1 ANAESTHETI C FORMULATI ON FI LI NG DATA 5 100011 This application is
associated with and clains priority fromUnited States Provisional Patent
Appl i cat iwo 2bl0/08808297, 249, filed on 21 January 2010, emrCirtAwRdir/odosest heti c
formul ation” AND. United States Provisional Patent Application No.

61/ 385,318 filed on 22 Septenber 2010, entitled "Anaesthetic fornulation”,
the entire contents of which, are incorporated herein by reference. 10

FI ELD 100021 The present invention relates generally to the field of drug
delivery systens for neuroactive steroid anaesthetic agents. Mre
particularly, anaesthetic and sedative 15 conpositions are provided in the

form of host/guest prepargat, Iy S uroactive steroid
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FIELD

[0002] The present invention relates generally to the field of drug delivery systems lor
ncuroactive steroid anaesthetic agents. More particularly, anaesthetic and sedative
15 -compositions are provided in the form of host/guest preparations comprising one or more

neuroactive steroid anaesthetics and a cyclodextrin or a modified form thereof.

BACKGROUND

20  [0003] Bibliographic details of references provided in the subject speciﬁcalion are listed at

the end of the specification.

{0004] Reference to any prior art is not, and should not be taken as an acknowledgment or
any form of suggestion that this prior art forms part of the common general knowlcdge in

25 any country.

[0005) Drug delivery systems aim to provide the required amount of drug systemically or
to a targeted site for a time and under conditions sufficient to have the desired cffect.
Some drug delivery systems require carfier materials to mitigate pérﬁcular undesirable
30 propénies of the drugs. One such type of carrier molecule is a cy@lOdextrin which acts as a

host for a selected guest molecule.



capabl e of form ng inclusion conplexes with hydrophobic nol ecul es. The
stability of the 5 resulting host/guest conplex depends on how readily the
guest nolwouba/m8api es the central cavity of the host. PLOMV2011H0ensnHDSt
common cycl odextrins are a-, - and y- cyclodextrins consisting of 6, 7 and
8 a-1,4-1linked glucose units, respectively. Cyclodextrins have rel atively
| ow solubility 10 in water and organic solvents and this |imts their use
in pharmaceutical fornulations. For a degeription of the general chem stry
of cyclodextrin, reference can be nade to Fronmm ng and Szejtlic (eds),

Cycl odextrins in Pharmacy, Kluwer: Dordrecht, The Netherlands, 1994:

At wood, Davi es, MacN col and Vogtie (Eds), Conprehensive Supranol ecul ar
Chenlstry Vol 4, Perganon: Oxford UK, 1996; and Thomason, Crit Rev Ther
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pain. Propofol also can lead to cardlovascular and resplratory depression
and has

[0008] Alphaxalone [Alfaxalone or 3-0L-hydroxy—,5-cx-,p.regnan'-]1,20-dione] is a potent
neuroactive steroid anaesthetic currently used in veterinary medicine (Child er al., British |
Journal of Anaesthesia 43:2-13, 1971).
20

[0009] Alphaxalone was widelyb used around the world as an intravenous anacsthetic
together with alphadolone [Althesin; Alfathesin] in human patients until 1983. Although
these anaesthetics have a high therapeutic index, they were nevertheless withdrawn from
clinical practice due to occasional, unpredictable yet severe anaphylactoid reactions to a

25 polycthoxylated castor oil excipient (Cremophor EL [chis-teredi Trademark]).

[0010] Currently, a lipid formulation of di-isopropyl phenol (propofol) is the most highly
used anaesthetic agent. Propofol, however, can be contraindicated in certain at risk
patients due to its lowering effect on blood pressure, the effect it has oﬁ reducing cardiac
30 * output and it can adversely affect respiratory control. In particular, propofol is formulated
in a lipid emulsion which can support microbial growth if contaminated.. The formulation

cannot, in fact, be sterilized. There have been instances where microbially contaminated



5 a low therapeutic index of 5, i.e. only 5 tinmes the normal anaesthetic
dose can lead to death. Furthernore, the anaesthetic is inconpatible with
pl asti c sworagass®at ai ners and plastic syringes whi ch cecplAat1@®oEsyri nge
delivery equi pmrent which is frequently in standard use for intravenous
anaest hesi a and sedati on. The drug can al so cause hyperlipi daem a and can
i nduce toxicity when used in a |arger dose by infusion. This is 10
particularly problematic in the intensive.care setting. 100111 A
neuroactive steroid anaesthetic has the potential for being nore
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al phaxal'oneP? P@W dSPBRE 2 9Bt BERS “4F POPT&gnanol one. el t anol one
(pregnanol one), ganaxol one, hydroxydi one, m naxol one, 0rg20599, O g21465
and tetrahydrodeoxycortijcosterone and phar maco ically acgept.abl e,
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as well as their salts. The term "derivative" 20 includes deuterated
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are contenp : Sthb TR0 j Qr . n
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i ncl ude net heureactds sierpuramessthickiy bgane th subjeatached, al kyl at ed, acyl ated and
anioni c cyclodextrins. By "al kyl ated” includes an al kyl ether derivative as
wel | as an al kyl ether-al kyl ether 25 cyclodextrin. The agent "al phadol one”
includes its salt, al phadol one acetate. Reference to a cyclodextrin or a
nodi fied formthereof includes its salts (e.g. a sodiumsalt). [ 00151
Accordi ngly, one aspect of the present invention is directed to an

anaest hetic or sedative conposition conprising a neuroactive steroid
anaesthetic fornmulated with a 30 cyclodextrin or nodified formthereof. 5



such as being sterilizable, causes reduced incidence of pain on injection,
has a | arger therapeutic index relative to propofol (including a

t her apeutwo 20nd8ssogr eat er than 5), is capabl e of storageCraoplmetsic
contai ner and i nduces a rapid induction of anaesthesia to surgical |evels
with simlar or nore rapid awakening time than propofol or Althesin 5

