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phar maceuti cal conposition conprising piperacillin,
tazobactam an am nocarboxylic acid, and a buffer in a
sodium |l actate diluent. The invention further rel ates
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BACKGROUND OF THE INVENTION

Zosyn® is an antibiotic marketed product containing piperacillin sodium and
tazobactam sodium. As listed on the label, Zosyn® is incompatible with lactated
Ringer’s solution.

There is a need for a pharmaceutical composition which overcomes the

incompatibility of Zosyn® with lactated Ringer’s solution.

BRIEF SUMMARY OF THE INVENTION
The invention provides a pharmaceutical composition comprising piperacillin,
tazobactam, an aminocarboxylic acid and a buffer in a sodium lactate diluent.

The invention further provides a method of treating a bacterial infection and an LR
condition in a human which comprises administering to said human an effective
amount of a pharmaceutical composition comprising piperacillin, tazobactam, an

aminocarboxylic acid and a buffer in a sodium lactate diluent.

In some embodiments of the invention, an aminocarboxylic acid is preferably EDTA.
In some embodiments of the invention, the buffer is citric acid, preferably sodium

citrate.
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am nocar boxylic acid and a buffer in a sodiumlactate
di luent. In sone enbodi nents of the invention, an

am nocar boxylic acid is preferably EDTA. In sone
enbodi ments of the invention, the buffer is citric

am & iRkt SO Wlehlion, Ak@sddiurh Wdtdie BilgsHe b e rids
of the invention, the sodiumlactate diluent is

| RiNggf e8°i%yer' s sol ution. In some enbodi ments of the
i nvention, the sodium| actate di I uent i S Hart rrann S

sol uti on. DETAI LED DESCRI PTI qFT n
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agmatgrage over mar ket ed pharmaceuti cal conpositions of
pi peracillin-tazobactam wherein a solution for

i nfusi on of piperacillin-tazobactamin a sodium

| actate solution, in particular |actated R nger's

sol ution ar r nn' ' nonstrate

< Briaih BEsRS TR PR g R MR ERE Count s not more
than 6000 particles > 10 mm and not nore than 600
particles > 25 mm and a chem cal potency greater than

o o ThePoi e PR EPS o iy PR Al bt Bage over
apfaritedipirmaoédtieal copnddsitiophaf pipeedilirc@akolamtayo sihereima solution
ClritfsietrPonatulites el insosl P CEETR Giorp ] afticuer
ahetitedRingers $digtion or Hartmann'’s solution demonstrate compatibility by
having particulate counts not more than 6000 particles > 10 ym and not more than
600 particles > 25 um and a chemical potency greater than 90% of the initial
concentration. Compatibility for example with lactated Ringer’s solution may be
achieved by buffering the pharmaceutical compositions of the invention with a buffer,
for example, citrate to maintain the suitable pH range of about 6.0 to about 7.5 in the
presence of an aminocarboxylic acid or a salt thereof. A preferred pH is about 6.5.
In an embodiment of the invention the aminocarboxylic acid is EDTA in the form of
edetate disodium dihydrate. Optionally the aminocarboxylic acid may be added in a
hospital setting before administration to a patient or may also be premixed in a ready-

to-use pharmaceutical composition.

In particular, in a hospital setting, the compositions of piperacillin-tazobactam
of the invention in the presence of a buffer and an aminocarboxylic acid may be
advantageously added to a human patient via a “Y” site connection on an
intravenous line. A “Y” site connection is a common practice which permits additional

medicaments to be added while a therapeutic infusion is in progress.

The following definitions are used throughout the application.
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ramuscular, or intraarterial)
“Administering” means a treatment process wherein an effective amount of a

pharmaceutical composition of the invention is delivered to a human patient.

20 “Bacterial infection” is the proliferation of a bacteria pathogen caused by Gram-

positive and/or Gram-negative bacteria.

“Effective amount” is an amount of a pharmaceutical composition of the invention,
where upon administration is capable of reducing or preventing the proliferation of

25  bacteria or reducing the symptoms of the bacterial infection.
“HPLC” means high pressure liquid chromatography.

The term, “aminocarboxylic acid " preferably includes: ethylenediaminetetraacetic

30 acid (EDTA) and salts thereof, for example, ethylenediaminetetraacetic acid, calcium
disodium salt (preferably as the hydrate), dicalcium EDTA;
ethylenediaminetetraacetic acid, diammonium sait (preferably as the hydrate);
ethylenediaminetetraacetic acid, dipotassium salt (preferably as the dihydrate),
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| actate diluent is added by intravenous i nfusion.
Typically lactated Ringer's solution is used in the
United States, and Hartmann's solution is used in

Europe. "Adm ni stering" neans a treatnent process
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et Aineglydoside argibéiticsiare selectad frdm athikacin and satdramycin.
(preferably as the dihydrate and, if desired, as the
anhydrous form; ethyl enedi am netetraacetic acid,
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Ingredient Compound Sodium Lactate Lactated Ringer’s Injection
Infusion BP (% w/v) USP (% wiv)

