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(57) ABSTRACT 

An aqueous or poWder composition includes anti-gram-nega 
tive antibiotic or salt thereof being present at an amount 
ranging from about 100 mg/ml to about 200 mg/ml. Another 
aqueous or poWder composition includes anti-gram-positive 
antibiotic or salt thereof being present at a concentration 
ranging from about 0.6 to about 0.9 of the Water solubility 
limit, at 250 C. and 1.0 atmosphere, of the anti-gram-positive 
antibiotic or salt thereof. Other embodiments include unit 
doses, kits, and methods. 
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ANTIBIOTIC FORMULATIONS, UNIT DOSES, 
KITS, AND METHODS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 11/529,128, ?led Sep. 28, 2006, Which claims 
priority to US. Provisional Application No. 60/722,564, ?led 
Sep. 29, 2005, Which is incorporated herein by reference in its 
entirety. 

BACKGROUND 

[0002] 1. Field of the Invention 

[0003] The present invention relates to anti-infective, such 
as antibiotic formulations, unit doses, kits, and methods, and 
in particular to aminoglycoside formulations, unit doses, kits, 
and methods 

[0004] 
[0005] The need for effective therapeutic treatment of 
patients has resulted in the development of a variety of phar 
maceutical formulation delivery techniques. One traditional 
technique involves the oral delivery of a pharmaceutical for 
mulation in the form of a pill, capsule, elixir, or the like. 
HoWever, oral delivery can in some cases be undesirable. For 
example, many pharmaceutical formulations may be 
degraded in the digestive tract before the body can effectively 
absorb them. Inhaleable drug delivery, Where a patient orally 
or nasally inhales an aerosoliZed pharmaceutical formulation 
to deliver the formulation to the patient’s respiratory tract, 
may also be effective and/ or desirable. In one inhalation tech 
nique, an aerosoliZed pharmaceutical formulation provides 
local therapeutic treatment and/ or prophylaxis to a portion of 
the respiratory tract, such as the lungs, to treat respiratory 
diseases such as asthma and emphysema and/or to treat local 
lung infections, such as fungal infections and cystic ?brosis. 
In another inhalation technique, a pharmaceutical formula 
tion is delivered deep Within a patient’s lungs Where it may be 
absorbed into the bloodstream for systemic delivery of the 
formulation throughout the body. Many types of aerosoliZa 
tion devices exist including devices comprising a pharmaceu 
tical formulation stored in or With a propellant, devices that 
aerosoliZe a poWder, devices Which use a compressed gas or 
other mechanism to aerosoliZe a liquid pharmaceutical for 
mulation, and similar devices. 
[0006] One knoWn aerosoliZation device is commonly 
referred to as a nebuliZer. A nebuliZer imparts energy into a 
liquid pharmaceutical formulation to aerosoliZe the liquid, 
and to alloW delivery to the pulmonary system, e. g. the lungs, 
of a patient. A nebuliZer comprises a liquid delivery system, 
such as a container having a reservoir that contains a liquid 
pharmaceutical formulation. The liquid pharmaceutical for 
mulation generally comprises an active agent that is either in 
solution or suspended Within a liquid medium. In one type of 
nebuliZer, generally referred to as a jet nebuliZer, compressed 
gas is forced through an ori?ce in the container. The com 
pressed gas forces liquid to be WithdraWn through a noZZle, 
and the WithdraWn liquid mixes With the ?oWing gas to form 
aerosol droplets. A cloud of droplets is then administered to 
the patient’s respiratory tract. In another type of nebuliZer, 
generally referred to as a vibrating mesh nebuliZer, energy, 
such as mechanical energy, vibrates a mesh. This vibration of 
the mesh aero soliZes the liquid pharmaceutical formulation to 
create an aerosol cloud that is administered to the patient’s 

2. Background of the Invention 

Nov. 26, 2009 

lungs. In still another type of nebuliZer, ultrasonic Waves are 
generated to directly vibrate and aero soliZe the pharmaceuti 
cal formulation. 

[0007] NebuliZers are often used to deliver (1) an aero 
soliZed pharmaceutical formulation to a hospitaliZed or non 
ambulatory patient; (2) large doses of aerosoliZed active 
agent; and/or (3) an aerosoliZed pharmaceutical formulation 
to a child or other patient unable to receive a dry poWder or 
propellant based pharmaceutical formulation. 
[0008] NebuliZers are useful for delivering an aerosoliZed 
pharmaceutical formulation to the respiratory tract of a 
patient Who is breathing under the assistance of a ventilator. 
But there are problems associated With the introduction of 
aerosoliZed pharmaceutical formulation into ventilator cir 
cuits. For example, by introducing the aerosoliZed pharma 
ceutical formulation into the inspiratory line of the ventilator, 
signi?cant residence volume exists betWeen the point of 
introduction and the patient’s lungs. Accordingly, large 
amounts of aerosoliZed pharmaceutical formulation are 
needed and much of the formulation is lost to the exhalation 
line. This problem is exacerbated When the nebuliZer is used 
in conjunction With ventilators having continual bias ?oWs. In 
addition, the large residence volume in the ventilator line may 
dilute the aerosoliZed pharmaceutical formulation to an 
extent Where the amount delivered to the patient is dif?cult to 
reproduce consistently. 
[0009] US. Published Application Nos. 2004/0011358, 
2004/0035490, and 2004/0035413, Which are incorporated 
herein by reference in their entireties, disclose methods, 
devices, and formulations for targeted endobronchial therapy. 
AerosoliZed antibiotics are delivered into a ventilator circuit. 

The aerosol generator, e.g., nebuliZer, may be placed in the 
loWer part of a Y-piece, for example, distal to the Y, to be 
proximal to a patient airWay and/or endotracheal tube. 

[0010] US. Pat. Nos. 5,508,269 and 6,890,907, Which are 
incorporated herein by reference in their entireties, disclose 
aminoglycoside solutions for nebuliZation. The ’269 patent 
discloses that if the solution approaches the solubility of 
tobramycin, 160 mg/ml, precipitation on storage is expected. 
The ’269 patent also discloses that a higher concentration of 
tobramycin than is clinically needed is economically disad 
vantageous. Further the ’269 patent discloses that a more 
concentrated solution Will increase the osmolarity of the solu 
tion, thus decreasing the output of the formulation With both 
jet and ultrasonic nebuliZers. The ’269 patent discloses that 
the alternative of a more concentrated solution in a smaller 

total volume is also disadvantageous. The ’269 patent further 
discloses that most nebuliZers have a dead space volume of 1 
ml, i.e., that of the last 1 ml of solution is Wasted because the 
nebuliZer is not performing. Therefore, While for example, a 
2 ml solution Would have 50% Wastage, the 5 ml solution (the 
capacity of the nebuliZer) has only 20% Wastage. Addition 
ally, the ’269 patent discloses that since there is no suf?cient 
aerosoliZation of the drug into the small particles, the drug in 
large particles or as a solution is deposited in the upper air 
Ways and induces cough and may also cause bronchospasm. 
According to the ’269 patent, large aerosol particles also limit 
the drug delivery 
[0011] There remains, hoWever, a need for improved anti 
biotic formulations, such as antibiotic formulations for nebu 
liZation. There also remains a need for improved unit doses 
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and kits of antibiotic formulations. Accordingly, there also 
remains a need for improved methods of making and/or using 
such antibiotic formulations. 

