromycin release rate 
and/or dissolution rate of administered azithromycin in the 
duodenum or distal to the duodenum. Typically, the present 
dosage forms provide a bioavailability of at least 60%, more 
preferably at least 70%, even more preferably at least 80%, 
and most preferably at least 90% relative to the control 
composition. 

0.039 Alkalizing agents of the present invention raise the 
pH of acidic aqueous Solutions and include, for example, 
antacids as well as other pharmaceutically acceptable (1) 
organic and inorganic bases, (2) Salts of Strong organic and 
inorganic acids, (3) Salts of weak organic and inorganic 
acids, and (4) buffers. 
0040 Examples of such alkalizing agents include, but are 
not limited to, aluminum Salts. Such as magnesium aluminum 
Silicate; magnesium Salts. Such as magnesium carbonate, 
magnesium trisilicate, magnesium aluminum Silicate, mag 
nesium Stearate; calcium Salts. Such as calcium carbonate; 
bicarbonates Such as calcium bicarbonate and Sodium bicar 
bonate, phosphates Such as monobasic calcium phosphate, 
dibasic calcium phosphate, dibasic Sodium phosphate, triba 
sic Sodium phosphate (TSP), dibasic potassium phosphate, 
tribasic potassium phosphate, metal hydroxides Such as 
aluminum hydroxide, Sodium hydroxide and magnesium 
hydroxide; metal oxides Such as magnesium oxide, N-me 
thyl glucamine, arginine and Salts thereof, amines Such as 
monoethanolamine, diethanolamine, triethanolamine, and 
tris(hydroxymethyl)aminomethane (TRIS); and combina 
tions thereof. 

0041) Preferably, the alkalizing agent is TRIS, magne 
sium hydroxide, magnesium oxide, dibasic Sodium phos 
phate, TSP, dibasic potassium phosphate, tribasic potassium 
phosphate or a combination thereof. More preferably, the 
alkalizing agent is a combination of TSP and magnesium 
hydroxide. 

0042. When the alkalizing agent comprises TSP, it is 
preferred that the TSP be anhydrous. 
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0043. The minimum amount of alkalizing agent suitable 
to constitute an “effective amount' is that amount which 
would provide a relative degree of improvement in tolera 
tion of at least 1.1. 

0044) This suitable amount of alkalizing agent can be 
readily determined by performing an in vitro ladder Study of 
azithromycin dissolution rates by titrating a Solution of a 
fixed dose of azithromycin with 0.1 NHCl and increasing 
amounts of an alkalizing agent or combinations of alkalizing 
agents as described in Example 1. 
0045 For dosage forms containing azithromycin multi 
particulates, an effective amount of an alkalizing agent, is 
that amount which, when titrated using an in vitro titration 
test against 
0046) 0.1 NHCl, which simulates gastric fluid in the fed 
State, as described in Example 1, maintains a pH of about 5, 
or more, for at least about 10 minutes, and more preferably 
a pH of about 6, or more, for a period of about 10 minutes. 
Even more preferably, the alkalizing agent should maintain 
a pH of about 6 or more for about 20 minutes or more. 
0047 For azithromycin immediate release dosage forms, 
an effective amount of an alkalizing agent, is that amount 
which, when titrated using an in vitro titration test against 
0048 0.1 NHCl, as described in Example 1, maintains a 
pH of about 6.4, or more, for at least about 10 minutes, and 
more preferably for at least about 30 minutes. 
0049. Alternatively, an effective amount of an alkalizing 
agent can be determined in the following in vitro test. First, 
a 20-mL sample of 0.1 NHCl is placed in an appropriate 
container. Second, the candidate alkalizing agent is added to 
60 mL of water. The So-formed alkalizing agent Solution is 
then added to the 20-mL sample of 0.1 NHCl and the pH of 
the resulting solution is monitored over time. When the 
azithromycin is in the form of Sustained-release multipar 
ticulates, an effective amount of alkalizing agent is one Such 
that the pH of the solution is at least 5, preferably at least 6, 
and more preferably at least 7. When the azithromycin is in 
an immediate release formulation, an effective amount of 
alkalizing agent is one Such that the pH of the Solution is at 
least 6.4, preferably at least 7.5, and more preferably at least 
8. 

0050. An alkalizing agent of the present invention is 
administered contiguously with the administration of a dose 
of azithromycin. AS used herein, the term “contiguously 
means that the alkalizing agent is administered before, 
concurrent with or after the azithromycin within a period of 
time Sufficient to Slow the rate of release of azithromycin in 
the Stomach and lower the concentration of dissolved 
azithromycin in the duodenum. For example, when admin 
istering azithromycin in a multiparticulate form, the alkal 
izing agent should be administered, between about 20 min 
utes before and about 10 minutes after administering the 
azithromycin. For an azithromycin immediate release dos 
age form, the alkalizing agent should be administered con 
currently with the azithromycin or up to about 20 minutes 
before administering the azithromycin. 
0051 Preferably, the alkalizing agent is administered 
concurrently with the administration of the azithromycin. 
0052 The alkalizing agent can be mixed with the azithro 
mycin dosage form as an integral part of a tablet, capsule, or 
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preferably in a powder mixture if the controlled-release form 
is a powder for oral Suspension. 
0053. The alkalizing agent may be in the same dosage 
form as is the azithromycin, the alkalizing agent may be 
contained in a vehicle used to administer the azithromycin, 
and/or the alkalizing agent can be administered Separately 
from the azithromycin. 
0.054 Wherein the azithromycin dosage form contains at 
least a portion of the alkalizing agent, the azithromycin 
dosage form can be any oral dosage form Such as a Suspen 
Sion, tablet, capsule or Sachet. 
0.055 Wherein the alkalizing agent is at least partially 
contained in the vehicle, the azithromycin dosage form can 
be a Sachet, powder for oral Suspension, tablet or capsule. 
0056. Where the alkalizing agent is at least partially 
administered Separately from the azithromycin, the alkaliz 
ing agent can be in any oral dosage form Such as a liquid, 
Suspension, tablet, capsule or Sachet. 
0057. As used herein, “azithromycin' means all amor 
phous and crystalline forms of azithromycin including all 
polymorphs, isomorphs, clathrates, Salts, Solvates and 
hydrates of azithromycin, as well as anhydrous azithromy 
C. 

0.058 Preferably, the azithromycin of the present inven 
tion is azithromycin dihydrate which is disclosed in U.S. Pat. 
No. 6,268,489 B1. 

0059. In alternate embodiments of the present invention, 
the azithromycin comprises a non-dihydrate azithromycin, a 
mixture of non-dihydrate azithromycins, or a mixture of 
azithromycin dihydrate and non-dihydrate azithromycins. 
Examples of Suitable non-dihydrate azithromycins include, 
but are not limited to, alternate crystalline forms B, D, E, F, 
G, H, J, M, N, O, P, Q and R. 
0060 Azithromycin form B, which is a hygroscopic 
hydrate of azithromycin, is disclosed in U.S. Pat. No. 
4,474,768. 

0061 Azithromycin forms D, E, F, G, H, J, M, N, O, P, 
Q and R are disclosed in U.S. patent application Ser. No. 
(USSN) 10/152,106, which published on Aug. 28, 2003 as 
U.S. patent application Publication No. 20030162730 A1. 
0062) Forms B, F, G, H, J, M, N, O, and P belong to 
Family I azithromycin and belong to a monoclinic P2, Space 
group with cell dimensions of a=16.3+0.3 A, b=16.2:03 A. 
c=18.4+0.36 and beta=109+2. 

0.063 Form F azithromycin is an azithromycin ethanol 
Solvate of the formula CH7NO.H.O.0.5CH-OH in the 
Single crystal Structure, Specifically, being an azithromycin 
monohydrate hemi-ethanol Solvate. Form F is further char 
acterized as containing 2-5% water and 1-4% ethanol by 
weight in powder Samples. The Single crystal of form F is 
crystallized in a monoclinic space group, P2, with the 
asymmetric unit containing two azithromycin, two waters, 
and one ethanol, as a monohydrate/hemi-ethanolate. It is 
isomorphic to all Family I azithromycin crystalline forms. 
The theoretical water and ethanol contents are 2.3 and 2.9 wt 
%, respectively. 

0064. Form G azithromycin is of the formula 
CH7NO2.1.5H2O in the Single crystal Structure, being 
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azithromycin Sesquihydrate. Form G is further characterized 
as containing 2.5-6 wt % water and <1 wt % organic 
Solvent(s) by weight in powder Samples. The Single crystal 
Structure of form G consists of two azithromycin molecules 
and three water molecules per asymmetric unit. This corre 
sponds to a Sesquihydrate with a theoretical water content of 
3.5 wt %. The water content of powder samples of form G 
ranges from about 2.5 to about 6 wt %. 
0065. The total residual organic solvent is less than 1 wt 
% of the corresponding Solvent used for crystallization. 
0.066 Form H azithromycin is of the formula 
C.H.N.O.H.O.0.5CHO, being azithromycin monohy 
drate hemi-1,2 propanediol Solvate. Form H is a monohy 
drate/hemi-propylene glycol Solvate of azithromycin free 
base. 

0067 Form J azithromycin is of the formula 
CH7NO.H.O.0.5 CH-OH in the Single crystal Struc 
ture, being azithromycin monohydrate hemi-n-propanol Sol 
Vate. 

0068 Form J is further characterized as containing 2-5 wt 
% water and 1-5 wt % n-propanol by weight in powder 
samples. The calculated solvent content is about 3.8 wt % 
n-propanol and about 2.3 wt % water. 
0069. Form Mazithromycin is an isopropanol solvate of 
azithromycin of the formula 
CH7NO.H.O.0.5CH7OH, Specifically, being azithro 
mycin monohydrate hemi-isopropanol Solvate. Form M is 
further characterized as containing 2-5 wt % water and 1-4 
wt % 2-propanol by weight in powder Samples. The Single 
crystal structure of form M would be a monohydrate/hemi 
isopropranolate. 
0070 Form Nazithromycin is a mixture of isomorphs of 
Family I. The mixture may contain variable percentages of 
isomorphs F, G, H, J, M and others, and variable amounts of 
water and organic Solvents, Such as ethanol, isopropanol, 
n-propanol, propylene glycol, acetone, acetonitrile, butanol, 
pentanol, etc. The weight percent of water can range from 
1-5.3 wt % and the total weight percent of organic solvents 
can be 2-5 wt % with each solvent making up 0.5 to 4 wt %. 
0.071) Form O azithromycin is of the formula 
CH7NO.0.5H2O.0.5CHOH, being a hemihydrate 
hemi-n-butanol Solvate of azithromycin free base by Single 
crystal Structural data. 
0072 Form P azithromycin is of the formula 
CH7NO.H.O.0.5 CHO, being azithromycin mono 
hydrate hemi-n-pentanol Solvate. 
0073 Form Q azithromycin is of the formula 
CH7NO.H.O.0.5 CHO, being azithromycin monohy 
drate hemi-tetrahydrofuran solvate. It contains about 4 wt % 
water and about 4.5 wt % THF. 

0074 Forms D, E and R belong to Family II azithromycin 
and belong to an orthorhombic P2, 2.2, space group with 
cell dimensions of a=8.9+0.4 A, b=12.3+0.5 A and 
c=45.8+0.5 A. Form Q is distinct from Families I and II. 

0075) Form D azithromycin is of the formula 
CH7NO.12.H.O.C.He in its Single crystal Structure, 
being azithromycin monohydrate monocyclohexane Solvate. 
Form D is further characterized as containing 2-6 wt % 
water and 3-12 wt % cyclohexane by weight in powder 
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Samples. From Single crystal data, the calculated water and 
cyclohexane content of form D is 2.1 and 9.9 wt %, 
respectively. 
0076 Form E azithromycin is of the formula 
CH7NO.H.O.CHO, being azithromycin monohy 
drate mono-tetrahydrofuran Solvate. Form E is a monohy 
drate and mono-THF Solvate by Single crystal analysis. 
0077. Form R azithromycin is of the formula 
CH7NO.H.O.C.s H2O, being azithromycin monohy 
drate mono-methyl tert-butyl ether Solvate. Form R has a 
theoretical water content of 2.1 wt % and a theoretical 
methyl tert-butyl ether content of 10.3 wt %. 
0078 Both Family I and Family II isomorphs are 
hydrates and/or Solvates of azithromycin. The solvent mol 
ecules in the cavities have a tendency to exchange between 
Solvent and water under Specific conditions. Therefore, the 
Solvent/water content of the isomorphs may vary to a certain 
eXtent. 

0079. Other examples of non-dihydrate azithromycin 
include, but are not limited to, an ethanol Solvate of azithro 
mycin or an isopropanol Solvate of azithromycin. Examples 
of Such ethanol and isopropanol Solvates of azithromycin are 
disclosed in U.S. Pat. No. 6,365,574, by Singer et al., titled 
“Ethanolate of azithromycin, process for manufacture, and 
pharmaceutical compositions thereof, U.S. Pat. No. 6,245, 
903, by Karimian et al., titled “Azithromycin monohydrate 
isopropanol clatharate and methods for the manufacture 
thereof or in U.S. Ser. No. 10/152,106. 
0080 Additional examples of non-dihydrate azithromy 
cin include, but are not limited to, azithromycin monohy 
drate as disclosed in U.S. patent application Publication 
Nos. 20010047089 which published on Nov. 29, 2001, and 
20020111318 which published on Aug. 15, 2002, as well as, 
International Application Publication Numbers WO 
01/00640, WO 01/49697, WO 02/10181 and WO 02/42315. 
0.081 Further examples of non-dihydrate azithromycin 
include, but are not limited to, anhydrous azithromycin as 
disclosed in U.S. patent application Publication No. 
20030139583 which published on Jul. 24, 2003 and U.S. 
Pat. No. 6,528,492. 
0082) Examples of suitable azithromycin salts include, 
but are not limited to, the azithromycin Salts as disclosed in 
U.S. Pat. No. 4,474,768. 

0083) Preferably, at least 70 wt % of the azithromycin in 
the multiparticulate is crystalline. More preferably, at least 
80 wt % of the azithromycin is crystalline. Even more 
preferably, at least 90 wt % of the azithromycin is crystal 
line. Most preferably, at least 95 wt % of the azithromycin 
is crystalline. Crystalline azithromycin is preferred Since it 
is more chemically and physically stable than the amorphous 
form or dissolved azithromycin. 
0084. The crystallinity of the azithromycin may be deter 
mined using Powder X Ray Diffraction (PXRD) analysis. In 
an exemplary procedure, PXRD analysis may be performed 
on a Bruker AXS D8 Advance diffractometer. In this analy 
sis, Samples of about 500 mg are packed in Lucite Sample 
cups and the Sample Surface Smoothed using a glass micro 
Scope Slide to provide a consistently Smooth Sample Surface 
that is level with the top of the Sample cup. Samples are spun 
in the (p plane at a rate of 30 rpm to minimize crystal 
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orientation effects. The X-ray source (S/B KCu. -1.54A) 
is operated at a voltage of 45 kV and a current of 40 mA. 
Data for each sample are collected over a period of about 20 
to about 60 minutes in continuous detector Scan mode at a 
Scan Speed of about 1.8 Seconds/step to about 12 Seconds/ 
Step and a step size of 0.02/step. Diffractograms are col 
lected over the 20 range of about 4 to 30. 
0085. The crystallinity of the test sample is determined 
by comparison with two or more calibration Standards 
consisting of physical mixtures of crystalline azithromycin 
and carrier. Each physical mixture is blended together about 
15 minutes on a Turbula mixer. Using the instrument soft 
ware, the area under the diffractogram curve is integrated 
over the 20 range using a linear baseline. This integration 
range includes as many drug-specific peaks as possible 
while excluding carrier-related peaks. A linear calibration 
curve of percent crystalline drug versus the area under the 
diffractogram curve is generated from the calibration Stan 
dards. The crystallinity of the test sample is then determined 
using these calibration results and the area under the curve 
for the test Sample. Results are reported as a mean percent 
of azithromycin crystallinity (by crystal mass). 
0086 The azithromycin used herein comprises azithro 
mycin particles which are contained in a dosage form that, 
absent the alkalizing agent of the present invention, is either 
an immediate release or a Sustained release dosage form. AS 
defined herein, the term "azithromycin particles' means the 
azithromycin may be in the form of a powder or of granules 
which were previously formed from azithromycin powder 
and, optionally, at least one pharmaceutically acceptable 
excipient. 