(al phaxal one and al phadol one). 100171 Hence, another aspect of the present
i nvention provides an anaesthetic or sedative conposition conprising a
neuroactive steroid anaesthetic and a cycl odextrin or nodified formthereof
wherei n the anaesthetic and cyclodextrin are fornulated to provide an 10
anaest hetic wﬂg*on whi ch exhibits a property selected from bei ng
sterilizabl § ing mniml pain on intravenous injection, having a

t herapeutic index greater than 5 and is storable in a plastic container. In
an enbodi nent,- the formul ati on has one, two, three or all four of these
properti es. [0953l00wgushont thiy spesificatienbedessehe coplge! FraBERH PhEEnt!hiovord
provi des an. heti G . oF i,V e Fver Y. R st .
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particularly, the present invention provides an anaesthetic or sedative
conposition conprising a neuroactive steroid anaesthetic selected from
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present inventio _ , »
o cyclodextrins or their modified forms as well as their salts. The term "derivativc"

20 includes deuterated derivatives of the neuroactive steroid anaesthetic. Deutcrated
derivatives are contemplated for use as improved medicaments. One or more hydroécn
atoms may be replaced by deuterium. Modified forms of cyclodextrins include
methylated, hydroxyalkylated, branched, alkyvlatcd, acylated and anionic cyclodcxtriris, ISY :
"alkylated" includes an alkyl ether derivative as well as an alkyl ether-alkyl cther |

25 cyclodextrin. The agent "alphadolone” includes its salt, alphadolone acetate. Reference 10

a cyclodextrin or a modified form thereof includes its salts (e.g. a sodium salt).
[0015] Accordingly, one aspect of the present invention is directed to an anaesthetic or
sedatiVe,composition comprising a neuroactive steroid anaesthetic formulated with a

30 cyclodextrin or modified form thereof.

{0016] The anaesthetic or sedative formulation of thc present invention exhibits featurcs



sul f oal kyl ether cyclodextrin such as (7) sulfobutyl ether 13-cycl odextrin.
Thi s conmpound can be prepared as described " in United States Patent No.

5, 376, 645v0oAnatdseso3usef ul 10 cycl odextrin is an al kyl erh@EAwtertvoseatspve

i ncluding a sulfoal kyl ether-al kyl ether cyclodextrin. However, the present
i nvention extends to other cyclodextrin derivatives such as nethyl at ed,
hydr oxyal kyl at ed, branched, acylated and anionic forns. The anaesthetic
fornmul ati on of the present invention enables injectable admnistration to
mammal i an subjects and in particular human patients. 15 [00221 Anot her
aspect of the present invention provides an anaesthetic or sedative
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enbodi ment , AHEXYY %@aﬁﬁﬁﬁ Olb%)a1'so storable in a plastic container.. 25
100241 The fornulatlon may conprise a buffer to maintain pHwthin a range
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cycl odextrin, for a time-and under conditions to induce anaesthesia or
sedation. 100261 More particularly, thhe present invention provides a nethod
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20 container.

v[0019] More particularly, the present invention provides an anaesthetic or sedative
composilion' comprising a neuroactive steroid anaesthetic selected from alphaxalone,
alphadolone, acebrochol, allopregnanolone, elténolpne (pregnaholoné), ganaxolonc,
25 hydroxydione, minaxolone, Org20599, Org21465 and tetrahydrodeoxycorticostcrone and
pharmacologically acceptable derivatives, salts and pro-drug forms thereof formulated

with a cyclodextrin or modified form thereof.

[0020] Even more particularly, the prcsenf invention is directed .10 an anaesthetic or
30 sedative composition comprising a neuroactive steroid anaesthetic selected from
alphaxalone, alphadolone, acebrochol, allopregnanolone, eltanolone (pregnanolone),

ganaxolone, hydroxydione, minaxolone, Org20599, Org21465 and



15 nodified formthereof for a tinme and under conditions sufficient to

i nduce anaesthesia or sedation wherein the anaesthetic or sedative

f or mul at iwo 2exliskioBs a property sel ected from bei ng st ePCiriAazbi 1900050
exhibiting mnimal pain on intravenous injection and having a therapeutic

i ndex greater than 5. 20 100271 In an enbodi nent, the fornulation is also
storable in a plastic container. 100281 Generally, the nolar ratio of
neuroactive steroid anaesthetic to cyclogextrin is fromabouti :1 to about
1: 6, nore particularly about 1:1 to about 1:4, even nore particularly about

1:1 to-1:3 and still nore particularly about 1:2. 25 100291 These aspects
f th ' i,
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acebrochol , al | opregnanol one, el tanol one. (pregnanol one),. -

ganaxol or?e RipgH OSQP#AIRSHe, ni naxol one, Or g20599, Or g21465and

t et rahydr odeoxycorti costerone and pharnacol ogically acceptabl e derivatives,
salts and pro-drug fornms thereof fornulated with a cyclodextrin for a tine
and under cdMit} i‘\on@ﬂisudﬁlf icrﬁl@dwtrtlDU$etﬁlduiDefhanBre@tChe@f the presanhdivcatiend itabove

a suitable ¢ rin Iudes extri such a
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derlvatlvses salts and pro-drug forns thereof.
[0022] Another aspect of the presc’nt invention 'provides an anaesthetic or sedative
composition comprising a neuroactive steroid selected” from aiﬁhaxalone, alphadolonc,
acebrochol, allopregn‘anoléne, eltanoione (pregnanolone), ganaxolone, hydroxydionc,
minaxolone, Org20599, Org21465 and tetrahydrodeoxycorticosterone and a

20 pharmacologlcally acceptable derivative, salt or pro-drug form thereof formulated with a

sulfoalkyl ether cyclodextrin or modified form thereof to generate a sterilizablc

composmon with a therapeutlc index of greater than 5.

[0023] In an embodiment, the éomposition is also storable in a plastic éontainer.
25
[0024] The formulation may comprise a buffer to maintain pH within a range of from
~ about pH§,5 to pH8'.v Alternatively, the formulation may not be buffered wherein the pH.of
the formulation may' be from about pH3 to about pH9.5. -The formulation may also .
comprise a preservatnve anti-microbial agent and/or an agent which reduces toxicity. In
30 addition, to improve solubility and/or stability, a co-polymer may be included. Examplecs
of suitable co-polymers include hydroxyl propyl methyl cellulose (HPMC), polyvinyl
pyrollidone (PVP), and carboxymethy! cellulose (CMC).



