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ACETYLCYSTEI NE COVPOSI TI ON AND USES THEREFOR FI ELD OF

Acetyloyet eine. compost i bnein sol att on and A AHRMENN
use. In certain enbodi nents of this invention, th&ssos

acetylcysteine conposition is substantially free o

chel at i ich does not significantly i npact
the ot AFFTTEBYBTEINE RRMBRS TN AND 1SS THRREF GBIt s
of the invention, the acetylcysteine conposition is
substantially free of EDTA. BACKGROUND OF THE

| NVENTI ON [ 002] Acetyl cysteine is an anti oxi dant

having a nol ecul ar peL BNOFafHE fvENTRONW the fol | owi ng
chem cal structure: (Merck

v ke eeseliiverfiaf teiates o B aRahE clfpbSitons in
sd\@ﬁérﬁjﬁhéj&eiﬂﬁe‘."@h lceASin rt?c?dirb'%ﬂtst ({;ﬁﬁ% ri?\?él%ﬁﬂ? {Jﬁgaqemlsxsteine

Acet adote(r), comyst arvol'e J
' y U ndi cat i .
oo ST Sppatar N 8 Glhiatila AR e BhegRotaainoanty
B LT g Bl Rl by e Tareie senip. o

used qr. investigated to treat other_indications
2SR RiPing SOmAsitens syiRstantialy diee o ERGA <.
met hacrylonitrile poisoning, reduction of
radi ocont r ast - i BAGHKEROR HEJINVENTIONIuct i on of
reperfusion injury during cardi o bypass surgery.
[002] Acetylcysteine is an antioxidant having a molecular weight of 163.2

and the following chemical structure:

Z—3I

SH

O COOH
(Merck Index 13" ed., n90, page 17). Acetylcysteine is marketed generically in the
United States and worldwide, as well as under the trade names of Acetadote®,
Mucomyst®, Parvolex®, Fluimucil®, and others. It is approved for several
indications including treatment of acetaminophen overdose, as an injectable and an
oral agent, and as a mucolytic, as an inhalation product. Acetyicysteine is also
being used or investigated to treat other indications including liver failure, various
cancers, methacrylonitrile poisoning, reduction of radiocontrast-induced

nephropathy, and reduction of reperfusion injury during cardio bypass surgery.
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e R I I T B B B O *cooooz* [003]
Acetyl cysteine is not a stable nolecule and is
oxi di zed and degraded when in solution and exposed to
air. Several U S. patents have addressed this

r obl For .exa e, US Patent No. 5,691, 380
P bpealiis] et rBLSn g0 siable Rolechjs @ i< Oxidized and degraded
si li cone-hased emul sion systemto inprove the
whgpiin seltien and expessisiodinSeverd 4. Sopatentshae pddressed this
appear to address the problem by using a chelating
Riiemt &os exdinplez §.$ Rataoily. 5,681,880 @pp&amsl tatdesgribe the use of a
agents, or chelators, are organic agents that bond
enical siidondrbastn emetsimssyaterh te @nprevaltthe stability oMacetylcysteine.
solution. A widely used chelator is edetic acid or
et hy| [00d{li @ttienét 81 patenistdppeacichddresemil probledi BY USiHg 0
as EDTA, which has a nol ecul ar wei ght of 292.24 and

thelating bgantng stapieithalacstylcystbiiee ClRklath (SR
I ndex@%B?%“ ed., n3546, patgeg 628— 621)".=1 n&%, %i‘ators, are

avinia@gehts HETBOAH AithyarSthefdd§ sbhBSstFfrle AMdafSns from solution.
various salts, for exanple diSodium EDTA, tetrasodi um

ety fHeRURRR | BRI
P P R E el a2 e SR A, gormony
] e ] e, EDTA t .

eSS PRETOMASLAR o e RO RR 4,8 fheRrowing
lation. U S. Patent No. 6,114,387 appears

?ﬁé@gt?i%%u%he use of EDTA to stabilize

acetylcysteine in a solid dosage form Aqueous

sol utions of acetylcysteige on the nmarket, such as

t hose under the trade nanPiL 4 Acet adot e(r),

Muconyst (r), Parvol ex(r),, Flhimycil(r), also contain

EDTA, in the formof the Salt> "~ _

(Merck Index 13" ed., n3546, pages 620-621). EDTA is available commercially as
the free acid and as various salts, for example disodium EDTA, tetrasodium EDTA,
dipotassium EDTA, and calcium disodium EDTA.

[005] U.S. Patent No. 5,807,894, for instance, appears to describe the use
of the chelating agent EDTA to improve the high reactivity of acetylcysteine in a
syrup formulation. U.S. Patent No. 6,114,387 appears to describe the use of EDTA
to stabilize acetylcysteine in a solid dosage form. Aqueous solutions of
acetylcysteine on the market, such as those under the trade names of Acetadote®,
Mucomyst®, Parvolex®, Fluimucil®, also contain EDTA, in the form of the salt

disodium edetate, which aids in stabilizing the pharmaceutical product.
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di sodi um edetate, which aids in stabilizing the

phar maceuti cal product. -2 [006] Wile inproving the

stability of acetylcysteine formulations, chelating

~agents such as EDTA can cause undesirable effects when
adm ni stered to humans or animals. Sone of these

undes I o ude..a significant drop in
ser urrl:0 bggl\@f]ﬁetmf :ievzlpéqﬁéﬁﬁgwgbﬂg %cfetﬁﬁ%ﬁtﬁ’ﬁeéwld%’qlm& chelating
e] ( Rowe et al. eds., 4th ed., 2003)),

%I gﬁ%%%é:;, é@ﬁ-lﬁt %%Cﬁuasteaﬂrldleﬁ'f ablo sHiesisamnen administered to humans
nesem a, hypotension, and EDTA has al so been
Q%@ﬁﬁ%%o e%?r% ok g]elsé MNeasiFals effeets irdlugere significankdwiptis serum

%ag A eslt a]ni mal s. EDTA has al so been associated with
CHM Ipvels (dandhaokH sereesuticabRxaipients 2281(RiRdwe et al. eds.,
geaervat ive in nebulizer solutions. Id. Based on the
dFer SB0EPrticks mery resinin fatality, bybakalemiz hypembgndsmia,

t aken when adm nistering EDTA to patients with renal

hRkensiRmand A haseisoitieen shabertepregics repitilictive

i npai red cardiac function. 1d. [007] Since

dayéelgpragnialdoxisitnimyte bteanikmals. tED DA P scbedr £&lochited with dose.
variety of disorders and conditions, including Tiver

rélated)bronchecardthidtion wieh @seahs) élb}é%%n?ﬁigﬁtin né%%teﬁlgglug?ns. Id.

