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ENDOTOXI N- RELATED DI SEASES AND CONDI TI ONS Backgr ound
of the Invention This invention relates to
conpositions and nethods for preventing and 10
treati ng endotoxi n-rel ated di seases and conditi ons.
Since the 1930's, the increasing use of

i mmunosuppressi ve therapy and invasive devices, as
well as the increased incidence of antibiotic
resistance in bacteria, have led to a gradual rise in
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I nkCAS ktayki n- 1. For various reasons, these approaches

have fail ed e .endot oxi n |tself is a highly
het er ogen &ggmmde}_egpg shqakgirg gaused by the release of a molecule known as

endotoxin or lipopolysaccharide (LPS) from the walls of growing and dying gram-

negative bacteria. The released endotoxin induces many pathophysiological events,
such as fever, shock, disseminated intravascular coagulation (DIC), and hypotension,
in infected patients. Medicines for the treatment of gram-negative sepsis have been
desired for some time, especially drugs that block endotoxin or cytokines induced by
endotoxin-mediated cellular stimulation. To this end, various strategies for treatment
have included administration of antibodies or other agents against LPS, or cytokines,
such as TNF-o and interleukin-1. For various reasons, these approaches have failed.
While endotoxin itself is a highly heterogenous molecule, the toxic
properties of endotoxin are attributable to the highly conserved hydrophobic lipid A

portion of the molecule. An effective drug that acts as an antagonist to this conserved



properties of endotoxin are attributable to the highly
conserved hydrophobic lipid A portion of the
nol ecul e. An effective drug that acts as an antagoni st
to this conserved structure is known as E5564 (al so
known as conpound 1287 and SGEA). This drug is
descri bed as conmpound 1 in U S. Patent No. 5, 935, 938,
which is incorporated herein by reference. 5 Sunmary
AHrudeld® id YR 4085 J6d %SWQ cd?ﬁ Jud8 1PEPERNSGEA). This drug
I nvention, there is pr ovi ded ap ueous
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antioxi dant and a di of the Istembibhi zi ng agent. The
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or pharmaceutically acceptable salt thereof, and an antioxidant and a

disaccharide stabilizing agent.

The disclosure herein provides compositions including the antiendotoxin

15 compound E5564, which has the formula:

. o .0 o \OPO(OH)
CH40
o ., /ll\)l\/ CH,)¢CH
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CH,0

, OF

pharmaceutically acceptable salts thereof, and an antioxidant.
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O CH36 or pharmaceutically acceptable salts thereof,
and an antioxidant. 2 Exanpl es of antioxidants that

can be used in the conpositions disclosed herein

i ncl ude butyl ated hydroxyani sol e (BHA), butyl ated

hydr oxyt ol uene (BHT) propyl gallate, sodiumsulfite,
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sodi um hydroxide; (ii) adding a disaccharide

dertistive %Pre()’é g. | actose) to the solution; (iii)

addi ng an
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5 antioxidant (e.g., butyl ated hydroxyani sol e,

but yl at ed hydroxytol uene, propyl gallate, sodium
sul fite, sodiumthiosulfate, nonothioglycerol,
tert-butyl hydroqui none, ethoxyquin, dithiothreitol,
or a derivative thereof) to the solution; (iv)

| owner i the of the solution (to, e.qg.,.apout pH 7
- 8, é@%}&@}l@?@%@@.ﬁ?ﬁ lae%ﬂe%_ Aribe abmagwtwaf%@s’(tws
ficlid®ie aliRhAdtbEihRBmbBEn O MieiORethBBdcdnihdlude the steps ot;lz 6i)

freeze-drying the solution (using, e.g., a process
dissdluinigrige 4rtiendeexiofcompstued in dnemperwtsotuionfof 8@ivmdFdoxide;
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conpositro described herei'n to the patients,
yelitm aslfile sodiunt thevsoldatp,anotathiogl ydest tetbbdtyhkydzoquinome,

the prevention and treatnent of endofoxem.a. 15 In .
shex naéﬁlﬁa@&l@mﬁ&a erdgraLEs (hersqp LAEIOR e ) Jagrering the pi
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fiteratterdivingthe soldtibmaadi(el) flerzcadgingahe adpat (usingt &1g., a process
resent inventioqn, there is provided a |yophilized
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salotidxentia ircgatizhisSinnglvirgmluiinidtr26sh ¢fvae ghirtnaotutive]) comdpositions

t he _corrﬁou,nd of faormul a (I&é about 9.7% . . L
fieveribert heremiprhe nabientssis wRdistiypa ohthe, commesitions desgphed herein in

' . f 0 hori c acid; 25 about
%@6%%%%\%\%%%@3%%#@%@?%& yl at ed hydr oxyani sol e;
about IfardOhes YskeobdOhE hbreatntieyenbn,Hhdde Soptiouitel Y dsO %1 the;
and about 90.0% (wei ght/vol une) water for injection;

‘ompRsitEmeidbe inyanienia the mapyiasars ofa mediggned derpieysHon or

%% tﬁle%m\f’en@f) \}/{ig%%c_i that when said conmpound of formula
3 I'S provided as a sodiumcontaining salt, said

In another aspect of the present invention, there is provided a lyophilized
pharmaceutical composition, said lyophilized pharmaceutical composition
comprising the Iyophilisate of an aqueous solution, said aqueous solution

comprising:
about 0.26% (weight/volume) of the compound of formula (I);
about 9.7% (weight/volume) lactose monohydrate;
about 0.024% (weight/volume) of 0.15M phosphoric acid;
about 0.00017% (weight/volume) of butylated hydroxyanisole;
about 0.0073% (weight/volume) of 5SmM sodium hydroxide; and

about 90.0% (weight/volume) water for injection;
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aqueous sol ution conprises sodiumions in an anmount of
about 2 mM excluding sodiumions contributed to said
aqueous solution by said sodiumsalt of formula 5 (1).
The di scl osure herein provides several advantages. The
di scoveries described herein with respect to

b3 B B SRR o
%’ﬁ@ﬁrﬁ%{l@ coPouIdfYSiniTa (1§10 hrBHIERR 8 sodifhB- c%ﬁfgﬁﬁﬁ% %dll‘i gﬁd
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of ..onlLy | ow nts qQf sodium .io enabl.es t
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1y.eeze- drying process. Further, the freeze-drying
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i ncl ullbedistlesuwre bewin @ovidesitaverll wdvangipes HEhd discoveries

e ratur.e, ich results i.n a por eff|C|en
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@F#uﬂsfr téﬁtusea Pﬁ@reé%@ky&kﬁgl@ shebk tempgratura a¥hicl BespNs inrpgmore
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3 PePpesk

ows t "area percent of mmjor 5 oxidative
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above, in producing a medicament for preventing or treating a disease or condition

associated with sepsis, septic shock, or endotoxemia in a patient.

Other features and advantages of the invention will be apparent from the

following detailed description, the drawings, and the claims.

3a



(A, and 4 (.), the latter of which includes 7 g
BHA/vial. Figure 2 is a flowhart showi ng a

manuf acturi ng schene for E5564. Detailed Description
10 The invention provides pharmaceutical conpositions
that include an antiendotoxin conpound, as well as
nmet hods of preparing L corrp05|t| ons. The

i nvention i s based G
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exanpl e of an an n ot oxI n conpoun at can

[ n(:A&,c@d%(n)ttheIaﬂenmohnchlnmirsde@ﬂ g eHAMIgNt i on i S
E5564, |ch has_the fornmula: CH Q O O O . OP0OQ(

(H3 Hos acﬂ%%a@ shewiga moyufactpring soheme (ffey-E .
2)6CH3 O CH 36 or 20 pharmaceutically acceptable
salts of this compound. E5564 can be nmade by using,

for exanple, the syntheDewils®Desgimtidescri bed in U. S

5,935,938, and maybe subjected to further

Pat ent
purifi cﬁ)@ ’cswe%tt%?smwfi@ﬁr pf&@ﬁlﬁfﬂﬂ@caltqqmpemmﬁ thatingkyde an

e RS 1S S IS SRR 581y o

of canpdsitivaet Tké mvestigroid vdsedt diathe dboRey ﬂﬁﬂééﬂﬁﬂﬂfdﬂhutaﬁ@n
conp03|t|ons of the 25 invention include conpound B531

( LPaspgoghts gnd sigps gepariculesly adyantegaops mdermnsedrthe quality of the drug
aﬂ%ﬂoﬁﬂtﬁ%&%k the ?@Q&Sﬂ)‘?ﬂ? ef%%n'uﬁ?lgn proc ssesf%e%a{ael %thae

I"ow ng
pharmaceutical compositions of the invention, as well as methods of their production

and use, are provided below.