[ 00321 Kits conprising in conpartnental form a neuroactive steroid
anaesthetic in a first conpartnent and a cyclodextrin, such as a sul foal kyl
et her cycwodexitassi®3 i n a second conpartment and opti onalPCy/AdRei1gioensd s
and/or co-polyners in a third or other conpartnment 20 are al so contenpl at ed
herein. The kit may be in the formof a nodified syringe. 100331 Label ed
forms of the neuroactive steroid anaesthetic are al so useful in nonitoring
and tracking the anaesthetic during sedation or anaesthesia. Kits and
apparatus are therefore provided herein to assist in the nonitoring of

| abel | ed neuroactive steroid 25 anaesthetics. Label ed derivatives include
deuterated, tritiated and other | abeled agents. 9 - BRI EF DESCRI PTI ON OF
THE FI GURES (00341 Sone figures contain color representations or entities.
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Ofice. 100@%&%&&%5453%%@8&%0 I f aagszhéégggﬁsggufo?e@r gsgelﬁ) aci’i glg'sﬁlgl_::ﬁ@&
exper i ment sconprisiige alihstisieringatas  anmp$theticedfentiveh amodwe off | ;mgneurraetivealstefaidul ar
vein intravenouys cafheters under hal.othang anaesthesi a and then pr.oyvi ded
W th progor reties R Bl A s ekl 2aA6E e ninde B iEC ol
(c,d) or Phansashgid &lspdwtisal one in a 1:2 nolar conplexation ratio with (7)
sul fobutyl ether O-cyclodextrin] (e,f). [0036] Figure 2 is a graphical
representation of |ethal dosing of two al phaxal one preparations [Phaxancp

and Al t hesi ok MRES IpartibRladPOJE] pRiser Bivéntioh Bro@ld@Ph Gdthdde RF epemtiat iopn of
B PODTL Pl tamning By 1afusion or smiermulient bolis admimisitation, anbosihasia or sedation i
10 subject, the method comprising administering an anaesthetic-effective amount of a
| neuroactive steroid  anaesthetic selected "from alphaxa]oh\e, alphadolone, acebrochol,
allopregnanolone, eltanolone (pregnanolone), gariaxolorie, hydroxydione, minaxolone,
Org20599, Org21465 and tetrahydrodeoxycorticosterone and pharmacologically
- acceptable derivatives, salts or pro-drug forms thereof formulated with a cyclodextrin o.r‘
iS - modified form thcr;of for a time and under conditions sufficient to induce anaesthesia or
sedation wherein the anaesthetic or sedative formulation cxhibifs a property sélecled from
bc\:ing sterilizable, exhibiting minimal ’pain on intravenous injection' and ‘having a

therapeutic index greater than 5.
20 }0027] In an embodiment, the formulation is also storable in a plastic container.

[0028] Generally: the molar ratio of neuroactive steroid anaesthetic to cyclodextrin is from
about 1:1 to about 1:6, more particularly about 1:1 to about 1:4, even more particularly
about 1:1 to-1:3 and still more particularly about 1:2. | '
25 ‘
[0029] These aspects of the present invention extend to inducing or maintaining by
infusion or intermittent bolus administratibn,-anaesthesia or sedation or both in subjects.
|0030] The formulation may be packagéd for sale with a set of instructions. Thc
30 instructions may include a patient manag'emeiit protocol comprising administering to the
pat‘ien't an effective amount of r_ieuroacti\'lev steroid anaesthetic such as selected from

alphaxalone, alphadolone, acebrochol, allopregnanolone, eltanolone (pregnanolone),



[0038] Figure 4 is a graphical representation of sleep tine in rats using
repeat ed doses of 20 Phaxancp (al phaxalone in a 1:2 nolar conpl exation

rati o wi twoQé@/essdoBobut yl ether f3-eye | odextrin). [0039LTRAWNN®GSNS a
graphi cal representation of righting reflex tinme response curves in rats
usi ng pregnanolone in a (7) sulfobutyl ether p-cyclodextrin. 25 100401
Figure 6 is a graphical representation of tail pinch tinme response curve in
rats using pregnanolo-ne in a (7) sul fobgtyl -ether 13-cyciodextrin. WO
2011/ 088503PCT/ AU2011/ 000050 - 10 - [00421 Figure 8 is a graphical
representation of righting reflex time response curves in rats using

al phadol one ghﬁhxeloﬁz) S ulyk dRQJZH%Be et h%mExoqa&' odexgiigdeo,  3Q04&s Fi gie 9

is a graphi representat tail pinch'tinme Fesponse curves in rats 5
using al phad&itabwmdwxacqm()oss:mnﬁom pharependogirallyyadcopietle rdenvatp@aaglts Ringur e

10 is a graphj. ﬁ‘%ﬁ {hithd ﬁ,%%@? ?éxjﬂ%ﬂztgc{ F«Etgt acg)%?'odteﬁ% tht HGirhé b linder %Hﬁ%ﬁ%o 45]

rats using alp one I'n ether p-cyc
Figure 11 i Sufﬁcgharmhmdade arapstiesant At imalicacdd gherve entigblecdyalodextiim imibales a

systolic bIoo in rats af ctlon wi th propof o] in or
Phaxanch.’ el%eﬂf F ewzn’.sgcfaasgﬁéaw&ba YT ERSF Bxcatlodedion Fhavppelhas @ MP%‘S
change in ”%%nva@i'v@sStsgéH Gs béx@t%ﬁ'lk?lre% UEtﬁeH Ry&18dek st erOthéH %%M{Weé’“lﬁ&;de '
propofol, Athesin or Phaxanch ﬁeference t o "Phaxancp" neans an

al phaxal one nmﬂe/;bmchbt/dmxwlltmatedz})r@glpqdoai&rlynedeqchk@kedJ@Bd ayienio gesledaxiins. - 11-
DETAI LED DESCRI PTI ON 100481 The present invention provides a drug delivery
system for a neuroactive steroid anaesthetic. Cenerally, the neuroactive
steroi d ana¢8BigiThe presespanienidny fetienbdoetemplangt gre. use of a neuroactive steroid

10 anaesthetic and a cyclodextrin or modified form thereof, in the manufacturc of a
medicament to induce anaesthesia in a subject. In a particular embodiment, the
neuroactive steroid énaestheﬁc is selected from alphaxalone, alphadolone,v acebrochol.
all'opregnanolone, eltanolone (pregnanolone)_, ganaxolone, hydroxydione, minaxolone,
Org20599, 'Org21465 and tetrahydrodeoxycbrticosterone and pharmacologiéally

15 acceptable derivatives, salts and pro-drug forms thereof.