EDTA to an acetyl cystei ne pharnaceutical pro

Bazedeomthe gdvelseatd ki Iz h
acet ;’T cygt ei ﬁe c%ﬁn%éf?ﬁ%ﬁ{\' Fyn%}y&@?é%%g@?@é{;@%{%kﬁg when
et _ on, Ty & dition |

har v uare o PRRTLE BRR9SA R BpinBaf igieReingJoRsrouiosis,

drﬂampbhgacgmhoﬁxp[ﬁ&pi }e acetylcysteine conpositions

contai ning a chelating agent or may require additional

oul B ep e ORI iy EX G liperavant asiient a variety of
Rt &4 (BB Bon S HLES e arbigni e edeiton of rshoiating agent
stﬁglr] %’glsésbe_ﬁ&) dérﬁ)lﬁngé}zwgtgﬁg pﬁ']%ygggegt?c%I glfod%gte itsyolf igié:r:qn ’
Chelating agents, while stabilizing the acetylcysteine composition, may also
decrease the effectiveness of the composition. In addition, some individuals are
allergic to chelating agents such that they cannot receive acetylcysteine
compositions containing a chelating agent or may require additional care after
receiving such compositions.

[008] It would therefore be desirable to have a stable acetylcysteine

solution drug product that does not produce adverse effects upon administration.
In certain conditions, such as the use of acetylcysteine to lessen or prevent the liver

damage caused by acetaminophen overdose, removing EDTA or other chelating



' [ EDTA
aused by acetani nophen overdose, renpving
g?rrgtgﬁe? chel atiyng -3 agents could inprove efficacy
by limting any additional liver toxicity resultllggiI
from the chelating agent. SUMVARY OF THE | NVENT N
[009] It has been surprisingly found thattf(;mi la;qg:d
QB SOt ficH i.ne, S Il .
wator - hnd o ey by RER LhY ShEEFa Ve s desutting from
thdd;hbiaﬂﬁg@beﬁt chel ating agent. Thus, the present
invention relates to a solution containing

L i B i
ing a : _ _

E F%na gﬁfd’ga%' i ggfié&éi'iééj'gf%ﬁ u‘;_.is'aé? éggé@zrcﬁgwn%aﬁnrgﬁutaining
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further enbodi nents of the invention, the aqueo

TRy heniera R toc from 6rtp s FrbioBI5a6 M@id®.8.29he bR 1l B3Tbosition

| ess than 0.02% or no chel ati ng agents.

adjustedibyeht sdaftioh e aipPLEBILL AT a eous i
nﬁa@n&?euti cbglEt conposi ti or?wco%t%sé%}gs%% Hliggoy,
hydrexidehan 0.02% or no EDTA or pharnmaceutically

acceptable salts thereof. [013] In yet another

pharmacout L eal- TodeRlor B8 prkfu FUSBRSR arsarsous 400
phaytridceatal ¥bmpatRibA%s &ﬂ%tantially free of chelating agents. in a further
embodiment of the present invention, the aqueous pharmaceutical composition is
substantially free of EDTA, or pharmaceutically acceptable salts thereof.

[012] In further embodiments of the invention, the aqueous pharmaceutical
composition contains less than 0.05%, less than 0.02%, or no chelating agents. In
still other embodiments of the invention, the aqueous pharmaceutical composition
contains less than 0.05%, less than 0.02%, or no EDTA or pharmaceutically
acceptable salts thereof.

[013] In yet another embodiment of the invention, the aqueous
pharmaceutical composition consists of from 10 to 400 mg/mL acetylcysteine and
an adequate amount of sodium hydroxide, dissolved in deaerated water, to achieve

a final pH from 6 to 8.



an adequat e anmount of sodi um hydroxi de, dissolved in
deaerated water, to achieve a final pHfrom®6 to 8.
-4 [014] Anot her enbodi nent of the present invention
is a nethod of meking an aqueous pharnmaceuti cal
conposition conprising acetyl cysteine, wherein the pH

of the1gPmMsthd, é?ﬂbécﬁm%hggﬂtﬁgfp?e%ngg&.e\éhﬁ%; g;ltah ﬁg’:lg@jgnft making

conposition contalns I €s
& ahsS i.al free aof chel ating agents, such as

ED‘EI"g\. ei Ol@ia?@hh%fdcél REPPRFHIY FPBRESEING ACelyicypteinm mtherein the pH
& ] e.t ods of treating acetamn nophen
o@ég%?@sﬂf’(}&ﬁ?ﬁfﬁt g’r%?n@ WheERiR theagrrapaesition contains less than
@Béya r Itoni trile poisoni r]%, reduction of

‘ad(%t St YA HeIcs §UhstpRiialyfraeyof chethiiotiayenes, such as EDTA.
reperéﬁ iQn injury during cardio bypass surgery, and

di sed wihill othes emhastiments of thelpreisertinvesE Asl tB%nethods of
adm ni stering an aqueous pharnaceuti cal conposition

esiiipe iacetamingphan oveydoss, fieor faifgre evariduseapbe R, mdlRacrylonitrile

conposition is from6 to 8 and wherein the

ROGINEY, rediction of Eﬂdimdrmﬂst-mt'lﬂﬁe@n&ﬁ%ﬁé‘ﬁg%dﬂ%@g§ﬂ|1e§grfusion

or is substantially free of chelating agents

iy durirgisirdisdypasos ia66 dss . .
i nvent |[ on(avvi Il be sel?lg?g?{ah in e%ggsr ?ﬂléﬁé“%a@?&lﬁfc 'g HSS'Fed
ceayisingt administerinkg dro4 | .11 .be obvi ous

from tqt?é dgscrr?‘gt i ond:‘uégrasr?ge g%‘gg?%%dgﬁ%éﬁlﬁqrbgqme%smg

aoktyldysteiny iher&in thd pA &%@E&ﬁa@ﬁg%ﬁﬂ‘\@#b@gxgﬁéwgg%n the

invention will be realized an

cohpositieARBh&insABSS M. HF,] C%Ffﬂig? rat'gipﬁfjslsgrtrilg%gggtggttiaﬁg free of

out in the appended clal ns.

C“@aﬁ@bgé’ﬂst{lﬂ,_é&%QThhe foregoi ng general description
1T ow ng

and he fo etail ed description are exenplary
and,are not restrictive of the

el O a6 Ik g St eseasing PRI ESst forth in
péml é\!\écription which follows, and in part will be obvious from the
description, or may be learned by practice of the invention. The objects and
advantages of the invention will be realized and attained by means of the elements
and combinations particularly pointed out in the appended claims.
[017] ltis to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are not

restrictive of the invention, as claimed.