0087 Immediate release dosage forms are those forms 
wherein at least 75% of their azithromycin is released or 
dissolved within about one-half hour after administration. 
Such immediate release dosage forms include tablets, cap 
Sules, multiparticulates, powders for oral Suspension and 
Sachets of azithromycin. Examples of immediate release 
dosage forms include, but are not limited to, commercially 
available Zithromax(E) tablets, capsules, oral Suspensions, or 
Single-dose packets for oral Suspension (Pfizer Inc., New 
York, N.Y.) or the multiparticulate control dosage form 
which is described herein in Example 2. 
0088 Sustained release dosage forms are those forms that 
release azithromycin more Slowly than immediate release 
dosage forms. Such Sustained release dosage forms include, 
but are not limited to, tablets, capsules, multiparticulates, 
powders for oral Suspension and Sachets of azithromycin. 
0089 Examples of azithromycin Sustained release dosage 
forms, which are Suitable for use in the present invention, 
include, but are not limited to, the Sustained release dosage 
forms described in U.S. Pat. No. 6,068,859. 
0090 Preferably, the azithromycin used in the present 
invention is contained in a multiparticulate which comprises 
azithromycin and a pharmaceutically acceptable carrier. 
0091 Multiparticulates are well-known dosage forms 
that comprise a multiplicity of drug-containing particles 
whose totality represents the intended therapeutically useful 
dose of a drug. When taken orally, multiparticulates gener 
ally disperse freely in the gastrointestinal tract, exit rela 
tively rapidly and reproducibly from the Stomach and maxi 
mize absorption. See, for example, Multiparticulate Oral 
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Drug Delivery (Marcel Dekker, 1994), and Pharmaceutical 
Pelletization Technology (Marcel 10 Dekker, 1989). 
0092 Multiparticulates are often used to provide sus 
tained release of a drug. One problem when formulating a 
Sustained release multiparticulate is Setting the release rate 
of the drug. The release rate of the drug depends on a variety 
of factors, including the carriers used to form the multipar 
ticulate and the amount of drug in the multiparticulate. It is 
desired to provide carriers for a multiparticulate which allow 
the release rate of the drug from the multiparticulate to be 
controlled over a wide range of release rates, So that the 
Same matrix materials in different proportions may be used 
to provide slow or fast drug release as desired. To achieve 
this result, the release rate of the drug should change 
Significantly in response to relatively Small changes in the 
proportions of the respective carriers in the multiparticulate. 
0093. The term “multiparticulates” is intended to 
embrace a dosage form comprising a multiplicity of particles 
whose totality represents the intended therapeutically useful 
dose of azithromycin. The term is intended to refer broadly 
to Small particles regardless of their composition or the 
manner in which they are formed. The particles are Small 
enough so that the particles travel with GI fluids to disperse 
throughout the GI tract shortly after ingestion. The particles 
generally are of a mean diameter from about 40 to about 
3000 um, preferably from about 50 to about 1000 um, and 
most preferably from about 100 to about 300 lum. Preferably, 
the azithromycin makes up about 5 wt % to about 90 wt % 
of the total weight of the multiparticulate. More preferably, 
the azithromycin makes up about 10 wt % to about 80 wt % 
of the multiparticulate, and even more preferably, at least 
about 30 wt % to about 60 wt % of the multiparticulate. 
0094. While the multiparticulates can have any shape and 
texture, it is preferred that they be spherical, with a Smooth 
Surface texture. These physical characteristics lead to excel 
lent flow properties, improved “mouth feel,” ease of Swal 
lowing and ease of uniform coating, if required. 
0.095 Such multiparticulates of azithromycin are particu 
larly Suitable for administration of Single doses of the drug 
inasmuch as a relatively large amount of the drug can be 
delivered at a controlled rate over a relatively long period of 
time. Multiparticulates Suitable for use in the present inven 
tion are disclosed in U.S. Pat. No. 6,068,859, including 
multiparticulates made by extrusion/spheronization, wax 
granulation, Spray-drying, and Spray-coating. 
0096. The multiparticulate's carrier comprises at least 
one pharmaceutically acceptable excipient which functions 
as a matrix for the multiparticulate or to control the rate of 
release of azithromycin from the multiparticulate, or both. 

0097 All references to “acid and/or ester substituents' 
herein are intended to mean carboxylic acid, Sulfonic acid, 
and phosphoric acid Substituents or carboxylic acid ester, 
Sulfonyl ester, or phosphate ester Substituents, respectively. 
AS described in detail below, azithromycin may react with 
acid or ester Substituents on an excipient to form azithro 
mycin esters. 
0.098 Azithromycin can potentially react with carriers, 
and optional excipients, which have acidic or ester groups to 
form esters of azithromycin. Carriers and excipients may be 
characterized as having “low reactivity,”“medium reactiv 
ity,” and “high reactivity” to form azithromycin esters. 
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0099 Examples of low reactivity carriers and optional 
excipients include long-chain alcohols, Such as Stearyl alco 
hol, cetyl alcohol, and polyethylene glycol, poloxamers 
(block copolymers of ethylene oxide and propylene oxide, 
such as poloxamer 188, poloxamer 237, poloxamer 338, and 
poloxamer 407); ethers, Such as polyoxyethylene alkyl 
ethers, ether-Substituted cellulosics, Such as microcrystalline 
cellulose, hydroxypropyl cellulose, hydroxypropyl methyl 
cellulose, and ethylcellulose, SugarS Such as glucose, 
Sucrose, Xylitol, Sorbitol, and maltitol; and SaltS Such as 
Sodium chloride, potassium chloride, lithium chloride, cal 
cium chloride, magnesium chloride, Sodium Sulfate, potas 
sium Sulfate, Sodium carbonate, magnesium Sulfate, and 
potassium phosphate. 

0100 Moderate reactivity carriers and optional excipi 
ents often contain acid or ester Substituents, but relatively 
few as compared to the molecular weight of the carrier or 
optional excipient. Examples include long-chain fatty acid 
esters, Such as glyceryl monooleate, glyceryl monoStearate, 
glyceryl palmitoStearate, polyethoxylated castor oil deriva 
tives, hydrogenated vegetable oils, glyceryl dibehenate, and 
mixtures of mono-, di-, and tri-alkyl glycerides, glycolized 
fatty acid esters, Such as polyethylene glycol Stearate and 
polyethylene glycol distearate; polySorbates, and waxes, 
Such as Carnauba wax and white and yellow beeSwaX. 
Glyceryl behenate, as defined herein, comprises glyceryl 
monobelhenate, glyceryl dibehenate, glyceryl tribehenate, or 
a mixture of any two or all three of Said glyceryl mono-, di 
and tribehenates. 

0101 Highly reactive carriers and optional excipients 
usually have Several acid or ester Substituents or low 
molecular weights. Examples include carboxylic acids Such 
as Stearic acid, benzoic acid, citric acid, fumaric acid, lactic 
acid, and maleic acid; Short to medium chain fatty-acid 
esters, Such as isopropyl palmitate, isopropyl myristate, 
triethylcitrate, lecithin, triacetin, and dibutyl Sebacate; ester 
Substituted cellulosics, Such as cellulose acetate, cellulose 
acetate phthalate, hydroxypropyl methyl cellulose phthalate, 
cellulose acetate trimellitate, and hydroxypropyl methyl 
cellulose acetate Succinate; and acid or ester functionalized 
polymethacrylates and polyacrylates. Generally, the acid/ 
ester concentration on highly reactive carriers and optional 
excipients is So high that if these carriers and optional 
excipients come into direct contact with azithromycin in the 
formulation, unacceptably high concentrations of azithro 
mycin esters form during processing or Storage of the 
composition. Thus, Such highly reactive carriers and 
optional excipients are preferably only used in combination 
with a carrier or optional excipient with lower reactivity So 
that the total amount of acid and ester groups on the carrier 
and optional excipients used in the multiparticulate is low. 

0102) To obtain multiparticulates with an acceptable 
amount of azithromycin esters (i.e. less than about 1 wt %), 
there is a trade-off relationship between the concentration of 
acid and ester Substituents on the carrier and the crystallinity 
of azithromycin in the multiparticulate. The greater the 
crystallinity of azithromycin in the multiparticulate, the 
greater the degree of the carrier's acid/ester Substitution may 
be to obtain a multiparticulate with acceptable amounts of 
azithromycin esters. This relationship may be quantified by 
the following mathematical expression: 

As 0.04/(1-x) (I) 
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where A is the total concentration of acid/ester Substitution 
on the carrier and optional excipients in med/gazithromycin 
and is less than or equal to 2 med/g, and X is the weight 
fraction of the azithromycin in the composition that is 
crystalline. When the carrier and optional excipients com 
prises more than one excipient, the value of A refers to the 
total concentration of acid/ester Substitution on all the 
excipients that make up the carrier and optional excipients, 
in units of med/g azithromycin. 

0103) For more preferable multiparticulates having less 
than about 0.5 wt % azithromycin esters, the azithromycin, 
carrier, and optional excipients will Satisfy the following 
expression: 

A<0.02/(1-x). (II) 

0104 For more preferable multiparticulates having less 
than about 0.2 wt % azithromycin esters, the azithromycin, 
carrier, and optional excipients will Satisfy the following 
expression: 

A<0.008/(1-x). (III) 

0105 For most preferable multiparticulates having less 
than about 0.1 wt % azithromycin esters, the azithromycin, 
carrier, and optional excipients will Satisfy the following 
expression: 

A<0.004/(1-x). (IV) 

0106 From the foregoing mathematical expressions (I)- 
(IV) the trade-off between the carrier's and optional excipi 
ent's degree of acid/ester Substitution and the crystallinity of 
azithromycin in the composition can be determined. 

0107 Carriers used in the multiparticulates of the present 
invention will generally make up about 10 wt % to about 95 
wt % of the multiparticulate, preferably about 20 wt % to 
about 90 wit, and more preferably about 40 wt % to about 70 
wt %, based on the total mass of the multiparticulate. 

0108. To minimize the potential for changes in the physi 
cal characteristics of the multiparticulates over time, espe 
cially when Stored at elevated temperatures, it is preferred 
that the carrier be solid at a temperature of at least about 40 
C. More preferably, the carrier should be solid at a tempera 
ture of at least about 50° C. and even more preferably of at 
least about 60° C. 

0109. In one embodiment, the carrier forms a solid solu 
tion with one or more optional excipients, meaning that the 
carrier and one or more optional excipients form a single 
thermodynamically Stable phase. In Such cases, excipients 
that are not solid at a temperature of at least 40 C. can be 
used, provided the carrier/excipient mixture is Solid at a 
temperature of at least 40° C. This will depend on the 
melting point of the excipients used and the relative amount 
of carrier included in the composition. 

0110. In another embodiment, the carrier and one or more 
optional excipients do not form a Solid Solution, meaning 
that the carrier and one or more optional excipients form two 
or more thermodynamically Stable phases. In Such cases, the 
carrier/excipient mixture may be entirely molten at the 
processing temperatures used to form multiparticulates or 
one material may be Solid while the other(s) are molten, 
resulting in a Suspension of one material in the molten 
mixture. 
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0111 When the carrier and one or more optional excipi 
ents do not form a Solid Solution but a Solid Solution is 
desired, for example, to obtain a specific controlled-release 
profile, an additional excipient may be included in the 
composition to produce a Solid Solution comprising the 
carrier, the one or more optional excipients, and the addi 
tional excipient. For example, it may be desirable to use a 
carrier comprising microcrystalline wax and a poloxamer to 
obtain a multiparticulate with the desired release profile. In 
Such cases a Solid Solution is not formed, in part due to the 
hydrophobic nature of the microcrystalline wax and the 
hydrophilic nature of the poloxamer. By including a Small 
amount of a third excipient, Such as Stearyl alcohol, in the 
formulation, a Solid Solution can be obtained, resulting in a 
multiparticulate with the desired release profile. 

0112 Examples of carriers suitable for use in the multi 
particulates of the present invention include waxes, Such as 
Synthetic wax, microcrystalline wax, paraffin wax, Carnauba 
wax, and beeSWaX; glycerides, Such as glyceryl monooleate, 
glyceryl monoStearate, glyceryl palmitostearate, poly 
ethoxylated castor oil derivatives, hydrogenated vegetable 
oils, a glyceryl behenate, glyceryl tristearate, glyceryl tri 
palmitate, long-chain alcohols, Such as Stearyl alcohol, cetyl 
alcohol, and polyethylene glycol, and mixtures thereof. 
0113 Preferably, the carrier comprises a glyceride having 
at least one alkylate Substituent of 16 or more carbon atoms. 
More preferably, the carrier comprises a glyceryl behenate. 

0114. In an alternate embodiment, the multiparticulates 
are in the form of a non-disintegrating matrix. By “non 
disintegrating matrix is meant that at least a portion of the 
carrier does not dissolve or disintegrate after introduction of 
the multiparticulates to an aqueous use environment. In Such 
cases, the azithromycin and optionally a portion of one or 
more of the carriers, for example, a dissolution enhancer, are 
removed from the multiparticulate by dissolution. At least a 
portion of the carrier does not dissolve or disintegrate and is 
excreted when the use environment is in Vivo, or remains 
Suspended in a test Solution when the use environment is in 
Vitro. In this aspect, it is preferred that at least a portion of 
the carrier have a low Solubility in the aqueous use envi 
ronment. Preferably, the solubility of at least a portion of the 
carrier in the aqueous use environment is less than about 1 
mg/mL, more preferably less than about 0.1 mg/mL, and 
most preferably less than about 0.01 mg/ml. Examples of 
Suitable low-Solubility carriers include waxes, Such as Syn 
thetic wax, microcrystalline wax, paraffin wax, Carnauba 
wax, and beeSWaX; glycerides, Such as glyceryl monooleate, 
glyceryl monoStearate, glyceryl palmitostearate, glyceryl 
behenates, glyceryl tristearate, glyceryl tripalmitate, and 
mixtures thereof. 

0.115. In a preferred embodiment of the present invention, 
the azithromycin multiparticulates of the present invention 
comprise azithromycin, a carrier and a dissolution enhancer. 
The carrier and the dissolution enhancer function as a matrix 
for the multiparticulate or to control the azithromycin 
release rate from the multiparticulate, or both. The term 
“dissolution enhancer” means an excipient, which when 
included in the multiparticulates, results in a faster rate of 
release of azithromycin than that provided by a control 
multiparticulate containing the same amount of azithromy 
cin without the dissolution enhancer. Generally, the rate of 
release of azithromycin from the multiparticulate increases 
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with increasing amounts of dissolution enhancers. Such 
agents generally have a high water Solubility and are often 
Surfactants or wetting agents that can promote Solubilization 
of other excipients in the composition. Typically, the weight 
percentage of dissolution enhancer present in the multipar 
ticulate is less than the weight percentage of carrier present 
in the multiparticulate. 

0116. The multiparticulates of the present invention com 
prise about 20 to about 75 wt % azithromycin, about 25 to 
about 80 wt % of a carrier, and about 0.1 to about 30 wt % 
of a dissolution enhancer based on the total mass of the 
multiparticulate. In a preferred embodiment, the multipar 
ticulate comprises 35 to 55 wt % azithromycin, 40 to 65 wt 
% of a carrier, and 1 to 15 wt % dissolution enhancer. 

0117 Examples of suitable dissolution enhancers 
include, but are not limited to, alcohols Such as Stearyl 
alcohol, cetyl alcohol, and polyethylene glycol, Surfactants, 
Such as poloxamers (polyoxyethylene polyoxypropylene 
copolymers, including poloxamer 188, poloxamer 237, 
poloxamer 338, and poloxamer 407), docusate Salts, poly 
oxyethylene alkyl ethers, polyoxyethylene castor oil deriva 
tives, polyoxyethylene Sorbitan fatty acid esters, Sorbitan 
esters, alkyl Sulfates (Such as Sodium lauryl Sulfate), 
polySorbates, and polyoxyethylene alkyl esters, ether-Sub 
Stituted cellulosics, Such as hydroxypropyl cellulose and 
hydroxypropyl methyl cellulose, SugarS Such as glucose, 
Sucrose, Xylitol, Sorbitol, and maltitol, SaltS Such as Sodium 
chloride, potassium chloride, lithium chloride, calcium chlo 
ride, magnesium chloride, Sodium Sulfate, potassium Sulfate, 
Sodium carbonate, magnesium Sulfate, and potassium phos 
phate, amino acids Such as alanine and glycine; and mixtures 
thereof. Preferably, the dissolution enhancer comprises a 
Surfactant. 

0118 More preferably, the dissolution enhancer com 
prises a poloxamer. Poloxamers are a Series of closely 
related block copolymers of ethylene oxide and propylene 
oxide that have no acid or ester Substituents. This being the 
case, large amounts of poloxamers, as much as 30 wt % can 
be used in a multiparticulate formulation and Still meet the 
target value of less than about 0.13 med/g of azithromycin. 
Even more preferably, the poloxamer is Poloxamer 407 
which is described in the exemplification herein. 
0119). In this embodiment wherein the multiparticulate 
further comprises a dissolution enhancer, it is further pre 
ferred that the carrier is Selected from the group consisting 
of waxes, Such as Synthetic wax, microcrystalline wax, 
paraffin wax, Carnauba wax, and beeswax, glycerides, Such 
as glyceryl monooleate, glyceryl monoStearate, glyceryl 
palmitoStearate, polyethoxylated castor oil derivatives, 
hydrogenated vegetable oils, glyceryl mono-, di- or tribe 
henates, glyceryl tristearate, glyceryl tripalmitate; and mix 
tures thereof. 

0120) The azithromycin present in the multiparticulate 
has been found to be particularly reactive with dissolution 
enhancers. As a result, the concentration of acid and ester 
Substituents on the dissolution enhancer must be kept low to 
keep the formation of azithromycin esters at acceptably low 
levels. 

0121 From the standpoint of reactivity to form azithro 
mycin esters, the dissolution enhancers preferably have a 
concentration of acid/ester Substituents of less than about 
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0.13 med/g azithromycin present in the composition. Pref 
erably, the dissolution enhancer has a concentration of 
acid/ester Substituents of less than about 0.10 meq/g azithro 
mycin, more preferably less than about 0.02 med/gazithro 
mycin, even more preferably less than about 0.01 med/g, and 
most preferably less than about 0.002 med/g. 
0122) In addition to having low concentrations of acid 
and ester Substituents, the dissolution enhancer should gen 
erally be hydrophilic, such that the rate of release of azithro 
mycin from the multiparticulate increases as the concentra 
tion of dissolution enhancer in the multiparticulate 
increases. 