[0032} Kits comprising in compartmentai form a neuroactive steroid anaesthetic in a first
compartrﬁent and a cyclodextrin, such as a sulfoalkyl ether cyclodextrin, in a second .
compartment and optionally excipients and/or co-polymers in a third or other compartment
20  are also contemplated herein. The kit may be in the forrﬁ of a modified syringe:
'
[0033] Labeled forms of the neuroactive steroid anaesthetic are also useful in monitoring
and tfackirig the anaesthetic during sedation or anaesthesia. Kits and apparatus are
therefore provided herein to assist in the monitoring of labelled neuroactive stcroid

25 anaesthetics. Labeled derivatives include deuterated, tritiated and other labeled agents.



5 The drug delivery system conprises a host carrier in the formof a
cyclodextrin or nodified formthereof. Reference to "cyclodextrin" includes
in one ervodnnmsssoan a-, (3- or y-cyclodextrin or a nodipCirad2eri/dersbvati zed
formthereof. Reference to "cyclodextrin” in another enbodi ment includes a
sul f oal kyl ether dextrin such as (7) sul fobutyl ether pcyclodextrin or an
al kyl ether derivative thereof such as a sul fobutyl ether-alkyl ether 10
cycl odextrin. Derivatives of cycl odextri-®s include nethyl at ed,

hydr oxyal kyl at ed, branched, al kyl ated, acyl ated and ani oni c cycl odextri ns.
By "al kylated” includes an alkyl ether derivative such as an al kyl

et her - al kyl odextrins contenplated
herein are éﬁkmﬁ|lﬁk$($ﬁﬁ?&ﬁ F%\%lﬁ@%m Rev. 98: 2045-2076, 1998]
and include 13-cycl odextrin sul fobutyl ethers, ethyl ethers,

13- cyclodextrln sul fobutyl 15 ethers (flat), y-cyclodextrin sulfobut I
ethers and d9034 SPBEHEUWsHeaAip &s@mpr@%eﬁ@ﬂgn%ﬁa eptifessy  Salof oh E’@éij‘l’h‘sd’dﬁ um
sal ts). 10049k abhersth wk BhedrietQlsn $é6%&§f& Bbm! dCapPF PSSR PaldiY OO RBARIES a
neuroactive steroid anaesthetic to be admnistered to a subject in a
sterilized fherimposedifidhtainadrfeom a RatenfcPffigery 20 itself is with | ess pain
conpared to the intravenous adm nistration of propofol. The formnulation of
the present invention additionally has a therapeutic index greater than 5
(rmeani ng t hg0035gl mgurstlaaht'omgh ar agroeagthénal tebmserﬁattmsre’éexmémantaestrm Westatos e
can | ead to deat reat.er than 5" ans, a
t her apeut i ¢ "FHYBR a'@)th Eivétﬁ’ i‘ﬁg@“gaw r%@yglu Ve 1HtéanBoquﬁthe§gs urglgr hadgihangy
70, 80, 90, aﬂn&@thcii@nd A probdded WidDprog&Iol (alhOAltHeED:, [albBixalotle ah8Q@IphBLIARO as
wel | as integers or fractions in betmeen The formul ation of the p resiﬁt
use

i nventi ol | #ceipieh (bPriihaxango Jalphaialang Bontlad HRHara AMPIEXLGRYAL? b {

in plastic qQHbmﬁﬁ%ﬁ@ppggag&gﬂu{QQ@O] Accordingly, an aspect of the present
i nvention provides an anaesthetlc or sedative 30 delivery host/guest

conposi tion conprising a cyclodextrln host or nodified formthereof with a

neuroactive [ﬁéﬁ Q‘l@r@n%%§t;{1§&éq(ﬁxc% Yehr df3fion tol?eleméftc{o%HESéf AATRGHakd IO

fornul ated t'o I zabl'e, nlnlstra y i ntravenous

i njection mu#hmnnmnmﬁ%mpatmmahwﬂummexhuﬂlt a therapeutic index of greater

t han 5. Lg an enbodi nrent, the fornulation may al so be storable in a plastic
cont ai ne The fornulation may exhibit one, two, three or all four of these
properties. [6037)FgukeByis"d gapkies ppicsEntativnns aC;ﬁmSlalpEﬂl forolethafigr dasirgt 6 fom
conpri sing praopofol as a reference. © 10052] The formulation is useful

for induci ng“HIS8BPFIAEIAN Br@Sedat i on in mammal i an 10 subjects and in
particul ar human subjects. 100531 In an enbodinent, the neuroactive steroid
is selected from al phaxal one, al phadol one, acebrochol all opre nanolone

el t anol one (PO38YFagmae dnie p eraphisakspessentationdf slegRiHmdn 131 HeinTearricd desgs 9lo599,
Og 2146?0 arlflila;a% %L‘l}éﬁ&ﬂf&%@ﬂ%‘)'ﬂz' most QBBBﬁx@:ﬁq ratio with (7) sulfobuty cther -

cyclodextrin).

[0039] FigurcSisa gréphical representation of righting rcflex time response curves in rats
using pregnanolone in a (7) sulfobutyl ether B-cyclodextrin.

25
[0040] Figure 6 is a graphical representation of tail pinch time response curve in rats using

: ~pregnanolone in a (7) sulfobuty! ether B-cyclodextrin.

[0041] Figure 7 is a graphical representation of rotarod test time response curve in rats

30  using pregnanolone in a (7) sulfobutyl ether B-cyclodextrin.