An example of an antiendotoxin compound that can be included in the

compositions of the invention is E5564, which has the formula:

3
(HO)ZON \(\ )!\/u\/(c"' 2JsCHs

CH3(CH2)6\/\/0 o\/\/(czl-lg)ﬁcH3
CH;0

, Or
pharmaceutically acceptable salts of this compound. E5564 can be made by using, for
example, the synthetic methods described in U.S. Patent No. 5,935,938, and may be
subjected to further purification steps, for example, the purification methods described
in international application PCT/US02/16203 (WO 02/094019 A1). Additional
examples of antiendotoxin compounds that can be included in the compositions of the
invention include compound B531 (U.S. Patent No. 5,530,113), as well as other

antiendotoxin compounds described in these patents and the following U.S. patents:

4
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4 U S. Patent No. 5,612,476, U S. Patent No.
5,756,718, U. S. Patent No. 5,843,918, U. S Patent No.
5,750,664, and U S. Patent No. 5,681, 824, the

teachi ngs of which are incorporated herein by
reference. The pharmaceutical conpositions of the

ant e R 24 brta s, Bkmote st Al U RafeabNo. 5.843.915
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conposi tions. For exanple, e conpositiohs o
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guality. An exanple of a ant 1 oxi conpoun
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thg}_invention_if but yl at ed hydr oxyani sol e ( BHA)
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M SRR 5 S T G
s odiithomtshavinigtagy adodtbeieftdcy asdiuf ptlucimmtithi Agkyaaplobf an

tert-buytyl hydroquj none, ethoxyquin, dithiothreitol,
angntxEnt C%Bp%ﬁlaiﬂé%icé%h? ncHidsd ity the phasmacgpiscal Gempositions of the

th : i t hese.. .be.

| neEifion iNUBAREL AN BIRNGITERIA, NSRRI/ PRAAE of iBfican
r eagtipounide that edreatinoRdedin thb es@peyitisisiofithd vedtich 226 butylated
usj n(g_ as gui dance, for_ exanple, the teachings herein.

FoRydEQsrpitenc G e arepybealiats sediumsuliie sedivpotiasubits, of

o oYU BRL G SR W Bab RO Bihol LA, diBFigBHRED R other
s pagtidkidaner@ifhids wat aeti@otviah the. att. 0ARitbprifte dfmSants Bf these
formul ati on of 10 %of E5564 that is described in

f uPQTRRGUNGR fobq inplatdedvin the cpmperidensd dhe ihuentivercabatagily be

L TR R T —

| MgreMe Fof Beample A al be PRAER if ARSI R8s of the invention in

particul ar, anphiphilic nol ecul es, such as E5564, 25

s efthous aEmedrammtior exaneile,ds5-i100,dqib EedS, 905tk il 0 ing drug. Asa

haé’p%cifﬁ%%r;}gm% e,a%ve in% el tﬂgti 79 ug BHA is used in a formulation of 10 mg of
E5564 that is described in further detail below.

As is discussed further below, we have also found that including a
dissacharide, such as lactose, in the compositions of the invention improves the
quality of these compositions. In particular, amphiphilic molecules, such as E5564,
self associate into micelles in aqueous solution. We have found that including a
disaccharide in the compositions of the invention stabilizes the size of the E5564
micelles during lyophilization, as is described in further detail below. Use of
disaccharides in the drug formulation process thus facilitates consistency in this
process. In addition to lactose, other disaccharides can be included in the

compositions of the invention. For example, sucrose, trehalose, or maltose can be

used. These compounds can be present in amounts determined to be appropriate by

1
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di saccharide in the conpositions of the invention
stabilizes the size of the E5564 mcelles during

| yophilization, as is described in further detai

bel ow. Use of disaccharides in the drug fornmul ation
process thus facilitates consistency in this process.
In_ addifion to. lactose, other disaccharides can be
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UsgzQhs & debbrdatl if eleratad beRRsi deration of Na+
contributed fromthe drug) in formul ati ng E5564
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aprRas product quality. As is discussed further below, the compositions of the
invention can be made by using a process including the following steps. First, the
drug is dissolved in a dilute, aqueous NaOH solution at pH 10.1-11.8, which
facilitates dissolution and dispersion of E5564 into micelles of uniform size. The
alkaline E5564 solution is then combined with a lactose solution and a solution
including an antioxidant. A phosphoric acid solution is used to neutralize the solution
to a pH of about 7.0 - 8.0. The solution is then adjusted to a target volume with water,
filter sterilized, aseptically filled into glass vials, and freeze-dried to render the
product stable for long-term storage. As is well known in the art, low shelf
temperatures (e.g., -25°C) are typically used to keep product temperature low, to avoid
product collaps¢ during freeze-drying (see, e.g., Pikal, Intl. J. Pharm. 62:165-186,
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20 that facilitates nore efficient fornulation of the
drug product, while not adversely affecting product
quality. As is discussed further bel ow, the
conpositions of the invention can be nmade by using a
process including the follow ng steps. First, the

s dISSO| ed in a_dilute, aqueous NaCH sol ution

)2 SumrEal, v R ounddhatiusa obeeleliebargh g ismaeratures
r 0 0
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Surprisingly, we have found that use of relatively
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15 OUPA). ned above, i.e, dissolving the drug in a basic
solution (e.qg. g;? addi tion of a disaccharide
stabi | i ?b@folla)mﬁlg is@rdetsiled dascaiptipn of amexanide gf 2 mBthaddor
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Det ai | ed exanpl es of each of these steps are provid
beddshad tmdmfonmdaﬂmn famm@pt oxitlationeefithe 65t infaqueous soiutlon Asis

20 Py gt e iR T BT FoE e mppge St inprpases i
( Sﬁﬁ)lh@f ifl squBGHJ NEdRIRich, BRAOIRGLESHLGRof the solution was lowered by
replacing sodium phosphate salts with phosphoric acid for pH adjustment, to enhance
micelle size stability during the freeze-drying manufacturing step, and a high shelf
temperature was used in the freeze-drying step of the process.
25 The table below shows the components and composition of an E5564 10 mg
vial that is manufactured using the steps set forth below. Also shown in the table is an

indication of the function of each component.
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5 Butyl at ed hydroxyanisole, NF ¢ 0.0072 ng 0.00017%
Ant i oxi dant

Description of a Representative Manufacturing Process

Formulation Compounding

1y
2)

CORBG!

L @JO%:O Tponenéolvent

Prepare a 5SmM NaOH solution

Prepare drug solution by accurately weighing and dissolving E5564 drug
10 substance in NaOH solution at 20°C - 60°C. The pH of the E5564/alkaline

solution is pH 10.1 — 12.0 after dissolution of E5564.

3)
4)
3)
6)

Prepare a 0.15M phosphoric acid solution.
Preparation a BHA solution.

Prepare a lactose solution.

15 Mix the lactose and the drug solutions. Add the phosphoric acid and the
BHA solutions and add water to yield the target formulation

concentrations.



Sodi um Hydr oxi de, NF A 0.30 ng 0.0073% pH adj ust nent
Water for Injection, USP B 3724 ng 90. 0% Sol vent A
Used for pH adjustnment, quantity will vary with [ot. B
Water for Injection (W) is renoved during
freeze-drying. Quantity wll vary with lot. CA 10%
overage is used to account for manufacturing |osses. 5
Deig.ﬁ{r'tptni on of a Representative Manufacturing Process
Fo i on Compounding 1) Prepare a 5mM NaOH sol ution
2) Prepare drug solution by accurately weighing and

di ssol vi ng'iltsy f@mubltedlt@hémmml’alﬁ(‘lﬁa@aksldiltipm%dﬁ%(@ nylon
at 20C - 60C. The pH of the E5564/al kaline solution

i sfifer vrigh 4 poresizef AR, di ssol ution of E5564. 3)
Prepare a 0. 15M phosphoric acid solution. 4)
Preparation a BHA solution. 5) Prepare a | actose

SO ion..d5.6), Mx the |actose and the drug

sotut rors= R % hosphoric acid and the BHA
solutions and add water to yield the target

f or mul at i dhill thedhoawiatedsplotion igo Fidly analt paomallyi sestd yopthlzation
formul ated, sol ution using a Pall Kl eenpak U tipor(r)
Neglpsures i the,vials; Traapfepthetyias fog Geegesbyst 0. 2m 5
Filling and Sem -Plugging Fill the fornul ated sol ution
into vials and partially seat |yophilization closures
in the vials. Transfer the vials to a freeze-dryer.

FrEREE BRI

10 Freeze-dry the filled vials under the following conditions:

1) Vials are loaded at +20°C and then the shelf temperature is lowered to < -

40°C.
2} The product is held at -40°C for 3 hours after reaching steady state.

3) Primary drying occurs at shelf temperatures of +20°C (see below for use of

15 other shelf-temperatures).
4) Secondary drying occurs at shelf temperatures of +20 to +25°C.
5) Pre-acrate the chamber with nitrogen or air.

6) Fully seat the lyophilization closures.