SUMMARY OF THE INVENTION 

[0012] Accordingly, one or more embodiments of the 
present invention satis?es one or more of these needs. Thus 
the present invention provides antibiotic formulations, such 
as antibiotic formulations for nebuliZation. The present 
invention also provides unit doses and kits of antibiotic for 
mulations. The present invention further provides methods of 
making and/ or using such antibiotic formulations. Other fea 
tures and advantages of the present invention Will be set forth 
in the description of invention that folloWs, and Will be appar 
ent, in part, from the description or may be learned by practice 
of the invention. The invention Will be realiZed and attained 
by the devices and methods particularly pointed out in the 
Written description and claims hereof. 
[0013] In one aspect, one or more embodiments are 
directed to an aqueous composition, comprising an antibiotic 
or salt thereof being present at a therapeutic-effective (includ 
ing prophylatic-effective) amount. In one or more embodi 
ments, the therepautic-effective amount is based upon aero 
soliZed administration to the pulmonary system. 
[0014] In one aspect, one or more embodiments are 

directed to an aqueous composition, comprising anti-gram 
negative antibiotic or salt thereof being present at an amount 
ranging from about 90 mg/ml to about 300 mg/ml. 
[0015] In another aspect, an aqueous composition com 
prises anti-gram-negative antibiotic or salt thereof, and 
optionally, a bronchodilator. 
[0016] In still another aspect, an aqueous composition 
comprises anti-gram-positive antibiotic or salt thereof being 
present at a concentration ranging from about 0.6 to about 0.9 
of the Water solubility limit, at 250 C. and 1.0 atmosphere, of 
the anti-gram-positive antibiotic or salt thereof. 
[0017] In yet another aspect, a unit dose comprises a con 
tainer and an aqueous composition, comprising anti-gram 
negative antibiotic or salt thereof being present at a concen 
tration ranging from about 100 mg/ml to about 200 mg/ml. 
[0018] In still another aspect, a kit comprises a ?rst con 
tainer containing a ?rst aqueous solution comprising an anti 
gram-negative antibiotic or salt thereof; and a second con 
tainer containing a second aqueous solution comprising an 
anti gram-negative antibiotic or salt thereof. A concentration, 
or an amount, or both of the ?rst aqueous solution is different 
from a concentration, or an amount, or both, of the second 
aqueous solution. 
[0019] In yet another aspect, a kit comprises a ?rst con 
tainer containing a ?rst aqueous solution comprising anti 
gram-negative antibiotic or salt thereof, and a second con 
tainer containing a second aqueous solution comprising anti 
gram-positive antibiotic or salt thereof. 
[0020] In another aspect, a unit dose comprises a container 
and a poWder comprising an antibiotic or salt thereof, Wherein 
the poWder is present in an amount ranging from about 550 
mg to about 900 mg. 
[0021] In still another aspect, a unit dose comprises a con 
tainer; and a poWder comprising an antibiotic or salt thereof, 
Wherein the poWder is present in an amount ranging from 
about 150 mg to about 450 mg. 
[0022] In yet another aspect, a kit comprises a ?rst con 
tainer containing a ?rst composition comprising anti-gram 
positive or an anti gram-negative antibiotic or salt thereof and 
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a second container containing a second composition compris 
ing Water. The ?rst composition and/or the second composi 
tion comprises osmolality adjuster. 
[0023] In another aspect, a kit comprises a ?rst container 
containing a poWder comprising anti-gram-positive antibi 
otic or salt thereof and a second container containing a poW 
der comprising anti gram-positive antibiotic or salt thereof. A 
concentration, or an amount, or both, of the anti gram-positive 
antibiotic or salt thereof in the ?rst container is different from 
a concentration, or an amount, or both, of the anti gram 
positive antibiotic or salt thereof in the second container. 
[0024] In a further aspect, a kit comprises a ?rst container 
containing a solution comprising anti gram-negative antibi 
otic or salt thereof and a second container containing a poW 
der comprising anti gram-positive antibiotic or salt thereof. 
[0025] In still another aspect, a method of administering an 
antibiotic formulation to a patient in need thereof comprises 
aerosoliZing an antibiotic formulation to administer the anti 
biotic formulation to the lungs of the patient. The antibiotic 
formulation has a concentration of antibiotic or salt thereof 
ranging from about 90 mg/ml to about 300 mg/ml. 
[0026] In another aspect, a method of administering an 
antibiotic formulation to a patient in need thereof comprises 
inserting a tube into a trachea of a patient. The method also 
comprises aerosoliZing an antibiotic formulation to adminis 
ter the antibiotic formulation to the lungs of the patient. The 
antibiotic formulation consists essentially of anti-gram-nega 
tive antibiotic or salt thereof and Water. 

[0027] In yet another aspect, a method of administering an 
antibiotic formulation to a patient in need thereof comprises 
aerosoliZing an antibiotic formulation to administer the anti 
biotic formulation to the lungs of the patient. The antibiotic 
formulation comprises an antibiotic or salt thereof at a con 
centration ranging from about 0.7 to about 0.9 of the Water 
solubility limit, at 25° C. and 1.0 atmosphere, of the antibiotic 
or salt thereof. 