Sodium 0.27 - 0.32 0.285-0.315

Potassium 0.019-0.022 0.0142 - 0.0173

Calcium Chloride 0.025 - 0.029 0.018 — 0.022

dihydrate

Lactate 0.23-0.28 0.231 - 0.261

Total Chloride 0.37-0.42 0.368 — 0.408

pH 50-7.0 6.0-7.5

Piperacillin sodium is the preferred form of piperacillin in the compositions of the
present invention. Piperacillin free acid is a possible source of piperacillin for use in
making the compositions of the present invention. The free acid may be converted to
the sodium salt during the formulation process. Piperacillin sodium is derived from
D(-)- a-aminobenzylpenicillin. The chemical name of piperacillin sodium is sodium
(2S, 5R, 6R)-6-[(R)-2-(4-ethyl-2,3-dioxo-1- piperazinecarboxamido)-2-
phenylacetamido]-5 3,3-dimethyl-7-oxo-4-thia-1- azabicyclo(3.2.0) heptane-2-
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et hyl enedi am netetraacetic acid di sodium salt,
CSP(preferably as the di hydrate). O her

"am nocar boxylic acids" include: for exanple,
di et hyl enetri am nepentaacetic acid (DTPA),
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o the sodiumsalt during the formul ati on process.

Pmsl@pu@rwmgﬁt@@a?&n is derived fromD(-)-
a- am nobenzyl penicillin. The chem cal nane of
piperacillin sodiumis sodium
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controlling the pH to enhance stability. Preferably, a suitable amount of sodium
citrate used to buffer the formulation, controls the pH for maximum stability without
significantly catalyzing or degrading the drug, or causing pain to the patient upon
infusion. Sodium citrate dihydrate is the preferred form for the buffer used in the
present invention. As used herein citrate is citric acid or salts thereof, preferably
sodium citrate. Sodium citrate is available as trisodium citrate anhydrous, trisodium
citrate dihydrate, and trisodium citrate pentahydrate. Sodium citrate dihydrate is also
known as trisodium citrate dihydrate and is preferred. The preferred form is trisodium
citrate dehydrate. There are also several hydration forms of monobasic and dibasic

sodium citrate which may replace the trisodium citrate, in whole or in-part.

Typical pharmaceutical compositions of the invention include the following ranges:
Piperacillin in the range of about 8 mg/ml to about 500 mg/ml; more preferably about
12 mg/ml to about 300 mg/ml;

Tazobactam in the range of about 0.1 mg/m! to about 125 mg/ml; more preferably

about 1.5 mg/ml to about 75 mg/ml,
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tazobactam for use in making the conpositions of the
present invention. The free acid may be converted to
the sodiumsalt during the process of formng the
pharmaceuti cal conpositions of the invention.
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49@%??&1@%0%0%@@%85 P%“@?’ﬁlul a for tazobactam sodi um

I ﬁp%ﬂh QHdéé&iQ) &ﬁlrma@bmnbel cﬂﬁipeéltid)r?iof\ﬁm pliéntion iSdextdbse in the

e phar ical co of the invention may
@”EEPF@H%‘&%/W@’H"&‘? ?'P{’Ega{% QZT"Iie suitable buffers to
nebtibrIp atbed tl:l'bhurﬂnbce’ljttbl&oﬁfpeﬁlﬁdirise@f theingentizin about
t o abq Citr the referreg buf f er
t

D ARINely oL thé AR08 PR oo MGt aSal TR ot ¢ hout

significant drug degradation. The addition of a buffer

i 1 I'ling the pH to enhance
séégg 'MEHTﬁﬁM@é‘éﬁg a sui tabl e anmount of sodium
citrate used to buffer the formul ati on, controls the
pH for Xi. ut s nifi i.can
Cat ol ARG REE Pierrin. Aot d PGt da bR Plampepyical
the patient upon inf usmpassntlo‘ﬁsdxfttmmvdntlane di hydrate is
the preferred formfor the buffer used in the present

i nvention. As used herein citrate is citric acid or
sAl t@lsnchhﬂfamécemlcelfoem:bbmors ofthe inventiorahavin@odlio®mg/vial of

t b:})é%%ﬁlm,n%?g mg ofq'%ngac?arh ' Sﬁorﬁlé HP&E‘étE ‘%% ﬁ]%%f BBTA was
reconstituted with 15 mi of sterile water for injection. The resulting solution was
transferred to a flexible container containing 250 ml of Lactated Ringer’s Solution,
USP (United States Pharmacopeia). The container was mixed with gentle inversions
forming the drug solution and sampled immediately for chemical analysis. The
container was then stored at ambient temperature for 24 hours and re-sampled. This

test was performed in duplicate.

The chemical analysis was performed according to the following analytical method.

The analytical procedure is summarized as follows:

1) 4 ml aliquots of the drug solution is drawn and transferred to a 250 ml
volumetric flask.

2) The flask is filled, gs. to 250 m! with dilution solvent (25% acetonitrile/75%
water, v/v)

3) Mixing is performed using gentle inversions of the flask.