20 Sealing
Seal the vials with aluminum caps.

The following section describes experiments carried out to determine the
impact of certain variations in formulation parameters on the quality of product
formation,

25
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10 Freeze-dry the filled vials under the follow ng
conditions: 1) Vials are | oaded at +20C and then the
shel f tenperature is lowered to <_ - 40C. 2) The
product is held at -40C for 3 hours after reaching
steady state. 3) Primary drying occurs at shelf
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wi th al um num caps. The fol |l owi ng section describes ]
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Fr pedtctdempérifigesEoROth AoUDpBHRd e6llapdé dHise R¥&EHyinB/ee, e.g.,
a relatively high shelf tenperature (e.g., +20C)" c6uld
bePikak dafl.d u%l'ﬂaﬁgl- b2l A1 36, dY9P0h gProdudtreeBarsed mnen tirgeze-dried with

| agt - tal ni E5564 d . duct. .Thi | t
| nCRIR B Eerpledelity. Wik sed 1ibes "resie i helisomgaiire from -
t 04@CCRMBAE i RFC/ TohP Wt 538 ShrpHSHR 85 ai%wx}l%r (it @ggle% g and D

-25C). Low shelf-tenperatures are typically us

10 k erspultguriodigotd fealjie paddnce@ol collapsey) aathei stielf tanptattures in these

15

20

25

col | apse during freeze-dryin see, e.g., Pikal,

| nEYeles Jerpgzeris? thap thajf %gef,eﬁg%)eg oprtlsde E3suls| W agaRIgY 2 shelf-
when £ ' i | e

ani e EEEBTOR 20N Wi s B bri R e SR o,

- @O predfie adn beXGhintined. at K0.0M8$EHEPr | Sing to

di scover that Cycles C and D 10 resulted in a good

qual ity product (no collapse), as the shelf

t empeCmtleir es i ST (f€9e P (mmHg) PT (°C) Collapse
A -25 0.1 -31 no
B - 40 to +20 0.1 -31to -24 yes
C +20 0.1 =27 no
D +20 0.02 -28 no

ST = shelf temperature
P = chamber pressure
PT = product temperature

Importance of disaccharides to formulation
We discovered that disaccharides are useful for preparing freeze-dried

preparations of the drug. We have shown that lactose and sucrose are effective at
stabilizing the micelle size during freeze-drying (see data in the table set forth below).

The micelle size before freeze-drying was 7 nm.

10



cycles were greater than that of Cycle B. Based on
these results, we enploy a shelf- tenperature of O to
+20C with a chanber pressure of <0.1 mrHg. In
addi tion, chanber pressure can be nmmintained at
<0.075 mmHg. 15 Cycle ST (C) P (mHg) PT (O CoIIapse
+ -
fzozg g_)staél-}é%%gl‘? of Mz@ilg %@%ODIE%%HO%WBZ%U&E@ E5 56¥l as acF:unctlon of
t enper al-agteseroncepfsationr pressure PT = product
t enper at ubdw/ L dctnseirt Eoromlafondi s acc havficddsSize (hydrodynamic
formul ati on W discovered that disjacchari desdigheéter)
useful [for prepeging freeze-dried prepar afjgqps of the

dr ug. Ye have § wn that | acr OSG ano SUCI'OSI [e
ef f ect rve—at s biti—zi g the—mcette——si LC g 76
f reeze dr v ney N a daf a | A—t lnn ta | e set inlnll hQ! n\/\)\

25 The o i;i'fﬂébz/qb;p hefore freeze-ldrying Waiznm nm 10
St abi | | z Reimeelleizeefom) feerediving Wk 4ong Lyophi | i zati on of
E5564 as a Function of Lactose Concentration %w v)

5Lactose in Forrmulation A Mcelle Size (hydrodynan c

10

15

di bnptrange ofI¥wlibniemtr2dath B formublo nm 10% 7 nm

We discovered that minimization of the salt concentration in the formulation is

important in maintaining the desired micelle size during freeze-drying. A formulation
containing 10 mM Na' (excluding the sodium contributed from the drug) works for
some, but not all, lots of E5564. Thus, we employ formulations including 2 mM Na*
(excluding the Na" contributed from the drug). Similar parameters apply with respect

to potassium ion (K') concentrations.

Importance of Antioxidant to Formulation

We tested several antioxidant compounds to determine whether they impact
the stability of E5564 to frec-radical oxidation. The table set forth below summarizes
the antioxidants tested. We have also found dithiothreitol to be effective.

11



A The micelle size before freeze-drying was 7 nm5

| nportance of lowionic strength to fornulation W

di scovered that mnimzation of the salt concentration
in the formulation is inportant in maintaining the
desired mcelle size during freeze-drying. A

forrrul

at.ion cont ai n| ng 10 nmM Na+ (excluding the

sogl S A e drug) wor ks for 10 sone,
but n ThUS, enpl oy
formu| a cl udi | nM' d| ng the
contr chfg?arngm t he r ug N%V Imﬁgﬁ ameters gﬁ"ﬁﬂ?ms
wWith acnar‘f o pot assium P centrations
| mport anceoné Anti @diodsnt ta.1Bor nul ata oncéInSmV\é test ed
severpl anti OXI dané oungs to d er m
they | mpadP™the ¢ ﬁgﬁ? f02E5564 3 fraé’e ?953' tIcaI
oxi dafion. The table set fort h bel ow summari zes the
anti oxi darftt¥l t est ed hoyes hav@.73| so f Rhd dit hi ot hreit ol
to bel effagii ve. 1d,Mntj-oxi dant Scrgepi nggblicri ments
Maj or | E5564 Anti oxl 5ant ti me"Oxi dative conc. (%
Commept s gradant_initial) none O hours 1.12 100
Contrpl n 18- 22 HBUEs 6. §5%91. 3 i d degradation
BHT O} hourssifD. 77 1882 Rbdfs 18922 hourg2 8. 24hedid. 8
Ef fective BHA O hours 0.68 100 BHA 18-22 hours 0. 27
102. 3 gg éélfé?e Pr, b@ée 0 h s 0.38 100
Propy éapﬁlfate 18- fg%ﬁours 2 100.o0 Effective
Propyl Gallate 18-22 hours 0.32 100.6  Effective
Vitamin E Acetate 0-4 hours 1.34 100
Vitamin E Acetate 18-22 hours 4,55 94.2 Not effective
Ascorbic Acid 0-4 hours 0.08 100
Ascorbic Acid  18-22 hours 0.11 97.4 Not useful , stabilizing to oxidation but
E5564-Ascorbic acid react forming new
impurities
Ascorbyl 0-4 hours 0.15 100
Palmitate
Ascorbyl 18-22 hours 0.19 Q2 4 Not useful , stabilizing to oxidation but
Palmitate E5564-Ascorbyl patmitate react forming
new impurities
Sodium Sulfite  0-4 hours 0.13 100
Sodium Sulfite  18-22 hours 0.25 101.8  Effective
Sodium 0-4 hours 0.09 100
Thiosulfate
Sodium 18-22 hours 0.19 100.2  Effective
Thiosulfate
Monothioglycerol 0-4 hours 0.13 100
Monothioglycerol 18-22 hours 0.16 101.3  Effective

12




Vitamin E Acetate 0-4 hours 1.34 100 Vitanin E Acetate
18- 22 hours 4.55 94.2 Not effective Ascorbic Acid 0-4
hours 0.08 100 Ascorbic Acid 18-22 hours 0.11 97.4 Not
useful , stabilizing to oxidation but E5564-Ascorbic
acid react formng new inpurities Ascorbyl 0-4 hours

0. 19(}1 almtate carbyl 18-22 hours 0.19 92.4 Not
usﬁﬁ%ﬂ%ﬁﬁﬁ@%@é&i on but Palmtate

E5564- ASCOffyd ek ur .
Sodum et TR <orBHsfHoh8 b uls S bR BOuscl T kBl dp b ot any of
hoadargd n@dhba0df. disebfcs @and coaliti@odissotidlediwith yesid) sé@Ric 5ROk, or

Thi o ul fate Sodi um 18-22 hours, 0.19 100Q.2 Effective
Th ie Preug. %Bh?}%aﬂ}pi@ (the-eamaposgions gad, methypds of thganvention can be

5 Nbgg’éélrih%gh i wit Ialg)zts‘@gpf ?’Hg r%%r Mhic E?%cgcﬁltrcj:,\(ﬁwn]agpropriate,

nrp03| t nvent 1 on
cotimosiild deud tothet dneuﬂrmcem)fleﬁ)dbtczadmﬁ or tdgied templiQyieon (e.g., sepsis
or to treat any a |l arge nunber of diseases and

coRd9BRS %3 Wﬁ%@eﬁaﬂm% theapsrgion sap be usedha @RnJumtlog with
PG 3, SHEL et S BRASE B  B o

t y palvetepdavegent), eansplagiation (dff ©gglivercheat) &itiney, or bone marrow),

appropriate, that could |lead to the occurrence of
10 o n SRACEX VIS 65-2+ Emavebolpigars &t runzhdomigal surgsps(ses, e.g.

PCT/US01/01273).