[0028] In a further aspect, a method of administering an 
antibiotic formulation to a patient in need thereof comprises 
dissolving an antibiotic or salt thereof in a solvent to form an 
antibiotic formulation, Wherein the antibiotic or salt thereof is 
present at a concentration ranging from about 0.6 to about 0.9 
of the Water solubility limit, at 250 C. and 1.0 atmosphere, of 
the antibiotic or salt thereof. The method also includes aero 
soliZing the antibiotic formulation to administer the antibiotic 
formulation to the lungs of the patient. 
[0029] In yet another aspect, a method of administering an 
antibiotic formulation to a patient in need thereof comprises 
dissolving an antibiotic or salt thereof in a solvent to form an 
antibiotic formulation. The method also includes aerosoliZ 
ing the antibiotic formulation to administer the antibiotic 
formulation to the lungs of the patient, Wherein the aerosoliZ 
ing is conducted Within about 16 hours of the dissolving. 
[0030] In another aspect, a method involves forming a poW 
der comprising an antibiotic or salt thereof. The method 
includes dissolving an antibiotic or salt thereof in a solvent to 
form a solution having a concentration ranging from about 60 
mg/ml to about 120 mg/ml. The method also includes lyo 
philiZing the solution to form the poWder. 
[0031] In another aspect, a method involves forming a poW 
der comprising an antibiotic or salt thereof. The method com 
prises dissolving an antibiotic or salt thereof in a solvent to 
form a solution having a volume ranging from about 4.5 ml to 
about 5 .5 ml. The method also includes lyophiliZing the solu 
tion to form the dry poWder. 
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[0032] In another aspect, any method Which comprises 
forming a powder may also include a method of reconstitut 
ing the poWder to form a liquid. Similarly any method Which 
comprises forming a liquid comprising an antibiotic (such as 
a solution) may also include a method of removing the liquid 
to yield a poWder. 
[0033] In another aspect, any tWo or more of any of the 
foregoing features, aspects versions or embodiments are 
combined. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] The present invention is further described in the 
description of invention that folloWs, in reference to the noted 
plurality of non-limiting draWings, Wherein: 
[0035] FIG. 1A illustrates components of a pulmonary drug 
delivery system according to embodiments of the present 
invention. 
[0036] FIG. 1B shoWs an embodiment of a device that can 
be used in a pulmonary drug delivery system according to 
embodiments of the invention. 
[0037] FIG. 2A shoWs an exemplary off-ventilator con?gu 
ration of a pulmonary drug delivery system according to 
embodiments of the invention. 
[0038] FIG. 2B is a schematic vieW of a pharmaceutical 
delivery device of one or more embodiments of the present 
invention, useful for delivery of aerosoliZed medicaments. 
[0039] FIG. 3 shoWs total drug recovered (nebuliZer+?l 
ters) for gentamicin as a function of ?ll mass and solution 
strength. 
[0040] FIGS. 411-!) show emitted dose of gentamicin as a 
function of solution strength and ?ll volume, after nebuliZa 
tion (FIG. 4a) for 15 minutes, and (FIG. 4) 30 minutes. 
[0041] FIG. 5 shoWs gentamicin residual dose retained in a 
nebuliZer as a function of ?ll volume and solution strength. 
[0042] FIG. 6 shoWs distribution of nebuliZed vancomycin 
(60 mg/ml solution in normal saline) as a function of ?ll 
volume. 
[0043] FIG. 7 shoWs emitted dose as a function of solution 
strength and ?ll volume, for the case of vancomycin solution 
in 0.45% saline. 
[0044] FIG. 8 shoWs emitted dose as a function of solution 
strength and ?ll volume, for the case of vancomycin solution 
in Water for injection (WFI). 
[0045] FIG. 9 shoWs volume median diameter for nebu 
liZed gentamicin as a function of solution strength and ?ll 
volume. 
[0046] FIG. 10 shoWs cumulative particle siZe distributions 
for gentamicin at different solution strengths and nebuliZer 
?ll volumes. 
[0047] FIG. 11 shoWs volume median diameter for nebu 
liZed vancomycin (solution in WFI) as a function of solution 
strength and ?ll volume. 
[0048] FIG. 12 shoWs cumulative particle siZe distributions 
for nebuliZed vancomycin (solution in WFI) at different solu 
tion strengths and nebuliZer ?ll volumes 
[0049] FIG. 13 shoWs volume median diameter for nebu 
liZed vancomycin (60 mg/ml solution in normal saline) as a 
function of nebuliZer ?ll volume. 
[0050] FIG. 14 shoWs volume median diameter for nebu 
liZed vancomycin (solution in 0.45% saline) as a function of 
solution strength and ?ll volume. 
[0051] FIG. 15 shoWs volume median diameter for antibi 
otic drug and placebo solutions. 
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[0052] FIG. 16 is a graph shoWing amikacin stability over 
time (as % related substance) for a formulation according to 
one or more embodiments of the present invention, Wherein 
the formulation Was stored at three different storage condi 
tions. 

DESCRIPTION OF THE INVENTION 

[0053] Unless otherWise stated, a reference to a compound 
or component includes the compound or component by itself, 
as Well as in combination With other compounds or compo 
nents, such as mixtures of compounds. 
[0054] As used herein, the singular forms “a,” “an,” and 
“the” include the plural reference unless the context clearly 
dictates otherwise. 
[0055] Reference herein to “one embodiment”, “one ver 
sion” or “one aspect” shall include one or more such embodi 
ments, versions or aspects, unless otherWise clear from the 
context. 

[0056] “Mass median diameter” or “MMD” is a measure of 
mean particle siZe, since the poWders of the invention are 
generally polydisperse (i.e., consist of a range of particle 
siZes). MMD values as reported herein are determined by 
centrifugal sedimentation, although any number of com 
monly employed techniques can be used for measuring mean 
particle siZe. 
[0057] “Mass median aerodynamic diameter” or “MMAD” 
is a measure of the aerodynamic siZe of a dispersed particle. 
The aerodynamic diameter is used to describe an aerosoliZed 
poWder in terms of its settling behavior, and is the diameter of 
a unit density sphere having the same settling velocity, gen 
erally in air, as the particle. The aerodynamic diameter 
encompasses particle shape, density and physical siZe of a 
particle. As used herein, MMAD refers to the midpoint or 
median of the aerodynamic particle siZe distribution of an 
aerosoliZed poWder determined by cascade impaction. 
[0058] Anti-gram negative, and gram-negative antibiotic 
are used interchangeably to refer to antibiotic active agents 
(and formulations comprising such active agents) Which have 
effectiveness against gram negative bacteria. Similarly, anti 
gram positive, and gram-positive antibiotic are used inter 
changeably to refer to antibiotic active agents (and formula 
tions comprising such active agents) Which have 
effectiveness against gram positive bacteria. 
[0059] “Antibiotic” moreover includes anti-infectives, 
such as antivirals and antifungals, as Well as antibiotics, 
unless the context indicates otherWise. 
[0060] “Pharmaceutic formulation” and “composition” 
may be sometimes used interchangeably to refer to a formu 
lation comprising an antibiotic. 

[0061] As an overvieW, in one or more embodiments, an 
aqueous composition comprises anti-gram-negative and/or 
anti-gram positive antibiotic or salt thereof being present at an 
amount ranging from about 100 mg/ml to about 200 mg/ml. 
[0062] In one or more embodiments, an aqueous composi 
tion comprises an antibiotic or salt thereof, and bronchodila 
tor. 

[0063] In one or more embodiments, an aqueous composi 
tion comprises an antibiotic or salt thereof being present at a 
concentration ranging from about 0.6 to about 0.9 of the Water 
solubility limit, at 25° C. and 1.0 atmosphere, of the antibiotic 
or salt thereof. 

[0064] In one or more embodiments, a unit dose comprises 
a container and an aqueous composition, comprising an anti 
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gram-negative antibiotic or salt thereof at a concentration 
ranging from about 100 mg/ml to about 200 mg/ml. 
[0065] In one or more embodiments, a kit comprises a ?rst 
container containing a ?rst aqueous solution comprising anti 
gram-negative antibiotic or salt thereof; and a second con 
tainer containing a second aqueous solution comprising anti 
gram-negative antibiotic or salt thereof. A concentration, or 
an amount, or both, of the ?rst aqueous solution is different 
from a concentration, or an amount, or both, of the second 
aqueous solution. 
[0066] In one or more embodiments, a kit comprises a ?rst 
container containing a ?rst aqueous solution comprising anti 
gram-negative antibiotic or salt thereof, and a second con 
tainer containing a second aqueous solution comprising anti 
gram-positive antibiotic or salt thereof. 
[0067] In one or more embodiments, a unit dose comprises 
a container and a poWder comprising an antibiotic or salt 
thereof, Wherein the poWder is present in an amount ranging 
from about 550 mg to about 900 mg. 
[0068] In one or more embodiments, a unit dose comprises 
a container; and a poWder comprising an antibiotic or salt 
thereof, Wherein the poWder is present in an amount ranging 
from about 150 mg to about 450 mg. 
[0069] In one or more embodiments, a kit comprises a ?rst 
container containing a ?rst composition comprising an anti 
gram-positive or an anti gram-negative antibiotic or salt 
thereof and a second container containing a second compo 
sition comprising Water. The ?rst composition and/or the 
second composition comprises an osmolality adjuster. 
[0070] In one or more embodiments, a kit comprises a ?rst 
container containing a poWder comprising an anti-gram-posi 
tive antibiotic or salt thereof and a second container contain 
ing a poWder comprising an anti-gram-positive antibiotic or 
salt thereof. A concentration, or an amount, or both, of the 
anti-gram-positive antibiotic or salt thereof in the ?rst con 
tainer is different from a concentration, or an amount, orboth, 
of the anti-gram-positive antibiotic or salt thereof in the sec 
ond container. 
[0071] In one or more embodiments, a kit comprises a ?rst 
container containing a solution comprising an anti-gram 
negative antibiotic or salt thereof and a second container 
containing a poWder comprising anti-gram-positive antibi 
otic or salt thereof. 