4) Aliquots are then taken for HPLC analysis.
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nvention are "am nogl ycosi des in the range of
10 about O 1 nmg/nl to about 75 ng/m . EXPERI MENTAL
METHODS Deternination of Pipggprqillin, and Tazobactam
in typical pharmaceutical conpositions of the

I nvention
Typical Time Hr | Piperacilin | Tazobactam Total
pharmaceutical (%LC) (%LC) Unidentified
composition : Degradants
Sample 1° 0 119.1 115.0 0.1%
Sample 1 24 100.8 95.2 0.1%
Sample 2 0 100.2 96.8 0.1%
Sample 2 24 101.3 95.7 0.1%

a) An investigation concluded that the cause of the higher than expected

piperacillin and tazobactam result was due to a pipetting error.

15
A summary of the HPLC analysis data performed on a piperacillin / tazobactam
formula without a buffer or an aminocarboxylic acid using the analytical procedure for
Samples 1 and 2 is provided in Table ii.
20
25
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reconstituted with 15 m of sterile water for

injection. The resulting solution was transferred to a
flexi bI e contai ner containing 250 m of Lactated

Ringer's Solution, USP (United States Pharmacopeia).
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aminocarboxylic acid and a buffer was evaluated in the presence of the compound

sodium lactate to determine compatibility up to 24 hours at room temperature
storage. Admixture samples were also tested for compatibility after being stored for 1
week under refrigerated (2-8°C) conditions. For these admixtures, the concentration
tested was based on the commercially available volume (250 ml) of lactated Ringer's

solution.

Additional testing was performed which confirmed that admixture solutions prepared
using reconstituted piperacillin-tazobactam vial products containing an

aminocarboxylic acid and a buffer that had been stored for not less than 48 hours at
refrigerated (2-8°C) conditions in the vial prior to admixing, demonstrated equivalent

compatibility in this diluent.

Using the above test procedures, samples of each piperacillin-tazobactam

vial products containing an aminocarboxylic acid and a buffer concentration were
tested immediately (T=0 hour) after being admixed into the diluent. Remaining
samples are stored at ambient laboratory conditions (about 20°C) and tested again
24 hours (T=24 hour) later. A set of samples were tested after 1 week under
refrigerated (2-8°C) conditions. At all time points, the tests conducted included
visual appearance and description, using the procedures described in USP <788> /
Ph. Eur. Chapter 2.9.19 Particulate Matter (Light Obscuration Particle Counts), and
by HPLC chemical potency for Piperacillin and Tazobactam.
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(268 M were found to be present). A summary of the

HPLC anal ysis data is provided as Table | . Table | a)
An investigation concluded that the cause of the

hi gher than expected piperacillin and tazobactam

result was due to a pipetting error. A sumary of the
HPLC anal ysis data performed on a piperacillin / .
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V pr@paiadodthoriesorcstintted priodgctatored at refngerated condltlons (2-8°C) in the

vial for up to 48 hours.

Several standard tests were performed to evaluate the chemical and physical
compatibility of piperacillin-tazobactam vial products containing an aminocarboxylic
acid and a buffer with a sodium lactate diluent. The first test was conducted to
determine if piperacillin-tazobactam vial products containing an aminocarboxylic acid
and a buffer are compatible in admixture with a sodium lactate diluent for up to 24
hours at room temperature storage. Admixtures were also tested after being held for
1 week under refrigerated (2-8°C) conditions. High (16 mg/ml, piperaciliin; 2 mg/ml,
tazobactam) and low (8 mg/ml, piperacillin; 1 mg/ml, tazobactam) concentrations of
piperacillin-tazobactam vial products containing an aminocarboxylic acid and a buffer

were prepared as admixtures with this diluent. They were based on a 250 mL bag.

In another standard test, a sodium lactate diluent was evaluated for compatibility with
piperacillin-tazobactam vial products containing an aminocarboxylic acid and a buffer
as admixtures that were prepared using reconstituted drug product that had been
stored for not less than 48 hours at refrigerated (2-8°C) conditions prior to admixing.
These admixtures were tested using the high and low concentrations described

above.
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admixture solutions.

The admixtures were prepared to represent two vial strengths, lowest and highest
piperacillin-tazobactam vial products containing an aminocarboxylic acid and a buffer
vial strengths (2.25g and 4.5g, respectively). The resultant admixture concentrations
evaluated are tabulated in Table IlI.

For a sodium lactate diluent, a 250 mL volume was used to prepare both the lowest

and highest admixture concentration.

Admixture Testing Procedure

In this study, samples of each piperacillin-tazobactam vial products containing an
aminocarboxylic acid and a buffer concentration were tested immediately (T=0 hour)
after being admixed into the diluent lactated Ringer’s solution. Remaining samples
were stored at ambient laboratory conditions (about 20°C) and tested at and 24
hours (T=24 hour). A set of admixture samples were also tested after being stored

under refrigerated (2-8°C) conditions for 1 week.
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byfid-ekipnEsftiRUIfeb@HAs)@s adm xtures with this diluent.
They were based on a 250 ml . bag. In another standard

test, a sodiumlactate diluent was eval uated for

corrpati bility with piperacillin-tazobactam vi al
pAockptancedditers ni ng an ami nocar boxylic acid and a

buf fer as adm xtures that were prepared usin
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vi al tain
(T=0 hour) concentratlon for both piperacillin and tazobactam.