Additional examples of surgical procedures with which the compositions
and methods of the invention can be used, when appropriate, are surgery for treating
acute pancreatitis, inflammatory bowel disease, placement of a transjugular

15 intrahepatic portosystemic stent shunt, hepatic resection, burn wound revision, and
burn wound escharectomy. The compositions of the invention can also be used in
conjunction with non-surgical procedures in which the gastrointestinal tract is
compromised. For example, the compositions can be used in association with
chemotherapy or radiation therapy in the treatment of cancer. The compositions and

20 methods of the invention can also be used in the treatment of conditions associated
with HIV infection, trauma, or respiratory distress syndrome, as well as with
immunological disorders, such as graft-versus-host disease or allograft rejection.
Pulmonary bacterial infection and pulmonary symptomatic exposure to endotoxin can
also be treated using the compositions and methods of the invention (see, e.g.,

25 PCT/US00/02173).

Administration of the compositions of the invention can be carried out
using any of several standard methods including, for example, continuous infusion,
bolus injection, intermittent infusion, inhalation, or combinations of these methods.
For example, one mode of administration that can be used involves continuous

30  intravenous infusion. In such an approach, the infusion dosage rate of the drug can be,

- for example, 0.001-0.5 mg/kg body weight/hour, more preferably 0.01-0.2

13
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syndrone). As a specific exanple, the invention can be

used in conjunction with cardiac surgery (e.qg.,

coronary artery bypass graft, cardi opul nonary bypass,

and/ or val ve replacenent), transplantation (of, e.g.,

l'iver, heart, kidney, or bone marrow), 10 cancer

sur ger e.g., renoval of a tunor), or any abdom nal .
PR a0 Proteretr/Bol | GrehhouraehofFaR bomg infused
eXBIR RS c Qs ﬁﬂé %%mﬁl%,oﬁﬁ%ﬁ, @D-3H, bk SEnbll§. The infusion of the
conposi tions and nethods of ’the Tnvention can be

us drig oahgifi degired Oipr pratedled by @ belisdejeytidm prdferablly] sugh a bolus

acute pancreatitis, inf|ammtory bowel disease,

pl HUeSHORS giveata dosags Rfll- 901 -9.5 mefkeaResierably, the total amount of drug
0o . - Shupi ot . y
horamIaLEaNE DR 2Bl R Bl o PR 12 me. by
coirfason bwdra petiol b€60-10€hburen Acabtiditysa thehosp@al, hid particularly
conj unction w th non-surgical procedures in _which the
gatierlbith isafiendisctic. miaer vasiationygthetimeperipd pf ifusign @ the drugs
th i NS £ oy ociation with
ch%ﬁggggﬁ}%?/ or sf%%?%??%%ﬁ%&@%ﬁ?n the treatnment of

cancer . Theddigomo siddeoatadaiitis@ttisres I EssH40dcchbiing to the methods of
invention can also be used in the treatnent of
coHginyeHendaclyde helagor infarmitlnyinfusient Forexampleuthg dreg can be
respi Ly dj r as Il as wt

| AP e ufi ShEER RS e gt Rl B gpmite. o conal

di seesAi oral gefigh@hl venBi€lihd, 0Nby difedt imBaion, Bass 8kidlge. Such
infection and pul monary synptomatic exposure to
enddnipistigtion may de desirsbla if e prident isomy at Hhwricierm oisk foreaposure to

t hods .Qf t ' [ . e.q.
pt SRR aDe Ty e A Pt BeFiios ot seivs o capmple
t hehid Mveabf LiniRtaliéh May bé 8ekiAble in YSigAl pient ireB¥Rpakte, such
standard met hods includi ng, for exanple, continuous

i nédpstients hapiokgardias surgenos,g..i corarany ataybypass geifiourgery and/or

AL S B SRR el B g 01015

| NM@/HeRs (e@%m F7kEHSur3P 31 MG PRl 3k Be 2@RinidiBred WG a period of

an approach, the infusion dosage rate of the drug can

befour Egmrs exiantsl and/a@ dooag SurSemyg (Ngtebatythevangintt/off durg administered

TOfs Pabed gnea{naabsls gd g\;é_rgg'ezwe]ié'lt of a patient of 70 kg.) Shorter or longer time
periods of administration can be used, as determined to be appropriate by one of skill
in this art.

In cases in which longer-term persistence of active drug is desirable, for
example, in the treatment of a condition associated with long-term exposure to
endotoxin, such as during infection or sepsis, or in appropriate surgical situations in
which it is determined that prolonged treatment is desirable, intermittent
administration can be carried out. In these methods, a loading dose is administered,
followed by either (i) a second loading dose and a maintenance dose (or doses), or (ii)
a maintenance dose or doses, without a second loading dose, as determined to be

appropriate by one of skill in this art.
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ng/ kg/ hour, and nost preferably 0.03-0.1 ng/ kg/ hour,

with the drug being infused over the course of, for
exanpl e, 12-100, 60-80, or about 96 hours. The

i nfusion of the drug can, if desired, be preceded by

a bolus injection; preferably, such a bolus i njection

is given at a_. dosage of 0Q.001-0.5 Pref erabl vy,
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as Spedifiethsuiaw fthdefhidiedd inUhaffeMance ddses caR b dakdnined by a
artery bypass graft surger )lll and/ or val ve repl acenent
s umgéwyl prpfﬁswﬁ@@ewwathe@wht atdryp deylebistad lagst mainiaiiedn Maintenance
[ hour

o0 P o e Rr e s o R O A g peioming a

15 f Ohkﬁurl”M%a cBhtnling &, ﬁiﬂ@kﬁh¥ﬁuﬁéd}93§W8960W2 gNasee 1081aihd 120. Of
t he armount of drug adni ni stered 20 is based on an

asevss mpjienagee d@ﬂeg kan lf stap;padtat eny paiit d@ingghis tidhofraree, as

or ,l.onger S tration can be used,
d%t%]iﬂg ?ﬁ{?bc? 6tpS’ a%g’ﬁ' ?85@“8 ssielof skill in

thl s art. 1H ifRSRA rhéthdiidelerdRaassvd @a!ilrﬁelfbﬁfrﬁa'd%tuﬁﬁﬁﬁg ftheters

active drug is desirable, for exanple, in

t r g meEmpherfal venovsdentid iveaosoor pﬂlenbnawytalﬂtei")mag}et@s)mnd related
endot oxi n,, sSuc duri. i nf.e

o SIS, SR SBIELOE By GHED 55 S bGP one
- WhigBrdd tHaﬁs%Pﬁ:@ftﬂlt@@goﬁsm"r iPEDEBRG S Lt RALATHL tubfhg to use in

desirable, intermtt
these methods is the impact of the material of these products (or coatings on these

products) on the micelle size of the drug. In particular, we have found that the use of
certain products generally maintains a drug micelle size of 7-9 nm. Examples of such

25  catheters are the following Baxter (Edwards) catheters: Swan-Ganz, VANTEX, Multi
Med, and AVA Device. Additional examples of catheters that can be used for this
purpose are the Becton-Dickinson Criticath catheter; the Arrow International multi-
lumen, Arrowg+ard Blue, and Large-bore catheters; and the Johnson & Johnson
Protectiv 1.V. catheter.

30
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adm ni stration can be carried out. In these nethods, a
| oadi ng dose is adm nistered, followed by either (i)
a second | oadi ng dose and a mai nt enance dose (or
doses), or (ii) a maintenance dose or doses, w thout
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3 hour% of drug.can be administered to a patient
ovg‘?‘“‘é“ﬁ?@ ipRyalndditiony 10Hbe pxend thas o patiens ghrgadyyhas pieatheter in place

S eﬁﬁ?@oe@ dopglqir@zgn 98@@91,?%952 n{19 sxiésg gathét% 1%3‘?[11 Hﬂ%t is dnade ofa

adm ni stere bout er t

d OS(ﬁnpmﬂJlé:mﬁtehﬂM@I gv.e polfauside ﬁol@'ﬁler)ﬁ)rghat 119)111&3 l&ompatlble coating
ng/ hour (e. g. -7 ng/ hour or 3 ng/hour) of drug over

a PR Begued po that ﬁw dr%mhmqweﬁ aa¥ %Ontapbﬂ@@mfweof ingempatible
P e&ﬁhi% : h % 11‘?5%&' ﬁkl)a%l utgflgaf e er na? % d o?leen(oo gh enable it
doses ™ 6}

rug can’ mnistere eve

acto beeeadlrljdglsatsd ifiwi thé axisgk ¢d’dhdté1€whil@nﬂir@ﬂﬁm@fananﬁde diameter
atlent Mai nt enance doses can be adm ni stered at

| ekhét i§ langg enaieh to aecommpegdate draizisolutipn Joroisayiaced Within the existing
ex@ﬂﬁ’ét@r’ ﬂtco éc?ed%) t&l{’u‘? ¢ 91" g g%%%gﬁﬁr é’l b 1@&% érug 8 divered.

dose. c anmoun

mai nt en an (Iﬁ tl%@@oﬁﬁﬂmbﬁa@%@t&ﬂhlﬁﬁﬂc@éh & pulBeh& |sympt0mat1c
prof essional, with the goal that drug |evel is at

I e%?@lOSWﬁ it ?%dqfi@@n adminissaiionce! thelewapositions o€ the invention can be

2 h
SO ks e AR s, S B P,
ex&r@ aecmﬂﬂﬁﬁtfon?tﬁ" théfvo. B8 sinbfe dB¢ is stfninis@Ped RPHNhA2R0n 1 pg-24

course, mai ntenance doses can be stopped "at any

p omgt fod examiet 4 S0 ug,roe, frefenhly,dd)-10daigsithadaigt ©fagurse,
by a nedi cal praofessional. The infusion

eSS Jhir %‘ga?aﬁ%@aya%lvs agdminigeationraf relativaly highidages, e.g., 5 mg, the
@%@ﬁ% athSurlls of WLh Q%F{)@hets\é&ﬂﬁgﬁs y PN Rl HERRYR:

monary artery cat

p rAﬁpmpﬁaté €reguencly Bf B&mhiAstRLIOD Sadbel détediing) by &idd ofakd] in this art
widely avajlable in the art. One criterion that is

i it Gm e, top cxasmRlp.det Tonexampler3-Adimesesch dewer Prafrastdy, the drug is
t %nﬂgis{e%d"ér?ce ellch day. In the case of acute administration, treatment is typically

carried out for periods of hours or days, while chronic treatment can be carried out for
weeks, months, or even years.