0123. Further description of suitable dissolution enhanc 
erS and Selection of appropriate excipients for azithromycin 
multiparticulates are disclosed in U.S. patent application 
Ser. No.11/003,853 (“Controlled Release Multiparticulates 
Formed with Dissolution Enhancers,” Attorney Docket No. 
PC25016), filed concurrently herewith. 
0.124. In a more preferred embodiment, the multiparticu 
lates of the present invention comprise (a) azithromycin; (b) 
a glyceride carrier having at least one alkylate Substituent of 
16 or more carbon atoms; and (c) a poloxamer dissolution 
enhancer. The choice of these particular carrier excipients 
allows for precise control of the release rate of the azithro 
mycin over a wide range of release rates. Small changes in 
the relative amounts of the glyceride carrier and the polox 
amer result in large changes in the release rate of the drug. 
This allows the release rate of the drug from the multipar 
ticulate to be precisely controlled by Selecting the proper 
ratio of drug, glyceride carrier and poloxamer. These mate 
rials have the further advantage of releasing nearly all of the 
drug from the multiparticulate. Such multiparticulates are 
disclosed more fully in U.S. patent application Ser. No. 
11/004,168 (“Multiparticulate Crystalline Drug Composi 
tions Having Controlled Release Profiles,” Attorney Docket 
No. PC25020), filed concurrently herewith. 
0.125 Additional optional excipients may also be 
included in the azithromycin multiparticulates. For example, 
agents that inhibit or delay the release of azithromycin from 
the multiparticulates can also be included in the carrier. Such 
dissolution-inhibiting agents are generally hydrophobic. 
Examples of dissolution-inhibiting agents include hydrocar 
bon waxes, Such as microcrystalline and paraffin wax. 
0.126 Another useful class of excipients is materials that 
are used to adjust the Viscosity of the molten feed used to 
form the multiparticulates, for example, by a melt-congeal 
process. Such Viscosity-adjusting excipients will generally 
make up 0 to 25 wt % of the multiparticulate, based on the 
total mass of the multiparticulate. The viscosity of the 
molten feed is a key variable in obtaining multiparticulates 
with a narrow particle size distribution. For example, when 
a spinning-disc atomizer is employed, it is preferred that the 
Viscosity of the molten mixture be at least about 1 centipoise 
(cp) and less than about 10,000 cp, more preferably at least 
50 cp and less than about 1000 cp. If the molten mixture has 
a Viscosity outside these preferred ranges, a Viscosity-ad 
justing carrier can be added to obtain a molten mixture 
within the preferred Viscosity range. Examples of Viscosity 
reducing excipients include Stearyl alcohol, cetyl alcohol, 
low molecular weight polyethylene glycol (e.g., less than 
about 1000 daltons), isopropyl alcohol, and water. Examples 
of Viscosity-increasing excipients include microcrystalline 
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wax, paraffin wax, Synthetic wax, high molecular weight 
polyethylene glycols (e.g., greater than about 5000 daltons), 
ethyl cellulose, hydroxypropyl cellulose, hydroxypropyl 
methyl cellulose, methyl cellulose, Silicon dioxide, microc 
rystalline cellulose, magnesium Silicate, Sugars, and Salts. 
0127. Other excipients may be added to reduce the static 
charge on the multiparticulates, examples of Such anti-Static 
agents include talc and Silicon dioxide. Flavorants, colo 
rants, and other excipients may also be added in their usual 
amounts for their usual purposes. 
0128. In addition to the multiparticulates and an alkaliz 
ing agent, the azithromycin dosage form of the present 
invention may further comprise one or more additional 
excipients. 

0129. For example, surfactants may be included in the 
dosage form. Examples of Suitable Surfactants include fatty 
acid and alkyl Sulfonates, commercial Surfactants Such as 
benzalkonium chloride (HYAMINE(R) 1622, available from 
Lonza, Inc., Fairlawn, N.J.); dioctyl Sodium SulfoSuccinate 
(DOCUSATE SODIUMTM, available from Mallinckrodt 
Specialty Chemicals, St. Louis, Mo.); polyoxyethylene Sor 
bitan fatty acid esters (TWEENOR, available from ICI Ameri 
cas Inc., Wilmington, Del.: LIPOSORB(R) P-20, available 
from Lipochem Inc., Patterson N.J.; CAPMUL(R) POE-0, 
available from Abitec Corp., Janesville, Wis.); and natural 
Surfactants Such as Sodium taurocholic acid, 1-palmitoyl-2- 
oleoyl-sn-glycero-3-phosphocholine, lecithin, and other 
phospholipids and mono- and diglycerides. Such materials 
can advantageously be employed to increase the rate at 
which the multiparticulates disperse when administered to 
the use environment. 

0130 Conventional matrix materials, fillers, diluents, 
lubricants, preservatives, thickeners, anticalking agents, dis 
integrants, or binderS may also be included in the dosage 
form. 

0131 Examples of matrix materials, fillers, or diluents 
include lactose, mannitol, Xylitol, microcrystalline cellulose, 
dibasic calcium phosphate and Starch. 
0132) Examples of disintegrants include Sodium starch 
glycolate, Sodium alginate, carboxymethylcellulose Sodium, 
methyl cellulose, croScarmellose Sodium and croSS linked 
forms of polyvinyl pyrrollidone, also known as crospovi 
done. 

0.133 Examples of binders include methyl cellulose, 
microcrystalline cellulose, Starch, and gums Such as guar 
gum, and tragacanth. 
0134 Examples of lubricants include magnesium stear 
ate, calcium Stearate, and Stearic acid. 
0135 Examples of preservatives include sulfites (an anti 
oxidant), benzalkonium chloride, methyl paraben, propyl 
paraben, benzyl alcohol and Sodium benzoate. 
0.136 Examples of Suspending agents or thickeners 
include Xanthan gum, Starch, guar gum, Sodium alginate, 
carboxymethyl cellulose, Sodium carboxymethyl cellulose, 
methyl cellulose, hydroxypropyl methyl cellulose, poly 
acrylic acid, Silica gel, aluminum Silicate, magnesium sili 
cate, and titanium dioxide. 
0.137 Examples of anticalking agents or fillers include 
colloidal Silicon oxide and lactose. 
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0.138. Other conventional excipients may be employed in 
the compositions of this invention, including those excipi 
ents well-known in the art. Generally, excipients Such as 
pigments, lubricants, flavorants, and So forth may be used 
for customary purposes and in typical amounts without 
adversely affecting the properties of the compositions. 

0.139. In one embodiment, the dosage form is in the form 
of a tablet. The term "tablet' is intended to embrace com 
pressed tablets, coated tablets, and other forms known in the 
art. See for example, Remington's Pharmaceutical Sciences 
(18th Ed. 1990). Upon administration to the use environ 
ment, the tablet rapidly disintegrates, allowing the multipar 
ticulates to be dispersed in the use environment. 
0140. In one embodiment, the tablet comprises multipar 
ticulates that have been mixed with a binder, disintegrants, 
or other excipients known in the art, and then formed into a 
tablet using compressive forces. Examples of binders 
include microcrystalline cellulose, Starch, gelatin, polyvinyl 
pyrrolidinone, polyethylene glycol, and SugarS Such as 
Sucrose, glucose, dextrose, and lactose. Examples of disin 
tegrants include Sodium Starch glycolate, croScarmellose 
Sodium, croSpoVidone, and Sodium carboxymethyl cellu 
lose. The tablet may also include an effervescent agent 
(acid-base combinations) that generates carbon dioxide 
when placed in the use environment. The carbon dioxide 
generated helps in disintegration of the tablet. Other excipi 
ents, Such as those discussed above, may also be included in 
the tablet. 

0.141. The multiparticulates, binder, and other excipients 
used in the tablet may be granulated prior to formation of the 
tablet. Wet- or dry-granulation processes, well known in the 
art, may be used, provided the granulation process does not 
change the release profile of the multiparticulates. Alterna 
tively, the materials may be formed into a tablet by direct 
compression. 

0142. The compression forces used to form the tablet 
should be sufficiently high to provide a tablet with high 
Strength, but not too high to damage the multiparticulates 
contained in the tablet. Generally, compression forces that 
result in tablets with a hardness of about 3 to about 10 kp are 
desired. 

0.143 Alternatively, tablets, such as multilayered and 
oSmotic coated tablets, may also be made using non-com 
pression processes. In one embodiment, the tablet is formed 
by a lyophylization process. In this process the multipar 
ticulates are mixed with an aqueous Solution or paste of 
water-Soluble excipients and placed into a mold. The water 
is then removed by lyophylization, resulting in a highly 
porous, fast dissolving tablet containing the multiparticu 
lates. Examples of water-Soluble excipients used in Such 
tablets include gelatin, dextran, dextrin, polyvinyl pyrroli 
done, polyvinyl alcohol, trehalose, Xylitol, Sorbitol and 
mannitol. 

0144. In another embodiment, the dosage form is in the 
form of a capsule, well known in the art. See Remington's 
Pharmaceutical Sciences (18th Ed. 1990). The term “cap 
Sule' is intended to embrace Solid dosage forms in which the 
multiparticulates and optional excipients are enclosed in 
either a hard or soft, soluble container or shell. Upon 
administration to the use environment, the shell dissolves or 
disintegrates, releasing the contents of the capsule to the use 
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environment. The hard gelatin capsule, typically made from 
gelatin, consists of two Sections, one slipping over the other. 
The capsules are made by first blending the multiparticulates 
and optional excipients, Such as those listed above. The 
ingredients may be granulated using wet- or dry-granulation 
techniques to improve the flow of the fill material. The 
capsules are filled by introducing the fill material into the 
longer end or body of the capsule and then Slipping on the 
cap. For Soft-gelatin capsules, the fill material may first be 
Suspended in an oil or liquid prior to filling the capsule. 
0145 The dosage form may also be in the form of pills. 
The term “pill” is intended to embrace small, round solid 
dosage forms that comprise the multiparticulates mixed with 
a binder and other excipients as described above. Upon 
administration to the use environment, the pill rapidly dis 
integrates, allowing the multiparticulates to be dispersed 
therein. 

0146 In another embodiment, the multiparticulate dos 
age form is in the form of a powder or granules comprising 
the multiparticulates and other excipients as described 
above, that is then Suspended in a liquid dosing vehicle, 
including an aqueous dosing vehicle, prior to dosing. Such 
dosage forms may be prepared by Several methods. In one 
method, the powder is placed into a container and an amount 
of a liquid, Such as water, is added to the container. The 
container is then mixed, Stirred, or Shaken to Suspend the 
dosage form in the water. In another method, the multipar 
ticulates and dosing vehicle excipients are Supplied in two or 
more Separate packages. The dosing vehicle excipients are 
first dissolved or Suspended in a liquid, Such as water, and 
then the multiparticulates are added to the liquid vehicle 
Solution. Alternatively, the dosing vehicle excipients and 
multiparticulates, in two or more individual packages, can 
be added to the container first, water added to the container, 
and the container mixed or Stirred to form a Suspension. 
0147 Water is an example of a liquid that can be used to 
form the dosage form of the invention. Other liquids may 
also be used and are intended to be within the scope of the 
invention. Examples of Suitable liquids include beverages, 
Such as coffee, tea, milk, and various juices. Also included 
is water mixed with other excipients to help form the dosage 
form, including Surfactants, thickeners, Suspending agents, 
and the like. 

0.148. The multiparticulate dosage form may also be in 
the form of a dosing Straw or other Such device that allows 
the patient to Sip water or other liquid through the device, the 
device being designed to mix the liquid with the powdered 
or granular dosage form contained in the device. 
014.9 The multiparticulate dosage form may also be in 
the form of a paste, slurry or Suspension. 
0150. In one embodiment, the multiparticulate dosage 
form comprises azithromycin multiparticulates, an alkaliz 
ing agent and one or more optional excipients Selected from 
a Sweetener, an anticalking agent, a Viscosity-enhancing 
agent and a flavorant. Preferably, the multiparticulate dosage 
form further comprises a Sweetener, an anticalking agent, a 
Viscosity-enhancing agent and a flavorant. 
0151. In an even more preferred embodiment of the 
present invention, the azithromycin multiparticulates are 
administered with the alkalizing agent TSP. The amount of 
TSP is preferably at least about 200 mg. More preferably the 
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amount of TSP ranges from about 300 mg to about 400 mg. 
In another embodiment of the present invention TSP and 
magnesium hydroxide are both used as the alkalizing agent. 
The amount of magnesium hydroxide used is at least about 
100 mg and preferably from about 200 mg to about 300 mg. 
0152. In a further preferred embodiment, the azithromy 
cin dosage form comprises azithromycin multiparticulates, 
comprising about 45 to about 55 wt % azithromycin, about 
43 to about 50 wt % glyceryl behenate and about 2 to about 
5 wt % poloxamer, and an alkalizing agent comprising about 
300 to about 400 mg TSP and about 200 to about 300 mg 
magnesium hydroxide. 

0153. In yet an even more preferred embodiment the 
azithromycin dosage form comprises azithromycin multi 
particulates, comprising about 50 wt % azithromycin dihy 
drate, about 46 to about 48 wt % Compritol(F) 888 ATO, and 
about 2 to about 4 wt % Poloxamer 407, and an alkalizing 
agent comprising about 300 to about 400 mg TSP and about 
200 to about 300 mg magnesium hydroxide. More prefer 
ably, Said dosage form comprises about 47 wt % Compri 
tol(R) 888 ATO and about 3 wt % Poloxamer 407. Compri 
tol(R) 888 ATO and Poloxamer 407 are further described 
below in the Exemplification. 

0154) The multiparticulates of the present invention can 
be made by any known process that results in particles, 
containing azithromycin and a carrier, with the desired size 
and release rate characteristics for the azithromycin. Pre 
ferred processes for forming Such multiparticulates include 
thermal-based processes, Such as melt- and Spray-congeal 
ing, liquid-based processes, Such as extrusion Spheroniza 
tion, Wet granulation, Spray-coating, and Spray-drying, and 
other granulation processes Such as dry granulation and melt 
granulation. 

O155 The multiparticulates generally have a mean diam 
eter of less than about 5000 um, preferably less than 3000 
lum, and most preferably less than about 1000 um. In a 
preferred embodiment, the mean diameter of the multipar 
ticulates ranges from about 40 to about 3000 um, preferably 
from about 50 to about 1000 um, and most preferably from 
about 100 to about 300 lum. Note that the diameter of the 
multiparticulates can be used to adjust the release rate of 
azithromycin from the multiparticulates. Generally, the 
smaller the diameter of the multiparticulates, the faster will 
be the azithromycin release rate from a particular multipar 
ticulate formulation. This is because the overall Surface area 
in contact with the dissolution medium increases as the 
diameter of the multiparticulates decreases. Thus, adjust 
ments in the mean diameter of the multiparticulates can be 
used to adjust the azithromycin release profile. 
0156 The multiparticulates may be made by a melt 
congeal process comprising the Steps of (a) forming a 
molten mixture comprising azithromycin and a pharmaceu 
tically acceptable carrier; (b) delivering the molten mixture 
of Step (a) to an atomizing means to form droplets from the 
molten mixture; and (c) congealing the droplets from Step 
(b) to form the multiparticulates. 
O157. When using thermal-based processes, such as the 
melt-congeal process, to make the multiparticulates of the 
present invention, the heat transfer to the azithromycin is 
minimized to prevent Significant thermal degradation of the 
azithromycin during the process. It is also preferred that the 
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carrier have a melting point that is less then the melting point 
of azithromycin. For example, azithromycin dihydrate has a 
melting point of 113 C. to 115 C. Thus, when azithromycin 
dihydrate is used in the multiparticulates of the present 
invention, it is preferred that the carrier have a melting point 
that is less than about 113 C. As used herein, the term 
"melting point of the carrier' or “T” means the temperature 
at which the carrier, when containing the drug and any 
optional excipients present in the multiparticulate, transi 
tions from its crystalline to its liquid state. When the carrier 
is not crystalline, "melting point of the carrier” means the 
temperature at which the carrier becomes fluid in the Sense 
that it will flow when subjected to one or more forces such 
as preSSure, shear, and centrifugal force, in a manner Similar 
to a crystalline material in the liquid State. 
0158. The azithromycin in the molten mixture may be 
dissolved in the molten mixture, may be a Suspension of 
crystalline azithromycin distributed in the molten mixture, 
or any combination of Such States or those States that are in 
between. Preferably, the molten mixture comprises a homo 
geneous Suspension of crystalline azithromycin in the mol 
ten carrier where the fraction of azithromycin that melts or 
dissolves in the molten carrier is kept relatively low. Pref 
erably less than about 30 wt % of the total azithromycin 
melts or dissolves in the molten carrier. It is preferred that 
the azithromycin be present as the crystalline dihydrate. 

0159. Thus, by “molten mixture” is meant that the mix 
ture of azithromycin and carrier are heated Sufficiently that 
the mixture becomes sufficiently fluid that the mixture may 
be formed into droplets or atomized. Atomization of the 
molten mixture may be carried out using any of the atomi 
zation methods described below. Generally, the mixture is 
molten in the sense that it will flow when subjected to one 
or more forces Such as preSSure, shear, and centrifugal force, 
Such as that exerted by a centrifugal or Spinning-disk atom 
izer. Thus, the azithromycin/carrier mixture may be consid 
ered “molten” when any portion of the carrier and azithro 
mycin become fluid Such that the mixture, as a whole, is 
sufficiently fluid that it may be atomized. Generally, a 
mixture is sufficiently fluid for atomization when the vis 
cosity of the molten mixture is less than about 20,000 cp, 
preferably less than about 15,000 cp, more preferably less 
than about 10,000 cp. Often, the mixture becomes molten 
when the mixture is heated above the melting point of one 
or more of the carrier components, in cases where the carrier 
is Sufficiently crystalline to have a relatively sharp melting 
point; or, when the carrier components are amorphous, 
above the Softening point of one or more of the carrier 
components. Thus, the molten mixture is often a Suspension 
of solid particles in a fluid matrix. In one preferred embodi 
ment, the molten mixture comprises a mixture of Substan 
tially crystalline azithromycin particles Suspended in a car 
rier that is Substantially fluid. In Such cases, a portion of the 
azithromycin may be dissolved in the fluid carrier and a 
portion of the carrier may remain Solid. 
0160 Although the term “melt” refers specifically to the 
transition of a crystalline material from its crystalline to its 
liquid State, which occurs at its melting point, and the term 
“molten” refers to Such a crystalline material in its liquid 
State, as used herein, the terms are used more broadly, 
referring in the case of "melt to the heating of any material 
or mixture of materials sufficiently that it becomes fluid in 
the Sense that it may be pumped or atomized in a manner 
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Similar to a crystalline material in the liquid State. Likewise 
“molten” refers to any material or mixture of materials that 
is in Such a fluid State. 