DETAILED DESCRIPTION OF THE INVENTION




-5 A Definitions [018] In order that the present
i nvention may be nore readily understood, certain
terns are first defined. Additional definitions are
set forth throughout the detailed description. [019]
The term "stable" or "stability" refers to both the
physi gal.. and chem cal stability of a conposition in
A‘anyaﬁﬁpmo'@uch as a solution. A conposition is stable
s «hi b e _ . Y
unelP1e] AL e Re AR Flay/ d P i Brhrstoca,
various ti i.nts thraugh lL.anned product
coll§pitPiRs o Tratameg. gL B Hre Bl inuangut the
such itens as therapeutic activity, appearance,
defailpd deseiPti9Rr ti cul ate matter, pH, content of active
ingredient(s), and |evels of degradati on products,
| p UGl | 886 tasin Teiblelr SeipbilitKCERiers R Hol e PVEGabind,
conposi tion can be neasured as described in Exanple 3.
chpouw) skabilisein pempesition eanydopm: sugh as gsolution. A composition is
"pharmaceutically acceptable salt" refers to acidic
stala¢ ifst éxinibitednininal chaoge anérctinae delativetogainere it dcimasyfaghired.
well as basic salts forned with inorganic and/or
Stabitigrs cndzases. atizadops megiointh dweugis addanratbprodsetexpiration
well known to those of ordinary skill in the art.
datelnith evaliation odtetia indheding sesteitéms Redherapsutityctivity used
in a variety of fornms. In water and other aqueous
appRbkriceNRvels df bartickRité Mdttér P 20ntatt ©f BEive iRgredmi(@N) and
or negatively charged subconponent, and a "cation,"

lels BPbdradaion soatedinfiihtesRaeRted distaidss THRYstability of a
al so be those that are physiologically tolerated by a

cPd RN cﬁ?locfel @&?E@:‘ea é@'d%}i%%?d m g city,

I mconpat I nst abi ergi c response.

e e e MR
saﬂI" rgg% ?ot :Lc%c Wk %osl’fmehr{/vi&niﬁo%'g%?cdén@&t 0rg%R|%| a‘%‘idsn s well as
basic salts formed with inorganic and/or organic bases. Examples of these acids
and bases are well known to those of ordinary skill in the art. Salts according to the
present invention may be used in a variety of forms. In water and other aqueous
solutions, salts typically dissociate into an "anion," or negatively charged
subcomponent, and a "cation," or positively charged subcomponent. The salts may
also be those that are physiologically tolerated by a patient, for example without
undue toxicity, incompatibility, instability, and allergic response.

[021] The term “substantially free” refers to compositions that have

significantly reduced levels of chelating agents. In one embodiment, chelating

agents are not added to the composition, but may be present otherwise. For



agents are not added to the conposition, but may be
present otherwi se. For -6 instance, the chel ating
agent may be present as an inpurity or undesired
contam nant. B. Description of the Invention [022] The
Appl i cant has discovered that |iquid conpositions of

- ' Lt h _pharnaceuticall
e A S Aol OEBREEnt K B pLR R g Raraar
htiRLANt conditions and six nonths at accel erated
conditions (40C) without the need of a chelating

s (400 i tho eed of a chel at
oty elioh e thleforof "acet yi eyt ei ne. [023]

Chel ating nts, or chelators, are organic agents
t hat dTﬁﬁ?eriﬁ%ﬂt heglisosyereddhatliasid corppositiors ofi ons
fr ution, A wdely used chelator is edetic acid

m s
%P?V&Yﬁ e BfiPHedused Adibephacmacetjcatip aceptyble etabilitg ¢h
to as EDTA. Additional exanples of chelating agents
SP&E'PUG’@?" lsgst eneyerstatiambiend¢onditions and six months at accelerated
di et hyl enet ri am nepentaacetic acid (DTPA),
copriEphy (416} withautrine ehec ahe ehelating iadent, THiMtabllityA8Surprising
1, 2-di am nocycl ohexane-N, N, N, N -tetraacetic aci'd
oVeDTthe genetaly luestatiicanatorodfetes)i®jsteipgi d ( EDDS), |
di hydroxyet hyl glycine, citric acid, succinic acid,

and” {023] a€helating dgénishet Mtofg?)éré’érgéﬁﬁﬁaq'erhté f?&i\djwith and
form but it may also be used as one of 1ts salts.

tigerebyp sedudsiirired Mt XH T dn sblg%H.dﬁ \@gggyﬁfr%%d g%lgfaléc?rréns edetic

di _sodi um edet at e di sodi um edetate
g imessets okt SRR il o) EBfpanpaton
PR e ShLen 380N Rodl Bt R it her " embo ment
dﬁl@g@%ﬁé’@in@pgﬂﬁaa%ﬁé Q&d i(B¥SR§, itﬁenth?/I%ﬂte’?eitrga%?nseshetxgggeﬁc acid
(TTHA), trans-1 ,2-diaminocyclohexane-N,N,N’,N'-tetraacetic acid (CIDTA),
ethylenediaminedisuccinic acid (EDDS), dihydroxyethyl glycine, citric acid, succinic
acid, and tartaric acid A chelator may be used in its acid form, but it may also be
used as one of its salts. Salts of EDTA, for example, include edetate calcium
disodium, edetate disodium, edetate sodium, edetate trisodium, and edetate
dipotassium.

[024] In one embodiment, the compositions of the invention contain no

chelating agents or are substantially free of chelating agents, such as EDTA. In
another embodiment the compositions of the invention contain less than 0.05% of a

chelating agent, such as EDTA. For example, the composition of the present

invention may contain less than 0.050%, 0.045%, 0.040%, 0.035, 0.030%, 0.025%



chel ating agent, such as EDTA. For exanple, the
conposition of the present invention may contain |ess
than 0.050% 0.045% 0.040% 0.035, 0.030% 0.025% -7
0.020% 0.015% 0.010% 0.0050% 0.0025% 0.0010% of
chel ating agents, such as EDTA. [025] Acetyl cysteine

240 83p% R dpatPhc afiest. B o0ab orspeiaiinatagens, such
' known as N-acetyl-L-cysteine and NAC). In one
%ﬁ%@ﬁf‘mnt of the invention, the aqueous conpositions

of t invention conprise an effective anount of _
acet gﬁ@s%ﬁw&ysm is|tg BoRPreprietacy nams fortbeiN-atetybderivative
of acetyl cysteine, and pharnaceutically acceptable

fdhe gatiRiascurinpeamina ecide b-aykteine (aiscimivei ae N-acdtydecysteine
but are not limted to, esters, am des, anhydrides,
2NAG).olneanecersbadithenbobthetimmesrgionf theheuesli§ ByMbvitions of the
noi ety. Pharnmaceutically acceptable salts of

iacatiph Copsipeisa @natidctvehmbaiisdieidat/ clatdiva! A¥8§icysteine includes
i ncl ude, but are not limted to, sodiumsalts,

deoivatheis.ohasatylcysteiry @ﬂaip%ﬁhﬁébélﬁicallfﬁédr;éguﬁrﬁlég%ﬁétheﬂz@f?

salts, and amonium salts. [026] The a

DrariviayiV ey 61t RichBcyEBsing Mcide Bspﬂie%tg&étgﬁ ?%ge%g%%ggnﬂqqegd

characteristics of the solution an

égm@mbsqfane istblRRters Bk thioldind &% &%Igﬂk/g Vgﬁgqim.

odi ment of the 1 nvention, the ace _
PG Rl ocihianlb o BOARICHIBRR Pl oshigelan defhvatives
RS0 Gl e B SPAnle B, Pl e
BRI SEHS eSS Fod POl 0556 chel ating. agent s.

' Hthat is suitable for injection or _
Al oAha BirLER oL a st Ae e vary epamdisg oartbe desired

cﬁgpa%?érﬁgé 0 {hetslg(lautiiogva%rc]jtéa%nbe determined by one of ordinary skill in the
art. In one embodiment of the invention, the acetylcysteine comprises 0.1-50%, in
another embodiment 1.0-25%, in an additional embodiment 10%, and in yet
another embodiment 20%.