Both chronic and acute administration can employ standard pulmonary
drug administration formulations, which can be made from tﬁe formulations described
elsewhere herein. Administration by this route offers several advantages, for example,
rapid onset of action by administering the drug to the desired site of action, at higher
local concentrations. Pulmonary drug formulations are generally categorized as
nebulized (see, e.g., Flament et al., Drug Development and Industrial Pharmacy
21(20):2263-2285, 1995) and aerosolized (Sciarra, “Aerosols,” Chapter 92 in
Remington’s Pharmaceutical Sciences, 16" edition (ed. A. Osol), pp. 1614-1628;
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w

these nethods is the inpact of the material of these
products (or coatings on these products) on the
mcelle size of the drug. In particular, we have found
that the use of <certain products generally maintains
a drug mcelle size of 7-9 nm Exanples of such 25

ca ters are.t fal |.ow ng Baxter (Edwards)
C a%?‘g}l@?n %npgﬁﬂéme IRRA, epd Ngwanangh gl..Alggvelopment of

De Wi eSEmh igtd eﬁﬁpﬂ:j : .

usgg forﬁ?%ﬁéfgggggose ygﬁ?%%oégé@g%@G§gé?ﬁ%ﬁﬁﬁﬂmﬁﬁonﬂ
Cr iConfeatrive oatineRlermatduticflr A@vsdly e 1 ) farfadlativakt i -

| unen, Arr +ard Bl ue, and Large-bore catheters; and
the Johns d&l\f%at%ﬁ% 786 gublisagipry megtiqned hereint Mg dRGorpcated by
Addigi.gnal catheter-rel ated products that can be used
in the nethods of the invention can be identified by
deCeherienibodinvdnet dre withivetheetbevwiak cimt.he products
alters mcelle size of the drug, under conditions
consi stent with those that are used in drug

adm nistration. In addition, in the event that a
patient already has a catheter in place 5 that does
not maintain optimal drug micelle size, a catheter
insert that is made of a. conpatible material (e.g., a
pol yam de polynmer) or that includes a conpatible -
coating can be used so that the drug solution does
not contact the surface of the inconpatible catheter.
Such an insert, having an outside dianmeter that is
smal | enough to enable it to be easily inserted into
the existing catheter, while maintaining an inside

di aneter 10 that is |arge enough to acconmodate drug
solution flow, is placed within the existing catheter
and connected to tubing or a syringe through which the
drug is delivered. In the case of pul nonary bacteria

i nfection or pulnonary synptomatic exposure to

endot oxi n, adm nistration of the conpositions of the
invention can be effected by neans of periodic bolus
adm ni stration, by continuous, netered inhalation, 15
or by a conbination of the two. A single dose is
adm ni stered by inhalation 1 g-24 ng, for exanple,
5-150 g, or, preferably, 10-100 g of the drug. O

cour se,
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recal citrant di sease may require admnistration of
relatively high doses, e.g., 5 ng, the appropriate

anmounts of which can be determ ned by one of skill in
this art. Appropriate frequency of adm nistration can
be determ ned by one of skill in this art 20 and can

be, fQlammxanple, 1-4, for exanple 2-3, tinmes each

day. Preferabl t he dr adm ni stered once each
day. | aRERd Bhrroey o EompiiinD SrpRringir RS e O

typically carried out for eri ods of hour r
while chronic tiea 8 %F%() eks

nont hs, or even years B th chroni c and
adn1n|strat|on&mmppehp YV ‘stiandar d Holll
adm ni st r aCHECHf g0 whi ch can
the formul ati ons _escrib@d | sewher e herein.

Admi ni stration ByOthis route! offers severa

advant ages, for exanpl e, api d onset of action by

adm ni stering he desired site of action,

at higher _logal concentrations. Pulnonary drug

f or ruat™ons~are generally categorized as nebulized

(see, e.g., Flament et al., Drug Devel opnent and

| ndustrial Pharnmacy 30 21(20) 4P63- 2285, 1995) and
aerosolized (Sciarra, "Aerosols," Chapter 92 in

Rem ngt ghasmaPhaicathc ewtpiatdd sG¢ itlaﬂﬁﬁ‘,s andl B4 An@skidano Bnd @Mdisaccharide
A. Csolth.gg. 1614-1628; 16 Mal col nson et al., PSTT

1(9) 302748423888, and Newman et al., "Devel opment of

ers faor Aerosol .Th Y, |n Proceedi ngs . of
t he é@?@ﬁq@m{’%wvat)f St 1 bRk em:én ipfidepfpis seletted from the group
Phar naceuisisﬁ@é oﬂaﬁ@'&ﬂid, hyPoxydniZd, Hu@naed atdrenseludNe! propyl gallate,
patentsﬁéh |ca2tons menti oned herein are

i ncor po ite,5 spduymp ¢ Wifswifatey mapothinglperrele rie butyk hydroquinone,

Wit hin ERexyky@in] @WMidiBreRd drd®erivatifesth@bdt®: 1. AN
aqueous pharnaceutlcal conposi tion conprising a

ng(“t 2 (CHoICH;

(dema

10 CONPAUNGhd BdhRBitfoR T M Am (3, WheBiPs M AdDidant is selected from the group

15

20

25

consisting of butylated hydroxyanisole, butylated hydrexytoluene, propyl gallate,

sodium sulfite, sodivm thiosulfate, monothioglycerol, and dithiothreitol.
4. The composition of claim 3, wherein said antioxidant is butylated hydroxyanisole.

5 The composition of claim 4, wherein said butylated hydroxyanisole is present in an

amount ranging from 0.5 to 100 micrograms per about 10 mg of the compound of
formula (I).

6. The composition of claim 5, wherein said butylated hydroxyanisole is present in an
amount ranging from 1 to 50 microgfams per about 10 mg of the compound of

formula {(I). L s

7. The composition of claim 6, wherein said butylated hydroxyanisole is present in an
amount ranging from 2 to 25 micrograms per about 10 mg of the compound of
formula (I).

8. The composition of claim 7, wherein said butylated hydroxyanisole is present in an

amount ranging from 5 to 15 micrograms per about 10 mg of the compound of formula (I).
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CH3O 'xA JIQ ;' H (CHzyCH3 (HO ZONH HO Vo
"CH3(CH2) s~/ O O~/\ _(CH2)6CH3 O CH3O (I) or
pharmaceutically acceptable salt thereof, and an

anti oxi dant and a di saccharide 5 stabilizing agent.

2. The conposition of claim1, wherein said

antioxidant is selected fromthe group consisting of

but y|%iTée corpenstiey afickon &, Wb@lt‘lyll satdeieht¥iyteld bydrd:Qlbiedsie js present in an

propyl J odi t hi osul
nonot hi %ﬁ%{? géireag Putsfrglr It%gf? %F')? Py o r@ #%eecompoun FeSrunuta (0

et hoxyquin, dithiothreitol, and derlvatlves t her eof .
10 3.10Thke eomyrsition jagvprdifg o anymoi; ofleinsi 1N105 atdrein said disaccharide

antioxi g t.ed fron1th rou consi sting of
butylateaﬂ%1%$5§&é§§ggﬁ’mmﬁ ?QF’? §8F8§ytoluene
propyl gallate, sodiumsulfite, sodlun1th|osulfate

nmonotlhi Bglopreesition odinklingi @, itetchr id didacctAridelid @rehalose or maltose.
conposition of claim3, wherein said antioxidant is

but yl,at The cp ition of claim
4, \M%grg{lérﬁzg% o ﬁ%l%? yﬁ%%&l “ﬁ‘er(ﬂno%?ifla A %‘Ia’édﬁi i§la5io8%ent in
an 15 anmount ranging from0.5 to 100 nmicrogranms per
ablBuTha @mpgsitien ¢ftednind Apehendn efid df@charda isshyrosds. The
conposition of claim5, wherein said butyl ated

hydr oxyani sole is present in an anount ranging from!|
to 50 micrograns per about 10 ng of the conpound of
formula (1). 1'Il. 20 7. The conposition of claim®6
wherei n said butyl ated hydroxyani sole is present in an
anount ranging from2 to 25 m crograns per about 10 ny
of the conmpound of
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formula (1). 8. The conposition of claim7, wherein

sai d butyl ated hydroxyanisole is present in an anount
ranging fromb5 to 15 mcrograns per about 10 ng of the
conmpound of forrmula (I). 25 18 9. The conposition of

claim8, wherein said butylated hydroxyanisole is

present in an anount of about 7 m'crograrrs per about

10 nmu40frht 0

conposi ti on&gg%g?’ gllégégi)r?gg %)nél%ﬂngo 0 etﬁm i I’facflff”de is present in an
wher ei n¥BafH raiggigdiorak® the20% (vaight/valinng). agent i s

| act ose, sucrose, trehal ose or naltose. 5 11 The

conposi trhORoRposfilod!