15 a pharnmacol ogically acceptabl e derivative, salt or pro-drug formthereof
100541 An exanple of a pharnacol ogically acceptable salt is al phadol one
acet at e, wbi2oti/is8soenconpassed by the present inventi on. PAN/AdRAIEIOES0f a
derivative of a neuroactive steroid anaesthetic is a deuterated derivative.
A "nodi fied" cyclodextrin includes a derivative of a 20 cycl odextrin.
100551 Accordingly, another aspect of the present invention is directed to
a drug delivery hGst/guest conposition cpnprising a cyclodextrin host or
nodi fied formthereof with a neuroactive steroid anaesthetic drug guest

sel ected from al phaxal one, al phadol one, 25 acebrochol, all opregnanol one,

el tanol one STrORMAL RMex tiffeevpehR@rverrad0599,
Org 21465 ai‘g]’ ?g'?fggﬁl’g%erggﬂ%?ﬁrggggté%ner%gngé a phar ma?gl ogically .
accept abl e demgal@badpéonesraa(7)c§ulf?imylmhggﬁncmlqurm eof t he host/ guest
conposi tion being sterilizable, admnistrable by intravenous injection with
m ni mal pain, exhibiting a therapeutic index of greater than 5 and/or
storable in [@04{3] Higure 9ciont griaptecal r?;breseﬁtatlbmloﬁndlhplmdn tiggnresonse turivesi iatwisr api d

i nduction of an siat I h simlar or nore rapid .
wakeni ng Hé‘”%glrlf%%f?’i € ‘%ag?)&ti@?%i%ﬁ e}i‘fr r‘i?ﬂ? 8&61’(&81 above, the formul altoi on’ may

exhibit one, two, three or all of these properties. - 13 - 100561 The
conposi tion of the present invention m@j/ be referred.to as a fornul atj on,

host / guest d¥idbdinureAl isi? agpbiet!iGRIESFRIieR Bhot4ret feéb%ﬁfesp%zﬁség'wﬁ%m Blor
sedative as Flal ﬂ%JWeQnQ?’?)%hlf@édtM%mér BUGHodSu@) anaesthetic fornulation
or sedati ve rrul atiron. 0057] "Anot her "aspect of the present invention
provi des an anaesthetic or sedatl ve fornul ation conprising a neuroactive
steroid a X r €

7 ormal o Fon TRLAF KB 3 £ XBPRUE ke fiudiogt S b RpbdiopBkan Liic
reduced pai icod pirdfssura‘inemmﬁteadlmcnmsWrth'procpnfol Hslthiesig oathmancapeutl c i ndex of
greater than 5 10 and/or being storable in a plastic container. 100581 Mre
particularly, the present invention relates to an anaesthetic or sedative
fornul ati on [geeEp Figirdd 28is e Praphicali répresdneitioh thf aRaratabe thangs dh endsaddifndin

al phaxal one, " al phadol onc, acebrochol, all oPr e/%rl1 anol o&;g el t anol one
( pr egnanol Orlpi()o pgeéﬁlggéﬂ x@}f@ftcr injection with propofol esin or Phaxancp.
15

[0047] Reference to "Phaxancp” means an alphaxalone preparation with (7) sulfobutyl

ether P-cyclodextrin.



15 hydr oxydi one, m naxol one, Og 20599, O g 21465 and

t et rahydr odeoxycorti costerone and a pharmnacol ogi cal |y accept abl e
derivati W0 28ala8858 pr o-drug form thereof, the fornul atiPem/Adrhilmoodsng
properties including being sterilizable, inducing reduced pain on

i ntravenous adm ni stration and having a therapeutic index of greater than
5. 20 100591 In an enbodi nent, the fornulation is also storable in a

pl astic container. 100601 The present i-iMention extends to m xtures of two
or nore neuroactive steroid anaesthetic drugs such as a conposition

conpri sing al phaxal one and al phadol one and/ or al phadol one acetate or their
phar macol ogj | hxati ves, salts or pro-drug 25 forns.
100611 A "pﬁggtéﬁéﬁggﬁggsp§ﬁ9§§§% abl e derivative" is a derivative that
still induces anaesthesia whilst not increasing adverse side effects. The -
term"derivative" includes deuterated derivatives where one or nore .

hydr ogen at §948hLThe prepink dmgniipn RTOyistsE @rdrbendeBmTRYSCnE {97 § BSYOYvE n’%r‘"B@/ed
ef ficacy. Futih8&EDr €enctdlf, BRARSIIAEHVCsi@ORMcsRYiche sgdpBCioldble & Wylkat i on,
al koxyl ation, acetylation and/or phosphoryl ation to generate other

deri vati vesThe degnhdeliveppexsiemn cgemrisest # sl farrerutie thelprar ¢l adyslodextiin o4t ed
or ot her | apel f f - Ri; i ' i hes.
anaest het i C%ﬁ%ﬁ%ﬂé@@ggv{'é%?hgéﬁ[e%ﬁ%%to" 89etﬁ?cffg1@vé[&&l§ﬁgg}' %n%tfdg %‘r{(grgrrlr‘irol ’Zsr e
used i nt er chanpggddiextriner @immodifBall drsleofatiatpfoamshererd. Retdrenge talgybladeitioron

acetate. Reference tq.pro-drugs in e tran rted, pro-dr : 0062] 1In
an enbodi rreﬁ‘ﬂo,thetrrf’é“bé’gﬂ?%’ﬂé%‘r‘q%ﬁ 4 %‘?#Qagylcffé?ro%pé(%nr Fychs (zzgiﬁ%ﬁg‘?sq“ufygcfﬁ?%&srzn
thereof suchy@sicRiHn HOhn |aik?i t@er Harivatise ke kyth a¢ AesulfdBatyr bther-Akyl cther
particul arly useful sulfoalkyl ether dextrin is (7) sulfo utélaxet her

(3- cycl ddexteydledexiainky| Derimativesieof| \wy¢lpderingr dnclydso ngcthvtladed| Ay @axslioretets a
sul f oal kyl -a t WA rd exagph 0; { Y r
derivative ?};sangr{eg ’U%IF %)Il ﬁ'? y{l?rea%eﬁea?@ %ﬁﬁ)ﬁc dg'? lﬁgwgﬁéﬁ%eﬁ%ﬂnﬁ? l&@lkgéré o A

cycl odext ri atherl@erbetivesyshasad diod ether-alkg! ¢thert @dlodextiab|Particulan dydlereixihe

met hyl at ed, hydroxyal kyl ated, al kyl d ranched, at i,@hU C
derivatives ?o%ﬁ'ﬁé\%’%g,&g%’ 1 8fen%]I°§7 . lénﬂggpqé({pe of 4 %ealb?(g%%a"ht]&gngé]én 0?2%8%’

provi des an)oggesd hvhide focyck@datin valfshatyl eticrs, biagh s P-cychmipasin tsalfsbuty
conprising a sul foal kyl ether dextrin host -or nodified 15 formthereof with
a neur oadt i vderstBaidiveryalodedtimaylfabuey etfers aad o, cyelndexios syl ol ctegprsiheiron -
fornul at ed tQishe Q%Q{UH f@pbl e, adm nistrable by intravenous injection wth
m ni mal pai.n, XRibrti ng d therapeutic index of greater than 5. In an
enbodi nent, the fornulation may al so be storable in a plastic container. 20