[0072] In one or more embodiments, a method of adminis 
tering an antibiotic formulation to a patient in need thereof 
comprises aerosoliZing an antibiotic formulation to adminis 
ter the antibiotic formulation to the pulmonary system of the 
patient. The antibiotic formulation has a concentration of 
anti-gram-negative antibiotic or salt thereof ranging from 
about 100 mg/ml to about 200 mg/ml. 
[0073] In one or more embodiments, a method of adminis 
tering an antibiotic formulation to a patient in need thereof 
comprises inserting a tube into a trachea of a patient. The 
method also comprises aerosoliZing an antibiotic formulation 
to administer the antibiotic formulation to the pulmonary 
system of the patient. The antibiotic formulation consists 
essentially of an anti-gram-negative antibiotic or salt thereof 
and Water. 

[0074] In one or more embodiments, a method of adminis 
tering an antibiotic formulation to a patient in need thereof 
comprises aerosoliZing an antibiotic formulation to adminis 
ter the antibiotic formulation to the pulmonary system of the 
patient. The antibiotic formulation comprises an anti-gram 
positive antibiotic or salt thereof at a concentration ranging 
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from about 0.7 to about 0.9 of the Water solubility limit, at 25° 
C. and 1.0 atmosphere, of the anti-gram-positive antibiotic or 
salt thereof. 

[0075] In one or more embodiments, a method of adminis 
tering an antibiotic formulation to a patient in need thereof 
comprises aerosoliZing an antibiotic formulation using a 
vibrating mesh nebuliZer, and administering the antibiotic 
formulation to the pulmonary system of the patient via an 
endotracheal tube, Wherein the nebuliZer is positioned in 
close proximity to the endotracheal tube. 

[0076] In one or more embodiments, a method of adminis 
tering an antibiotic formulation to a patient in need thereof 
comprises dissolving an anti-gram-positive antibiotic or salt 
thereof in a solvent to form an antibiotic formulation, Wherein 
the anti-gram-positive antibiotic or salt thereof is present at a 
concentration ranging from about 0.6 to about 0.9 of the Water 
solubility limit, at 25° C. and 1.0 atmosphere, of the anti 
gram-positive antibiotic or salt thereof. The method also 
includes aerosoliZing the antibiotic formulation to administer 
the antibiotic formulation to the pulmonary system of the 
patient. 
[0077] In one or more embodiments, a method of adminis 
tering an antibiotic formulation to a patient in need thereof 
comprises dissolving an antibiotic or salt thereof in a solvent 
to form an antibiotic formulation. The method also includes 
aerosoliZing the antibiotic formulation to administer the anti 
biotic formulation to the pulmonary system of the patient, 
Wherein the aerosoliZing is conducted Within about 16 hours 
of the dissolving. 
[0078] In one or more embodiments, a method involves 
forming a poWder comprising an antibiotic or salt thereof. 
The method includes dissolving an antibiotic or salt thereof in 
a solvent to form a solution having a concentration ranging 
from about 60 mg/ml to about 120 mg/ml. The method also 
includes lyophiliZing the solution to form the poWder. 

[0079] In one or more embodiments, a method involves 
forming a poWder comprising an antibiotic or salt thereof. 
The method comprises dissolving an antibiotic or salt thereof 
in a solvent to form a solution having a volume ranging from 
about 4.5 ml to about 5.5 ml. The method also includes 
lyophiliZing the solution to form the dry poWder. 
[0080] Therefore, in one or more embodiments, the present 
invention involves concentrated antibiotic formulations. The 
antibiotic formulations may comprise an aqueous composi 
tion of antibiotic or salt thereof being present at a concentra 
tion ranging from about 0.6 to about 0.9, such as about 0.7 to 
about 0.8, of the Water solubility limit, at 25° C. and 1.0 
atmosphere, of the antibiotic or salt thereof. 

[0081] The concentration of the antibiotic, corrected for 
potency, in one or more embodiments, may range from about 
40 mg/ml to about 200 mg/ml, such as about 60 mg/ml to 
about 140 mg/ml, or about 80 mg/ml to about 120 mg/ml. For 
example, in the case of anti-gram-negative antibiotics or salts 
thereof, the concentration as corrected for potency may range 
from about 40 mg/ml to about 200 mg/ml, such as from about 
90 mg/ml to about 200 mg/ml, about 110 mg/ml to about 150 
mg/ml, or about 120 mg/ml to about 140 mg/ml. As another 
example, in the case of anti-gram-positive antibiotics or salts 
thereof, the concentration as corrected for potency may range 
from about 60 mg/ml to about 140 mg/ml, such as about 80 
mg/ml to about 120 mg/ml. 
[0082] The aqueous compositions typically have a pH that 
is compatible With physiological administration, such as pul 
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monary administration. For example, the aqueous composi 
tion may have a pH ranging from about 3 to about 7, such as 
about 4 to about 6. 
[0083] In addition, the aqueous compositions typically 
have an osmolality that is compatible With physiological 
administration, such as pulmonary administration. In one or 
more embodiments, the aqueous composition may have an 
osmolality ranging from about 90 mOsmol/kg to about 500 
mOsmol/kg, such as 120 mOsmol/kg to about 500 mOsmol/ 
kg, or about 150 mOsmol/kg to about 300 mOsmol/kg. 
[0084] In one or more embodiments, the aqueous compo 
sitions are stable. For instance, in some cases, no precipitate 
forms in the aqueous composition When the aqueous compo 
sition is stored for 1 year, or even 2 years, at 250 C. 