trehal ose or lgnog toos?gg&(ga%w%& b %ggell f'aén 18? a%‘\ng rlﬁpresem in an
10, \/\heﬁléplﬁltsmgdlg@logai%tvab%(ma@n/hdmhe)se. 13. The

conposi tion of claim 10, wherein said disaccharide is

5 SUCT Q$EThe LSl

10

15

20

‘a pot assi um

si:t.ion. accordi ng.to cl
10, wherein sai gmggg?g % é d |25 ré”éeerh?alcpﬂs%ﬁh ﬁﬁbﬁmsent in an
r angi ng%?@@ﬂ%ﬁ)ﬂd@@%s@gﬁv@hﬁ@vol une). 15. The
conposition according to claim 14, wherein said

di sa unt ing from5%
o 1%&%\/\% c%g b?tl&‘{ a%t?cﬁ'gﬁing ciaém l.flihe ‘?{%‘Hﬁ%}@ gg?cgﬁande 1srPactose.
according to claim 15, wherein said disaccharide is

pr esdft The campositirmuet clgifn adpotitreih08id wempdsition OdodifHes one or more
17. Theyg accor.dj o claim16, erein .
said dis ac%fagﬁt: étaq%nslsglc t%dspggn ﬁlg & Gﬁl?éo%sésrtr'ﬂ%v‘?stofl‘blﬁl agfl potassium;

claim1, wherein said conposition conprises one or
more  nwhavialseidtmaetadnt mtas ime bmqirexéntfm @fMabent girfguig from 0.5 mM

consi stjn ot assi u rein s

nonoval en?j gﬁ\% ‘?er%lﬁé’v é}% ?Oélg’gﬁli“{nf’%f"é’ﬁ‘“%r@dﬁtpr‘? é‘??&ﬁ%g“ sodium-
from 0. @nmimng)arﬂiﬁ)r I?fh&)tawil&ﬁ-ed)rfﬂaﬁﬁh@ Bali, b8d GABRR YN shiPhonovalent metal
formul a }ef ﬁ‘?r ovi ded a a sodi um cont ai ni ng and/ or

1ons gfenzfrﬁc&mga §a1 g]é)p@vaéﬁ% fistal dgns Pprgsgnt exclusive of the

nonov al ediunn@idar pota@fisn o8 Rh§ibh@d E&ﬁﬁ&ﬁiﬁ@&u&f byS@iadalt.
monoval ent netal ions present exclusive of the

19. The composition of claim 18, wherein said composition comprises sodium ions in an

amount ranging from 0.5 mM to 10 mM.

20. The composition of claim 19, wherein said monovalent metal ions are present in an

amount ranging from 2 mM to 10 mM.

21. The composition of claim 20, wherein said monovalent metal jons are present in

an amount of about 5 mM, about 4 mM, about 3 mM, about 2 mM, or about 1 mM.
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sodi um and/ or potassiumions contributed to said
conposition by said salt. 15 19. The conposition of
claim 18, wherein said conposition conprises sodi um
ions in an anmount ranging from0.5 mMMto 10 mM 20.
The conposition of claim 19, wherein said nonoval ent
nmetal ions are present in an anount ranging from2 nM
to 10 nM 21. The conposition of claim20, wherein
sai d nonoval ent nmetal ions are present in 20 an
2070HE torgfosia Ok cldbm B/ windanl baid cdiosid&0etmpasdiivbdiah adik ir?

mv. or abo 1 20 22. The conposition of claim18,
\/\hé’?%?’?]unggﬁ%z@ osition conprises sodiumions in an

f < 2 . 23. . The conposition. of .claiml .
PN orfloa o TR oG SRR b FFiodmuf b Fhideq
t hehefformmefoficaliecel | es. 24. The conposition of claim 23,
wherein the mcelle size ranges from7 nmto 16 nm
2% Thepppmpesitigees icleino?s, wherein diermigdle sighengsds fromienniodé e
size of said conpound is about 7- 9 nm_ 26. A nethod
F Thasompgsidensh slewnte hereigtheawiagis size powidconprund jspowd-
anpipgndot oxi n conmpound, said nmethod conpri si ng
adm xi ng sai d anti endotoxin conpound and an

ﬁﬂt/-\l ﬂlﬁti(ljl&ﬁﬂi makdrg a Eﬁh@mﬁ@ﬁtt&ﬂcdﬂpoﬁﬁ&{ gﬁngﬁising\,ﬁ@‘ Elfﬂieﬁdcﬁ?d.ird
ant 1 enaot oxi,n coppound 1sS.a Cco un avlin or.mul a
(1 Pomesuesh i e Bt Py oty RS i

( Chi2jogi@bd, VCH3( CH2) s1,,~~0 0 , ,-- ~(CH 2)6CH3 O
CH30

27. The method of claim 26, wherein said antiendotoxin compound is a compound

having formula (I):

o] o] 0. .~OPO(OH),
CH,0 0 0
(HO),0PC™ “'NH Ho' ’fﬁ/lUI\/(CHz)QCHs
CH3(CHplgo _~_-O o O~~~ (CH2)CHy

CHL0

]

or pharmaceutically acceptable salt thereof.

28. The method of claim 26, wherein said antioxidant is selected from the group
consisting of butylated hydroxyanisole, butylated hydroxytoluene, propyl gallate,
sodium sulfite, sodium thiosulfate, monothioglycerol, tert-butyl hydroquinone,

ethoxyquin; dithiothreitol, and derivatives thereof.
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f. L or pharmaceutically acceptable salt thereof. 28.

The nethod of claim 26, wherein said antioxidant is

selected fromthe group consisting of butyl ated

hydr oxyani sol e, butyl ated hydroxyt ol uene, propyl

gallate, sodiumsulfite, sodiumthiosulfate,

monot Rboghy eRIHRH  oft @kikr Byt Ay :

et hoxyqui n,. dithfg}ﬁ%gﬁ?%I%hgﬂgqﬁgrggﬁ?@§%§sﬁﬁ%gg%ﬁwnlﬂw group
21 29. TREsHEeHIdbubrlated Aidrop@nisvihebuylated diydroxytoluene, propyl gallate,

ant i oxi dafuml S&Le e [ onsj.stin f

but yl at ed E;lgrﬁg%sgni soﬁ‘é‘%[“gﬁ%’wg‘? %ﬁ’%ﬁ’g%f?lg?&ﬁtsdé%é}ﬁ ,t°?‘
propyl gallate, sodiumsulfite, sodiumthiosulfate,
nonot ﬁ?-g%lﬁ yetes pf claimd9dwhértiostid eitiogldant30butilited hetrdganisole.
of claim 29, wherein said antioxidant is butyl ated

shydr o3y.aQiS@hd- o@mﬁéng a ﬂﬁ%ﬂg&tﬂi %éioﬁgonac%‘ipéﬁgl& %&?Jﬁiendotoxin

phar maceuti cal conpositi‘on conprising an an

conpoundOmBeng, seiskhrslepdcomprisisg thg stefpefst eps of (i)

di ssol ving said anti endot oxi n conpound i n an aqueous

sol ut i oRy)0fisssReHUMG RUGLQ%LEE: o ddi ng a , ,
di s.acchgr)i oﬁe Stabilizer 1 ooglgi %fﬁéjgﬁflmoﬁ?gaqfﬁou(si jofufion of sodium
addi ng &%¥aKeeoxi dant to said solution; (iv) |owering

the pH of said solution; (v) filter sterilizing said

sol uti o) Aafde a GMhochd € SAENFL Y said solution. 32.

The met &o)d ofg?:l %li m 31(1,% t\jabﬁ%lr%erixé}&giasiogmafl’sacchari de is

| act ose, sucrose, trehalose or 15 naltose. 33. The

10 et hod &) ¥dingen 3stioxidant teisaid selitibngi sacchari de i s

20

25

| act ose. 34. The nmethod of claim32, wherein said

di sacchgk) @ferin (B0 8P&id SRion:'€ Met hod of claim 31,

wherein said antioxidant 1I's s€lected fromthe group
consi sting of butylated hydroxyani sole, butylated
hydr oxy £ [ifereriliging p3ifl sefuiidnatral

(vi) freeze-drying said solution.

32. The method of claim 31, wherein said disaccharide is lactose, sucrose, trehalose or

maltose,
33. The method of claim 32, wherein said disaccharide is lactose.
34. The method of claim 32, wherein said disaccharide is sucrose.

35. The method of claim 31, wherein said antidxidant is selected from the group
consisting of butylated hydroxyanisole, butylated hydroxytoluene, propyl gallate,
sodium sulfite, sodium thiosulfate, monothioglycerol, tert-butyl hydroquinone,

ethoxyquin, dithiothreitol, and derivatives thereof.