0.161 Virtually any process can be used to form the 
molten mixture. One method involves melting the carrier in 
a tank, adding the azithromycin to the molten carrier, and 
then mixing the mixture to ensure the azithromycin is 
uniformly distributed therein. Alternatively, both the 
azithromycin and carrier may be added to the tank and the 
mixture heated and mixed to form the molten mixture. When 
the carrier comprises more than one material, the molten 
mixture may be prepared using two tanks, melting a first 
carrier in one tank and a Second in another. The azithromycin 
is added to one of these tanks and mixed as described above. 
In another method, a continuously Stirred tank System may 
be used, wherein the azithromycin and carrier are continu 
ously added to a heated tank equipped with means for 
continuous mixing, while the molten mixture is continu 
ously removed from the tank. 

0162 The molten mixture may also be formed using a 
continuous mill, such as a DynoCR) Mill. The azithromycin 
and carrier are typically fed to the continuous mill in Solid 
form, entering a grinding chamber containing grinding 
media, Such as beads 0.25 to 5 mm in diameter. The grinding 
chamber typically is jacketed So heating or cooling fluid may 
be circulated around the chamber to control its temperature. 
The molten mixture is formed in the grinding chamber, and 
exits the chamber through a separator to remove the grinding 
media. 

0163 An especially preferred method of forming the 
molten mixture is by an extruder. By “extruder' is meant a 
device or collection of devices that creates a molten extru 
date by heat and/or Shear forces and/or produces a uniformly 
mixed extrudate from a Solid and/or liquid (e.g., molten) 
feed. Such devices include, but are not limited to Single 
Screw extruders, twin-Screw extruders, including co-rotat 
ing, counter-rotating, intermeshing, and non-intermeshing 
extruders, multiple Screw extruders, ram extruders, consist 
ing of a heated cylinder and a piston for extruding the molten 
feed; gear-pump extruders, consisting of a heated gear 
pump, generally counter-rotating, that Simultaneously heats 
and pumps the molten feed; and conveyer extruders. Con 
Veyer extruders comprise a conveyer means for transporting 
Solid and/or powdered feeds, Such, Such as a Screw conveyer 
or pneumatic conveyer, and a pump. At least a portion of the 
conveyer means is heated to a Sufficiently high temperature 
to produce the molten mixture. The molten mixture may 
optionally be directed to an accumulation tank, before being 
directed to a pump, which directs the molten mixture to an 
atomizer. Optionally, an in-line mixer may be used before or 
after the pump to ensure the molten mixture is Substantially 
homogeneous. In each of these extruders the molten mixture 
is mixed to form a uniformly mixed extrudate. Such mixing 
may be accomplished by various mechanical and processing 
means, including mixing elements, kneading elements, and 
Shear mixing by backflow. Thus, in Such devices, the com 
position is fed to the extruder, which produces a molten 
mixture that can be directed to the atomizer. 

0164. Once the molten mixture has been formed, it is 
delivered to an atomizer that breaks the molten mixture into 
small droplets. Virtually any method can be used to deliver 
the molten mixture to the atomizer, including the use of 
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pumpS and various types of pneumatic devices Such as 
preSSurized vessels or piston pots. When an extruder is used 
to form the molten mixture, the extruder itself can be used 
to deliver the molten mixture to the atomizer. Typically, the 
molten mixture is maintained at an elevated temperature 
while delivering the mixture to the atomizer to prevent 
Solidification of the mixture and to keep the molten mixture 
flowing. 

0.165 Generally, atomization occurs in one of several 
ways, including (1) by "pressure” or single-fluid nozzles; (2) 
by two-fluid nozzles; (3) by centrifugal or spinning-disk 
atomizers; (4) by ultraSonic nozzles; and (5) by mechanical 
Vibrating nozzles. Detailed descriptions of atomization pro 
cesses, including how to use Spinning disk atomizers to 
obtain Specific particle sizes, can be found in Lefebvre, 
Atomization and Sprays (1989) or in Perry's Chemical 
Engineers' Handbook (7th Ed. 1997). 
0166 Once the molten mixture has been atomized, the 
droplets are congealed, typically by contact with a gas or 
liquid at a temperature below the Solidification temperature 
of the droplets. Typically, it is desirable that the droplets are 
congealed in less than about 60 Seconds, preferably in leSS 
than about 10 Seconds, more preferably in less than about 1 
Second. Often, congealing at ambient temperature results in 
sufficiently rapid solidification of the droplets to avoid 
excessive azithromycin ester formation. However, the con 
gealing Step often occurs in an enclosed space to Simplify 
collection of the multiparticulates. In Such cases, the tem 
perature of the congealing medium (either gas or liquid) will 
increase over time as the droplets are introduced into the 
enclosed space, leading to the possible formation of azithro 
mycin esters. Thus, a cooling gas or liquid is often circulated 
through the enclosed space to maintain a constant congeal 
ing temperature. When the carrier used is highly reactive 
with azithromycin and the time the azithromycin is exposed 
to the molten carrier must be limited, the cooling gas or 
liquid can be cooled to below ambient temperature to 
promote rapid congealing, thus keeping the formation of 
azithromycin esters to acceptable levels. 
0167 Suitable thermal-based processes are disclosed in 
detail in U.S. Patent Application Attorney Docket No. 
PC25015, titled “Improved Azithromycin Multiparticulate 
Dosage Forms by Melt-Congeal Processes", and U.S. patent 
application Attorney Docket No. PC25122, titled “Extrusion 
Process for Forming Chemically Stable Multiparticulates”, 
filed concurrently herewith. 
0168 The multiparticulates may also be made by a 
liquid-based process comprising the steps of (a) forming a 
mixture comprising azithromycin, a pharmaceutically 
acceptable carrier, and a liquid; (b) forming particles from 
the mixture of Step (a); and (c) removing a Substantial 
portion of the liquid from the particles of step (b) to form 
multiparticulates. Preferably, step (b) is a method selected 
from (i) atomization of the mixture, (ii) coating Seed cores 
with the mixture, (iii) wet-granulating the mixture, and (iv) 
extruding the mixture into a Solid mass followed by Spher 
onizing or milling the mass. 
0169 Preferably, the liquid has a boiling point of less 
than about 150 C. Examples of liquids suitable for forma 
tion of multiparticulates using liquid-based processes 
include water, alcohols, Such as methanol, ethanol, Various 
isomers of propanol and various isomers of butanol; 
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ketones, Such as acetone, methyl ethyl ketone and methyl 
isobutyl ketone, hydrocarbons, Such as pentane, hexane, 
heptane, cyclohexane, methylcyclohexane, octane and min 
eral oil, ethers, Such as methyl tert-butyl ether, ethyl ether 
and ethylene glycol monoethyl ether, chlorocarbons, Such as 
chloroform, methylene dichloride and ethylene dichloride; 
tetrahydrofuran; dimethylsulfoxide; N-methylpyrrolidi 
none; N,N-dimethylacetamide; acetonitrile; and mixtures 
thereof. 

0170 In one embodiment, the particles are formed by 
atomization of the mixture using an appropriate nozzle to 
form Small droplets of the mixture, which are Sprayed into 
a drying chamber where there is a strong driving force for 
evaporation of the liquid, to produce Solid, generally Spheri 
cal particles. The Strong driving force for evaporation of the 
liquid is generally provided by maintaining the partial 
pressure of liquid in the drying chamber well below the 
Vapor pressure of the liquid at the temperature of the 
particles. This is accomplished by (1) maintaining the pres 
Sure in the drying chamber at a partial vacuum (e.g., 0.01 to 
0.5 atm), or (2) mixing the droplets with a warm drying gas, 
or (3) both (1) and (2). Spray-drying processes and spray 
drying equipment are described generally in Perry's Chemi 
cal Engineers' Handbook, pages 20-54 to 20-57 (6th Ed. 
1984). 
0171 In another embodiment, the particles are formed by 
coating the liquid mixture onto Seed cores. The Seed cores 
can be made from any Suitable material Such as Starch, 
microcrystalline cellulose, Sugar or wax, by any known 
method, Such as melt- or spray-congealing, extrusion/spher 
onization, granulation, Spray-drying and the like. 
0172 The liquid mixture can be sprayed onto such seed 
cores using coating equipment known in the pharmaceutical 
arts, Such as pan coaters (e.g., Hi-Coater available from 
Freund Corp. of Tokyo, Japan, Accela-Cota available from 
Manesty of Liverpool, U.K.), fluidized bed coaters (e.g., 
Wurster coaters or top-spray coaters, available from Glatt 
Air Technologies, Inc. of Ramsey, N.J. and from Niro 
Pharma Systems of Bubendorf, Switzerland) and rotary 
granulators (e.g., CF-Granulator, available from Freund 
Corp). 
0.173) In another embodiment, the liquid mixture may be 
wet-granulated to form the particles. Granulation is a pro 
ceSS by which relatively Small particles are built up into 
larger granular particles, often with the aid of a carrier, also 
known as a binder in the pharmaceutical arts. In wet 
granulation, a liquid is used to increase the intermolecular 
forces between particles, leading to an enhancement in 
granular integrity, referred to as the “strength of the gran 
ule. Often, the Strength of the granule is determined by the 
amount of liquid that is present in the interstitial Spaces 
between the particles during the granulation process. This 
being the case, it is important that the liquid wet the 
particles, ideally with a contact angle of Zero. Since a large 
percentage of the particles being granulated are very hydro 
philic azithromycin crystals, the liquid needs to be fairly 
hydrophilic to meet this criterion. 
0.174 Thus, effective wet-granulation liquids tend also to 
be hydrophilic. Examples of liquids found to be effective 
wet-granulation liquids include water, ethanol, isopropyl 
alcohol and acetone. Preferably, the wet-granulation liquid is 
water at pH 7 or higher. 
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0.175. Several types of wet-granulation processes can be 
used to form azithromycin-containing multiparticulates. 
Examples include fluidized bed granulation, rotary granula 
tion and high-Shear mixers. In fluidized bed granulation, air 
is used to agitate or "fluidize' particles of azithromycin 
and/or carrier in a fluidizing chamber. The liquid is then 
Sprayed into this fluidized bed, forming the granules. In 
rotary granulation, horizontal discs rotate at high Speed, 
forming a rotating "rope' of azithromycin and/or carrier 
particles at the walls of the granulation vessel. The liquid is 
Sprayed into this rope, forming the granules. High-Shear 
mixers contain an agitator or impeller to mix the particles of 
azithromycin and/or carrier. The liquid is sprayed into the 
moving bed of particles, forming granules. In these pro 
cesses, all or a portion of the carrier can be dissolved into the 
liquid prior to Spraying the liquid onto the particles. Thus, in 
these processes, the Steps of forming the liquid mixture and 
forming particles from the liquid mixture occur Simulta 
neously. 
0176). In another embodiment, the particles are formed by 
extruding the liquid mixture into a Solid mass followed by 
Spheronizing or milling the mass. In this process, the liquid 
mixture, which is in the form of a paste-like plastic Suspen 
Sion, is extruded through a perforated plate or die to form a 
Solid mass, often in the form of elongated, Solid rods. This 
Solid mass is then milled to form the multiparticulates. In 
one embodiment, the Solid mass is placed, with or without 
an intervening drying Step, onto a rotating disk that has 
protrusions that break the material into multiparticulate 
Spheres, spheroids, or rounded rods. The So-formed multi 
particulates are then dried to remove any remaining liquid. 
This proceSS is Sometimes referred to in the pharmaceutical 
arts as an extrusion/spheronization process. 
0177. Once the particles are formed, a portion of the 
liquid is removed, typically in a drying Step, thus forming 
the multiparticulates. Preferably, at least 80% of the liquid is 
removed from the particles, more preferably at least 90%, 
and most preferably at least 95% of the liquid is removed 
from the particle during the drying Step. 
0.178 Suitable liquid-based processes are disclosed more 
fully in U.S. patent application Ser. No. 11/004,453, Attor 
ney Docket No. PC25018, titled “Improved Azithromycin 
Multiparticulate Dosage Forms by Liquid-Based Pro 
ceSSes', filed concurrently here with. 
0179 The multiparticulates may also be made by a 
granulation process comprising the steps of (a) forming a 
Solid mixture comprising azithromycin and a pharmaceuti 
cally acceptable carrier; and (b) granulating the Solid mix 
ture to form multiparticulates. Examples of Such granulation 
processes include dry granulation and melt granulation, both 
well known in the art. See Remington's Pharmaceutical 
Sciences (18th Ed. 1990). 
0180. An example of a dry granulation process is roller 
compaction. In roller compaction processes, the Solid mix 
ture is compressed between rollers. The rollers can be 
designed Such that the resulting compressed material is in 
the form of small beads or pellets of the desired diameter. 
Alternatively, the compressed material is in the form of a 
ribbon that may be milled to for multiparticulates using 
methods well known in the art. See, for example, Reming 
ton's Pharmaceutical Sciences (18th Ed. 1990). 
0181. In melt granulation processes, the solid mixture is 
fed to a granulator that has the capability of heating or 
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melting the carrier. Equipment Suitable for use in this 
process includes high-Shear granulators and Single or mul 
tiple Screw extruders, Such as those described above for 
melt-congeal processes. In melt grariulation processes, the 
Solid mixture is placed into the granulator and heated until 
the Solid mixture agglomerates. The Solid mixture is then 
kneaded or mixed until the desired particle size is attained. 
The So-formed granules are then cooled, removed from the 
granulator and Sieved to the desired size fraction, thus 
forming the multiparticulates. 
0182 While the azithromycin in the multiparticulates can 
be amorphous or crystalline, it is preferred that a Substantial 
portion of the azithromycin is crystalline, preferably the 
crystalline dihydrate. By “substantial portion” is meant that 
at least 80% of the azithromycin is crystalline. The crystal 
line form is preferred because it tends to result in multipar 
ticulates with improved chemical and physical stability. The 
crystallinity of azithromycin in the multiparticulates is deter 
mined using Powder X-Ray Diffraction (PXRD) analysis. In 
an exemplary procedure, PXRD analysis may be performed 
on a Bruker AXS D8 Advance diffractometer. In this analy 
sis, Samples of about 500 mg are packed in Lucite Sample 
cups and the Sample Surface Smoothed using a glass micro 
Scope Slide to provide a consistently Smooth Sample Surface 
that is level with the top of the Sample cup. Samples are spun 
in the (p plane at a rate of 30 rpm to minimize crystal 
orientation effects. The X-ray source (S/BKcu, -1.54A) 
is operated at a voltage of 45 kV and a current of 40 mA. 
Data for each Sample are collected over a period of from 
about 20 to about 60 minutes in continuous detector Scan 
mode at a Scan Speed of about 12 Seconds/step and a step size 
of 0.02/step. Diffractograms are collected over the range of 
10 to 16°. 

0183 The crystallinity of the test sample is determined 
by comparison with calibration standards as follows. The 
calibration Standards consist of physical mixtures of 20 wt 
%/80 wt % azithromycin/carrier, and 80 wt %/20 wt % 
azithromycin/carrier. Each physical mixture is blended 
together 15 minutes on a Turbula mixer. Using the instru 
ment Software, the area under the diffractogram curve is 
integrated over the 20 range of 100 to 160 using a linear 
baseline. This integration range includes as many azithro 
mycin-specific peaks as possible while excluding carrier 
related peaks. In addition, the large azithromycin-specific 
peak at approximately 10 20 is omitted due to the large 
Scan-to-Scan variability in its integrated area. A linear cali 
bration curve of percent crystalline azithromycin Versus the 
area under the diffractogram curve is generated from the 
calibration Standards. The crystallinity of the test Sample is 
then determined using these calibration results and the area 
under the curve for the test Sample. Results are reported as 
a mean percent azithromycin crystallinity (by crystal mass). 
0.184 One key to maintaining the crystalline form of 
azithromycin during formation of multiparticulates via ther 
mal-based and liquid-based processes is to maintain a high 
activity of water and any Solvate Solvents in the carrier, 
atmosphere or gas with which the composition comes in 
contact. The activity of water or solvent should be equiva 
lent to or greater than that in the crystalline state. This will 
ensure that the water or Solvent present in the crystal form 
of azithromycin remains at equilibrium with the atmosphere, 
thus preventing a loSS of hydrated water or Solvated Solvent. 
For example, if the process for forming the multiparticulates 
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requires that crystalline azithromycin, the crystalline dihy 
drate, for instance, be exposed to high temperatures (e.g., 
during a melt- or spray-congeal process), the atmosphere 
near the azithromycin Should be maintained at high humidity 
to limit the loss of the hydrated water from the azithromycin 
crystals, and thus a change in the crystalline form of the 
azithromycin. 
0185. The humidity level required is that equivalent to or 
greater than the activity of water in the crystalline State. This 
can be determined experimentally, for example, using a 
dynamic vapor Sorption apparatus. In this test, a Sample of 
the crystalline azithromycin is placed in a chamber and 
equilibrated at a constant temperature and relative humidity. 
The weight of the sample is then recorded. The weight of the 
Sample is then monitored as the relative humidity of the 
atmosphere in the chamber is decreased. When the relative 
humidity in the chamber decreases to below the level 
equivalent to the activity of water in the crystalline State, the 
Sample will begin to loose weight as waters of hydration are 
lost. Thus, to maintain the crystalline State of the azithro 
mycin, the humidity level should be maintained at or above 
the relative humidity at which the azithromycin begins to 
lose weight. A similar test can be used to determine the 
appropriate amount of Solvent vapor required to maintain a 
crystalline Solvate form of azithromycin. 
0186. When crystalline azithromycin, such as the dihy 
drate form, is added to a molten carrier, a Small amount of 
water, on the order of 30 to 100 wt % of the solubility of 
water in the molten carrier at the process temperature can be 
added to the carrier to ensure there is Sufficient water to 
prevent loSS of the azithromycin dihydrate crystalline form. 
0187 Likewise, if a liquid-based process is used to form 
the composition, the liquid should contain Sufficient water 
(e.g., 30 to 100 wt % the solubility of water in the liquid) to 
prevent a loSS of the waters from hydrated crystalline 
azithromycin. In addition, the atmosphere near the azithro 
mycin during any drying Steps to remove the liquid should 
be humidified sufficiently to prevent the loss of water and 
thereby maintain the crystalline dihydrate form. Generally, 
the higher the processing temperature, the higher the 
required concentration of water vapor or Solvent in the 
carrier, atmosphere, or gas to which the azithromycin is 
exposed to maintain the hydrated or Solvated form of the 
azithromycin. 