[0085] The potency of the antibiotic or salt thereof may 
range from about 500 ug/mg to about 1100 ug/mg. In one or 
more embodiments, the potency of anti-gram-negative anti 
biotics or salts thereof, such as gentamicin, typically ranges 
from about 500 ug/mg to about 1100 ug/mg, such as about 
600 ug/mg to about 1000 ug/mg, or about 700 ug/mg to about 
800 ug/mg. The potency of anti-gram-positive antibiotics or 
salts thereof, such as vancomycin, typically ranges from 
about 900 ug/mg to about 1100 ug/mg, such as from about 
950 ug/mg to about 1050 ug/mg. 
[0086] The chromatographic purity level of the antibiotic or 
salt thereof typically greater than about 80%, such as greater 
than about 85%, greater than about 90%, or greater than about 
95%. In this regard, there is generally no major impurity 
greater than about 10%, such as no greater than about 5% or 
no greater than about 2%. For instance, the amount of heavy 
metals is typically less than about 0.005 Wt %, such as less 
than about 0.004 Wt %, less than about 0.003 Wt %, less than 
about 0.002 Wt %, or less than about 0.001 Wt %. 

[0087] In the case of gentamicin, the compositions typi 
cally have a gentamicin C 1 content ranging from about 25% to 
about 50%, such as about 30% to about 55%, about 35% to 
about 50%, or about 40% to about 45%, based on the total 
amount of gentamicin. The compositions typically have a 
gentamicin Cla content ranging from about 10% to about 
35%, such as about 15% to about 30%, about 20% to about 
25%, based on the total amount of gentamicin. The compo 
sitions typically have a gentamicin C2 and C20 content rang 
ing from about 25 Wt % to about 55 Wt %, such as about 30% 
to about 50%, about 30% to about 45%, or about 35% to about 
40%, based on the total amount of gentamicin. 
[0088] In embodiments of the present invention comprising 
amikacin, the compositions typically have an amikacin con 
tent ranging from about 25% to about 50%, such as about 
30% to about 55%, about 35% to about 50%, or about 40% to 
about 45%, based on the total amount of amikacin. 
[0089] Nearly any anti-gram-negative, anti-gram-positive 
antibiotic, or combinations thereof may be used. Addition 
ally, antibiotics may comprise those having broad spectrum 
effectiveness, or mixed spectrum effectiveness. Antifungals, 
such as polyene materials, in particular, amphotericin B are 
also suitable for use herein. Examples of anti-gram-negative 
antibiotics or salts thereof include, but are not limited to, 
aminoglycosides or salts thereof. Examples of aminoglyco 
sides or salts thereof include gentamicin, amikacin, kanamy 
cin, streptomycin, neomycin, netilmicin, paramecin, tobra 
mycin, salts thereof, and combinations thereof. For instance, 
gentamicin sulfate is the sulfate salt, or a mixture of such 
salts, of the antibiotic substances produced by the groWth of 
Micromonosporapurpurea. Gentamicin sulfate, USP, may be 
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obtained from Fujian Fukang Pharmaceutical Co., LTD, 
Fuzhou, China. Amikacin is typically supplied as a sulfate 
salt, and can be obtained, for example, from Bristol-Myers 
Squibb. Amikacin may include related substances such as 
kanamicin. 

[0090] Examples of anti-gram-positive antibiotics or salts 
thereof include, but are not limited to, macrolides or salts 
thereof. Examples of macrolides or salts thereof include, but 
are not limited to, vancomycin, erythromycin, clarithromy 
cin, aZithromycin, salts thereof, and combinations thereof. 
For instance, vancomycin hydrochloride is a hydrochloride 
salt of vancomycin, an antibiotic produced by certain strains 
of Amycolalopsis orienlalis, previously designated Strepto 
myces orienlalis. Vancomycin hydrochloride is a mixture of 
related substances consisting principally of the monohydro 
chloride of vancomycin B. Like all glycopeptide antibiotics, 
vancomycin hydrochloride contains a central core heptapep 
tide. Vancomycin hydrochloride, USP, may be obtained from 
Alpharma, Copenhagen, Denmark. 
[0091] In some embodiments, the composition comprises 
an antibiotic and one or more additional active agents. The 
additional active agent described herein includes an agent, 
drug, or compound, Which provides some pharmacologic, 
often bene?cial, effect. This includes foods, food supple 
ments, nutrients, drugs, vaccines, vitamins, and other bene? 
cial agents. As used herein, the terms further include any 
physiologically or pharmacologically active substance that 
produces a localiZed or systemic effect in a patient. An active 
agent for incorporation in the pharmaceutical formulation 
described herein may be an inorganic or an organic com 
pound, including, Without limitation, drugs Which act on: the 
peripheral nerves, adrenergic receptors, cholinergic recep 
tors, the skeletal muscles, the cardiovascular system, smooth 
muscles, the blood circulatory system, synoptic sites, neuro 
effector junctional sites, endocrine and hormone systems, the 
immunological system, the reproductive system, the skeletal 
system, autacoid systems, the alimentary and excretory sys 
tems, the histamine system, and the central nervous system. 

[0092] Examples of additional active agents include, but 
are not limited to, anti-in?ammatory agents, bronchodilators, 
and combinations thereof. 

[0093] Examples of bronchodilators include, but are not 
limited to, [3-agonists, anti-muscarinic agents, steroids, and 
combinations thereof. For instance, the steroid may comprise 
albuterol, such as albuterol sulfate. 

[0094] Active agents may comprise, for example, hypnot 
ics and sedatives, psychic energiZers, tranquilizers, respira 
tory drugs, anticonvulsants, muscle relaxants, antiparkinson 
agents (dopamine antagnonists), analgesics, anti-in?amma 
tories, antianxiety drugs (anxiolytics), appetite suppressants, 
antimigraine agents, muscle contractants, additional anti-in 
fectives (antivirals, antifungals, vaccines) antiarthritics, anti 
malarials, antiemetics, anepileptics, cytokines, groWth fac 
tors, anti-cancer agents, antithrombotic agents, 
antihypertensives, cardiovascular drugs, antiarrhythmics, 
antioxicants, anti-asthma agents, hormonal agents including 
contraceptives, sympathomimetics, diuretics, lipid regulating 
agents, antiandrogenic agents, antiparasitics, anticoagulants, 
neoplastics, antineoplastics, hypoglycemics, nutritional 
agents and supplements, groWth supplements, antienteritis 
agents, vaccines, antibodies, diagnostic agents, and contrast 
ing agents. The active agent, When administered by inhala 
tion, may act locally or systemically. 
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[0095] The active agent may fall into one of a number of 
structural classes, including but not limited to small mol 
ecules, peptides, polypeptides, proteins, polysaccharides, ste 
roids, proteins capable of eliciting physiological effects, 
nucleotides, oligonucleotides, polynucleotides, fats, electro 
lytes, and the like. 