100641 Anot ect of .the prese invent.i.on is di drug .,
del i very howaﬁz& %16u§ %‘é’f’rly i S/RIG%]O?r}ftptrh ¥ |rensamam§'eu 4 Baelné@?st g%ﬁ{ér(rgagggtsﬁ%]dhost
or nodi fi edafiesthetid@rieaidnminitered theyolged tin u atesitiegdofoem affasbérhetd, thedtcligerguest

o1 1 anol ol (HF LimARDI Eitcyin GARERSH RGN A aRga| BAT 1 RAEH BB Er g P0599,
O g 21465 apgnfuhibA Y dhoO PR GRVehiisPadd i ARy 3a¢l adherapeutic index greater than S
(meaning that administration of greater than 5 times the anaesthetic dose can lead to death
in a test animal). By "greater than 5" means a therapeutic index of between S and 200
including 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, v150, 160, 170, 180,
25 190 and 200 as well as integers or fractions in between. The formulation of the present

invention is also storable in a plastic container and is compatible for use in plastic delivery

apparatus.

[0050] Accordingly, an aspect of the present invention provides an anaesthetic or sedative
30 delivery host/guest composition comprising a cyclodextrin host or modified form thercofl’

with a neuroactive steroid anaesthetic drug guest, the host/guest composition formulated to



25 pharnmacol ogi cal |y acceptabl e derivative, salt or pro-drug formthereof,
the host/guest conposition to be sterilizable, adm nistrable by intravenous
i nj ecti orwoizbtwasgsdmal pai n and exhi biting a therapeuti eCradeal1dbowgneat er
than 5. 100651 In an enbodi nent, the conposition is also storable in a

pl astic container. 30 WD 2011/088503PCT/ AU2011/ 000050 - 15 - nodified form
thereof, the formulation exhibiting properties including being
sterilizable, inducing reduced pain on drpt-ravenous admni stration, having a
t herapeutic index of greater than 5 and/or being storable in a plastic
contai ner. 5100671 As indicated above one particul arly useful . sulfoal kyl
ether dextringks)ifable Jl’ri\?cn%l%lf)%lb g}lﬂ?@\fen&lsq}ffﬁbt%e%f-tﬁ ifininfel plif@n@kORRTIbI €S
exhibited, I'n a partlc : g the formulation exhibits two or
more, t hr eetherapewiceindex af Igrqateophant Pesln Fthembodimeplerthd égmutaeipydeayi #5e &€i ng

" api 0 waken RGO e B AR oo Rin nY Bl S B bieer 8 RF o

bet ween t hethestisropeatiésve steroid and cycl odextrin is generally in a nolar
ratio of from1:1 to 1:6 (neuroactive steroid:cyclodextrin), nore.
partlculérly about 1:1 to 1:4, even nore particularly about 1:1 to 1:3 and

still mDr e gnm] Byl"?erdwcdapwt n‘ibax?s c&ﬂ;&hrédaﬂﬁ@ fdirduldtionlednprivilgustepordr 4s a

1:1. 1, 1.4, 1:1.5, 1:1.6, 1:1.7, 1:1.8, 1:1.9, 15 1:2,
1:2.1, 1 2 ;zeferincz 3,1.2.4, 1:2.5 1.2.6, 1:2.7, 1:2.8, 1:2.9, 1:3, 1:3.1,
1:3.2, 1:3.3, 1:3.4, 1:3.5, 1:3.6, 1:3.7, 1:3.8, 139 1:4, 1:4.1, 1:4.2,
1:4.3; 1:4.4, 1:4.5, 1:4.6, 1:4.7, 1:4.8, 1:4.9, 1:5, 1:5.1, 1:5.2, 1:5.3,
1:5. 4, 1:5. 8052} Ehes formuafatzs,n is - W5e] far Brdgcinp cinaesthesia0UBsEaliore by dhamyhajiant he

p%eéentlonvgm: Ny &gga lﬁ{gguﬂngévery host/ guest conposition 20

conprising a 0 e r|n ified formthereof wth a neuroactive
steroid drug guest, mhereln the nolar ratio of neuroactlve steroid to

cycl odextrinq.i ron1a e conposition is
ol ated MgsBRl o, BRSoaeat b ARreots uBBl AT dfont BB ¢ o
m ni mal pai BipR&Hdldhi fakbrlotip) a dllb@regrmutohe ienak@Morf (greginelontagaraxolbiic,an
enbodi nent , the formul ati on al so be storable in | astic contalnsr 25
10070] More wp%xd&nemwol@ﬁ% péfett Orag &S 494 t?tgahagrpgaxwm&“&ww@

delivery 5h0§56%§6lo§9m%béﬁt% ERIRVeS bdhhr Pr& it Fekexihkicds Sel ected from an
a-, P- or y-cyclodexirin or a nodified formthereof including a sulfoalkyl

ethgr dextrin or sul foal kyl ether-alkyl ether derlvat!ve or ot her :
derivatives dgsgf & ki Bt § pifarRth 185 DAY AH dbYeesah S LB Mo B GectHE Shhich is
|
~ encompassed by the present invention. An example of a derivative of a neuroactive steroid

anaesthetic is a deuterated derivative. A "modified" cyclodextrin includes a derivative of a

20 cyclodextrin.

|0055] Accordingly, another aspect of the present invention is directed to a drug delivery

- host/guest composmon comprising -a cyclodextrin host or modified form 1hercof with a
neuroactive ster01d anaesthetic drug guest selected frorn alphaxalone, alphadolone

25 acebrochol, allopregnanolone, eltanolone (pregnanolone), ganaxolone, hydroxydione,
minaxolone, Org 20599, Org 21465 and tetrahydrodeoxycorticosterone and a
pharmacologically acceptable derivative, salt or pro-drug form thereof, the host/guest

composition beihg sterilizable, administrable by intravenous injection with minimal pain,
exhibiting'a therapeutic index of greater than 5 and/or storable in a plastic container. The

30 formulation can also initiate rapid induction of anaesthesia to surgical level's with similar
or more rapid wakenmg time compared to propofol. As indicated above, the formulatlon

may exhlblt one, two, three or all of these properties.