0188 Processes to maintain the crystalline form of 
azithromycin while forming multiparticulates are disclosed 
more fully in U.S. patent application Ser. No. 11/003,659 
(“Method for Making Pharmaceutical Multiparticulates,” 
Attorney Docket No. PC25021), filed concurrently herewith. 
0189 The multiparticulates of the present invention may 
be post-treated to improve the drug crystallinity and/or the 
stability of the multiparticulate. In one embodiment, the 
multiparticulates comprise azithromycin and a carrier, 
wherein the carrier, when in the multiparticulate, and con 
taining the azithromycin and optional excipients has a 
melting point of T in C.; the multiparticulates are treated 
after formation by at least one of (i) heating the multipar 
ticulates to a temperature of at least 35° C. but less than (T. 
C.-10 C.), and (ii) exposing the multiparticulates to a 
mobility-enhancing agent. Such a post-treatment Step results 
in an increase in drug crystallinity in the multiparticulates, 
and typically an improvement in at least one of the chemical 
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stability, physical stability, and dissolution stability of the 
multiparticulates. Post-treatment processes are disclosed 
more fully in U.S. patent application Ser. No. 11/003,664, 
(“Multiparticulate Compositions with Improved Stability,” 
Attorney Docket No. PC11900) filed concurrently herewith. 
0.190 Preferably, wherein the azithromycin dosage form 
comprises azithromycin multiparticulates, which comprise 
about 45 to about 55 wt % azithromycin, about 43 to about 
50 wt % glyceryl behenate and about 2 to about 5 wt % 
poloxamer, and an alkalizing agent comprising about 300 to 
about 400 mg TSP, the azithromycin multiparticulates are 
post-treated by maintaining them at a temperature of about 
40° C. at a relative humidity of about 75%, or sealed with 
water in a container maintained at 40 C., for 2 days or more. 
It is more preferred that this dosage form further comprises 
about 200 to about 300 mg magnesium hydroxide. 
0191 More preferably, wherein the azithromycin dosage 
form comprises azithromycin multiparticulates, which com 
prise about 50 wt % azithromycin dihydrate, about 46 to 
about 48 wt % Compritol(R) 888 ATO, and about 2 to about 
4 wt % Lutrol(R) F127 NF; and an alkalizing agent compris 
ing about 300 to about 400 30 mg TSP, the azithromycin 
multiparticulates are post-treated by maintaining them at a 
temperature of about 40 C. at a relative humidity of about 
75%, or sealed with water in a container maintained at 40 
C., for about 5 days to about 3 weeks. It is more preferred 
that this dosage form further comprises about 200 to about 
300 mg magnesium hydroxide. 
0.192 Most preferably, wherein the azithromycin dosage 
form comprises azithromycin the multiparticulates, which 
comprises about 50 wt % azithromycin dihydrate, about 47 
wt % Compritol(R) 888 ATO and about 3 wt % Lutrol(R) F127 
NF, the azithromycin multiparticulates are post-treated by 
maintaining them at a temperature of about 40 C. at a 
relative humidity of about 75%, or sealed with water in a 
container maintained at 40 C., for about 10 days or more. 
0193 Preferably, the concentration of azithromycin 
esters in the multiparticulates is less than about 1 wt %, 
based on the total amount of azithromycin present in the 
multiparticulate, more preferably less than about 0.5 wt %, 
more preferably less than about 0.2 wt %, and most prefer 
ably less than about 0.1 wt %. 
0194 Azithromycin esters may be formed during the 
multiparticulate-forming process, during other processing 
StepS required for manufacture of the finished dosage form, 
or during Storage following manufacture but prior to dosing. 
Since the azithromycin dosage forms may be stored for up 
to two years or even longer prior to dosing, it is preferred 
that the amount of azithromycin esters in the Stored dosage 
form not exceed the above values prior to dosing. 
0.195 Processes for reducing ester formation are 
described in more detail in commonly assigned U.S. patent 
application Ser. Nos. 11/003,856 (“Improved Azithromycin 
Multiparticulate Dosage Forms by Melt-Congeal Pro 
cesses,” Attorney Docket No. PC25015), Ser. No. 11/003, 
853 (“Controlled Release Multiparticulates Formed with 
Dissolution Enhancers.” Attorney Docket No. PC25016), 
and Ser. No. 11/004,453 (“Improved Azithromycin Multi 
particulate Dosage Forms by Liquid-Based Processes, Attor 
ney Docket No. PC25018), filed concurrently herewith. 
0196. The invention also provides a method of treating a 
disease or condition amenable to treatment with azithromy 
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cin, comprising administering to a mammal, preferably a 
human, in need of Such treatment a therapeutically effective 
amount of azithromycin and an effective amount of an 
alkalizing agent. It is also preferred that the azithromycin is 
in multiparticulate form. 
0197) The term “effective amount of azithromycin” 
means the amount of azithromycin which, when adminis 
tered, according to the present invention, prevents the onset 
of, alleviates the Symptoms of, Stops the progression of, or 
eliminates a bacterial or protozoal infection in a mammal. 
0198 In a preferred embodiment, the pharmaceutical 
dosage forms of the present invention are be used to treat 
bacterial or protozoal infection(s). AS relates to bacterial or 
protozoal infections, the term “treat’, means to treat or 
prevent bacterial or protozoal infection(s), including curing, 
reducing the Symptoms of or slowing the progreSS of Said 
infection(s). 
0199 AS used herein, unless otherwise indicated, the 
term “bacterial or protozoal infection(s)” includes bacterial 
infections and protozoal infections that occur in mammals as 
well as disorders related to bacterial infections and protozoal 
infections that may be treated or prevented by administering 
antibioticS Such as the compound of the present invention. 
Such bacterial infections and protozoal infections and dis 
orders related to Such infections include, but are not limited 
to, the following: pneumonia, otitis media, Sinusitis, bron 
chitis, tonsillitis, and mastoiditis related to infection by 
Streptococcus pneumoniae, Haemophilus influenzae, 
Moraxella catarrhalis, Staphylococcus aureus, or Pep 
toStreptococcuS spp., pharynigitis, rheumatic fever, and 
glomerulonephritis related to infection by StreptococcuS 
pyogenes, Groups C and GStreptococci, CloStridium dipthe 
riae, or Actinobacillus haemolyticum, respiratory tract 
infections related to infection by Mycoplasma pneumoniae, 
Legionella pneumophila, StreptococcuS pneumoniae, Hae 
mophilus influenzae, or Chlamydia pneumoniae, uncompli 
cated skin and Soft tissue infections, abscesses and Osteo 
myelitis, and puerperal fever related to infection by 
StaphylococcuS aureus, coagulase-positive Staphylococci 
(i.e., S. epidermidis, S. hemolyticus, etc.), StreptococcuS 
pyogenes, StreptococcuS agalactiae, Streptococcal Groups 
C-F (minute-colony Streptococci), Viridans Streptococci, 
Corynebacterium minutissimum, CloStridium spp., or Bar 
tonella henselae, uncomplicated acute urinary tract infec 
tions related to infection by StaphylococcuS SaprophyticuS 
or EnterOCOccus spp., urethritis and cerviciitis, and Sexually 
transmitted diseaseS related to infection by Chlamydia tra 
chomatis, Haemophilus ducreyi, Treponema pallidum, 
Ureaplasma urealyticum, or Neisseria gonorroeae, toxin 
diseases related to infection by S. aureus (food poisoning 
and Toxic shock Syndrome), or Groups A, B, and C Strep 
tococci; ulcers related to infection by Helicobacter pylori; 
systemic febrile syndromes related to infection by Borrelia 
recurrentis, Lyme disease related to infection by Borrelia 
burgdorferi; conjunctivitis, keratitis, and dacrocystitis 
related to infection by Chlamydia trachomatis, Neisseria 
gOnorrhoeae, S. aureus, S. pneumoniae, S. pyogenes, H. 
influenzae, or Listeria spp., disseminated Mycobacterium 
avium complex (MAC) disease related to infection by Myco 
bacterium avium, or Mycobacterium intracellulare, gastro 
enteritis related to infection by Campylobacter jejuni, intes 
tinal protozoa related to infection by Cryptosporidium spp.; 
odontogenic infection related to infection by Viridans Strep 
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tococci; persistent cough related to infection by Bordetella 
pertuSSis, gas gangrene related to infection by CloStridium 
perfiringens or Bacteroides spp., and atherOSclerosis related 
to infection by Helicobacter pylori or Chlamydia pneumo 
niae. Bacterial infections and protozoal infections and dis 
orders related to Such infections that may be treated or 
prevented in animals include, but are not limited to, the 
following: bovine respiratory disease related to infection by 
P. haem., P. multocida, Mycoplasma bovis, or Bordetella 
spp., cow enteric disease related to infection by E. coli or 
protozoa (i.e., coccidia, cryptosporidia, etc.); dairy cow 
mastitis related to infection by Staph. aureus, Strep. uberis, 
Strep. agalactiae, Strep. dysgalactiae, Klebsiella spp., 
Corynebacterium, or EnterOCOccuS spp., Swine respiratory 
disease related to infection by A. pleurO., P. multocida, or 
Mycoplasma spp., Swine enteric disease related to infection 
by E. coli, Lawsonia intracellularis, Salmonella, or Ser 
pulina hyodyisinteriae, cow footrot related to infection by 
Fusobacterium spp., cow metritis related to infection by E. 
coli, cow hairy warts related to infection by Fusobacterium 
necrophorum or Bacteroides nodosus, cow pink-eye related 
to infection by Moraxella bovis, cow premature abortion 
related to infection by protozoa (i.e. neosporium), urinary 
tract infection in dogs and cats related to infection by E. coli, 
skin and Soft tissue infections in dogs and cats related to 
infection by Staph. epidermidis, Staph. intermedius, coagul 
lase neg. Staph. or P. multocida, and dental or mouth 
infections in dogs and cats related to infection by Alcali 
genes spp., Bacteroides spp., CloStridium spp., Enterobacter 
spp., Eubacterium, PeptoStreptococcuS, Porphyromonas, or 
PrevOtella. Other conditions that may be treated by the 
compounds and preparations of the present invention 
include malaria and atherOSclerosis. Other bacterial infec 
tions and protozoal infections and disorders related to Such 
infections that may be treated or prevented in accord with 
the method and compositions of the present invention are 
referred to in J. P. Sanford et al., “The Sanford Guide To 
Antimicrobial Therapy,” 26th Edition, (Antimicrobial 
Therapy, Inc., 1996). 
0200. The amount of azithromycin which is administered 
will necessarily be varied according to principles well 
known in the art, taking into account factorS Such as the 
Severity of the disease or condition being treated and the size 
and age of the patient. In general, the drug is to be admin 
istered so that an effective dose is received, with the effective 
dose being determined from Safe and efficacious ranges of 
administration already known for azithromycin. 
0201 For adult humans, and for pediatric humans weigh 
ing more than 30 kg, the amount of azithromycin adminis 
tered in a dose is typically between about 250 mgA and 
about 7 gA. Preferably, for adult humans, and for pediatric 
humans above 30 kg in weight, the dose form contains 
between about 1.5 to about 4 gA, more preferably about 1.5 
to about 3 gA, and most preferably about 1.8 to about 2.2 
gA. For pediatric humans weighing 30 kg, or less, the 
azithromycin dose is typically Scaled, according to the 
weight of the patient, and contains about 30 to about 90 
mgA/kg of patient body weight, preferably about 45 to about 
75 mgA/kg, and more preferably about 60 mgA/kg. 
0202) The present invention is particularly useful for 
administering relatively large amounts of azithromycin to a 
patient, with reduced Glside effects, in a Single-dose therapy 
wherein the total dose administered in the therapy comprises 
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about 1.5 gA to about 4.0 gA of azithromycin. Even more 
preferably, this Single dose comprises about 1.5 gA to about 
3.0 gA of azithromycin and most preferably 1.8 to 2.2 gA 
azithromycin. 
0203 For animal/veterinary applications, the amount 
can, of course, be adjusted to be outside these limits depend 
ing, for example, on the size of the animal Subject being 
treated. 

0204. In the method of the present invention, the azithro 
mycin may be administered using a Single-dose therapy or in 
multiple-dose therapy (e.g., administering more than one 
dose in a single day or administering one or more doses over 
a course of 2-5 days or more). A daily dosage can be 
administered from 1 to 4 times daily in equal doses. Pref 
erably, the azithromycin is administered one dose per day. 
0205 Most preferably, in the method of the present 
invention, the azithromycin is administered using a single 
dose, Single-day therapy. 
0206. “Single dose” as used herein, means administering 
only one dose of azithromycin in the full course of therapy. 
Exemplification 
0207. The present invention will be further illustrated by 
means of the following examples. It is to be understood, 
however, that the invention is not meant to be limited to the 
details described therein. 

0208. In the examples that follow, the following defini 
tions and tests have been employed: 
0209 Specification of a quantity in percent (%) means 
percent by weight based on total weight, unless otherwise 
indicated. 

0210 Lutrol(R) F127 NF (hereinafter referred to as 
“Lutrol(R') and Pluronice F127 (hereinafter referred to as 
“Pluronic”), which are also known as Poloxamer 407 NF, are 
polyoxypropylene-polyoxyethylene block copolymerS hav 
ing a molecular weight, calculated on the OH value, of 9,840 
to 14,600 g/mol and having a general Structure of 

CH 

O-C-C-O-, -C-C-O-, -C-C-O--H ts, H a H. H b H. H. 3. 

wherein a is about 101 and b is about 56, obtained from 
BASF Corporation, Mount Olive, N.J. Lutrole is the phar 
maceutical equivalent of Pluronic(R). 
0211 Compritol(R) 888 ATO (hereinafter referred to as 
“Compritol(R)'), which is composed of a mixture of glyceryl 
mono-, di- and tribehenates, the diester fraction being pre 
dominant, is Synthesized by esterification of glycerol by 
behenic acid (C22 fafty acid) and then atomized by Spray 
cooling, was obtained from GATTEFOSSE Corporation, 
Saint Priest, Cedex, France. 
0212 “gA' is an abbreviation for “grams of active 
azithromycin'. For example, “2 gA' means 2 grams of 
active azithromycin. 

EXAMPLE 1. 

Effect of Various Alkalizing Agents on Stomach pH 
0213. A clinical study was conducted to monitor the pH 
of the Stomach (using a pH probe) after dosing six different 
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formulations containing alkalizing agents. Prior to perform 
ing the clinical Study, a titration Study was conducted with 
the alkalizing agent formulation to determine the pH change 
resulting from adding 0.1 NHCl (pH 1.2) to the alkalizing 
agent. 

0214. The formulations tested included the following 
alkalizing agents: 
0215 Formulation 1-176 mg anhydrous TSP 
0216) Formulation 2-352 mg anhydrous TSP 
0217 Formulation 3-352 mg anhydrous TSP and 500 mg 
calcium carbonate 

0218. Formulation 4-352 mg anhydrous TSP and 250 mg 
magnesium hydroxide 

0219 Formulation 5-352 mg anhydrous TSP and 500 mg 
Tromethamine (TRIS) 
0220. Formulation 6-352 mg anhydrous TSP and 1000 
mg Tromethamine (TRIS) 
0221) Further, each formulation was prepared by blend 
ing the Specified alkalizing agent with 19.36 g Sucrose, 0.067 
g hydroxypropyl cellulose, 0.067 g Xanthan gum, 0.2 g 
colloidal silicon dioxide, 0.14 g artificial cherry flavor, 0.23 
g artificial banana flavor, and 0.4 g titanium dioxide. 
Step A-In Vitro Titration of Alkalizing Agents 

0222. In vitro titration curves for each of the six formu 
lations were developed. A volume of 60 mL water was used 
to constitute Suspensions of each formulation and of the 
placebo. In Vitro titration curves, for each Suspension, were 
then determined by titrating the Suspension with 0.2 mL to 
5 mL increments of 0.1 N HCl where the size of the 
Subsequent increment depended upon the pH change asso 
ciated with the prior increment. Titration curves for Suspen 
Sions containing magnesium hydroxide or calcium carbon 
ate were allowed to equilibrate for approximately 5 minutes 
after each acid addition prior to reading pH values. The in 
vitro test results for each of the formulations are provided in 
FIG. 1. 