[0096] Examples of active agents suitable for use in this 
invention include but are not limited to one or more of calci 

tonin, amphotericin B, erythropoietin (EPO), Factor VIII, 
Factor IX, ceredase, cereZyme, cyclosporin, granulocyte 
colony stimulating factor (GCSF), thrombopoietin (TPO), 
alpha-1 proteinase inhibitor, elcatonin, granulocyte macroph 
age colony stimulating factor (GMCSF), groWth hormone, 
human groWth hormone (HGH), groWth hormone releasing 
hormone (GHRH), heparin, loW molecular Weight heparin 
(LMWH), interferon alpha, interferon beta, interferon 
gamma, interleukin-1 receptor, interleukin-2, interleukin-1 
receptor antagonist, interleukin-3, interleukin-4, interleukin 
6, luteiniZing hormone releasing hormone (LHRH), factor 
IX, insulin, pro-insulin, insulin analogues (e.g., mono-acy 
lated insulin as described in Us. Pat. No. 5,922,675, Which is 
incorporated herein by reference in its entirety), amylin, 
C-peptide, somatostatin, somatostatin analogs including oct 
reotide, vasopressin, follicle stimulating hormone (FSH), 
insulin-like groWth factor (IGF), insulintropin, macrophage 
colony stimulating factor (M-CSF), nerve groWth factor 
(NGF), tissue groWth factors, keratinocyte groWth factor 
(KGF), glial groWth factor (GGF), tumor necrosis factor 
(TNF), endothelial growth factors, parathyroid hormone 
(PTH), glucagon-like peptide thymosin alpha 1, IIb/IIIa 
inhibitor, alpha-1 antitrypsin, phosphodiesterase (PDE) com 
pounds, VLA-4 inhibitors, bisphosphonates, respiratory syn 
cytial virus antibody, cystic ?brosis transmembrane regulator 
(CFTR) gene, deoxyreibonuclease (Dnase), bactericidal/per 
meability increasing protein (BPI), anti-CMV antibody, 1 
3-cis retinoic acid, oleandomycin, troleandomycin, roxithro 
mycin, clarithromycin, davercin, aZithromycin, ?urithromy 
cin, dirithromycin, josamycin, spiromycin, midecamycin, 
leucomycin, miocamycin, rokitamycin, andaZithromycin, 
and sWinolide A; ?uoroquinolones such as cipro?oxacin, 
o?oxacin, levo?oxacin, trova?oxacin, alatro?oxacin, moxi 
?oxicin, nor?oxacin, enoxacin, grepa?oxacin, gati?oxacin, 
lome?oxacin, spar?oxacin, tema?oxacin, pe?oxacin, ami 
?oxacin, ?eroxacin, tosu?oxacin, pruli?oxacin, irloxacin, 
paZu?oxacin, clina?oxacin, and sita?oxacin, teicoplanin, 
rampolanin, mideplanin, colistin, daptomycin, gramicidin, 
colistimethate, polymixins such as polymixin B, capreomy 
cin, bacitracin, penems; penicillins including penicllinase 
sensitive agents like penicillin G, penicillin V, penicillinase 
resistant agents like methicillin, oxacillin, cloxacillin, 
dicloxacillin, ?oxacillin, nafcillin; gram negative microor 
ganism active agents like ampicillin, amoxicillin, and hetacil 
lin, cillin, and galampicillin; antipseudomonal penicillins like 
carbenicillin, ticarcillin, aZlocillin, meZlocillin, and piper 
acillin; cephalosporins like cefpodoxime, cefproZil, ceft 
buten, ceftiZoxime, ceftriaxone, cephalothin, cephapirin, 
cephalexin, cephradrine, cefoxitin, cefamandole, cefaZolin, 
cephaloridine, cefaclor, cefadroxil, cephaloglycin, 
cefuroxime, ceforanide, cefotaxime, cefatriZine, ceph 
acetrile, cefepime, ce?xime, cefonicid, cefoperaZone, 
cefotetan, ce?netaZole, ceftaZidime, loracarbef, and moxa 
lactam, monobactams like aZtreonam; and carbapenems such 
as imipenem, meropenem, pentamidine isethiouate, 
lidocaine, metaproterenol sulfate, beclomethasone diprepi 
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onate, triamcinolone acetamide, budesonide acetonide, ?uti 
casone, ipratropium bromide, ?unisolide, cromolyn sodium, 
ergotamine tartrate and Where applicable, analogues, ago 
nists, antagonists, inhibitors, and pharmaceutically accept 
able salt forms of the above. In reference to peptides and 
proteins, the invention is intended to encompass synthetic, 
native, glycosylated, unglycosylated, pegylated forms, and 
biologically active fragments, derivatives, and analogs 
thereof. 
[0097] Active agents foruse in the invention further include 
nucleic acids, as bare nucleic acid molecules, vectors, asso 
ciated viral particles, plasmid DNA or RNA or other nucleic 
acid constructions of a type suitable for transfection or trans 
formation of cells, i.e., suitable for gene therapy including 
antisense. Further, an active agent may comprise live attenu 
ated or killed viruses suitable foruse as vaccines. Other useful 
drugs include those listed Within the Physician’s Desk Refer 
ence (most recent edition), Which is incorporated herein by 
reference in its entirety. 
[0098] The amount of antibiotic or other active agent in the 
pharmaceutical formulation Will be that amount necessary to 
deliver a therapeutically or prophylactically effective amount 
of the active agent per unit dose to achieve the desired result. 
In practice, this Will vary Widely depending upon the particu 
lar agent, its activity, the severity of the condition to be 
treated, the patient population, dosing requirements, and the 
desired therapeutic effect. The composition Will generally 
contain anyWhere from about 1 Wt % to about 99 Wt %, such 
as from about 2 Wt % to about 95 Wt %, or from about 5 Wt % 
to 85 Wt %, of the active agent, and Will also depend upon the 
relative amounts of additives contained in the composition. 
The compositions of the invention are particularly useful for 
active agents that are delivered in doses of from 0.001 mg/day 
to 100 mg/day, such as in doses from 0.01 mg/day to 75 
mg/day, or in doses from 0.10 mg/day to 50 mg/day. It is to be 
understood that more than one active agent may be incorpo 
rated into the formulations described herein and that the use 
of the term “agent” in no Way excludes the use of tWo or more 
such agents. 
[0099] Generally, the compositions are free of excessive 
excipients. In one or more embodiments, the aqueous com 
position consists essentially of the anti-gram-negative antibi 
otic, such as amikacin, or gentamicin or both, and/or salts 
thereof and Water. 

[0100] Further, in one or more embodiments, the aqueous 
composition is preservative-free. In this regard, the aqueous 
composition may be methylparaben-free and/ or propylpara 
ben-free. Still further, the aqueous composition may be 
saline-free. 

[0101] In one or more embodiments, the compositions 
comprise an anti-infective and an excipient. The composi 
tions may comprise a pharmaceutically acceptable excipient 
or carrier Which may be taken into the lungs With no signi? 
cant adverse toxicological effects to the subject, and particu 
larly to the lungs of the subject. In addition to the active agent, 
a pharmaceutical formulation may optionally include one or 
more pharmaceutical excipients Which are suitable for pul 
monary administration. These excipients, if present, are gen 
erally present in the composition in amounts su?icient to 
perform their intended function, such as stability, surface 
modi?cation, enhancing effectiveness or delivery of the com 
position or the like. Thus if present, excipient may range from 
about 0.01 Wt % to about 95 Wt %, such as from about 0.5 Wt 
% to about 80 Wt %, from about 1 Wt % to about 60 Wt %. 
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Preferably, such excipients Will, in part, serve to further 
improve the features of the active agent composition, for 
example by providing more ef?cient and reproducible deliv 
ery of the active agent and/or facilitating manufacturing. One 
or more excipients may also be provided to serve as bulking 
agents When it is desired to reduce the concentration of active 
agent in the formulation. 
[0102] For instance, the compositions may include one or 
more osmolality adjuster, such as sodium chloride. For 
instance, sodium chloride may be added to solutions of van 
comycin hydrochloride to adjust the osmolality of the solu 
tion. In one or more embodiments, an aqueous composition 
consists essentially of the anti-gram-positive antibiotic, such 
as vancomycin hydrochloride, the osmolality adjuster, and 
Water. 