Particulate counts did not change as a function of time. The potencies were not
substantially changed. There were no changes seen in any of product attributes over
a 24 hour period.

Appearance and Description

In the studies, the samples tested were determined to be clear and free of |
particulates by visual inspection. There were no differences observed in the diluent
with piperacillin-tazobactam vial products containing an aminocarboxylic acid and a
buffer over a 24 hour admixture testing period.

Sub-Visible Particulate Matter

All sub-visible particulate counts were acceptable, indicating no significant formation
of particulates. All particulate counts, both at T=0 hour and T=24 hours were well
under the USP/Ph. Eur. acceptance criteria of less than 6000 particles 210 um and
less than 600 particles 225 um. There were no differences observed in the various

diluents with piperacillin-tazobactam vial products containing an aminocarboxylic acid
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Sodium Lactate Intravenous Infusion
Acceptable physical stability (i.e. Appearance and Description and Sub-
Visible Particulates) and potency stability for admixtures prepared in this same

For
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a sodium |l actate diluent,
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diluent, but with reconstituted product stored at refrigerated conditions (2-8°C) for up

to 48 hours. In addition, these admixtures demonstrated compatibility when stored at

ambient conditions (about 20°C) for up to 24 hours after admixture preparation.

Table liI

Admixture Concentrations Used To Determine Compatibility of Piperacillin-
Tazobactam Vial Products Containing An Aminocarboxylic acid and a Buffer With

Lactated Ringer's Intravenous Diluents

Compatibility Study
Name

Reconstitution
Diluent

Admixture Diluent

piperacillin-tazobactam
vial products containing an
aminocarboxylic acid and a
buffer Admixture

Concentration

Lactated Ringer's
Preliminary Study

Lactated Ringer’s
Injection-USP

Lactated Ringer’s
Injection-USP

8 mg/mL piperacillin;
LOW
1 mg/mL tazobactam

16 mg/mL piperacillin;
HIGH | o o= PP

2 mg/mL tazobactam

12




after being adm xed into the diluent [actated Ringer's
sol ution. Remai ni ng sanples were stored at anbient

wo a0wen0at600 y condi ti ons (about 200C) and t est edPeEl/Usavds/036938

10

15

20

24 hours (T=24 hour). A set of adm xture sanples were
al so tested after being stored under refrigerated
(2-8C) conditions for 1 week. Anal ytical Test Methods
The foll owi ng test nethods were used to anal yze the
sanples. : HPLC Assay for Piperacillin and Tazobactam
Vi sual Cbservation for Appearance and Description USP
<788>/ Ph. Eur. Chapter 2.9.19 Particulate Matter
(Light Cbscuration Method for sub-visible particulate
counts) Acceptance Criteria_All sanples were visually
clear and conpliant with cureBIgtVUSP/ Ph. Eur.

S peCT i St &Rt ror SubvI$$MPR. P@f L1 culjates at T1=0 hour,
TE24 hacta@nd TF1 week under refriger atedC P2ty Assay
cpndi \;,épd} dfdtg appl i cRastieyate IeéhU”WSIPLC Assay, all
SRMp! &%y o el (op PIBEIELlin®
re °5er%%5%§ IC(‘5\%,080) condi ti ons%5 wer e no@?‘és‘g | aoii¥am®
of §nd Bibukred  ( TFO hour) cpncentratijon for both
p pera&arhﬂxmeand z -t Cytrate, ggunts—digs
not  ehaRgsrapna f U E ip —2% tt"@e.f%ﬁe 'té%m ep vve:f'e24
npt suuibw“ at Ty g ggQ?W | vvgr no changgs seen
i ph any Ywr oduct @%r es gyer 24 r, pefiod.
ApBeng/ahgrretadlimes s pt 190 | 47 | 23 " 99.8

1 mg/mL tazobactam 873 20

HIGH 1107 | 2083 | 17 87
16 mg/mL piperacillin; | 3217 | 2550 | 153 | 97 100.4 100.1
2 mg/mL tazobactam | 3260 | 1770 | 70 47

1 Not more than 6000
2 Not more than 600
3 Not less than 90% initial

Further studies
Additional studies to evaluate the chemical and physical compatibility of admixtures
of piperacillin-tazobactam vial products containing an aminocarboxylic acid and a

buffer with the intravenous fluid Lactated Ringer’s Injection-USP were performed.

The compatibility of piperacillin-tazobactam vial products containing an
aminocarboxylic acid and a buffer vial products was evaluated with Lactated Ringer’s
Injection-USP to determine if such admixture solutions are compatible up to 24 hours
at room temperature storage. For Lactated Ringer’s Injection, the concentration
tested was based on the available volume (250 ml) of this solution that most closely
matched the volumes described in the current commercial product (50 — 150 ml).

An additional study was performed which confirmed that admixture solutions
prepared using reconstituted drug product that had been stored for not less than 48

13
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a{azoba&gm xture preparation:

In the studies, all samples tested were determined to be clear and free of particulates
by visual inspection. All particulate counts, were well under the USP/Ph. Eur.
acceptance criteria of not more than 6000 particles =10 pm and not more than 600
particles >25 pm. Likewise, all HPLC chemical potency data met the acceptance

criteria of not less than 90% of the initial concentration.