0223) The data in FIG. 1 is used in the method to estimate 
the change in Stomach pH with time after ingestion of an 
alkalizing agent. To calculate this, one must assume the 
amount of acid present in the Stomach and also the rate of 
acid produced. From the literature (C. Lentner. Basle, CIBA 
GEIGY, Units of measurement, Body Fluids, Composition 
of the Body, Nutrition, Geigy Scientific Tables (1981) 1:123 
133; Yamada, Tadataka (ed.), “Textbook of Gastroenterol 
ogy”, Volume 1, Lippincott Williams & Wilkens, 1999, pp. 
284-285), the basal fasted stomach acid volume content is 40 
mL of 0.04M HCl, or 0.96 mEq H+or 9.6 mL of 0.1 NHCl 
(0.1 mmol/mL). The basal acid secretion rate is 3 mEq/hr (or 
3/60=0.05 mEq/min). For H+, the number of millieduiva 
lents (mEq) is the same as the number of mmoles. The 
calculation procedure further assumes that equilibrium con 
ditions apply (i.e., good mixing) and that there is no Stomach 
emptying of the formulation as well as gastric acid. It will 
be recognized by those skilled in the art of acid-base 
equilibria that under the assumptions discussed above, theo 
retically estimating the change in Stomach pH with time 
after ingestion of an alkalizing agent is mathematically 
identical to estimating the pH of the alkalizing agent for 
mulation with time after (1) adding the entire basal amount 
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of acid (0.96 mmol) to the formulation at time Zero, and (2) 
simultaneously adding acid at the rate of 0.05 mmol/min to 
the formulation at time greater than 0. At any given time t, 
the volume of 0.1N HCl, V, that corresponds to these 
conditions is calculated as follows: 

V=0.96 mmol/(0.1 mmol/mL)+(0.05 mmol/min)/(0.1 
immol/mL)xt(min) Note: 0.1 mmol/mL is the defini 
tion of 0.1 NHCI 

Therefore, 
t=(V-9.6)/0.5, 

where t is time in minutes and V is the volume of 0.1 NHCl 
in FIG. 1. 

0224 For various alkalizing agent formulations, the pH 
versus time plots (theoretically calculated) are shown in 
FIG. 2. 

Step B-Clinical Study 
0225. The study was an open, randomized, placebo 
controlled Study on gastric pH in healthy adult Volunteers, 
Specifically, eighteen (18) healthy adult volunteers (6 Sub 
jects per group) between 18 to 55 years of age and within 
15% to 30% of the recommended weight range based on 
gender, height and body frame. 
0226. Subjects were assigned to three different groups. 
Each group received two test formulations and a placebo 
treatment in a 3-way croSS Over design: 

0227 Group 1: Formulation 1, Formulation 2 and pla 
cebo 

0228 Group 2: Formulation 3, Formulation 4 and pla 
cebo 

0229 Group 3: Formulation 5, Formulation 6 and pla 
cebo 

0230. Subjects were randomized to treatment sequences 
within each group. The test formulation was administered as 
Single dose oral Solution. Water was used as a placebo. Each 
Subject received only one treatment (formulation) per day. 
There was a minimum of a 1-day wash out period between 
treatment dayS. 
0231 Prior to dosing, the following procedures were 
performed: 

0232 Each subject was intubated with the Synectics 
Digitrapper pH probe (Synectics Medical Ltd, Middlesex, 
UK) approximately 30 minutes prior to the administration of 
the alkalizing agent formulation or the placebo to obtain a 
baseline pH. Continuous pH recording was done from 30 
minutes prior to dose administration while in a Sitting 
position. If a baseline pH of <2.0 was not demonstrated for 
a subject, that subject would have been excluded from the 
Study. However, no Subjects were excluded. 
0233. The test dose of a Formulation (1, 2, 3, 4, 5 or 6) 
or placebo, depending upon the allocated group and treat 
ment Sequence, was then administered orally. The dose was 
Swallowed easily around the Digitrapper. In order to Stan 
dardize conditions, all Subjects were required to refrain from 
lying down, and eating and drinking beverages (including 
water) during the first 2 hours after dosing. Continuous pH 
recording was done until 2 hours post dose in a Sitting 
position. 
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0234) Given some subject-to-subject variability for all 
formulations, the following conclusions were made. 
0235 TRIS containing formulations, in general, exhib 
ited the longest duration of pH rise of all formulations. 
0236 Response by subject to calcium carbonate contain 
ing formulation was equal or greater than that of magnesium 
hydroxide containing formulation. Except for Formulation 
1, all other formulations, on average, raised the pH to 6, or 
above, for at least 20 minutes. 

EXAMPLE 2 

Comparison of In Vitro Release Rates 

From Dosage Forms with Different Amounts of the 
Same Alkalizing Agent 

0237) The in vitro release rates of azithromycin were 
determined for various 30 azithromycin Sustained release 
dosage forms, which each contained 2 gA of the same 
azithromycin multiparticulate (MP1) and varying amounts 
of TSP as an alkalizing agent, as compared to an azithro 
mycin dosage form containing MP1 multiparticulates and no 
TSP, and to an azithromycin immediate release dosage form 
which did contain TSP. The Sustained release dosage forms 
were prepared as described in Step A, below, while the in 
Vitro release rate Study, and its results, are described in the 
following Step B. 
Step A-Preparation of Azithromycin Sustained Release 
Dosage Forms 
0238 Five azithromycin sustained release dosage forms 
(hereinafter “SR1”, “SR2”, “SR3”, “SR4”, “SR5”) were 
prepared by mixing 2000 mgA of azithromycin multipar 
ticulates MP1, prepared as described below, with one of six 
excipient blends, as described below in this example: 
0239). SR1 included 38.7 g sucrose and 50 mg TSP, 
0240 SR2 included 38.7 g sucrose and 100 mg TSP, 
0241 SR3 included 38.7 g sucrose and 264 mg. TSP, 
0242 SR4 included 38.7 g sucrose and 356 mg TSP, and 
0243 SR5 included 38.7 g sucrose and 500 mg TSP. 
0244. In addition, a Multiparticulate Control dosage form 
was prepared by mixing 2000 mgA of azithromycin multi 
particulates, described in this example, and 38.7 g Sucrose. 
Azithromycin Multiparticulates “MP1’ 
0245 Azithromycin multiparticulates MP1 were made 
which comprised 50 wt % azithromycin dihydrate, 46 wt % 
Compritol(R), and 4 wt % “Lutrol(R)'. Specifically, azithro 
mycin dihydrate (5000 g), Compritol(R) (4600 g) and 
Lutrol(R) (400 g) were blended in a twinshell blender (Blend 
Master C419145 purchased from Patterson Kelly, East 
Stroudsberg, Pa.) for 20 minutes. This blend was then 
de-lumped using a FitzMille Comminutor L1A mill (The 
Fitzpatrick Company, Elmhurst, Ill.) at 3000 rpm, knives 
forward using a 0.065-inch screen. The mixture was blended 
again in a twinshell blender for 20 minutes, forming a 
preblend feed. The preblend feed was delivered to a B&P 
19-mm twin-screw extruder (MP19-TC with a 25 UD ratio 
purchased from B & P Process Equipment and Systems, 
LLC, Saginaw, Mich.) at a rate of 120 g/min, to form the 
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molten mixture at a temperature of about 90° C. No water 
was added to the extruder. The extruder produced a molten 
mixture consisting of a Suspension of the azithromycin 
dihydrate in the Compritol(R)/Lutrol(R). The molten mixture 
was then fed into the center of Spinning-disk atomizer to 
form azithromycin multiparticulates. 

0246 The spinning disk atomizer, which was custom 
made, consists of a bowel-shaped StainleSS Steel disk of 10.1 
cm (4 inches) in diameter. The surface of the disk is heated 
with a thin film heater beneath the disk to about 90° C. That 
disk is mounted on a motor that drives the disk of up to 
approximately 10,000 RPM. The entire assembly is enclosed 
in a plastic bag of approximately 8 feet in diameter to allow 
congealing and to capture multiparticulates formed by the 
atomizer. Air is introduced from a port underneath the disk 
to provide cooling of the multiparticulates upon congealing 
and to inflate the bag to its extended size and shape. 
0247 A suitable commercial equivalent, to this spinning 
disk atomizer, is the FX1 100-mm rotary atomizer manu 
factured by Niro A/S (Soeborg, Denmark). 
0248. The surface of the spinning disk atomizer was 
maintained at 90° C., and the disk was rotated at 5500 rpm, 
while forming the azithromycin multiparticulates. The mean 
residence time of the azithromycin dihydrate in the extruder 
was about 60 seconds and the total time the azithromycin 
was in the molten Suspension was less than about 3 minutes. 
The particles formed by the Spinning-disk atomizer were 
congealed in ambient air and collected. The azithromycin 
multiparticulates, prepared by this method, had a diameter of 
about 200 um. 
0249. The properties of the melt-congealed multiparticu 
lates Such as particle size can be controlled by the Viscosity 
of the melt and processing conditions. Given the combina 
tion of the materials in the preferred embodiments in the 
present invention, the Viscosity of the melt is unchanged as 
long as the temperature of the heating System is kept at 90 
C. The size of azithromycin multiparticulates can be con 
trolled by feed rate (the amount of molten materials charging 
onto the spinning disk atomizer) and the disk speed (4 inch 
diameter). For example, 200 um particles can be formed by 
a combination of 1) feed rate at 8.4 kg/hr and disk speed at 
5500 RPM or 2) feed rate at 20 kg/hr and disk speed at 5800 
RPM, or 3) feed rate at 25 kg/hr and disk speed at 7100 
RPM. 

0250) The azithromycin multiparticulates were subse 
quently post-treated by placing them in a shallow tray, at a 
depth of about 2 cm, and then placing the tray in a 40 C. 
oven, maintaining a 75% relative humidity, for 5 days. 
0251 Each azithromycin multiparticulate dosage form 
was prepared using 4.2 grams of azithromycin multiparticu 
lates to provide an equivalent of 2 gA azithromycin. 

Step B-In Vitro Azithromycin Release Rate Study 

0252) The in vitro rates of release of azithromycin, in 
0.01 NHCl which simulates stomach fluid when in the fed 
state and was used instead of 0.1 N HCl to avoid acid 
degradation of the azithromycin, for the Sustained release 
dosage forms (2 gA each) SR1, SR2, SR3, SR4, and SR5 
which contained varying amounts of TSP as an alkalizing 
agent were determined. The in vitro release rate of the 
multiparticulate (2 gA), which contained no TSP, was also 
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determined. Further, the in vitro release rate of the imme 
diate release (IR) control, of two commercially sold single 
dose packets of azithromycin dihydrate for oral Suspension 
(Zithromax(R, Pfizer Inc., New York, N.Y.), was determined. 
Each Single dose packet contained 1048 mg azithromycin 
dihydrate (1 gA), 88 mg TSP and other excipients. 
0253) The data in Table 1, shown below, demonstrate that 
the release rate of azithromycin, from these multiparticu 
lates, is increasingly slowed when administered with 
increasing amounts of TSP. 
0254. This in vitro azithromycin release rate study, 
reflected in Table 1, was performed as follows. The Sus 
tained release dosage forms, each containing about 2 gA of 
azithromycin in multiparticulates, and multiparticulate con 
trol and the immediate release control, were placed into 
individual 125 mL bottles. Next, 60 mL of purified water 
was added, and the bottle was shaken for 30 seconds. The 
contents were added to a USP Type 2 dissoette flask 
equipped with Teflon-coated paddles rotating at 50 rpm. The 
flask contained a volume of 750 mL of 0.01 NHCl held at 
37.0+0.5 C. The bottle was rinsed twice with 20 mL of the 
HCl from the flask, and the rinse was returned to the flask 
to make up a 750 mL final volume. A 3 mL sample of the 
fluid in the flask was then collected at 15, 30, 60, 120, and 
180 minutes following addition of the multiparticulates to 
the flask. The Samples were filtered using a 0.45-lim Syringe 
filter prior to analyzing via High Performance Liquid Chro 
matography (Hewlett Packard 1100, Waters Symmetry Cs 
column, 45:30:25 acetonitrile:methanol:25 mM. KHPO 
buffer at 1.0 mL/min, absorbance measured at 210 nm with 
a diode array spectrophotometer). 

TABLE 1. 

Time Total Azithromycin Azithromycin 
Formulation (hr) Released (mg) Released (%) 

SR1 O.O8 350 17 
(50 mg TSP) 0.25 760 38 

0.5 130 57 
1. 440 72 
2 610 8 
3 68O 84 

SR2 O.O8 340 17 
(100 mg TSP) 0.25 740 37 

0.5 O2O 5 
1. 260 63 
2 42O 7 
3 52O 76 

SR3 O.O8 3OO 5 
(264 mg. TSP) 0.25 630 3 

0.5 88O 44 
1. 60 58 
2 400 70 
3 48O 74 

SR4 O.O8 250 2 
(356 mg TSP) 0.25 490 24 

0.5 710 35 
1. 92O 46 
2 112O 56 
3 1240 62 

SRS O.O8 60 8 
(500 mg TSP) 0.25 340 7 

0.5 48O 24 
1. 640 32 
2 850 42 
3 1010 50 

Multiparticulate O.O8 42O 21 
Control 0.25 860 43 
(No TSP) 0.5 1160 58 
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TABLE 1-continued 

Time Total Azithromycin Azithromycin 
Formulation (hr) Released (mg) Released (%) 

1. 1460 73 
2 1660 83 
3 1720 86 

IR O.08 1OSO 79 
Control 0.25 118O 88 
(176 mg TSP) 0.5 1230 92 

1. 1270 95 
2 1950 97 
3 1960 98 

EXAMPLE 3 

Comparison of In Vitro Release Rates in Dosage 
Forms Having Different Alkalizing Agents 

0255 The in vitro release rates of azithromycin, in 0.01 
N HCl were determined for various azithromycin sustained 
release dosage forms, which each contained 2 gA of the 
azithromycin multiparticulates MP1 were prepared with one 
of three excipients blends, as described below: 
0256 “SR6” included 38.7 g sucrose and 100 mg of the 
weak base Sodium carbonate, 
0257 “SR7” included 38.7 g sucrose and 50 mg magne 
sium hydroxide, and 
0258 “SR8” included 38.7 g sucrose and 1.0 g of Liquid 
Maalox(R) (Smooth cherry, regular 
0259 strength, from Novartis) which contains 37.1 mg 
aluminum hydroxide, 37.1 mg of 
0260 magnesium hydroxide, and 3.7 mg simethicone. 
0261) The rates of release of azithromycin from these 
Sustained release dosage forms were measured in vitro as 
described in Example 2. The results of these dissolution 
tests, which are provided in Table 2, below, showed that the 
addition of various alkalizing agents slowed the release of 
azithromycin from MP1 multiparticulates as compared to 
the release from these multiparticulates without an alkaliz 
ing agent shown in Table 1. 

TABLE 2 

Azithromycin Azithromycin 
Time Released Released 

Formulation (hr) (mg) (%) 

SR6 O.08 130 1O 
O.25 270 2O 
0.5 430 32 
1. 590 45 
2 1170 59 
3 1360 68 

SR 7 O.08 210 16 
O.25 470 35 
0.5 670 50 
1. 830 62 
2 1460 73 
3 158O 79 

SR8 O.08 22O 17 
O.25 490 36 
0.5 650 49 
1. 830 62 
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TABLE 2-continued 

Azithromycin Azithromycin 
Time Released Released 

Formulation (hr) (mg) (%) 

2 1440 72 
3 1520 76 

EXAMPLE 4 

In Vitro Evaluation of the Effect of Alkalizing 
Agent Addition Upon Immediate Release Dosage 

Form Release Rates 

0262 The comparative effect of the addition of an alka 
lizing agent upon in vitro release rates in 0.01N HCl was 
determined for the Zithromax(R) tablet azithromycin imme 
diate release dosage form. Zithromax(E) tablets contain 
azithromycin dihydrate equivalent to 250 mgA azithromy 
cin, dibasic calcium phosphate (138.84 mg), which is an 
alkalizing agent, and Several other excipients. 
0263. The rates of release of azithromycin from Zithro 
maXE) tablets, with and without adding an additional alka 
lizing agent, Specifically 176 mg TSP, were measured in 
vitro as described in Example 2. The results of these 
dissolution tests are provided in Table 3, below. 

TABLE 3 

Azithromycin Azithromycin 
Control Time Released Released 
Dosage Form (hr) (mg) (%) 

8 tablets O O O 
No TSP O.08 11OO 55 

0.25 148O 74 
0.5 16OO 8O 
1. 1700 85 
2 1720 86 
3 1700 85 

8 tablets O O O 
176 mg TSP O.08 1040 52 

0.25 138O 69 
0.5 1SOO 75 
1. 158O 79 

3 162O 81 

0264. These results confirm that, when combined with an 
alkalizing agent, the release rate from an immediate release 
azithromycin dosage form is slowed. 