[027] The present inventor has further discovered that a liquid composition
of acetylcysteine can be produced, which is substantially free of or contains less
than 0.05% chelating agents, which has a pH that is suitable for injection or
inhalation and can also be used orally. Thus, another embodiment of the invention
is a pharmaceutical composition comprising an aqueous solution of acetylcysteine,
wherein the pH of the composition is from 5t0 9. In yet another embodiment of the

invention, the pharmaceutical composition comprises an aqueous solution of



is a pharmaceutical conposition conprising an aqueous
sol ution of acetylcysteine, wherein the pH of the
conposition is from5 to 9. In yet another enbodi nent
of the invention, the pharmaceutical conposition
conprises an aqueous sol ution of -8 acetytcysteine,
adery1ejsieih® Qv e tht 5B hdo8ioh 3s £5.9 0,8 A
furtﬁ{er enbodi rrentrbg_} t e%lgh{/pggﬁphﬁsfrgm;g%é, A further
gHhBsdReRtbS hal | L conpr.i si ng an . agueous
sol uti on o&tﬁgé%\{éﬁpgﬁgébﬁgfmﬁi"é%ﬁ siian; comywising an
J11cother enbodinents, the pH of the

a?%%ﬁ’gé ??lu%‘é'lr’{l' ng%e.r%gf:y%?'f?v é’.héf,e"stf@, phb iabagit §,8. 5Inestill Hitver

. , 0. 0, 1, 6.2, 6.3, 6.4, 6.5 6.6, 6.7,
%’.‘@‘?d"?%t?s' ‘}131@" 9?3‘,9 epmapostion is 5.G; 5.1, 52, 5.375.4758, 5.6, 5.7, 5.8,
7 8.0, .8. .2, 8.3, 8.4, 85 86, 87, 8.8 8.9,
50‘?'9%%‘?"-9[ %28%'3%%}5&@-%@57,&-9{}1@, Prlegent.3, Mvems ans, 7.7, 7.8,
7ngy u@h@r congri se. pH adjusting agents, for
exanpl &1 $2sP8: 8dehtSs 8.65%:h GBehdsorimel ude a nunber of
i nor [ c_or argani c bases which are pharnmaceutically
acce%l Eormidalions ofdbe gessentingestiorsedy flrtferedintlise pH-
nonoval ent netal al kali and/or a dival ent netal

2gjusiing agestacior asampter, basiarkats. BUBhUBMSIRIHES number of
_sol ution, potassium hydroxide solution, -calcium

ineyearis ot ergamicgessis whibly drephiatthacahel 3 2

sodi um phosphat e, di et hanol am ne, et kyfgé@épfgfr{nyntg? dosage

raggestUsedgineiaivigne mopbvatehy sic e aﬁgﬁ_/aﬂﬁloma?(c}i\%lgitdpﬁﬁ alkali,

thereof. I n one enbodi nent of t i nvention

Shghnlas,)fbd@xairﬁpl@,déiﬁfﬁbm%yﬁr%édgﬁc@'ﬁ@é%g#ﬁ}ug? ﬁ)qgirlcj)?(lldets%?ution,

pH of the conposition.

colbhathyerokias, REgsih SN C S A e e b Seate.

pH of the conpoSition

. _ : d i ped b f
dielthatrfb%rﬁlﬁbuétwl\ﬁpn ?Wg@aﬁ%%ﬁé@%&q -,lﬁ%grz&]gmﬂpr mixtures

ordi nary ski

Helgo justi agent, such as sodium
t hydrfggiip gg& e@"f’@?%"i?"i’%ﬁ%’gg on "fméwgmxidq is\asided do the

c%hé&gﬁ?rﬁ gﬁd&%st\éﬁé iéhlg(%%g %r% ogiﬂortl.he desired
[029] The amount of pH-adjusting agent may vary depending on the desired
pH of the composition and the amount of acetylcysteine in the solution and can be
determined by one of ordinary skill in the art. For example, in general, the amount
of a pH-adjusting agent, such as sodium hydroxide, in formulations of the present
invention will directly vary depending on the desired concentration of the
acetylcysteine. The exact amount of pH-adjusting agent to be employed will

depend on the particular agent and upon the buffering capacity of the aqueous

medium and other components of the formulation employed. Thus, the artisan will



ei ne. The exact amount of pH adjusting agent
?getgl g?/rglt oyed will depend on the particular agen;Ii o
and upon the buffering capacity of the aqueous drre
and ot her conponents of the fornulation enploye S
Thus, the artisan will -9 appreciate that the opti

O R it p—
aenifa iAo LR e atenl L venon Slso

g:)g\s/:gegnq. f from 10 to 400 ng/ nL acetyl cystei ne and
GEANR

‘the t Prevfelifvestion glscurrevides foiateaqureoat paarmaceutical

' [ d ter, to achieve the
ARt iisictoner b Pl 4lomairak sostsicpbieis and Hettated

. . |
ertain enbodi ments, the pharmaceutica
a?%%‘b%%?‘%iﬂm(ﬁgﬂr%ﬂ@ ar ather basey|digsobredinideakaltsd (Rfter, to

. hal , e
i fying, maintaining or preserving, for exanple,

aggdl?léfﬁﬁ‘? 89?”3!4' Bid @% theycoropasitidry foresdadriple FroR O0 8 t Y.

odor, sterility, rate of dissolution or release,

] ol eprigie aethoatments, athe pharmacatichl ddifnositin ay contain
ggfﬁiﬁﬂgﬁbodi?ﬁnt s, suitable formulati omt erl arEsiS
formulatinn materiaterfer nuidifying] rtnamtéiﬁinfg Qj??)r%ﬂr@ﬁp{(\%r é?%rﬁ%en |
ascorbic acid or sodium nmetabislfuite); ﬁlln _ g
oggotarity, sisTositg gy doldr, isoio%?tﬁtgsﬁd%'oéteﬁﬁtﬁsl%tg of &i’ssolution or
exci pi ents and/ or pharmaceutical "a J’uvalgt; Edition

r¢lease, Egsomption oPPaneR&RIf 6f‘i§%} cocﬁk)sgiﬁg%b ;Pp%q{'tflre fg&,)@yjirﬁents,
A.R Gennaro, ed., . Mack Publi shf ngth Csuover od é

s{ifae foTh@Id!bﬂ%ﬁé‘tterib%‘ﬁﬁé]E@é Hqu‘??:rec qr>t l@ﬁfﬁgjg@-, anigxidants (such as

met hod of making a phar malc_eu | toine and
aSESBIc! aid\Sr @Hilﬂﬂ%&?ﬁis&ﬁkeﬂt lli)lﬂ% afgag@etyl ?1 (c’s(ygkiag mannitol,
a pH adj usting agent, whereth 58 ,

e L S e e s
less than 0.05% | cysteine to deaerated

P&gﬁgarée?)gé%ﬁdgggce%& gtg%ggigﬁt .Paégqnnaro, ed., Mack Publishing
Company (1990).