The data in these studies demonstrated that piperacillin-tazobactam vial products
containing an aminocarboxylic acid and a buffer is compatible admixture with lactated
Ringers solution tested for up to 24 hour when stored at room temperature, that
admixture dilutions may be prepared with reconstituted product stored at refrigerated
~ conditions (2-8°C) in the vial for up to 48 hours, and that reconstitution of the
piperacillin-tazobactam vial products containing an aminocarboxylic acid and a buffer
lyophilized dosage form with several preserved diluents had no impact on the
compatibility and stability of the subsequent admixture prepared with saline.

Lactated Ringer’'s Study

High and low concentrations of piperacillin-tazobactam vial products containing an
aminocarboxylic acid and a buffer were prepared as admixtures in Lactated Ringer’s

diluent.
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Further studies Additional studies to evaluate the
cke®i259 MbRa9physi cal conpatibility of admixtures of

pi peracillin-tazobactam vial products containing an
am nocar boxylic acid and a buffer with the intravenous

flu Qeéb%g{x [?%dp#f?h&gya&%er aCFoI*r;: ORaRRI fyPe for med.

The cofpat i n-tazo m vi al
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Rﬁangactgm V|aI products containing an aminocarboxylic aC|d and a buffer and were
also prepared in hlghest and lowest admixture concentrations. However, in this
study, the admixtures were prepared using reconstituted drug product that had been

stored for not less than 48 hours at refrigerated (2-8°C) conditions prior to admixing.

MATERIALS AND METHODS
Materials
The following batches of piperacillin-tazobactam vial products containing an
aminocarboxylic acid and a buffer were used in the compatibility studies:
a. 4.5 g/vial, Batch A93374, manufactured by Wyeth, on 8 Sep 2004.
b. 2.25 g/vial, Batch A87605, manufactured by Wyeth, on 6 Jul 2004.
c. 40.5 g/vial, Batch A98715, manufactured by Wyeth, on 17 Sep 2004.

The following lots of intravenous diluents were used in one or more of the
compatibility studies described.
Lactated Ringer’s Injection, USP, 250 mL containers, Lot J4J577,
manufactured by B. Braun, Expiry Date 01/06
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li"?’a'P l&eptance criteria of not nore than 6000
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For Lactated Ringer’s Injection-USP, low and high concentrations were prepared
based on the lowest and highest piperacillin-tazobactam vial strengths (respectively)
dissolved in 250 mL of this diluent.

Admixture Testing Procedure

In the Lactated Ringer’s Preliminary Study, samples of each piperacillin-tazobactam
vial products containing an aminocarboxylic acid and a buffer concentration were
tested immediately (T=0 hour) after being admixed into the diluent. Remaining
samples were stored at ambient laboratory conditions (about 20°C) and tested at 4
hours (T=4 hour) and 24 hours (T=24 hour).

Analytical Test Methods

The following test methods were used to analyze the samples in these compatibility
studies:
HPLC Assay for Piperacillin and Tazobactam
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diluent in each of the studies are provided in Tables V to X. Acceptance criteria were
met in all studies. Particulate counts did not change as a function of time in each

solution in the chart. The potencies were not substantially changed.

DISCUSSION
There were no changes seen in any of product attributes over a 24 hour period. The

results of these studies indicate acceptable stability.

Appearance and Description

in all four studies, the samples tested were determined to be clear and free of
particulates by visual inspection. There were no differences observed in the diluent
with piperacillin-tazobactam vial products containing an aminocarboxylic acid and a

buffer over a 24 hour admixture testing period.

Sub-Visible Particulate Matter

In all four studies, all sub-visible particulate counts were acceptable, indicating no
significant formation of particulates. All particulate counts, both at T=0 hour, T=4
hours (where applicable) and T=24 hours were well under the USP/Ph. Eur.

acceptance criteria of not more than 6000 particles 210 um and not more than 600
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2004. ¥) 2.25 g/vial, Batch A87605, nmanufactured

Wethe stustiess all HPLEgemical paleney ¢ata fof IPipesagilim ay\@é'?z@actam met

”’ﬁ'fé‘%c%%bféﬁ@éj crﬁBerﬁ‘ﬁJﬂ ’Iesg Rhan/96%6 Bf %@%tlal EBBcdratioaR@remained

| ots of i ntravenous | uents were used in one or nore

oﬂ"@h?é‘gééﬁié%’tth%?ﬁhpyr %Q"G'di“é%teé%réﬁ:?fi’rﬁéd. Lact at ed
Ringer's Injection, USP1250 nlL containers, Lot J4J577,

manuf actured by B. Braun, Expiry Date 01/ 06Met hods
Vi alAgeptaRia wftyglcabﬁﬁatalﬁn (i APREATPRCFANEY9seriptin gk ub-Visible

PPRAcAktds) bAd batéﬁaaab@anﬂy\fbraédnmte@écptrépa@wmh@ diger? Nactated
am nocar boxylic_acid and
Ringer’s Injection, USP, when stored at ambient conditions (about 20°C) for up to 24

hours after admixture preparation.