EXAMPLE 5 

Comparision of In Vitro Release Rates in Dosage 
Forms having different Azithromycin 

Multiparticulates 

0265. The in vitro release rates of azithromycin, in 0.1M 
NaHPO, were determined for various azithromycin sus 
tained release dosage forms, which each contained 2 gA of 
different azithromycin multiparticulates and the same 
amount of a common alkalizing agent. The Sustained release 
dosage forms were prepared as described in Step A, below, 
while the in vitro release rate Study, and its results, are 
described in the following Step B. 
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Step A-Preparation of Azithromycin Sustained Release 
Dosage Forms 
0266 Siz Azithromycin sustained release dosage forms, 
specifically SR9, SR 10, SR11, SR 12, SR13 and SR14 were 
prepared by mixing azithromycin multiparticulates, respec 
tively, MP2, MP3, MP4, MP5, MP6 or MP7, each, with the 
same blend of two alkalizing agents (i.e., 352 mg TSP and 
250 mg magnesium hydroxide) and excipients (i.e., 19.36 g 
Sucrose, 67 mg hydroxypropyl cellulose, 67 mg Xanthan 
gum, 110 mg colloidal Silicon dioxide, 400 mg titanium 
dioxide, 140 mg cherry flavoring and 230 mg banana 
flavoring). 
Azithromycin Multiparticulates 

0267 Azithromycin multiparticulates “MP2", which 
comprised 50 wt % azithromycin dihydrate, 47 wt % Com 
pritol(R), and 3 wt % “Lutrol(R)', were made in the same 
manner as the MP1 multiparticulates in Example 2, with the 
exception that the blend was then fed through a B&P 19-mm 
twin-Screw extruder, at a rate of 131 g/min, to form the 
molten mixture. Water was concurrently added to the 
extruder at a rate that provided a water content in the molten 
mixture of 2 wt % and the multiparticulates were post 
treated for 21 days to form azithromycin multiparticulates 
with a mean diameter of about 188 microns. 

0268 Azithromycin multiparticulates “MP3”, which 
comprised 50 wt % azithromycin dihydrate, 47 wt % Com 
pritol(R), and 3 wt % “Lutrol(R)', were made in the same 
manner as the MP2 multiparticulates in this Example, with 
the exception that the disk was rotating at 4800 rpm, to form 
azithromycin multiparticulates with a mean diameter of 
about 204 microns. 

0269. Azithromycin multiparticulates “MP4", which 
comprised 50 wt % azithromycin dihydrate, 47 wt % Com 
pritol(R), and 3 wt % “Lutrol(R)', were made in the same 
manner as the MP2 multiparticulates in this Example, with 
the exception that the disk was rotating at 4100 rpm, to form 
azithromycin multiparticulates with a mean diameter of 
about 227 microns. 

0270. Azithromycin multiparticulates “MP5” were made 
which comprised 50 wt % azithromycin multiparticulates, 
48 wt % Compritol(R), and 2 wt % Lutrol(R) in the same 
manner as MP1 in Example 1, with the exception that the 
blend was then fed through a Liestritz 27 mm twin-screw 
extruder, at a rate of 140 g/min, to form the molten mixture. 
0271 Azithromycin multiparticulates “MP6' were made 
comprising 50 wt % azithromycin dihydrate, 47 wt % 
Compritol(R), and 3 wt % Lutrol(R) F127 using the following 
procedure. First, 15 kg azithromycin dihydrate, 14.1 kg of 
the Compritol(R) and 0.9 kg of the Lutrol(R) were weighed and 
passed through a Quadro 194S Comil mill in that order. The 
mill speed was set at 600 rpm. The mill was equipped with 
a No. 2C-075-H050/60 screen (special round), a No. 
2C-1607-049 flat-blade impeller, and a 0.225-inch spacer 
between the impeller and Screen. The de-lumped mixture 
was blended using a Servo-Lift 100-L stainless-steel bin 
blender rotating at 20 rpm, for a total of 500 rotations, 
forming a preblend feed. 

0272. The preblend feed was delivered to a Leistritz 50 
mm twin-screw extruder (Model ZSE 50, American Leistritz 
Extruder Corporation, Somerville, N.J.) at a rate of 25 kg/hr. 
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The extruder was operated in co-rotating mode at about 300 
rpm, and interfaced with a meltspray-congeal unit. The 
extruder had nine Segmented barrel Zones and an overall 
extruder length of 36 screw diameters (1.8 m). Water was 
injected into barrel number 4 at a rate of 8.3 g/min (2 wt %). 
The extruder's rate of extrusion was adjusted So as to 
produce a molten feed Suspension of the azithromycin 
dihydrate in the Compritol(R/Pluronic(R) at a temperature of 
about 90° C. 

0273. The molten feed suspension was delivered to a 
Spinning-disk atomizer rotating at 7600 rpm, the Surface of 
which was maintained at 90° C. The maximum total time the 
azithromycin dihydrate was exposed to the molten Suspen 
sion was less than about 10 minutes. The particles formed by 
the Spinning-disk atomizer were cooled and congealed in the 
presence of cooling air circulated through the product col 
lection chamber. The mean particle Size was determined to 
be 188 um using a Horiba LA-910 particle size analyzer. 
Samples of the multiparticulates were also evaluated by 
PXRD, which showed that about 99% of the azithromycin in 
the multiparticulates was in the crystalline dihydrate form. 

0274 The so-formed multiparticulates were post-treated 
by placing Samples in Sealed barrels which were then placed 
in a controlled atmosphere chamber at 40 C. for 3 weeks. 
0275 Azithromycin multiparticulates “MP7”, which 
comprised 50 wt % azithromycin dihydrate, 47 wt % Com 
pritol(R), and 3 wt % Lutrol(R) F127, were made as follows. 
0276 Azithromycin dihydrate (140 kg) was weighed and 
passed through a Quadro Comil 196S with a mill speed of 
900 rpm. The mill was equipped with a No. 2C-075-H050/ 
60 screen (special round, 0.075"), a No. 2F-1607-254 impel 
ler, and a 0.225 inch spacer between the impeller and Screen. 
Next, 8.4 kg of the Lutrol(R) and then 131.6 kg of the 
Compritol(R) were weighed and passed through a Quadro 
194S 30 Comil mill. The mill speed was set at 650 rpm. The 
mill was equipped with a No. 2C-075-RO3751 screen 
(0.075"), a No. 2C-1601-001 impeller, and a 0.225-inch 
Spacer between the impeller and Screen. The milled mixture 
was blended using a Gallay 38 cubic foot stainless-steel bin 
blender rotating at 10 rpm for 40 minutes, for a total of 400 
rotations, forming a preblend feed. 

0277. The preblend feed was delivered to a Leistritz 50 
mm twin-screw extruder at a rate of about 20 kg/hr. The 
extruder was operated in co-rotating mode at about 100 rpm, 
and interfaced with a melt/spray-congeal unit. The extruder 
had five Segmented barrel Zones and an overall extruder 
length of 20 screw diameters (1.0 m). Water was injected 
into barrel number 2 at a rate of 6.7 g/min (2 wt %). The 
extruder's rate of extrusion was adjusted So as to produce a 
molten feed Suspension of the azithromycin dihydrate in the 
Compritol(R)/Lutrol(R) at a temperature of about 90° C. 

0278. The feed suspension was delivered to a 10.1 cm 
diameter Spinning-disk atomizer, described above in 
Example 2 which was rotating at 6400 rpm and maintaining 
a disk surface temperature of 90° C. The maximum total 
time the azithromycin was exposed to the molten Suspension 
was less than 10 minutes. The particles formed by the 
Spinning-disk atomizer were cooled and congealed in the 
presence of cooling air circulated through the product col 
lection chamber. The mean particle Size was determined to 
be about 200 um using a Malvern particle size analyzer. 
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0279 The so-formed multiparticulates were post-treated 
by placing a Sample in a Sealed barrel that was then placed 
in a controlled atmosphere chamber at 40° C. for 10 days. 
Samples of the post-treated multiparticulates were evaluated 
by PXRD, which showed that about 99% of the azithromy 
cin in the multiparticulates was in the crystalline dihydrate 
form. 

Step B-In Vitro Azithromycin Release Rate Study 
0280 The in vitro rates of release of azithromycin, for the 
sustained release dosage forms (2 gA each) SR9, SR 10, 
SR11, SR12, SR13 and SR14 were determined by the 
following dissolution test method. 
0281 Water (60 mL) was added to the bottle containing 
the dosage form. The bottle was capped and then inverted 
Several times to mix the Suspension. Each Sustained release 
dosage formulation, in Suspension form, was tested by 
adding it to the dissolution buffer in a standard USP rotating 
paddle apparatus as disclosed in United States Pharmacopeia 
(USP 26), Dissolution Test, Chapter 711, Apparatus 2. 
Paddles were rotated at 50 rpm and the dissolution test was 
conducted in 840 mL of 0.1 M Sodium phosphate buffer, pH 
6.0 (+0.05) at 37+0.5° C. At indicated times following test 
initiation (i.e. insertion of the dosage form into the appara 
tus), filtered aliquots (typically 10 mL) from the test medium 
were analyzed for azithromycin by reverse-phase high per 
formance liquid chromatography (HPLC) and UV detection 
as follows. An aliquot of test Solution was filtered to remove 
particulates. A fixed volume of 10 u was injected onto a 
column (15 cm lengthx3.9 mm ID) kept at 35+3° C. The 
mobile phase consisted of volume ratios of 45% acetonitrile, 
30% methanol, and 25% buffer. The buffer consisted of 25 
mM KHPO, pH 6.5. The flow rate was set at 1 mumin. In 
the dissolution test media, actual quantification of azithro 
mycin was determined by comparison of Sample chromato 
gram peak area against an azithromycin Standard chromato 
gram peak area. 

TABLE 4 

Azithromycin Azithromycin 
Time Released Released 

Formulation (hr) (mgA) (%) 

SR9 O.25 560 28 
(MP2) 0.5 92O 46 

1. 400 70 
2 8OO 90 
3 900 95 

SR1O O.25 52O 26 
(MP3) 0.5 860 43 

1. 32O 66 
2 740 87 
3 860 93 

SR11 O.25 500 25 
(MP4) 0.5 8OO 40 

1. 240 62 
2 68O 84 
3 840 92 

SR12 O.25 460 23 
(MP5) 0.5 760 38 

1. 18O 59 
2 460 73 
3 640 82 

SR13 O.25 6OO 3O 
(MP6) 0.5 OOO 50 

1. 540 77 
2 92O 96 
3 98O 99 
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TABLE 4-continued 

Azithromycin Azithromycin 
Time Released Released 

Formulation (hr) (mgA) (%) 

SR14 O.25 730 37 
(MP7) 0.5 12OO 60 

1. 1700 85 
2 188O 94 
3 1920 96 

0282. The results of these dissolution tests, provided 
above in Table 4, show that these various formulations, of 
multiparticulates and alkalizing agent, meet the release rate 
criterion for the pH 6.0 buffer in vitro test of (i) from 15 to 
55 wt % of said azithromycin in said dosage form at 0.25 
hour; (ii) from 30 to 75 wt % of said azithromycin in said 
dosage form at 0.5 hour; and (iii) greater than 50 wt % of 
Said azithromycin in Said dosage form at 1 hour after 
administration to the buffer test medium. 

EXAMPLE 6 

In Vivo Comparison of Azithromycin Sustained 
Release Dosage Forms and an Immediate Release 

Azithromycin Dosage Form 

0283 Two clinical studies were conducted to respec 
tively evaluate the pharmacokinetics and gastrointestinal 
toleration of three azithromycin Sustained release dosage 
forms, of the present invention, each of which contained 352 
mg anhydrous TSP as an alkalizing agent and optionally 
contained 250 mg magnesium hydroxide, as compared to an 
azithromycin immediate release dosage form which con 
tained half as much TSP (176 mg) and no magnesium 
hydroxide. The Sustained release dosage forms were pre 
pared as described in Step A, below, while the pharmaco 
kinetics and Side effects clinical Studies, and their results, are 
described, respectively, in the following Steps B and C. 
Step A-Preparation of Azithromycin Sustained Release 
Dosage Forms 

0284. These sustained release dosage forms were pre 
pared as follows. Two 20 different azithromycin Sustained 
release dosage forms (hereinafter “SR 15” and “SR16”) were 
prepared by mixing 4.2 g (2 gA) of azithromycin multipar 
ticulates, prepared as described below, with different excipi 
ents. The SR 15 dosage form comprised a mixture of the 
azithromycin multiparticulates and the excipient blend, 
described below. The SR16 dosage form comprised a mix 
ture of the azithromycin multiparticulates, the same excipi 
ent blend, and magnesium hydroxide. To prepare SR16, 
magnesium hydroxide was added to the bottle containing 
SR 15. The contents were mixed by Swirling the bottle. 
0285 SR12 was prepared as described in Example 5. 
Azithromycin Multiparticulates 

0286 Azithromycin multiparticulates “MP8", which 
comprised 50 wt % azithromycin dihydrate, 47 wt % Com 
pritol(R), and 3 wt % Lutrol(R), were made in the same manner 
as the MP1 multiparticulates in Example 2, with the excep 
tion that the blend was then fed through a Leistritz 27 mm 
twin-screw extruder (Model ZSE 27, American Leistritz 
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Extruder Corporation, Somerville, N.J.), at a rate of 140 
g/min, to form the molten mixture. 
Alkalizing Agents and Excipients 

0287. An excipient blend, for use in combination with the 
azithromycin multiparticulates, was prepared. The excipient 
blend consisted of a mixture of 352 mg anhydrous TSP as an 
alkalizing agent, 19.36 g Sucrose (NF), 67 mg hydroxypro 
pyl cellulose (NF), 67 mg xanthan gum (NF), 200 mg 
colloidal silicon dioxide (NF), 400 mg titanium dioxide 
(USP), 140 mg cherry flavoring and 230 mg banana flavor 
Ing. 

0288 Separate bottles, containing 250 mg of the optional 
alkalizing agent magnesium hydroxide(USP), were also 
prepared. 

Step B-Pharmacokinetics Clinical Study 
0289. The in vivo pharmacokinetics of the “SR15” and 
“SR16' azithromycin multiparticulate dosage forms were 
evaluated in 32 fasting, healthy human Subjects in a ran 
domized, open-label, parallel group, two way croSS-Over 
study. On Day 1, eight subjects received the SR 15 azithro 
mycin multiparticulate dosage form and eight Subjects 
received the SR16 azithromycin multiparticulate dosage 
form. AS controls, two groups (A and B) of eight Subjects 
each received two Single dose packets of azithromycin 
dihydrate for oral suspension (Zithromax(R, Pfizer Inc., New 
York, N.Y.) wherein each dose contains 1048 mg azithro 
mycin dihydrate, which is equivalent to 1000 mgA azithro 
mycin, 88 mg TSP and the inactive ingredients previously 
noted. 

0290 Specifically, 2 gA of either of the azithromycin 
formulations (SR15 without magnesium hydroxide or SR 16 
with magnesium hydroxide) or commercially available 
azithromycin Sachets, were dosed based upon the computer 
generated randomization for each of the two treatment 
groupS. 

0291 To dose the SR15 and SR16 formulations, 60 mL 
of water was added to the bottle containing SR 15 and was 
shaken for 30 seconds. The entire contents of the bottle were 
administered directly into the Subject's mouth. An additional 
60 mL of water was added to rinse the bottle and the rinse 
was administered to the subject's mouth. An additional 120 
mL of water was administered using a dosing cup. 
0292 To dose azithromycin commercial two 1 g Sachets, 
the contents of 1 g Zithromax(R) Single dose packet were 
emptied into a cup containing 60 mL of water. The mixture 
was stirred and was administered to the Subject's mouth. An 
additional 60 mL of water was used to rinse the cup and the 
rinse was administered. This procedure was repeated for the 
second Zithromax(R) Single Dose Packet. 
0293 All subjects were orally dosed after an overnight 
fast. All Subjects were then required to refrain from lying 
down, eating and drinking beverages other than water during 
the first 4 hours after dosing. 

0294 Blood samples (5 mL each) were withdrawn from 
the Subjects veins prior to dosing, and at 0.5, 1, 2, 3, 4, 6, 
8, 12, 16, 24, 36, 48, 72 and 96 hr post-dosing. Serum 
azithromycin concentrations were determined using the high 
performance liquid chromatography assay described in 
Shepard et al., J. Chromatography. 565:321-337 (1991). 

22 
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Total Systemic exposure to azithromycin was determined by 
measuring the area under the curve (AUC) for each Subject 
in the group and then by calculating a mean AUC for the 
group. Cmax is the highest Serum azithromycin concentra 
tion achieved in a Subject. Tmax is the time at which Cmax 
is achieved. 76CV is the coefficient of variance and SD is the 
Standard deviation. 

0295). On Day 15, the procedure was repeated except that 
the two 8-Subject groups, who received control dosage 
forms on Day 1, were then dosed with azithromycin multi 
particulate dosage forms SR 15 or SR16. Likewise, the two 
8-Subject groups, who previously received the azithromycin 
multiparticulate dosage forms on Day 1, were then dosed 
with the control dosage forms. 
0296 An in vivo pharmacokinetics of the SR12 azithro 
mycin multiparticulate dosage form was also evaluated in 
Sixteen fasting, healthy human Subjects in a randomized, 
two-way cross-over Study. The control was two Single dose 
packets of azithromycin dihydrate for oral Suspension 
(Zithromax(R, Pfizer Inc., New York, N.Y.) wherein each 
dose contains 1048 mg azithromycin dihydrate, which is 
equivalent to 1000 mgA azithromycin, 88 mg TSP and the 
inactive ingredients previously noted. 