[032] The present inventor has further discovered a method of making a
pharmaceutical composition comprising an aqueous solution of acetylicysteine and
a pH-adjusting agent, wherein the composition is substantially free of chelating
agents or contains less than 0.05% chelating agents. The method comprises the
following; adding acetylcysteine to deaerated water, adding a pH-adjusting agent
until a pH of approximately 6.8 is reached and the acetylcysteine is fully dissolved.
Alternatively, acetylcysteine can be added to an aqueous deaerated solution

_containing the pH adjusting solution. The resulting product is a clear, colorless to

light purple solution that can be readily passed through a sterilizing filter, such as a
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until a pH of approximately 6.8 is reached and the
acetylcysteine is fully dissolved. Alternatively,
acetyl cystei ne can be added to an aqueous deaer at ed
solution containing the pH adjusting solution. The
resulting product is a clear, colorless to |ight

t4 , readi Iy, passed. t hrough a
02 ReBnFRLH Jﬂ‘?z{‘%o?i%t i el{:ﬁlleéie in V'%',Sf%%}@ﬁﬂﬁ?mgéﬁhere is

sterilizing f suc _ _ _
PRGBS oo o Bl TR Bl b i

| i.ng. f di Kill in th t owill
RGP T HENS (e NEna et o ppiimizprbe dosage

fto ogtinize the dosage formor increase the product
A ahincresase the grrdichpmoqatior lergerscalg. mamgagturing.

Acetyl cystei ne adm ni stration has been shown to reduce

t he ﬁ%}:’ﬁ nf\cglyicysteiner administiation heemerg showh doredzeeahe extent of
overdose. The present inventor has discovered a

livert inisay flowingaadateminophemonenose. e phesent dra@htdr $iagg

adm nistering to a patient in need thereof an
disicpgenec\eemetimdnaf tefatiag hetartinephidrealeréseshpiishy administering
conpri sing an aqueous sol ution of acetyl cysteine,

tovaguatient inlreeddigrest an effiettive Shbgitait pﬁla'rhﬁaf:éﬁ%ap%orﬁﬁosition
contains | ess than 0.05% EDTA, or pharmaceutically

campeipngtireaquilous sblieibAoF acklRe5ter ) YiHetR thel rﬁ%@ﬁcﬁ{jis

by the aqueous acetyl cystei he” conpositions o

sUBS@RAtAINTrad 6 Bt 185 %M.ob%ﬁtpgﬁr {af?rlnée;hm‘é%éutically

failure, various cancers, nethacry

apeéRapleits HeSHSE | OffePEon AR &%Q/Ht%@ By Wqﬁg@e%gﬁiqqatylcysteine

nephropathy, reduction of repertusl _
PR RoR PR ARt el PG b b Falee erous
b Bl B8, BAFAEL S Bfionl ety
b REropBliR, S of FrRECH R0 dAvYGRH ng Cale aypassiigeahand
d%%égg%g’ﬁé% gtn%u%rc])ly%gri]sf &iasr#erc]ig at | east one of dextrose

[034] The pharmaceutical compositions of the invention may be

administered by injection (intravenous or intramuscular), by inhalation, or by the
oral route. In one embodiment of the invention, the composition of the invention is
dissolved in an aqueous solution containing at least one of dextrose and sodium
chloride prior to administration. In another embodime.nt of the invention, the
composition of the invention is dissolved in an aqueous solution of 0.45% or 0.90%
sodium chloride (half normal and normal saline respectively). In yet another

composition of the invention, it is dissolved in an aqueous solution of 5% dextrose

prior to administration. The composition of the invention may also be dissolved in
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chloride prior to adm nistration. In another

enbodi nent of the invention, the conposition of the
invention is dissolved in an agueous solution of 0.45%

or 0.90% sodiumchloride (half normal and nornma

saline respectively). In yet another conposition of

th I nyentjon, it is dissolved in an agueous sol ution

WAEEYY fussiopdior i pdminigraligni Atberdiluests. knpwen to those of ordinary
conposition of the invention may al so be dissolved in
skilhin g art cep @lsobeysebnDpgagss af thexphamiaceutical mempositien range
di luents known to those of ordinary skill in the art

fecan 181m8@ peedesscio. asDouay as 460 nidikg phacetgicysteinedh the
conposition range from 10 ng per dose to as nuch as

pHaOmagéktgabtorapeditidreaisd eambe idetdriningel By 6mes 8LbidfRIry skill in the
conposition and can be determ ned by one of ordinary
akill inthe art. [035] In one enbodi nent the

i nvention, the pharmaceutical conposition is

adm 1038]eirené embbaiterd¢ed AVEARSH @i pRAhdelticd RBmposition is
conposition of the invention is mxed in 5% dextrose

RN it ﬁgaﬁceﬁdﬂﬁobﬁe?{dgfﬁﬁxgﬁé c%nfbﬁ%@ﬂacﬁféﬁ]%ﬂvenﬁon is

mnutes to 2 hours as a |lo ose
HRBSNEE SRS R o3 AN BB ol s
34381 G e Pl 1B ST 0 mo
PSR e OO P e A R fccons
BURPRE SVERE TR, 1t story of the i ndividual

ST E R - —

needed to treat, for instance, |ower weight patients,
Jeieres Realylcyptelie: casppasitiangunar varyidegrading esdhefindividual being
acetylcysteine. A conpetent physician can consider
tfﬂ?é@% apadopwpase Baj examplecthe@gengodyeweighl and medical history
of the individual patient may affect the efficacy of the therapy. Further, a lower
dosage of the composition may be needed to treat, for instance, lower weight
patients, while heavier patients require a higher dose of acetylcysteine. A
competent physician can consider these factors and adjust the dosing regimen to
ensure the dose is achieving the desired therapeutic outcome without undue
experimentation. It is also noted that the clinician and/or treating physician will
know how and when o interrupt, adjust, and/or terminate therapy in conjunction
with individual patient response.

[037] Ali references cited herein are incorporated herein by reference in

their entirety and for all purposes to the same extent as if each individual
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ensure the dose is achieving the desired therapeutic
outcone w thout undue experinentation. It is also
noted that the clinician and/or treating physician
will know how and when to interrupt, adjust, and/or
termnate therapy in conjunction wth individual

Jdent response. [037] Al referencegs cited herein
F&%jécﬁ‘tl?@cﬂrﬁf%{’tté’& PR p}qplwtlgréf/\@,seqﬁ)@glﬁpﬁlly amnbindividually indicated
entirety and for all purposes to the sanme extent as if
taderneaiapratasLipy referepce pults ertisetydar aif pymocsas. &p theewent
application was specifically and individually
Ruidicatione d@ndinaterds on paiepbapplisatioys ineprposated biyrreferance contradict
entirety for all purposes. To the extent publications
thedisshtsare sondainpdiretite spepificatidr, dims speutitogtion as ederizied to
reference contradict the disclosure contained in the
supecdddecmidicarnakd pecependd dveriangButls contradleee) faterial.
super sede and/ or take precedence over any such

cont ag8]ctAlr yuribéerdxaressidddflanfitiés BLIRERIdIerR Measfdébnditions,
guantities of ingredients, reaction conditions,

and
S ooforth UssBGh tHe dfeRifkBREH éht}? élg;ijrﬁé‘ afd¥d 158 BhddrsRiol %;'/oeing

be understood as being nodifi in all 1nstances

hb&ibE il ABRREes b Pt abdut " U)%@o%ambpg P@%‘é?ﬁnc%iﬁaeté@fb the

contrary, the nunerical parameters set . .
[ ; .