30 . selected from al phaxal one, al phadol one, acebrochol, all opregnanol onc,
el t anol one (pregnanol one), ganaxol one, hydroxydi one, m naxol one, O g 20599,
O g 2l1465vandimsssoahydr odeoxycorti cost erone and a phar mecoiaagd oaioboso
acceptabl e derivative, salt or pro- - 16 - drug formthereof, wherein the
nolar ratio of a neuroactive steroid to cyclodextrin is fromabout 1:1 to
about 1:6 and wherein the conposition is fornulated to be sterilizable,

adm ni strabl e by intravenous injection w3th mninmal pain and to exhibit a

t herapeutic index of greater than 5. In one enbodi nent, the (7) sulfobutyl
et her P-cyclodextrin conprises |ess than 100ppm of a phosphate and has an
absorption of less than 0.5AU due to a drug-degrading enzynme, as determ ned
by W/v is spectrophotonetry at a wave |ength of 245nmto 270nm for an
aqueous sol (0056hThorempesitiny D thegpresent inecriint mpy) bpaeferred 3¢ as A [prmglatipm g
cell having n I al'so
be storablehgﬁ%gggkﬁgﬁﬁuhgb%@gﬁﬁggx?%ﬁﬁ%g8%%%E#%gtgﬁ%@%?&g?r%8%§ﬁ€g§¥nlon
of the preseninoferdesaniptioely magh dsrananestotioftrmelatorcorspddtiye famuldiiber such as a
phosphatg or tris or citrate phosphate buffer to maintain the pH from about
5.5 to about pH8.. This includes pH values of 5.5 6, 6.5, 7, 7.5 and 8.

Al ternati Ve|[005|z‘13hﬂot¢1@ma§}fébtt o ﬁthﬁé‘seﬁlOinv@ﬁlm‘mr lpf:‘o@lcEs bamf Eﬁa’estihélﬁb Tohese@zhlvael ng
from about 15p to about, pH 9.5 such as,

7, 7.5, 8, &omul a@oerw@pssmaeovzrfaWCa?Wit%f’rsthggf)ée@ o HRIERnAT Rlordid of

t he present g pveRfehP rih@l‘o?ﬁulaﬂ&ll ‘é%bﬁﬂ% pRpeftiRE EnchetiAy §e1§é“§i@r1ﬁ§dbfex %d%x'cﬁ‘a@t S
and/ or preservatives, mcrobial retardants. O her agents may al o be

i ncl uded torqdemﬁceam eRiintravgnouagdministration. reingfatherspeutis| indexeuiTuxeattyelhay b 20
al cohol , (plﬁ&bdh5 mg&gﬁg%ﬁgﬁk% nGeker of lauric acid (Mnolaurin),

capric aC|d an ts SO e al a Ine salts or its monoglyceryl ester
(Monocaprin), edetate, and capric acid and/or its sol uble alkallne salts. or

cont ain_onelGESRE S et Pl dhaeRn Eofaobl fr pPMf st Nelfisr he

anaest het i c fagRbition dimmaingsmmwade«ehméfowmnwsaw& smettb&lfrmlélpl}hmbne
(HPMO), 25 ponV|nyI pyrollldone ( PVP) and/ (garbox nethr ceIIquse :
(CMC) . 10078/Ph&SRRAEN; kprogholy wébﬁr@&wa’@w,vé lanolens dpieRmANOlangY | 82MaX0I8RG Vi ded

at a Conl%enh% k}Qﬂorﬁf mfxrfanoﬁ@QWg 2059, (g é@ﬂssrm{drf&rahsld@dwyb&ﬁc&k&m%uon
conpri si ng e cyclodextrin. Such a conéentration includes 0.5 0.6, 0.7,
0.8, 0.9, 12 pgamgicokpglcg,lly gecemablg degvatiye, salfpr prpdruggorm ghereod, lhg_éorrrg_u'}ralmmg

19, | exhibiting propertics including being sterilizable, inducing red‘uced pain on intravenous .

administration and having a therapeutic index of greater than 5.
20  [0059] In an embodiment, the formulation is also storable in a plastic container.

[0060] The present invention extends to mixtures of two or more neuroactive steroid
anaesthetic drugs such as a composition comprising alphaxalone and alphadolone and/or
alphadolone acetate or their pharmacologically acceptable derivatives, salts or pro-drug

- 25 forms.

[0061] A "pharmacologically acceptable derivative" is é derivative that still ‘induces
anaesthesia whilst not increasing adverse side effec‘ts. The term "derivative" includes
deuterated derivatives where one or more hydrogen atoms are replaéed with deuterium.
30 This can lead to improved efficacy. Furthermore, the anaesthetic agents may be subject 10
alkylation, alkoxylation, acctylation and/or phosphorylation to generate other derivatives. ‘

Other types of derivatives include deuterated or tritiated or other labeled forms useful for
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_monitoring and tracking the anaesthetic in the body. The terms "derivative" and "modified
form" are used interchangeably herein. Salts of alphadolone include alphadolone acctatc.

Reference to pro-dfugs include transported pro-drugs.

5 [0062] In an embodiment, the cyclodextrin is a -cyclodextrin or a modified form thereof
: such as but not limited to a sulfoalkyl ether dextrin. A particqlarly useful sulfoalkyl cther
dextrin_ is (7) sulfobutyl ether B-cyclodextrin.  Alkyl ether derivatives are also
contemplated such as a sulfoalky] ether-alkyl ether cyclodextriﬁ. An example of an alkyl
ether derivative is a sulfobutyl ether-alkyl. ether cyclodextrin,  Other cyclodextrins

10 contemplated herein are listed in Table 7 and include methylated, hydroxyalkylated,

alkylated, branched, acylated and anionic derivatives. -

[0063] Accordingly, an aspect of the present invention prbv‘ides an anaesthetic or sedali\)c

" delivery host/guest composition comprising a sulfoalkyl ether dextrin host or modified

15 form thereof with a ncuroactive steroid anaesthctic'drug guest, the host/guest composition
formulated to be éterilizable, administrable by’intraveno-us injection with minimal péin,
exhibiting a therapeutic index of greater than 5. In an cmbodiment, the formulation may

also be storable in a plastic container.