[0103] Pharmaceutical excipients and additives useful in 
the present pharmaceutical formulation include but are not 
limited to amino acids, peptides, proteins, non-biological 
polymers, biological polymers, carbohydrates, such as sug 
ars, derivatiZed sugars such as alditols, aldonic acids, esteri 
?ed sugars, and sugar polymers, Which may be present singly 
or in combination. 

[0104] Exemplary protein excipients include albumins 
such as human serum albumin (HSA), recombinant human 
albumin (rHA), gelatin, casein, hemoglobin, and the like. 
Suitable amino acids (outside of the dileucyl-peptides of the 
invention), Which may also function in a buffering capacity, 
include alanine, glycine, arginine, betaine, histidine, 
glutamic acid, aspartic acid, cysteine, lysine, leucine, isoleu 
cine, valine, methionine, phenylalanine, aspar‘tame, tyrosine, 
tryptophan, and the like. Preferred are amino acids and 
polypeptides that function as dispersing agents. Amino acids 
falling into this category include hydrophobic amino acids 
such as leucine, valine, isoleucine, tryptophan, alanine, 
methionine, phenylalanine, tyrosine, histidine, and proline. 
[0105] Carbohydrate excipients suitable for use in the 
invention include, for example, monosaccharides such as 
fructose, maltose, galactose, glucose, D-mannose, sorbose, 
and the like; disaccharides, such as lactose, sucrose, treha 
lose, cellobiose, and the like; polysaccharides, such as raf? 
nose, meleZitose, maltodextrins, dextrans, starches, and the 
like; and alditols, such as mannitol, xylitol, maltitol, lactitol, 
xylitol sorbitol (glucitol), pyranosyl sorbitol, myoinositol and 
the like. 
[0106] The pharmaceutical formulation may also comprise 
a buffer or a pH adjusting agent, typically a salt prepared from 
an organic acid or base. Representative buffers comprise 
organic acid salts of citric acid, ascorbic acid, gluconic acid, 
carbonic acid, tartaric acid, succinic acid, acetic acid, or 
phthalic acid, Tris, tromethamine hydrochloride, or phos 
phate buffers. 
[0107] The pharmaceutical formulation may also include 
polymeric excipients/additives, e.g., polyvinylpyrrolidones, 
celluloses and derivatiZed celluloses such as hydroxymethyl 
cellulose, hydroxyethylcellulose, and hydroxypropylmethyl 
cellulose, Ficolls (a polymeric sugar), hydroxyethylstarch, 
dextrates (e.g., cyclodextrins, such as 2-hydroxypropyl-[3 
cyclodextrin and sulfobutylether-[3-cyclodextrin), polyethyl 
ene glycols, and pectin. 
[0108] The pharmaceutical formulation may further 
include ?avoring agents, taste-masking agents, inorganic 
salts (for example sodium chloride), antimicrobial agents (for 
example benZalkonium chloride), sWeeteners, antioxidants, 
antistatic agents, surfactants (for example polysorbates such 
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as “TWEEN 20” and “TWEEN 80”), sorbitan esters, lipids 
(for example phospholipids such as lecithin and other phos 
phatidylcholines, phosphatidylethanolamines), fatty acids 
and fatty esters, steroids (for example cholesterol), and 
chelating agents (for example EDTA, Zinc and other such 
suitable cations). Other pharmaceutical excipients and/or 
additives suitable for use in the compositions according to the 
invention are listed in “Remington: The Science & Practice of 
Pharmacy”, 19”’ ed., Williams & Williams, (1995), and in the 
“Physician’s Desk Reference”, 52'” ed., Medical Economics, 
Montvale, N]. (1998), both of Which are incorporated herein 
by reference in their entireties. 

[0109] For MDI applications, the pharmaceutical formula 
tion may also be treated so that it has high stability. Several 
attempts have dealt With improving suspension stability by 
increasing the solubility of surface-active agents in the HFA 
propellants. To this end US. Pat. No. 5,118,494, WO 
91/11173 and WO 92/00107 disclose the use of HFA soluble 
?uorinated surfactants to improve suspension stability. Mix 
tures of HFA propellants With other per?uorinated cosolvents 
have also been disclosed as in WO 91/04011. Other attempts 
at stabiliZation involved the inclusion of non?uorinated sur 
factants. In this respect, US. Pat. No. 5,492,688 discloses that 
some hydrophilic surfactants (With a hydrophilic/lipophilic 
balance greater than or equal to 9.6) have su?icient solubility 
in HFAs to stabiliZe medicament suspensions. Increases in 
the solubility of conventional non?uorinated MDI surfactants 
(e.g. oleic acid, lecithin) can also reportedly be achieved With 
the use ofco-solvents such as alcohols, as set forth inU.S. Pat. 
Nos. 5,683,677 and 5,605,674, as Well as in WO 95/17195. A 
particularly useful class of MDIs are those Which use hydrof 
luoroalkane (HFA) propellants. The HFA propellants are fur 
ther particularly Well suited to be used With stabiliZed disper 
sions of an active agent such as formulations and composition 
of aminoglycoside antibiotics. Suitable propellants, formula 
tions, dispersions, methods, devices and systems comprise 
those disclosed in US. Pat. No. 6,309,623, the disclosure of 
Which is incorporated by reference in its entirety. All of the 
aforementioned references being incorporated herein by ref 
erence in their entireties. 

[0110] In one or more embodiments, the compositions 
comprise an aerosol having a particle or droplet siZe selected 
to permit penetration into the alveoli of the lungs, such as a 
mass median aerodynamic diameter, less than about 10 um, 
less than about 7.5 um, less than about 5 m, and usually being 
in the range of about 0.1 pm to about 5 pm. 

[0111] The compositions of the present invention may be 
made by any of the various methods and techniques knoWn 
and available to those skilled in the art. In this regard, proce 
dures such as lyophiliZing antibiotics to make poWders and/or 
dissolving antibiotics in solvents are knoWn in the art. 

[0112] For instance, a solution of antibiotic, e.g., amikacin 
sulfate or gentamicin sulfate, may be made using the folloW 
ing procedure. Typically, manufacturing equipment is steril 
iZed before use. A portion of the ?nal volume, e.g., 70%, of 
solvent, e.g., Water for injection, may be added into a suitable 
container. Antibiotic or salt thereof may then be added. The 
antibiotic or salt thereof may be mixed until dissolved. Addi 
tional solvent may be added to make up the ?nal batch vol 
ume. The batch may be ?ltered, e.g., through a 0.2 um ?lter 
into a steriliZed receiving vessel. Filling components may be 
steriliZed before use in ?lling the batch into vials, e.g., 10 ml 
vials. 
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[0113] As an example, the above-noted sterilizing may 
include the following. A 5 liter type 1 glass bottle and lid may 
be placed in an autoclave bag and sterilized at elevated tem 
perature, e.g., 121° C. for 15 minutes, using an autoclave. 
Similarly, vials may be placed into suitable racks, inserted 
into an autoclave bag, and sterilized at elevated temperature, 
e.g., 121° C. for 15 minutes, using an autoclave. Also simi 
larly, stoppers may be placed in an autoclave bag and steril 
ized at elevated temperature, e.g., 121° C. for 15 minutes, 
using an autoclave. Before sterilization, sterilizing ?lters may 
be attached to tubing, e.g., a 2 mm length of 7 mm><13 mm 
silicone tubing. A ?lling line may be prepared by placed in an 
autoclave bag and sterilized at elevated temperature, e.g., 
121° C. for 15 minutes, using an autoclave. 