36. The method of claim 35, wherein said antioxidant is selected from the group
consisting of butylated hydroxyanisole, butylated hydroxytoluene, propyl gallate,

sodium sulfite, sodium thiosulfate, monothioglycerol, and dithiothreitol.

‘37. The method of claim 36, wherein said antioxidant is butylated hydroxyanisole.
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15

20

25

20 sodium sulfite, sodiumthiosulfate,

nonot hi ogl ycerol, tert-butyl hydroqui none,

et hoxyquin, dithiothreitol, and derivatives thereof.

36. The nethod of claim 35, wherein said anti oxi dant

is selected fromthe group consisting of butyl ated

hydr oxyani sol e, butyl ated hydroxytol uene, propyl _ :
gal | 48-elhe nacdhyd whrlgiot 31, tvéherebmstidiphl phsadblifiiat é lowered to about pH 7 -
nonot hi ; dith:othreitol. 25 37. The -

met hod %?&% §§ﬁ$%€?93ﬂgﬁﬂpﬁﬁ%aid antioxidant is

but yl at ed hydroxyani sole. 22 38. The nethod of claim

31,  whelhsimethodi of cimfl, wheminseiduntionlotogin @mpoest tsatissolved in a 5
about Lo | osphoric acid solution. 39

The. rehaqiee e ol ioRgs & ABRISGC, A et Bl 5 oo °c.
conpound is dissolved in a5 nMaqueous sol ution of

sodi ¥nThy eeteil gbelaim H, wdeper atdiirezodryR@ s€p tombfleCthemse of a shelf
40. Th xﬂﬁﬁﬁﬂ : | aj 1 erein said freeze-drying

step cgﬁprlsegngﬁggﬁ'%gggxgos @fﬁ(ﬂtenperature in the

range of fromOC to 20C. 41. The nethod of claim 21

wher &i- Fhelmethogofsdiin 2  ebaren dngigtgidsiep:-diahg S@p.d

solution is filled into vials and transferred to a

hel f : t abaut 20C 10 h
Comer al i bR ke By SR lany ek dig * st afgcifooscdryer at abous

freezi #8°Gai d solution; c) said frozen solution is
hel d at about -40C for about 3 hours after reaching

Cermer &) Sriprftke B 0hhe 0008 BEAR Brhaphasglusion

occurs at a shelf tenperature in the range of from 20C

t o 25Cc) saidsfiden sdlgornie hbldcht atfouc l4aP@rtct hbouth @logismfigictching steady
primary.drying occurs at a pressure of from 0.075

mHg to 0.1 nmHg. 43. Use of the conposition of anyone

of claims 1 to 25 in the manufacture of a nedi canent

for préyeidrpdryor cbaenstrshtlf afnpendod ePeBHita0 °ddandThe
conposition of any one of clains 1 to 25 for use in

the pr @)Vs%%n'd%l dp)ringF orcgt?rts gFaIQ gheﬁftemperamre in the range of from 20°C to 25°C.

42. The method of claim 41, wherein said primary drying occurs at a pressure of from
0.075 mmHg to 0.1 mmHg.

43. Use of the composition of anyone of claims 1 to 25 in the manufacture of a

medicament for prevention or treatment of endotoxemia.

44. The composition of any one of claims 1 to 25 for use in the prevention or treatment of

endotoxemia.

45. A lyophilized pharmaceutical composition, said Iyophilized pharmaceutical

composition comprising the lyophilisate of an aqueous solution, said aqueous

solution comprising;
about 0.26% (weight/volume) of the compound of formula O;

about 9.7% (weight/volume) lactose monohydrate:
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20 endot oxem a. 45. A Lyophilized pharnaceutica
-conpositiion, sai d lyophilized pharmaceutical - :
conposition conprising the |yophilisate of an aqueous
sol ution, said aqueous solution conprising: about
0. 26% (wei ght/vol une) of the conmpound of formula (I);
25 about 9. 7% (wei ght/vol une) | actose nonohydrate; 23
about 0.02496&¥ei ht/vol ume) of 0.15M phosphoric acid;
about 0. 0Gb2% 0(260% (dyrichsjslwme f 84 S whgdphorakcid;
hydr oxyani sol e; about 0.0073% (wei ght/vol une) of 5nM
sodi um hy Ioqd@i : 0 i . )
wat er forq%ﬁ%gg??g??gﬂﬁéggyﬁnggﬁﬁﬁﬁ@¥§ﬂghg%zﬁ%#ggent
at a concentration of $ 2nM provided that when said
conpound &POYt 808} % (Yeight{velugrep of Held sadium hydroxide; and
sodi um contai ning salt, said aqueous solution
conpri ses ;5adiod i @RGhiAbIGR:) AR, iftaRRoUt 2 MM
excludi ng sodiumions contributed to sald aqueous
solution by said sodiumsalt of forrmula (I). 46. Use
of the corffi§&ft jogRpPnay PGkt gifa ceheghiration of & 2a8iprovided that
WE@%&MO%MW@} is prOQfdeﬁ) LEY %‘uhrﬂ&m%mhé e.ea"ﬁf ddafdeous
di sease or condition associated with sepsis; septic
- SAWisEIcompFises Rerber airpan ananpeftabeut 2. mMyexciidimg sedum ions
cGRRRAEH B 8ail Qb 01:f8n b Y 0ET Sl e RALLEND, | S Sub] ect
to a surgery or a nedical procedure, wherein said
surgery or nedical procedure is associated wth the

%giyrrgg%e of egdotﬁxenia Qor teliteg%co [.ications,. ¢
UseREINGSOMRETHPY PHY S At 414na 7 1O o By RIPuQRg § medicamen
medi canment, i s used in conjunctigon, with cardiac . .
sufarrgventipg 9§ breatieat idbwass T fomgitiop azosiated Wil sgpsisy septic
abom nabl e surgery. 49. The use according to claim

48 shaglepreindoosemiatpdipgendnt i s used in conjunction

with coronary artery bypass graft, cardi opul nonary

¥l Ths ssc arconduhg/® claim 46, wherein said patient is subject to a surgery or a

- medical procédure, wherein said surgery or medical procedure is associated
. with the occurrence of endotoxemia or related complications.

48. The use according to claim 47, wherein said medicament is used in conjunction
with cardiac surgery, transplantatioﬁ Surgery, cancer sufgery, or abominable
surgery.

49. The use according to claim 48, wherein said medicament is used in conjunction
with coronary artery bypass graft, 'cardiopulmonary bypass, or valve
replacement; transplantation of the liver, heart,.kidney; or bonf; marrow:; or

removal of a tumor.
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50.

51.

52.

53.

repl acenent; transplantation of the liver, heart,

ki dne ; or bone marrow, or renoval of a tunor. 24 50.
The use according to claim47, wherein said nmedi canent
is used in conjunction wth surgery for treatlng
acute pancreatic, inflammtory bowel disease,

pl acenment of a transjugular intrahepatic portosystemc
stent shunt, hepatic resection, bum wound revision,
or bum wound escharectony. 51. The use according to
claim47, wherein said nedicanment is used in
Lhapssraceording tckasm 4 nthersigrgidanedigsabhiised mheapiinetion

the gastrointestinal tract is conpromsed. 52. The

wifb swewy dfanglredding abwte Spancidade.e inflagmhatonye dpwahsliscades

used in conjunction wth chenotherapy or radiation
plaesnagny dfna tihesitgdat iershemptic cporoeysterbi8. st@iteshnsg hepatic
according to claimd46, wherein said di sease or
medttioh, i WeusbReBical etburiwwblindtsvharsfiesl on, traunm,
or respiratory distress syndrone. 54. The use

RS NeticB@ding 16 LRIM44 SwhBRIs8id &R fhett KARSE irPfonjunction
condi tion conprises an inmunol ogi cal disorder.” 55.

Jhg us %oﬁ%ﬁ%]‘ic% ngroléé’dlﬁ'é A wfich VRR' &4 ?tr&ﬁfegtmal ract is

I munol oglc di sorder conprises grafrt-versus-host

?ﬁ gr allograft rejection. 56. The use accordlng
|nf46, wherei n said di sease or condition

ri ses | monar.y bacteri fection o ul mon
ﬁ@%ﬂ&w@e@i% St VG Bty S b dainciot
acco%%wgg to claim 46, wherein said conposition is
wiihe raRy Pardigtionsieny ¥ bF BeetmgntQfifensfious
i nfusion, bolus injection, intermttent infusion, or

Thihwseaacrerdingdp daime6; Gvhstaims3id diseansras spnditign isTrreoaiaied
according to claim57, wherein said conposition is

with tA¥|iefeftom, reimg or 2&piratory distress syndrome.

54.

35.

56.

57.

58.

The use according to claim 46, wherein said disease or condition comprises an
immunological disorder.

The use according to claim 54, wherein said immunological disorder comprises

graft-versus-host disease or allograft rejection.

The use according to claim 46, wherein said disease or condition comprises
pulmonary bacterial infection or pulmonary symptomatic exposure to
endotoxin.