0297. The results of this study are provided in Table 5. 

TABLE 5 

AUC 
Cmax Tmax (ug hr/mL) 
lig/mL. hir O-Tlast (96 hrs 

For- Geometric Arithmetic Geometric 
mulation Mean % CV Mean SD Mean % CV 

SR15 O.92 36 2.94 1.7 13.81 35 
SR16 O.82 26 4.13 1.6 15.75 40 
Control 2.09 36 1.13 O.3 18.98 22 
for SR 15 
Control 1.90 49 1.56 O.7 19.03 24 
for SR16 
SR12 O.86 26 4.88 186 13.6 25 
Control 2.10 42 1.25 O.58 15.3 24 
for SR12 

0298 Based upon the results in Table 5, the bioavailabili 
ties for SR 15, SR 16 and SR12 were 73%, 83% and 89%, 
respectively, relative to the immediate release control dos 
age form. The data also showed that the ratios of the 
maximum Serum concentration of azithromycin provided by 
the multiparticulate dosage forms SR 15, SR 16 and SR12 to 
the maximum Serum concentration of azithromycin pro 
vided by the Control Dosage Form were 0.44, 0.43 and 0.41, 
respectively. In addition, the time to achieve the maximum 
Serum concentration was longer for the azithromycin mul 
tiparticulate dosage forms than for the immediate release 
control dosage forms. 

Step C-Gastrointestinal Toleration Clinical Study 
0299 The in vivo toleration of the SR15 and SR16 
azithromycin multiparticulate dosage forms were evaluated 
through a randomized, parallel group Study. Specifically, 
106 healthy human subjects were orally administered the 
SR15 sustained release azithromycin multiparticulate for 
mulation, 106 healthy human Subjects were orally adminis 
tered the SR16 Sustained release azithromycin multiparticu 



US 2006/002.9677 A1 

late formulation, and 108 healthy human subjects were each 
administered two Single dose 1 gA packets of azithromycin 
dihydrate for oral Suspension by the following procedure. 
The entire contents of one packet were mixed with approxi 
mately 60 mL of water in a cup and then drunk immediately. 
An additional 60 mL of water was added to the cup, mixed 
and then drunk to assure complete consumption of the 
dosage. These steps were then repeated for the Second 
packet. 

0300 GI adverse events, such as diarrhea, nausea, and 
Vomiting, were monitored for 48 hours following adminis 
tration of each dosage form. Subjects were verbally queried 
at least at the following approximate times: 1, 2, 4, 6, 8,12 
and 24 hours after dosing by asking non-leading questions. 
0301 The incidence of gastrointestinal adverse events, 
experienced by the Subjects tested, are provided in Table 6. 
0302 Asimilar in vivo toleration study was performed on 
the formulation SR12 using a population of 16 healthy 
human subjects. The control used for this study was two 
Single dose 1 gA packets of azithromycin dihydrate for oral 
Suspension. The results of this study are also provided in 
Table 6. 

TABLE 6 

Percentage of Subjects with 
GI Adverse Events 

Formulation Diarrhea Nausea Vomiting 

SR15 17.9 17.0 2.8 
SR16 23.6 17.0 3.8 
Control 27.8 54.6 25.9 
SR12 18.8 18.8 O 
Control for SR12 18.8 50 6 

0303) The results in Table 5 and 6 show that both 
azithromycin multiparticulate dosage forms, with or without 
magnesium hydroxide, wherein the multiparticulates 
included 2-3 wt % Lutrol(R), provided lower immediate 
concentrations of azithromycin released from the forms, as 
compared to the immediate release Control Dosage Form, 
and Substantially improved gastrointestinal toleration rela 
tive to the immediate release Control Dosage Form while 
concurrently maintaining a bioavailability Substantially 
equivalent to the immediate release control. Further, SR 15 
provided a relative degree of improvement, as compared to 
the control, of 1.6 for diarrhea, 3.2 for nausea, and 9.3 for 
vomiting while SR16 provided a relative degree of improve 
ment of 1.2 for diarrhea, 3.2 for nausea, and 6.8 for 
Vomiting. Likewise, SR12 provided no improvement in 
diarrhea over the control, a relative degree of improvement 
of 50 and no vomiting events as compared to the 6 events 
that occurred with the control. Note that the results for SR 12 
cannot be accurately compared to those for SR 15 and SR 16 
due to the small population size of the SR12 study. 

EXAMPLE 7 

In Vivo Comparison of Azithromycin 
Multiparticulate Forms and an Immediate Release 

Azithromycin Dosage Form 

0304. A clinical study was conducted to evaluate the 
pharmacokinetics and gastrointestinal toleration of two 

23 
Feb. 9, 2006 

azithromycin multiparticulate dosage forms which con 
tained 2 gA or 3 gA of azithromycin, respectively, and each 
of which contained 352 mg anhydrous TSP as an alkalizing 
agent, as compared to an azithromycin immediate release 
dosage form which contained half as much TSP (176 mg) 
and no magnesium hydroxide. The Sustained release dosage 
form was prepared as described in the following Step A, an 
in vitro release rate Study of the 2 gA dosage form was 
performed as described in Step B, while the pharmacoki 
netics and Side effects clinical Studies, and their results, are 
described, respectively, in the following Steps C and D. 
Step A-Preparation of Azithromycin Multiparticulate Dos 
age Forms 
0305 Azithromycin multiparticulate dosage forms (here 
inafter “SR17” and SR“18”) were prepared by mixing 4.2g 
(2 gA) or 6.3 g (3 gA), respectively, of azithromycin 
multiparticulates MP9 which prepared as described below, 
with excipients. The SR 17 dosage form comprised a mixture 
of the azithromycin multiparticulates (MP9) and the excipi 
ent blend, described below. 
Azithromycin Multiparticulates 
0306 Azithromycin multiparticulates “MP9”, which 
comprised 50 wt % azithromycin dihydrate, 46 wt % Com 
pritol(R), and 4 wt % Lutrol(R), were made in the same manner 
as the MP9 multiparticulates in Example 2, with the excep 
tion that the blend was fed through a Liestritz 27 mm 
twin-Screw extruder, at a rate of 140 g/min, to form the 
molten mixture. The Spinning disk atomizer was rotated at 
5500 rpm to form the multiparticulates. The resulting mul 
tiparticulates were exposed to 40 C. and 75% relative 
humidity in an environmental chamber for 5 days. 
Alkalizing Agents and Excipients 

0307 An excipient blend, for use in combination with the 
azithromycin multiparticulates, was prepared. The excipient 
blend consisted of a mixture of 352 mg anhydrous TSP as an 
alkalizing agent, 38.7 g Sucrose (NF), 67 mg hydroxypropyl 
cellulose (NF), 67 mg xanthan gum (NF), 200 mg colloidal 
silicon dioxide (NF), 400 mg titanium dioxide (USP), 140 
mg cherry flavoring, 330 mg Vanilla flavoring and 230 mg 
banana flavoring. 
Step B-In Vitro Azithromycin Release Rate Study 
0308 An in vitro release rate study of multiparticulate 
dosage form SR 17 was performed as described in Example 
5. 

TABLE 7 

Azithromycin Azithromycin 
Time Released Released 

Formulation (hr) (mgA) (%) 

SR17 O.25 108O 54 
(MP9) 0.5 1540 77 

1. 188O 94 
2 1920 96 
3 1920 96 

Step C Pharmacokinetics Clinical Study 
0309 The in vivo pharmacokinetics of the SR17 and 
SR18 azithromycin multiparticulate dosage forms were 
evaluated in 300 fasting, healthy human subjects (100 Sub 
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jects per treatment group) in a randomized, parallel group 
Study. Subjects are randomly assigned to one of the follow 
ing 3 treatment groups: SR 17 (2 gA), SR18 (3 gA) and 
8x250 mgA Zithromax(R) tablets (control) which, in combi 
nation, contain 2 gA azithromycin, 1.1 g dibasic Sodium 
phosphate and other inactive ingredients. 
0310 For all doses, a total volume of 240 mL of water 
was consumed. To dose the SR17 and SR18 formulations, 
SR 17 or SR 18 was added to the bottle containing the 
excipient blend. Water (60 mL) was added to this bottle 
containing SR 17 or SR 18 and the excipient blend. The bottle 
was shaken for 30 Seconds to mix the Suspension. The entire 
contents of the bottle were administered directly into the 
subject's mouth. An additional 60 mL of water was added to 
rinse the bottle and the rinse was administered to the 
subject's mouth. An additional 120 mL of water was admin 
istered using a dosing cup. 
0311) To dose the eight commercial Zithromax(R 250 mg 
tablets, the subjects were given 240 mL of water to orally 
administer eight tablets one by one. 
0312 All subjects were orally dosed after an overnight 
fast. All Subjects were then required to refrain from lying 
down, eating and drinking beverages other than water during 
the first 4 hours after dosing. 
0313 Sufficient blood was withdrawn from each subject 
to provide a minimum of 3 ml Serum for azithromycin 
pharmacokinetics. The blood was collected in tubes having 
no preservative or anticoagulant or Serum separator at the 
following times: 0 (just prior to dosing), 2 and 3 hours 
(around projected Tmax) after drug administration. Serum 
azithromycin concentrations were determined using the high 
performance liquid chromatography assay described in 
Shepard et al., J. Chromatography. 565:321-337 (1991). 
0314. The results of this study are provided in Table 8. 

TABLE 8 

Serum azithromycin 
concentration 

(ug/mL) at 2 hour 

Serum azithromycin 
concentration 
(ug/mL) at 3 

Formulation post dosing hour post dosing 

SR17 1.04% O.933% 
CV36 CV 34 

SR18 1.57% 1.26% 
CV 47 CV 25 

Tablets 1.08% O.962% 
(8 x 250 mg) CV 37 CV 32 

0315 Based upon the results in Table 8, the serum 
azithromycin concentration for SR 17 and SR 18 at 2 hours 
and 3 hours after dosing were no less than the Serum 
concentrations for 8 Zithromax(E) tablets. The data indicated 
that there was no delay of drug release from SR 17 or SR18 
given the amount of alkalizing agent administered. 
Step D-Gastrointestinal Toleration Clinical Study 
0316) The toleration of the SR17 and SR 18 azithromycin 
multiparticulate dosage forms tested in Step B was evalu 
ated. On day 1 subjects were verbally queried for adverse 
events at least at the following approximate times: 0, 2, 4, 8, 
12 and 24 hours. The incidence of gastrointestinal adverse 
events, experienced by the Subjects tested, are provided in 
Table 9. 
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TABLE 9 

Number of Subjects 
with GI Adverse Events 

Formulation Diarrhea Nausea Vomiting 

SR17 44 28 6 
SR18 59 51 9 
Control 39 3O 7 
(8 x 250 mg tablets) 

0317. The results in Tables 7 and 8 show that the 2 gA or 
3 gA azithromycin multiparticulate dosage forms tested, 
wherein the multiparticulates included 4 wt % Lutrol(R) and 
the excipient blend having TSP in the amount of 352 mg, 
provided no advantage in lowering Serum concentration or 
improving GI toleration as compared to the immediate 
release tablet dosage form. 
0318. Thus, as exhibited by the results in Tables 8 and 9, 
an effective amount of alkalizing agent was not used with 
these specific multiparticulates to provide the desired release 
and GI side effects profiles. 

EXAMPLE 8 

Method for Determining Alkalizing Agent to be 
Used With Immediate Release Azithromycin 

03.19. The effective amount of alkaline agent that would 
Suppress the dissolution of azithromycin in the stomach and 
thereby result in an improvement in the toleration of the 
immediate release (IR) formulation was calculated as fol 
lows. The IR formulation, without an alkalizing agent, 
releases about 92% of the drug in 30 minutes at pH 6.0 as 
described in Example 5, i.e., 3.07% per minute at pH 6.0. To 
improve the toleration, the azithromycin dissolution rate 
must be reduced, preferably to a rate that will release only 
about 1.5 gA, or less, in the first 30 minutes or no greater 
than 2.5% per minute. It was assumed that the rate of drug 
dissolution from an IR formulation is directly proportional 
to the solubility of azithromycin, which is dependent on the 
pH as shown in Table 10. 

TABLE 10 

pH Azithromycin Solubility (mg/mL) 

2.88 440 
4.09 430 
6.15 38O 
6.42 310 
6.61 250 
6.65 140 
6.75 12O 
6.87 36 
7.41 5 
8.O2 0.5 
8.85 O.O2 
10.34 O.OOS 

0320 Because it was assumed that the azithromycin 
release rate is directly proportional to its Solubility, the 
azithromycin solubility at pH 6.0, at a rate of 3.07%, is 390 
mg/mL which was obtained by interpolation from Table 10. 
The corresponding Solubility that would give improved 
toleration is calculated as: 

Solubility'-(390 mg/mL)(2.5%)/(3.07%) 
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0321) Solubility" is defined as the solubility at which the 
dissolution of azithromycin does not result in excessive GI 
adverse effects. Solubility" from the equation was found to 
be 318 mg/mL. Again, by interpolation from Table 10 the pH 
corresponding to solubility" is 6.4. 
0322 Preferably, the amount of alkalizing agent formu 
lated with IR azithromycin, or which is co-dosed with IR 
azithromycin, is that which, when dosed, will raise the pH 
in the stomach to 6.63 for at least 30 minutes. To calculate 
this amount, it is assumed that the basal amount of acid in 
the stomach is around 0.96 mmol H+and that the average 
acid Secretion rate is about 3 mmol per hour. 
0323 To calculate the amount of alkalizing agent or 
alkalizing agents that should be included in the formulation, 
we need titration data for various alkalizing agents and 
combinations of alkalizing agents was performed. Thus, 
Solutions of Several alkalizing agents and combinations of 
alkalizing agents were made and titrated with 0.1 NHCl and 
the resultant pH values were measured. From these data, one 
we can calculate a pH versus time profile as described in 
Step A of Example 1 assuming that the basal amount of acid 
in the stomach is around 0.96 mmol H+ and that the average 
acid Secretion rate is about 3 mmol per hour. These data are 
presented in FIGS. 2 and 3. 
0324. From FIG. 3, it is seen that Formulations contain 
ing 176 mg TSP or 176 mg TSP plus 500 mg CaCOs are not 
expected to increase gastric pH to 6.8 for a period of 30 to 
40 minutes while formulations containing (76 mg TSP and 
500 mg TRIS, 176 mg TSP plus 1000 mg TRIS, or 176 mg 
TSP plus 250 mg Mg(OH) are expected to provide the 
increased pH for at least that long. Formulation with 352 mg 
TSP appears to provide pH 6.48 for just a bit over 30 minutes 
and can therefore be considered as containing the minimum 
amount of alkalizing agent needed for reducing GI side 
effects following administration of a high dose IR formula 
tion of azithromycin. Considering inter-individual differ 
ences in the gastric acid Secretion rates and considering 
robust performance of a dosage form, a quantity of alkaliz 
ing agent higher than the minimum is preferred. 
0325 By a similar analysis of the data in FIG. 2, 352 mg 
TSP and 352 mg TSP+500 mg calcium carbonate are pre 
dicted to barely provide adequate increased gastric pH for 
the desired duration while the remaining combinations 
tested are predicted to provide adequate increase in gastric 
pH for the desired time period. It should be noted that the 
above general procedure to determine the effective amount 
of alkalizing agent is dependent upon the assumptions made 
about the basal acid conditions in the Stomach and the acid 
Secretion rate. The values Selected represent averages for 
generally healthy individuals and there can be significant 
inter-individual and within-individual variability. The effec 
tive amount of alkalizing agent under a different Set of 
assumptions can be calculated by following the procedure 
outlined above. 
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We claim: 

1-114. (canceled) 
115. An oral dosage form of azithromycin, comprising: 

(a) an effective amount of an alkalizing agent; and 
(b) multiparticulates having having a mean diameter of 

from about 100 to about 300 mm; wherein said multi 
particulates comprise (i) about 20% to about 75% 
azithromycin, and (ii) about 25% to about 80% of a 
carrier having a melting point of less than about 113 
C. 

116. The oral dosage form of claim 115 wherein said 
alkalizing agent comprises an aluminum Salt, a magnesium 
Salt, a calcium Salt, a bicarbonate, a phosphate, a metal 
hydroxide, a metal oxide, N-methylglucamine, arginine, an 
arginine Salt, an amine, or a combination thereof. 

117. The oral dosage form of claim 116 wherein said 
alkalizing agent comprises a bicarbonate, a phosphate, a 
metal hydroxide, a metal oxide or a combination thereof. 

118. The oral dosage form of claim 117 wherein said 
phosphate is monobasic calcium phosphate, dibasic calcium 
phosphate, dibasic Sodium phosphate, tribasic Sodium phos 
phate, dibasic potassium phosphate, tribasic potassium 
phosphate or a mixture thereof. 

119. The oral dosage form of claim 117 wherein said 
bicarbonate is calcium bicarbonate, Sodium bicarbonate or a 
mixture thereof. 

120. The oral dosage form of claim 117 wherein Said 
metal oxide is magnesium oxide. 

121. The oral dosage form of claim 115 wherein said 
alkalizing agent comprises tribasic Sodium phosphate and 
magnesium hydroxide. 

122. A method for reducing the frequency of gastrointes 
tinal Side effects, asSociated with administering azithromy 
cin to a mammal, comprising contiguously administering 
oral dosage form of claim 115 to Said mammal wherein the 
frequency of gastrointestinal Side effects is reduced as 
compared to the frequency experienced when administering 
an equal dose of azithromycin without Said alkalizing agent. 

123. The method of claim 122 wherein said mammal is 
human. 

124. The method of claim 122 wherein said azithromycin 
is administered in a Single dose. 

125. The method of claim 122 wherein said azithromycin 
comprises an immediate release form of azithromycin. 

126. The method of claim 122 wherein said azithromycin 
comprises a Sustained release form of azithromycin. 

127. The oral dosage form of claim 115 wherein the 
alkalizing agent comprises tribasic Sodium phosphate. 

128. The oral dosage form of claim 125 wherein the 
alkalizing agent further comprises magnesium hydroxide. 