[0114] The above-noted ?ltration may involve ?ltration 
into a laminar ?oW Work area. The receiving bottle and ?lters 
may be set up in the laminar ?oW Work area. 

[0115] The above-noted ?lling may also be conducted 
under laminar ?oW protection. The ?lling line may be 
unWrapped and placed into the receiving bottle. The sterilized 
vials and stoppers may be unWrapped under laminar ?oW 
protection. Each vial may be ?lled, e.g., to a target ?ll of 5 .940 
g, and stoppered. A ?ip off collar may be applied to each vial. 
The sealed vials may be inspected for vial leakage, correct 
overseals, and cracks. 
[0116] As another example, one or more antibiotics, e.g., 
vancomycin, gentamicin or amikacin, and/or a salt thereof, 
may be prepared by lyophilizing the antibiotic to form a 
poWder for storage. The poWder is then reconstituted prior to 
use. This technique may be used When the antibiotic is 
unstable in solution. 

[0117] In one or more embodiments, the poWder making 
process may begin With forming a solution to be lyophilized. 
For example, an antibiotic or salt thereof, such as amikacin, 
gentamicin or vancomycin and/or salts thereof, may be dis 
solved in a solvent to form a solution having an antibiotic 
concentration ranging from about 80 mg/ml to about 150 
mg/ml, such as about 90 mg/ml to about 130 mg/ml, or about 
100 mg/ml to about 124 mg/ml. The solution to be lyophilized 
may have a volume ranging from about 4.5 ml to about 5.5 ml, 
such as about 5 ml. 

[0118] In other embodiments, the poWder making process 
may begin With forming a solution of an anti-gram negative 
antibiotic or salt thereof, such as amikacin or salt thereof. The 
antibiotic and/ or salt may be dissolved in a solvent to form a 
solution having a concentration ranging from about 80 mg/ml 
to about 130 mg/ml, such as about 90 mg/ml to about 120 
mg/ml, or about 100 mg/ml to about 1 10 mg/ml. The solution 
to be lyophilized may have a volume ranging from about 4.5 
ml to about 5.5 ml, such as about 5 ml. 

[0119] The solvent for the solution to be lyophilized may 
comprise Water. The solution may be excipient-free. For 
instance, the solution may be cryoprotectant-free. 
[0120] In one or more embodiments, a suitable amount 
(e.g., 120 g per liter of ?nal solution) of drug substance (for 
example vancomycin hydrochloride) may be dissolved, e. g., 
in about the 75% of the theoretical total amount of Water for 
injection under nitrogen bubbling. The dissolution time may 
be recorded and appearance may be evaluated. 

[0121] Then, the dilution to the ?nal volume With WFI may 
be carried out. Final volume may be checked. Density, pH, 
endotoxin, bioburden, and content by UV may be measured 
both before and after sterile ?ltration. 
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[0122] The solution may be ?ltered before lyophilizing. For 
instance, a double 0.22 pm ?ltration may be performed before 
?lling. The ?lters may be tested for integrity and bubble point 
before and after the ?ltration. 
[0123] Pre-Washed and autoclaved vials may be aseptically 
?lled using an automatic ?lling line to a target of 5 ml per vial 
and then partially stoppered. In process check for ?ll volumes 
may be done by checking the ?ll Weight every 15 minutes. 
[0124] The lyophilizing is generally conducted Within 
about 72 hours, such as Within about 8 hours, or Within about 
4 hours, of the dissolving. 
[0125] In one or more embodiments, the lyophilizing com 
prises freezing the solution to form a frozen solution. The 
frozen solution is typically held at an initial temperature 
ranging from about —40° C. to about —50° C., such as about 
—45° C. During the initial temperature period, the pressure 
around the frozen solution is typically atmospheric pressure. 
The initial temperature period typically ranges from about 1 
hour to about 4 hours, such about 1.5 hours to about 3 hours, 
or about 2 hours. 

[0126] The lyophilizing may further comprise raising a 
temperature of the frozen solution to a ?rst predetermined 
temperature, Which may range from about 10° C. to about 20° 
C., such as about 15° C. The time for the heat ramp from the 
initial temperature to the ?rst predetermined temperature 
generally ranges from about 6 hours to about 10 hours, such 
as about 7 hours to about 9 hours. 

[0127] During the ?rst predetermined temperature period, 
the pressure around the solution typically ranges from about 
100 ubar to about 250 ubar, such as about 150 ubar to about 
225 ubar. The solution may be held at the ?rst predetermined 
temperature for a period ranging from about 20 hours to about 
30 hours, such as from about 24 hours. 
[0128] The lyophilizing may still further comprise raising a 
temperature of the solution to a second predetermined tem 
perature, Which may range from about 25° C. to about 35° C., 
such as about 30° C. During the second predetermined tem 
perature period, the pressure around the frozen solution typi 
cally ranges from about 100 ubar to about 250 ubar, such as 
about 150 ubar to about 225 ubar. The solution may be held at 
the second predetermined temperature for a period ranging 
from about 10 hours to about 20 hours. 
[0129] In vieW of the above, the lyophilization cycle may 
comprise a freezing ramp, e.g., from 20° C. to —45° C. in 65 
minutes, folloWed by a freeze soak, e.g., at —45° C. for 2 
hours. Primary drying may be accomplished With a heating 
ramp, e.g., from —45° C. to 15° C. in 8 hours, folloWed by a 
temperature hold, e.g., at 15° C. for 24 hours at a pressure of 
200 ubar. Secondary drying may be accomplished With a 
heating ramp, e.g., from 15° C. to 30° C. in 15 minutes, 
folloWed by a temperature hold at 30° C. for 15 hours at a 
pressure of 200 ubar. At the end of the lyophilization cycle, 
the vacuum may be broken With sterile nitrogen, and the vials 
may be automatically stoppered. 
[0130] The Water content of the poWder e.g., vancomycin 
poWder, or amikacin poWder, is typically less than about 7 Wt 
%, such as less than about 5 Wt %, less than about 4 Wt %, less 
than about 3 Wt %, or less than about 2 or 1 Wt %. 

[0131] The chromatographic purity level of the poWder, 
e.g., vancomycin poWder, or amikacin poWder, typically 
greater than about 80%, such as greater than about 90%, 
greater than about 95%, or greater than about 97%. In this 
regard, there is generally no major impurity greater than 
about 10%, such as no greater than about 7% or no greater 










