Acceptable physical stability (i.e. Appearance and Description and Sub-Visible
Particulates) and potency stability for admixtures prepared in these same diluent, but
with reconstituted product stored at refrigerated conditions (2-8°C) for up to 48 hours.
In addition, these admixtures demonstrated compatibility when stored at ambient
conditions (about 20°C) for up to 24 hours after admixture preparation.

Acceptable physical stability (i.e. Appearance and Description and Sub-Visible
Particulates) and potency stability for piperacillin-tazobactam reconstituted with each
of the following preserved diluents and then further diluted in 0.9% Sodium Chloride
Injection USP. In addition, these admixtures demonstrated compatibility when stored

at ambient conditions (about 20°C) for up to 24 hours after admixture preparation.

The data also demonstrates that the product is compatible with Lactated Ringer’s
Injection, USP.
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buffer were reconstituted at 5 m of diluent per gram
of piperacillin. The adm xtures for the studies were

w@e@passsoo Wi t h diluent to represent the | owestPeEnts2005/036938

hi ghest piperacillin-tazobactam vial products
cont ai ni ng an am nocarboxylic acid and a buffer via
strengths (2.25g and 4.5g, respectively). The

resul tant adm xture concentrations evaluated in each
of the studies are tabulated in Tables V-X For
Lactated Ringers Injection, a 250 m . volune was used
to prepare both the | owest and hi ghest adm xture
concentration, as this is the smallest vol une

contai ner avail able. For Lactated Ringer's

I njection-USP, | ow and high concentrations were
prepared based on the | owest and hi ghest

pi peracillin-tazobactam vial strengths (respectively)
dissolved in 250 mM _ of this diluent. Adm xture

Testing Procedure In the lactated Ringer's Prelimnary
Study, sanpleg of each pigpearacilllin-tazobactam via
products contdi nEng anSang ngcd hoxylic acid and a
buf f er concentraﬁion vt_egt§3ﬁ§d i medi ately (T=0
hour) aftey bedirg adnipgedSi|§t & {he diluent. Remaining
- — . N . .
sanpl es wad e dtoged atcaﬁﬁlgngglaboratory condi tions
(about 2 ) and%t@ste@ af glbé)urs (T=4 hour) and 24
hours (T=Z4 hqurg. sAnalyt@qd) Je¢st Methods The
fol | owi ngt est| nit lfodsner ¢Buded to anal yze the
sanpl es i & t hgsez cSnp4at i bi I|€ty
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studies: HPLC Assay for Piperacillin and
Tazobact anvi sual Observation for Appearance and
w®e®60i4600 on USP <788>/ Ph. Eur. Chapter 2.9. 19PCT/US2005/036938
Particul ate Matter (Light Obscuration Method for
sub-visible particul ate counts) Acceptance Criteria
Al l sanples should be visually clear and conpli ant
with current USP/Ph. Eur. specification for subvisible
particul ates at T=O hour, T=4 hours (if applicable)
and T=24 hours. For HPLC Assay, all sanples after T=24
hours shoul d not be not |ess than 90% of the initial
(T=0O hour) concentration for both piperacillin and
tazobactam RESULTS The USP <788>/ Ph. Eur. Chapter

2. 9. 19ramdt—HPECAssqy data gbtarpredf or _each dil uent
in each of the_stigiles gre groviged|in Tables V to X
Accept ance driger|@ [wer@ net| it &1 |studies.
Particpl ate jcdgnts did Aot dhang& ag a function of
tinme ip @ch s®lutiagn i@ thg chagd. |The potencies were
. [=)
not subsfantli & | y|ghanggd. O %:U@SI ON There were no
changesg §‘eer im afiy [of proddct=aB rilbutes over a 24
hour pergod.—Fhe—resutts—ofjtheseg—stjudi es indicate
accept pbfe st abi | gy Aﬁpeara@ee&mc Description In
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particul ates by visual inspection. There were no
di fferences observed in the diluent with

w@emenawdd | i n-t azobact am vi al products cont ai NPEUS2V05/036938
am nocar boxylic acid and a buffer over a 24 hour
adm xture testing period. Sub-Visible Particul ate
Matter In all four studies, all sub-visible
particul ate counts were acceptable, indicating no
significant formation of particulates. Al particul ate
counts, both at T=O hour, T=4 hours (where applicable)
and T=24 hours were well under the USP/Ph. Eur.
acceptance criteria of not nore than 6000 particles >
10 mm and not nore than 600particles >25 mm There
were no differences observed in the various diluents
Wi th piperacillin-tazobactam vial products containing
an am nocarboxylic acid and a buffer over the 24-hour
adm xture testing period. Potency In the studies, al
HPLC chemni cal potency data for Piperacillin and
Tazoba thg of not |ess
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USP/Ph. Eur
Particulate Counts

Table VII
Results for Unpreserved Diluents Study

10pm’

t=0
325
480
475
625
1290
560

Piperacillin-
Concentration
Low
8 mg/mL piperacillin;
1 mg/mL tazobactam
HIGH
16 mg/mL piperacillin;
2 mg/mL tazobactam