The use according to claim 46, wherein said composition is suitable for being
administered by continuous infusion, bolus injection, intermittent infusion, or
inhalation, or by a combination thereof.

The use according to claim 57, wherein said composition is suitable for being
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59.

60.

61.

62.

adm ni stered by continuous intravenous infusion. 59.
The use according to claimb58, wherein said conpound
of formula (1) is suitable for being adm ni stered at
an infusion dosage rate of 0.001-0.5 ng/ kg body
wei ght/ hour. 60. The use according to claim59,
wherein said conpound of fornmula (1) is suitable for
bei ng adm ni stered at an infusion dosage rate of
0.01-0.2 ng/ kg body weight/hour. 61. The use
according to claim®60, wherein said conpound of

. ' [l ng adm nistered at an
R B B ooy 38884 " kg body

i ght/ hour e accordin

. .62, .The u C t l.aim58, . .

i B 4cC8iie BB R Bt i Fepard o Wil i e

eing infused oyer the course of 12-100 urs. 63. The
Bgeb@gr& BRRIMYCTED 413l mfeRon WAAeei fiss & &-@grpp% Jﬁl&{g%fbogy
formula (1) is suitable for being infused over the
veighousf 60- 80 hours. 64. The use according to claim
63, wherein said conpound of fornmula (1) is suitable
Ty uiscdcperdingfta sdadmoPe whetsin widicerepamndad formus (1) BSuitghie
use according to claimb58, wherein said infusion is
for dodfe ddimynitteded sat  amjiefasionndoséife. raib eofus €1-AX aglkg dotlp
cl aim 65, wherein said bolus injection is suitable for
feighghoundn ni stered at a dosage of 0.001-0.5 ng of
said compound of formula (1) per kg of body wei ght of
PR fscRREOAMg: to 26218 60, WRErHS QiPEGREAINA DFFOMANA M Bitable

wherein the total anmount of said ‘conpound of ormul a

G T LR G R

%%%Lﬁ&ﬁ&’ wherein the total anmpunt of said conpound of

The use according to claim 58, wherein said compound of formula (1) is suitable

~ for being infused over the course of 12-100 hours.

63.

The use according to claim 62, wherein said compound of formula (I) is suitable

for being infused over the course of 60-80 hours.

64. The use according to claim 63, wherein said compound of formula (I) is suitable

for being infused over the course of 96 hours.

65. The use according to claim 58, wherein said infusion is preceded by bolus

mjection.

66. The use according to claim 65, wherein said bolus injection is suitable for being

administered at a dosage of 0.001-0.5 mg of said compound of formula (1) per kg

of body weight of said patient.
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formula (1) adm nistered to said patient over a period
of 60-100 hours is 35-125 ng. 69. The use according

to claimb57, wherein said conposition is suitable for

being adm nistered by bolus or intermttent infusion.
70. The use according to claim®69, wherein said
conposition is suitable for being adm nistered by

bol us i ntravenous infusion through a central access
line or a peripheral venous line. 71. The use

~according to claim®69, wherein said conposition is

67.

68. T

69.

70.

71.

72.

73.

74.

P hdPdcRoldfte BEILG 58?%&911?’&11%&‘8&1 ok’ FGhid! éyn%%glé@ Bt

using a syringe. /2. e use according to clal

[ I: .tion S sujtable r ing.

A O, UG ERTRS Sh0 pthat By hfRu B K010 ol is 25-600
according to claim 72, wherein said conposition is
Whitable for being administered as a single bolus
i nfusion over a perjiod of fqur hours prior to and/or
Psgopcsendigy tp clamm 677 wdersin thectotst amapntis saidgomppynd of
wherein said conposition is suitable for being
foamle (Dradmanistgred 4o god agfécnt aver agferiod D 663 0Rgprs i 30125
said conmpound of formula (1) per 70 kg of body wei ght
wp. said patient. 27 75. The use according to claim 74,
wherein said conposition is suitable for being
Tebril &tenian @atcldmdds agerdiabsid @bmposttiony {shaitable fforsbditk
conmpound of forrmula (1) per 70 kg of body wei ght of
SphidisRadd B bolus/& intEhSibien@sieqr di ng to claim 75,
wherein said conposition is suitable for being
T RS, Bl 0 g o e 3 e

1.0 i S Ing to aj Ty
SPALEPbolnt SRR BREDROIR o Bl e or o

8&&&2} $§£§9ﬁ3¥ intermttent infusion

The use according to claim 69, wherein said composition is suitable for being
.administered by direct injection using a syringe.

The use according to claim 69, wherein said composition is suitable for being
administered to a surgical patient.

The use according to claim 72, wherein said composition is suitable for being
administered as a single bolus infusion over a period of four hours prior to
and/or during surgery.

The use according to claim 73, wherein said composition is suitable for being

- administered at a dosage rate of 0.10-15 mg/hour of said compound of formula

(D) per 70 kg of body weight of said patient.
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- 75,

76.

77.

78.

79.

80.

81.

82

83.

78. The use according to claim 77, wherein said
intermttent infusion conprises: admnistering a

| oadi ng dose to said patient; and adm nistering one or
nore mai nt enance doses to said patient. 79. The use
according to claim 78, further conprising

adm ni stering a second |oading dose to said patient.
80. The use according to claim79, wherein said second
| oadi ng dose is suitable for being adm nistered 12
hours after the initial |oading dose. 81. The use

L AALRGdify & kiR 48, “%%[ﬁeézﬂd ?@ﬁ s(?l.fionsg' itable f pr bel

mai nt enance doses is suita e| ng m ni S ere

mifdis e@é’c?% at(ﬂ@z%% rgﬁe 0?3374 g/éf) \OuL, (?te saHP &)dl n%g(? oigonau% (l) per

use acco al n18
gg f és Suj table for being adm nistered
W?l 834 B88hr s begi nning at hour 24. 83.
%@g use accordlng to _claimb57, wherein said patient
Pe& &opding BUFAEh 47y Where e faich competinny *s&muteble for being
pul nronary synptomatic exposure to endotoxin, and
p@tﬂﬁﬁ%ﬂé iadlosagg e el 3 medhqus oenid edshround of fwinntp (1) per 70
adm ni stered by periodic bolus admnistration, by
kool hody ovesghtref saidphtiential ati on, or by a conbi nati on
thereof. 28 84. The use according to claim?79, wherein
Blad dsecampalirig i00¢1aing 53uwherbinesdid cotipositihn BOkitEHIS e Bélng
by inhalation as a single dose of 1 g-24 ng of the

aipitendd Wi infehifehtdnfusibh. 85. The use according to
claim 84, wherein said conposition is suitable for

B 0 e BT, Shsieay Sl riviloghREE 01
ﬁﬁﬁﬁfs%hﬂgfltl&d@ %OQ%%Sm&rg&?teere aid conposition is

sul by i nhal ation as a

i do flOlOO d of f |
‘%#3ﬂm§§9ggﬁwﬁwg@gnga 8%@?% Oﬁ%tgggﬁﬁggw'owhe?grﬁ zald

onposition is suitable for being adm nistered by
ﬁ?‘ﬂw 2F5Bdng to dag ?1%|flérﬂaf‘6§eme¥1815g Adpisierng aowapsURading
formula (1). 88. The use according to claim 83,
dgse Fevard BAicat. composi tion is suitable for being

The use according to claim 79, wherein said second loading dose is suitable for
being administered 12 hours after the initial loading dose.

The use according to claim 78, wherein each of said maintenance doses is suitable
for being administered at a level that is less than the loading dose.

The use according to claim 81, wherein each of said maintenance doses is suitable for

.being administered for 2 hours every 12 hours beginning at hour 24.

The use according to claim 57, wherein said patient suffers from pulmonary bacterial
infection or pulmonary symptomatic exposure to endotoxin, and wherein said
composition is suitable for being administered by periodic bolus administration, by

continuous metered inhalation, or by a combination thereof.
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84.

‘85.
86.
87.
88.
89,
90.

oL

adm ni stered by inhalation from1l to 4 tines per day.
89. The use according to claim88, wherein said
conposition is suitable for being admnistered by
inhalation from2 to 3 tinmes per day. 90. The use
according to claim88, wherein said conposition is
suitable for being adm nistered by inhalation once
per day. 91. The use according to claim84, wherein
said conposition is nebulized or aerosolized. 29

The use according to claim 79, wherein said composition is suitable for being

administered by inhalation as a single dose of 1 ug-24 mg of the compound of formula
O-
The use according to claim 84, wherein said composition is suitable for being

administered by inhalation as a single dose of 5-150 pg of the compound of formula (1).

The use according to claim 85, wherein said composition is suitable for being

administered by inhalation as a single dose of 10-100 pg of the compound of formula ().

The use according to claim 84, wherein said composition is suitable for being

administered by inhalation as a single dose of 5 mg of the compound of formula (1).

The use according to claim 83, wherein said composition is suitable for being

administered by inhalation from 1 to 4 times per day.

The use according to claim 88, wherein said composition is suitable for being

administered by inhalation from 2 to 3 times per day.

The use according to claim 88, wherein said composition is suifable for being

administered by inhalation once per day.

The use according to claim 84, wherein said composition is nebulized or aerosolized.
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