R DB Do SR ot 6 e ARG T it

ht t . i b he present inventipon. At the.
GBS e eBpRSa iRt Ry Moy A e e R e Bsed propsfies
a ication of the doctrine of . equjivalents to th
SRBBLERN Bilaonoliing Predach PG bl o Sehriener =Bt as an

const.r in Light t he nunber of significant

gt vt He aPrliaefion o s ks e amueatonts athe saape of the
cgu_rrber S expressing per centages of ingredients,

B0 fafk BUMgHeal Paramster fhedd dejaonsiieed elight of thei mmmber of
and clainms are to be understood as being nodified in
sgnificand digis @diydinaey rosingingvapproachesor di ngl y, unl ess
indicated to the contrary, the

[039] All numbers expressing percentages of ingredients, components, and
so forth used in the specification and claims are to be understood as being modified
in all instances by the term "w/v.” Accordingly, unless indicated to the contrary, the
percentages set forth in the specification and attached claims are expressed in

weight per unit volume.

[040] Many modifications and variations of this invention can be made
without departing from its spirit and scope, as will be apparent to thoée skilled in the
art. The specific embodiments described herein are offered by way of example

only and are not meant to be limiting in any way. |t is intended that the

-13-



percentages set forth in the specification and
attached clains are expressed in weight per unit

vol une. [040] Many nodifications and variations of
this invention can be made w thout departing fromits
spirit and scope, as wll be apparent to those skilled
inthe art. The specific enbodi nents descri bed herein
shesifisatian anf syamples be aonaideras asakgmalady anly, with aresrecope and
to be limting in any way. It is intended that the -13
spiricif theiaventiorapeing inaliqated bp thecdasnsler ed as exenpl ary
only, with a true scope and spirit of the invention
bei nd04tjdiTbetfeltbwing ekamplesirepreskatidieciivearhibbdimentidof the
exanpl es represent specific enbodi nents of the

brsgeiy digcaliesy anartiiey artndthepredertaliob of ﬁwéﬁﬁ@%éédé/&f the
of the entire scope of the 1nvention.

iBGSRLOINC YThetd daeylcya®difé , wSRH i SefimY ﬂ&%&@% aﬁﬂ‘els%ﬁx?ﬁjé&‘éﬂtate are

edentate are Pharnacopea grade bt ot

PR EREp8H | l?afl‘ieI Bt %@r?&ﬁih%%ﬁcé‘[ﬁk@ﬂy at& %IF %tenals can be
utilized. Exanpl es The foll ow'ng exanple

@li-64.ed for illustrative pur poses only. Exarrpl e 1
Prepar ation of an acetylcysteine formulation [042]
gwentgy i hagrams of acetyl cysteine were added to
appr oxi nately 60 liters of deaerated water for

inje | utio A sol ution of
sout B e RS s 3l B e et gopes onl
appr matel 7.0 and mxed until dissolved. A
suf fi aéW?le f?f?P?KF%W okan agetvicKsieine fogmuiatianct i on

ﬂe to make a 20% sol ution (total volune of 100
it er[§§l KilogramgioF agelyicysiemenvererdsedde apprximately 60

gen with nitro The sol uti on was passed t hrough

'&ersmfﬂeﬁe@t%wgteégw inigiction and the solatien was dixed. wasolution of
filled into vials or anpul es and
sodium hydroxide was added to adjust the pH to approx1mately 6.510 7.0 and

mixed until dissolved. A sufficient quantity of deaerated water for injection was
added to make a 20% solution (total volume of 100 liters). Exposure to air was
minimized by displacing oxygen with nitrogen. The solution was passed through a
0.2 micron sterilizing filter. The product was filled into vials or ampules and
exposure to oxygen minimized by displacing the headspace with nitrogen.

Example 2: Preparation of an acetylcysteine formulation

[043] Add 10 kg of acetylcysteine to approximately 60 liters of deaerated
water for injection and mix. Add a solution of sodium hydroxide to adjust the pH to
approximately 6.5 to 7.0 and continue mixing until dissolved. Add a sufficient
quantity of deaerated water for injection to make a 10% solution (total volume of

100 liters). Minimize exposure to air by displacing oxygen with nitrogen or other
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exposure to oxygen mnimzed by displacing the
headspace with nitrogen. Exanple 2: Preparation of an
acetyl cysteine fornulation [043] Add 10 kg of

acetyl cysteine to approximately 60 |liters of deaerated
water for injection and m x. Add a solution of sodium
hydroxi de to adjust the pHto approximately 6.5 to
phagmageuticstly i ré@&ﬁ xrassg thatsolutivhdbwughd. 0.Advickn or other
sufficient quantity of deaerated water for injection
steriliningefilter L Gilb the lpnoduat into giatd ovampokes ofhininligfglexpesse to
M nim ze exposure to air by displacing oxygen wth
oxygeo pyrdisplacitdntite heladisphes with evitko e drbthéresHar@RseutRda§ inert
the solution through a 0.2 mcron or other
gdeerilizing filter. Fill the product into vials or
anpul es m ni m zi ng exposure to oxygen by displacing
the headspace with nitrogen or other pharnaceutically
inert gas. Exanple 3: Stability of acetylcysteine
conposi tions of the invention [044] To determ ne

whet her the stability of acetyl cystei ne sol utions

r equig,efln [ nj di rent
conceEnt rar E?n?sg @%fﬂe@b@%nﬁ%@&&p s%(fjj?d g inygntion
o3P el T AR AR A LA v
tainin
GRS 08 Ao AR T v
sol u | ons manuf actured using simlar processes
fgnymetee. 2s sinbby SR Bl angIng 0058 pdssi o,
edet ate disodiu [ ny, was added in approxi mately
FVYHBY caining e Pfemaaea@pat Oc02atedetate diseriuon andta solution
di ssol ved. Acetyl cysteine was then added and m xed
cantaining; noseraiate. dlamburpréo\ﬂ@%)mmexaarmned dpp tioneersalutions were
6.8 with sodium hydroxi de and deaerated water was
medefactured heing sirgier plrma&slses () thqueness@escgb?ﬂ irt xeﬁmpl@a.
the solutions. The product was then passe rough a
Brigfly, the edetate disodium, if any, was added in approximately 60% of the
required deaerated water and mixed until dissolved. Acetylcysteine was then
added and mixed until dissolved. The pH was adjusted to approximately 6.8 with
sodium hydroxide and deaerated water was added to the target level. Nitrogen
was used fo purge the solutions. The product was then passed through a 0.2
micron filter to remove potential microbial contamination and was filled into vials.
[045] At an initial time point, high performance liquid chromatography
(HPLC) was used to assess the acetylcysteine content and chromatographic purity
of the three solutions. Measurements were taken of various impurities including, L-

cysteine, impurity C, (disulfide), impurity D, and other impurities or degradation

products. The peak areas for these HPLC measurements are presented in Table 1.
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mcron filter to renove potential m crobial

contam nation and was filled into vials. [045] At an
initial time point, high performance |liquid

chromat ography (HPLC) was used to assess the

acetyl cysteine content and chromat ographic purity of

the three solutions. Measurenments were taken of
Amahalysisiofpoknavrepealtscindbié chronatograstseivase alsbrgmdertaerC, The
(disulfide), inmpurity D, and other inpurities or
‘téghestiankrown” peprdsents tha beeapafake highast ifdividuakbarideified peak in
nmeasurenents are presented in Table 1. -15 An anal ysis

ihe dhndmategrare akhild “tothheniGloindEBiQEESts WRStofdl Bfea of unidentified
undertaken. The "hi ghest unknown" represents the area