1 Not more than 6000
2 Not more than 600

Tazobactam Admixture

Reconstitution
and Admixture
Diluent
Lactated
Ringer’s
Injection-USP

3 Not less than 90% initial
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w@emdoetcost or ed at

Particul ates) and potency stability for adm xtures
prepared in these sane diluent, but with reconstituted

up to 48 hours. In addition, these adm xtures
denonstrated conpatibility when stored at anbi ent

condi tions (about 200C) for up to 24 hours after

adm xture preparation. Acceptable physical stability
(i.e. Appearance and Description and Sub-Visible
Particul ates) and potency stability for

pi peracillin-tazobactamreconstituted with each of the
foll owi ng preserved diluents and then further diluted
in 0.9% Sodi um Chl oride Injection USP. In addition

t hese adm xtures denonstrated conpatibility when
stored at anbient conditions (about 200C) for up to 24
hours after adm xture preparation. The data al so
denonstrates that the product is conpatible with
Lactated Ringer's Injection, USP.Table V Adm xture

Concentrations Used To Determ ne Conpatibility of
Pi peragillin Tﬁzo?ac am Wth Various Raconstitution
and | nt{ravenou§ Dil upntjsTabl e \I Resul tis for Lactated
Ri nger’|s @r el igi nagy| Stjudy®1 Nt nere tlhan 6000 2 Not
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2 Not nore than 600 3 Not |less than 90% i niti al Tabl e

VIl Results for Reconstituted Product Hold Tinme Prior
wo eooddamiend ure Study 1 Not nore than 6000 2 Not PEMDIUS2005/036938

than 600 3 Not |ess than 90% initial Table I X Results

for European Lactated Ringer's Study from Refrigerated

Concentrate 1 Not nore than 6000 2 Not nore than 600 3

Not | ess than 90% initial Table X Results for European

Lactated Ringer's 1Week Reffhggfated Study 1 Not nore

t han 6000 2 Not nore than 600 3 Not |ess than 90%

i Resultsl forFaropsarCantaiembRinger's Study hear Relclgetatacaoncentrate
onposTtTom Wi ct "U"leSﬁ??’hpE raci 171, tazobactam
n anppeesiliexylijc acid and a buff er | i nHRLE®Rbtenoy Assay
actate diluent. |2 'ﬂ?ét'%ﬁi? fPaERISt i cal conpositon

O — O O

actam .
o T SR SRS
Concentration
t=0 | t=24 | t=0 |t=24 t=24 t=24
LOW 547 (1340 | O 27
8 mg/mL piperacillin; | 520 | 377 3 17 96.4 96.5
1 mg/mL tazobactam | 447 | 910 23 70
HIGH 687 | 893 | 47 20
16 mg/mL piperacillin; | 1580 | 970 | 60 83 100.2 100.1
2 mg/mL tazobactam | 1810 | 773 | 47 37

1 Not more than 6000
2 Not more than 600
5 3 Not less than 90% initial

Table X
Results for European Lactated Ringer's 1 Week Refrigerated Study
USP / Ph. Eur.
_ HPLC Potency Assay
Piperacillin- Particulate Counts
Tazobactam 10um’ 25pm? Piperacillin® 5
Tazobactam
Admixture
Concentration t=1 t=1
t=1 week T=1 week
week week
LOW 677 47
8 mg/mL piperacillin; | 367 13 95.1 957
1 mg/mL tazobactam | 667 3
HIGH 1270 157
16 mg/mL piperacillin; | 1433 37 98.6 99.1
2 mg/mL tazobactam | 1013 20

1 Not more than 6000
2 Not more than 600
10 3 Not less than 90% initial
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3. The pharmaceutical conposition according to claim
1, wherein the sodiumlactate diluent is Hartmann's

wazloavisem 4. The pharnmaceuti cal conposition aRCcDUsiNg036938

10

15

20

25

to any one of clainms 1 to 3 wherein the buffer is

citric acid or a salt thereof. 5. The pharnaceuti cal
conposition according to claim4, wherein the buffer
is sodiumcitrate. 6. The pharmaceutical comnposition

ANFHATAS SLAWMED @:m 4 or claim5 in which the citrate
is 1n the range of about 0.25 ng/m to about 25 ng/m .

7. The ,pharmaceuti.cal ¢ 0S| ti rdi 3. '

o D TR O A BB R BRI, on
about &mibooabotylit acidlaodta biffenip/adadin lathate diluent.

phar maceuti cal conposition according to any one of

cl abmste biarhaWi\Ric8! ddnigasitdt hdcordiPidtcifm, wherelMthe sodium

pharmaceutical conposition according to any one of

cl ai nslagtategdilgentip actated RingeamsAWCRr boxylic acid is

EDTA or a salt thereof. 10. The pharmaceuti cal

conposTlid gharmacautidaingmpositiba bocddingdrecleim1 twieesrsialthe sddium

EDTA is sel ected m_cal Ci i sodium salt, dicalcium
salt, RPER G Fﬁﬂ?yg ,a“BPES@%Egi um salt, disodium
salt, tetrasodiumsalt, tripotassiumsalt, and

t ri dodThemphaimeceutical cpmwositian ALY &adnycifsiaimg ] to 3

accor dyfidehdn@BYféiEciflc delPbribsak théreSr.

5. The pharmaceutical composition according to claim 4, wherein the buffer is

sodium citrate.