Péakshe thd efertatédiainyi %@’ramewd QREdkiteH 0 SFLC, The bgﬁal

chromatogram while "total unknowns" represents the

S&déﬁra e %I—lofapﬁ rb!\%?‘(%f‘ 6drﬁ<§.|lat8 éaétﬂoﬁthls t%%%tﬁ% WBre

e Tabl e ion to

f 0
i Eé‘ggﬁasl% (E,?tla@ﬂ@ fhE\Rlee & utBﬂég\Pe?%ltl'?ef 2&3% Sf"gll el 25°C or

were exam ne a n

JL \ﬁgls rHtréﬁ’]B%é{VS{ 5 l het 235 g ssayed
%and s vvere F enbv ﬁ s angig
é"géﬁﬁ&%ﬁhe SRR e forpéeﬁegﬁ ”Etﬁﬁf’ doscr I bed

arti te matter remai ned constant over tine
Dot welDHF PR BEnARG pRERY B GSROmained estan over time
there were no significant differences between each of
befweeR the three fRrmilations. Asahpweyia fTablee! . dbereameregro significant
purity The results denonstrate that edetate is not
¢'§q[ﬁr\06§ beveanrarBofdhe e soluiipnhin anetyiexstaioe coalent/or purity.
acceptable stability. These results are surprising
§he egsulth dempmstratel thet edefatalis eoheuired af produce a product with
acetyl cysteine. Table 1 Time-point D sodium Tenp
phamgdceuticallyraoueptapleGtabifityr Theséireguits tard stmrisingiven the
cysteine Cysteine (Disulfide) D Unknown Unknowns
generally unstable nature of acetylcysteine.

Table 1
Time-point | Disodium | Temp | Acetyl- L- Impurity C | Impurity Highest Total
EDTA cysteine | Cysteine | (Disulfide) D Unknown | Unknowns
Content

Initial 0.00% N/A 202.4 0.15 0.55 0.18 0.01 0.02
Initial 0.02% N/A 203.9 0.19 0.44 0.23 0.03 0.05
Initial 0.05% N/A 204.7 0.20 0.50 0.30 0.04 0.10
3 Months 0.00% 25°C | 204.2 0.181 0.482 0.137 0.053 0.080
3 Months 0.00% 40°C | 201.8 0.370 0.540 0.90 0.070 0.132
3 Months 0.02% 25°C | 204.9 0.259 0.436 0.191 0.074 0.141
3 Months 0.02% 40°C | 204.5 0.463 0.467. 0.142 0.065 0.183
3 Months 0.05% 25°C | 206.1 0.299 0.444 0.214 0.044 0.119
3 Months 0.05% 40°C | 2054 0.532 0.507 0.165 0.045 0.154
6 Months 0.00% 25°C | 2024 0.262 0.523 0.106 0.013 0.013
B Months 0.00% 40°C | 201.7 0.707 0.509 0.053 0.133 0.133
6 Months 0.02% 25°C | 205.9 0.338 0.391 0.167 0.013 0.013
6 Months 0.05% 25°C | 2071 0.369 0.483 0.186 0.013 0.013
6 Months 0.05% 40°C | 204.6 0.932 0.509 0.104 0.135 0.135
6 Months 0.02% 40°C | 204.3 0.856 0.525 0.093 0.135 0.135
12 Months 0.00% 25°C 12045 0.364 0.597 0.079 0.034 0.071
12 Months 0.02% 25°C | 206.0 0.435 0.475 0.134 0.042 0.130
12 Months 0.05% 25°C | 207.1 0.514 0.435 0.160 0.055 0.122
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Content Initial 0.00% N A 202.4 0.15 0.55 0.18 0.01
0.02 Initial 0.02% N A 203.9 0.19 0.44 0.23 0.03 0.05
Initial 0.05% N A 204.7 0.20 0.50 0.30 0.04 0.10 3
Mont hs 0. 00% 25C 204.2 0.181 0.482 0.137 0.053 0.080

3 Months 0. 00% 40C 201.8 0.370 0.540 0.90 0.070 0.132
3 Months 0.02% 25C 204.9 0.259 0.436 0.191 0.074 0. 141
CLAMBS hs 0. 02% 400C 204.5 0.463 0.467 0.142 0.065
0.183 3 Months 0.05% 250C 206.1 0.299 0.444 0.214
We@ldin0. 119 3 Months 0. 05% 40C 205. 4 0.532 0.507
0.165 0.045 0.154 6 Months 0.00% 25C 202. 4 O 262

0.523.0. 106 8q@ssisOp Iﬁ)ér&lac@uﬁmtdﬂ)m&sﬂ%% az:etylcysteine,
0.707 0.509 0.053 0.133 0.133 Mont hs 0.0 %

e Gh838rhpadifor®. l%6§u@stgﬂt?allg fé8 of é@‘ﬂﬁ\h%r Rﬁé'rﬁaceutlcally
25C20710369048301860 13 0. 013

R85 A0GIRMefbop. 932 0.509 0.104 0. 135 0138 6
Mbnt hs 0. 02% 40C 204. 3 0.856 0.525 0.093 0.135 0. 135

12 Months 0. 00% 25C 204.5 0. 364 0.597 0.079 0.034
0.071 12 Mont hs 0. 02% 25C 206. 0 0.435 0.475 0.134

0. o6 0. 008 BT b BRIt SRt caPicihd sieblrysteine
W%%Efﬁ%‘%?ﬁpi‘m# l“?qn%%'h's‘fé‘ss‘:tﬁ“ﬁ bR ErTactEphatrceutaly
aocrceB a% e sa(its%tlel%% y

3. The aqueous pharmaceutical composition of claim 2, wherein the
composition contains less than 0.02% w/v EDTA, or pharmaceutically acceptable

salts thereof.

4. The aqueous pharmaceutical composition of claim 3, wherein the

composition contains no EDTA, or pharmaceutically acceptable salts thereof.

5. The aqueous pharmaceutical composition of claim 1 or 2, wherein the

pH of the composition is from 6 to 8.

6. The aqueous pharmaceutical composition of claim 5, wherein the pH

of the composition is from 6.5 to 7.0.