6. The pharmaceutical composition according to claim 4 or claim & in which the

citrate is in the range of about 0.25 mg/ml to about 25 mg/ml.

7. The pharmaceutical composition according to claim 4 or claim 5 in which the

citrate is in the range of about 0.6 mg/ml to about 15 mg/mi.

8. The pharmaceutical composition according to any one of claims 1to 7

wherein the pH is about 6.5.

9. The pharmaceutical composition according to any one of claims 1 to 8,
wherein the aminocarboxylic acid is EDTA or a salt thereof.

10. The pharmaceutical composition according to claim 9, wherein the salt of
EDTA is selected from calcium disodium salt, dicalcium salt, diammonium
salt, dipotassium salt, disodium salt, tetrasodium salt, tripotassium salt, and

trisodium salt.

11. The pharmaceutical composition according to any one of claims 1 to 8,
wherein the aminocarboxylic acid is selected from
diethylenetriaminepentaacetic acid (DTPA), hydroxyethylenediaminetriacetic
acid (HEDTA), nitrilotriacetic acid (NTA), O,O'-bis(2-
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wherei n the am nocarboxylic acid is selected from
di et hyl enetri am nepent aaceti c acid (DTPA),

whyasoxset hyl enedi am netriacetic acid (HEDTA), PCT/US2005/036938
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nitrilotriacetic acid (NTA),

O O -bi s(2-am noet hyQGet hyl enegl ycol -N.N.N . N -tetraace
tic acid (EGTA), and trans-1, 2-

di am nocycl ohexane-N.N.N . N -tetraacetic acid (CyDTA)

or a pBﬁM&é@%&th%hbglyw feniaRl- {%tréaééncta%f(é@‘TA) 1a?nd thdia-1,2-

phar maceut i cal’ conposSition according to aTy one of
cl ai rrsd@"i"aPCH'Oh?’F?’\ﬁkN DN’ t%@t%ﬁ%@%% P Oh8id is

pr esenphhimdcBatidahy deceptabideitthére802 no/ M to about 10
nmg/ M. 13. The pharmaceutical conposition according to

o 0 3n8 bodiricKuch) bompaytanheBbBintita BRY one of laims L ig 1. in
0. 003 tmbichliberaminosgrbokyliclaéid iT heesphizin thecrauge obabout 0.002 mg/ml

conposit] ng to any one of claims 1 to 13,
wher ei FO %tﬁ@tg?%ﬁ@b [l1inis present in the range of

about 8 ng/m to about 500 ng/m . 15. The ) .
phar1r$aaeaph@rm80@avﬁ?b§<i>mmﬁ4floa@@69relr\9do 8By R obelaimst 1 to 11, in

cl ai nsmﬂhlérpthé%mn‘{@b%ﬂ%xphéﬁfd RipPEIEAE N thé Fhrig% d?raﬁél‘ﬂrﬁ 003%
t he range of about 12 ng/m to about

The pha ot dengimial conposi tion accordl ng to any one of
claims 1 to 15, wherein the tazobactamis present in
t he 1amye pbarmeadeeutical cdmpiggitivn dcoordimguid any one of claims 1 to 13,

wherein the piperacillin is present in the range of about 8 mg/ml to about 500
mg/ml.

15. The pharmaceutical composition according to any one of claims 1 to 13,
wherein the piperacillin is present in the range of about 12 mg/ml to about 300
mg/mi.

16. The pharmaceutical composition according to any one of claims 1 to 15,
wherein the tazobactam is present in the range of about 0.1 rag/ml to about
125 mg/ml.

17. The pharmaceutical composition according to any one of claims 1 to 15,
wherein the tazobactam is present in the range of about 1.5 mg/ml to about
75 mg/mi.

18. The pharmaceutical composition according to any one of claims 1 to 17,

which further comprises an aminoglycoside.

19. The pharmaceutical composition according to claim 18, wherein the
aminoglycoside is amikacin.

20. The pharmaceutical composition according to claim 18, wherein the

aminoglycoside is tobramycin.
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125 ng/ M. 17. The pharmaceuti cal conposition
according to any one of clains 1 to 15, wherein the

wo amebawbd@m i s present in the range of about 1p&r/DEINH/036938

10

to about 75 ng/m . 18. The pharmaceuti cal conposition
according to any one of clainms 1 to 17, which further
conpri ses an am nogl ycosi de. 19. The pharnmaceutica
conmposition according to claim 18, wherein the

am rpglirye @ﬁhmdeag@n&asédn;on&corﬁh@ vbﬁ agy Bﬁ@@ﬁ&lbiﬁ@ 18 to 20, in
i noghiBanga oo BRsan parereBt 1. he FRDGs RS Aha At Mol to about
conposvstﬂnmccording to any one of clainms 18 to 20,

in which the am noglycoside is present in the range of
abo . . ) f

rr ost: g Bt oo ¥ tcfll Hlon ko (REERAREH Bra buman
a_humawhighi comprisepadmipistetiagitnsaid bumag aneffeaiive aroewn oba

ef T ect bHEmARHRLal EmBodeATIERG At 'S Bhy BRIBAGAI o 21

accordli'ng to any one of clalns
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