7. The aqueous pharmaceutical composition of claim 6, wherein the pH

of the composition is 6.8.
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acceptable salts thereof. 2. An agueous pharnaceutica

conposition conprising acetylcysteine, wherein the

conmposition contains |less than 0.05% w v EDTA, or

pharmaceutically acceptable salts thereof. 3. The

aqueous pharmaceutical conposition of claim2, wherein

the conposition contains |ess than 0.02% w v EDTA, or

pharmaceutically acceptable salts thereof. 4. The

aqueous pharnmaceutical conposition of claim3, wherein

t he & onpdsietaqueoas phaimscenticaiEbMmpasitigphsfrolametibr 2awhgrein the

acceptable salts thereof. 5. The aqueous

CoTApCENER L istitle R ER RsHst D apthshiepapcl or 2, wherein

the pH of the conposition is from6 to 8. 6. The

aqueous pharmaceutical conposition of claimb5, wherein

the pH of the conpositionis from6.5 to 7.0. 7. The

aqueys phaleRRLLL FRLrFATRASAI AR tich 8 dRifh 1 YS! hbrein the
.- 8. ous

the pH of the conposition is 6. e aque

&ﬂﬁﬁm I it | hdR 1 or 2, wherein

t he conplggﬁﬁl%ﬁ&irgg%sggﬁb osfg{a‘?éalrae'ast 12 nont hs at

25C. 9. The aqueous pharmaceutical conposition of

claiml or 2, wherein the conposition is stable for
nont hs at 40

at | egst C.10. An aqueous . .

phar Ceu?}'};39UW'WFB‘?&E}%g‘?'g?&ﬁ@o%m?%@mglﬁ frgm 10 to 400
40 / acetyl cysteine, dissolved in deaerated

TRk SehieGinS SSaNE i dFadRied siglosnd, wheren the pH of the
adjusted with a pHadjusting agent to a pH of from®6
?QiJ“B‘?S'tio.L”. 'S,@ddf’é"‘tt?fgW'tB@ RH-adiupting agentdriaRiprEfiomicd®se,

conpri si ng

11. A method of treating acetaminophen overdose, comprising
administering to a patient in need thereof an effective amount of an aqueous
composition of acetylcysteine, wherein said composition is substantially free of

EDTA or pharmaceutically acceptable salts thereof.

12. A method of treating acetaminophen overdose, comprising
administering to a patient in need thereof an effective amount of an aqueous
composition of acetyicysteine, wherein said composition contains less than 0.05%

w/v EDTA or pharmaceutically acceptable salts thereof.

13.  The method of claim 12, wherein the composition contains less than

0.02% w/v EDTA, or pharmaceutically acceptable salts thereof.

-18-



adm nistering to a patient in need thereof an

ef fective anount of an aqueous conposition of

acetyl cysteine, wherein said conposition is

substantially free of EDTA or pharmaceutically

acceptable salts thereof. 12. A nethod of treating
acet ami nophen overdose, conprising administering to a

pati et i i heeaathod «f sigimats, eviieseini the comnasitiopfcantains no EDTA,
aqueous conposition of acetylcysteine, wherein said
Yrhseiacedticaly aceeniable eslis tHeseof0. 05% W v EDTA or

phar maceutically acceptable salts thereof. 13. The

nmet hod of claim 12, wherein the conposition contains

| ess than 0.02% w v EDTA, or pharmaceutically

acceptibl ermpamethddhsrsigim 14 B8 124 . whBeinnm®é 14l 0P thet béhpbsition is
13, wherein the conposition contains no EDTA, or
fabvaremacgeuti cal |y acceptable salts thereof. 15. The

met hod of claim 11l or 12, wherein the pH of the
conpositionis from6 to 8. 16. The method of claim

15, wherein the pH of the conpositionis from 6.5 to

Zogpogq?tl on |s : dop@ ﬁr%%%ﬁew}ﬁéed 8f t%%&&@g&i@&?ﬁ Is from

the adm ni stration occurs via intravenous
injection, orally, or by inhalation. 19. The nethod of
claim 18 wherein the nmethod of admi nistration occurs
via intravenous injection. 20 The nethod of claim 11
ueo

or 12 vvh ein osj ti .S, .m X
sol ut1on ofesne ﬁ‘@aﬁ? 1@?‘” 'P&'%eeplgrﬂﬁﬂ?oﬁ?'ﬂﬁ? flon is 6.8.
chloride prior to admnistration.

18. The method of claim 11 or 12, wherein the administration occurs via

intravenous injection, orally, or by inhalation.

19. The method of claim 18 wherein the method of administration occurs

via intravenous injection.

20.  The method of claim 11 or 12, wherein the composition is mixed in an

aqueous solution of at least one of dextrose and sodium chloride prior to

administration.

21.  The method of claim 20, wherein the composition is mixed in an

aqueous solution of 5% w/v dextrose prior to administration.
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21. The nethod of claim 20, wherein the conposition is

m xed in an aqueous solution of 5% w v dextrose prior

to adm nistration. -19 22. The nethod of claim 20,
wherein the conposition is mxed in an aqueous

solution of 0.45%or 0.90% w v sodium chloride prior

to adm nistration. 23. A nethod of nmaki ng an aqueous

acet 3y stihenmeihed whodaimn 268) wheosipdhiet campositorpis shivgd in an
di ssol ving acetyl cysteine in deaerated water and

aqieioug salutionsif 0.4896 ot 0190% @IN sydium dhtbrite ridrao Sdministration.
wherein the conposition is substantially free of EDTA
or pharnaceutically acceptable salts thereof. 24. A

. met hod of maki ng an aqueous acetyl cystei ne

phar neg eutd GabthoBOBP NgnC i
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osgtﬁcﬁ %ﬁ) Olﬁ{ﬁ géﬂflﬂﬁ%%cﬁg d?/stﬁ‘ﬂ%% 0 %%ﬁi water and adding a
S A 590 e e
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met hod of claim 24, wherein the conposition contains
| ess than 0. 02% vv/v EDTA, or pharmaceutically
acceeé e salts thereof. 27. The nethod of claim 26,
wher trﬁ\s eiH98siof i BAkibenen; AGUeRNSEBFRLYIcYsteine pharmaceutical
E@%r maceutical |y acceptable salts thereof. 28. The

PoRItioN: comprisingadissolying agabicysteina v deaasatedhwater and adding a
conposition is from6.5 to 7.0. -20 29. The nethod of
basic roest tovarhievena ik oh6i to B, wierein ripe somipositios centins less than
30. The nethod of claim 23 or 24, wherein the
0. O8fowiv EQHA] er glnai’ma@eﬂt'nallatacceptable salts thereof.

25.  The method of claim 23 or 24, wherein the method further comprises

passing the solution through a sterilizing filter and filling under an inert atmosphere.

26. The method of claim 24, wherein the composition contains less than

0.02% w/v EDTA, or pharmaceutically acceptable salts thereof.

27.  The method of claim 26, wherein the composition contains no EDTA,

or pharmaceutically acceptable salts thereof.

28.  The method of claim 23 or 24, wherein the pH of the composition is

from 6.5 to0 7.0.

-20-



| east 6 nonths at 25C. 31. The nethod of claim23 or
24, wherein the conposition is stable for at |east 6
nont hs at 40C. 32. The nethod of claim 23 or 24,
wherein the basic agent is sodium hydroxide. -21

29. The method of claim 28, wherein the pH of the composition is 6.8.

30. The method of claim 23 or 24, wherein the composition is stable for at

least 6 months at 25°C.

31.  The method of claim 23 or 24, wherein the composition is stable for at

least 6 months at 40°C.

32. The method of claim 23 or 24, wherein the basic agent is sodium

hydroxide.
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