20 [0064] Another aspect of the present invention is directed to a drug delivéry host/gucest
composition comprising a sulfoalkyl ether dextrin host or modified form thereof with a-
neuroactive steroid anaesthetic drug guest selected from alphaxalone, alphadolone,
acebrochol, allopregnanblone, eltanolone (pregnanolone), ganaxolone, hydroxydione,
minaxolone, Org 20599, Org 21465 and tetrahydrodeoxycoftic_osterone and a

25 pharmacologically acceptable derivative, salt or pro;drug form thercéf, the host/guest
composition to be sterilizable, administrable by intravenous injection with minimal pain

and exhibiting a therapeutic index of greater than 5.

[0065] In an embodiment, the composition is also storable in a plastic container.
30 _
[0066] Another aspect of the present invention provides an anaesthetic or scdative

formulation comprising a neuroactive steroid anaesthetic and a sulfoalkyl cther dextrin or
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modified form thereof, the formulation exhibiting properties including being sterilizable,
inducing reduced pain on intravenous administration, having a therapeutic index of greater

than 5 and/or being storable in a plastic container.

5 10067] As indicated above one particulérly useful sulfoalkyl ether de);trin is (7) sulfobutyl
_ ether B-cyclodextrin.  Of the properties exhibited, in a particular embodiment, the
formulation exhibits two or more, three or more or all properties. These properties include
imitating rapid induction of anaesthesia .to surgical levels with similar or- more rapid
wakening time such as compared to propofol.
[0068] The formulation between the neuroactive steroid anci cyclodextrin is gcncfally ina
molar ratio of from 1:1 to 1:6 (neufoactivé steroid:cyclodextrin), more particularly about
1:1 to 1:4, even more particularly about 1:1 to 1:3 and still more particularly about 1:2‘.
The range 1:1 to 1:6 includes 1,:1’ 1:1.1, 1:1.2, 1:1.3, 1:1.4, 1:1.5,1:16, 1:1.7, 1:1.8, 1:1.9,
15 . 1:2, 1:2.1, 1:2.2, 1:2.3, 1:12.4, 1:2.5, 1:2.6; 1:2.7,1:2.8, 1:2.9, 1:3, 1:3.1, 1:3.2, 1:3.3, 1:3.4,
1:3.5, 1:3.6, 1:3.7, 1:3.8, 1:3.9, 1.4, 1:4.1, 1:4.2,. 1:4.3; 1:4.4, 1:145, 1:4.6, 1:14.7, 1:14.8.
1:4.9, 1:5, ]:5‘.1,"1:5.2, 1:5.3,1:5.4,1:5.5, 1:5.6, 1:5.7, 1:5.8, 1:5.9 and 1:6.

[0069] Accordingly, the present invention provides a drug delivery host/guest composition
20 comprising a cyclodextrin host or modified form thereof with a neuroactive steroid drug
guest, wherein the molar ratio of neuroactive steroid to éyclodextrin is from about 1:1 to
about 1:6 and wherein the composition is formulated to be sterilizable, administrable, by
intravenous injection with minimal pain and exhibiting a therapeutic index of greater than
5. In an embodiment, the formulation may also be storable in a plastic container.
25 '
[0070] More particularly, the present invention is directed to a drug delivery host/guest
composition comprising a cyclodextrin selected from an a-, - or y-cyclodextrin or a
modified form thereof including a sulfoalkyl ether dextrin’ or sulfoalkyl ether-alkyl ether
derivative or other derivatives listed in Table 7 and a neuroactive steroid drug gucst
30 . selected from alphaxalone, alphadolone, acgbrochol,v allopregnanolone, eltanolone
(pregnanolone), ganaxolone, hydroxydione, minaxolone, Org _20599, Org 21465 and

tetrahydrodeoxycorticosterone and a pharmacologically acceptable derivative, salt or pro-
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drug form thereof, wherein the molar ratio Qf a neuroactive steroid to cyclodéxtrin 1s l"fom
‘about 1:1 to about 1:6 and wherein the composition is formulated to be sterilizable,
administrable by intravenous injectidn with minimal pain and to exhibit a therapeutic index -
of greater than 5. In one embodiment, the (7) sulfobutyl ether B-cyclodextrin compriscs
5 less than 100ppm of a phosphate_: and has an absorption of less than 0.5AU due to a drug-
degrading enzyme, as determined by UV/v is spectrophotometry at a wave length of
245nm to 270nm for an aqueous. solutién containing 300mg of the dextrin per ml of
solution in a cell having a lcm path lehgth. In an embodiment, the formulation may also

be storable in a plastic container.

[0071] The anaesthetic composition of the present invention may in one embodimcent

comprise a buffer such as a phosphate or tris or citrate phosphate buffer to maintain the pH |

from about 5.5 to about pH8. This includes pH values of 5.5, 6, 6.5, 7, 7.5 and 8.

Alternatively, the composition does not comprise a buffer and the pH being from about
15 pH3to about pH 9.5 such as pH3, 3.5,4,4.5,5,5.5,6,6.5,7,7.5,8,85,90r9.5.

[0072] In a further aspect, the formulations of the present invention also include one or
moré agents such as excipients and/or preservatives, microbial retardants. Other agents-
" may also be included to reduce toxicity. Agénts‘inclu'de, for eXample,'EDTA, benzyl
20 aléohol, bisulphites, monoglyceryl ester of lauric acid (Monolaurin), capric acid and/or its
soluble alkalinc salts or its monoglyceryl ester .(Monocaprin), edetate, and capric acid
and/or its soluble alkaline salts or its m(_)noglyccryl ester (Monocaprin) and edentate. The
formulation rﬁay also contain one or more co-polymers 1o assist in Solubilily’Or stability of
the anaesthetic agent. © Examples include hydroXy propyl methyl cellulose (HPMC),‘
25 polyvinyl pyrollidone (PVP) and/or ca‘rboxymethyl- cellulose (CMC).

~[0073] Conveniently, the neuroactive steroid anaesthetic is provided at a concentration of .
from about 0.5 to 100 mg/ml in a saline suépension comprising the cyclodextrin. Such a
concentration includes 0.5, 0.6, 0.7, 0.8, 0.9, 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15,

30 16,17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,'53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87,



78, 79, 80, 81, 82, 83, 84, 85, 86, 87, - 17 - 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99 and 100ng/nl of drug. As indicated above, the

conposi tiwo20s/038308ral |y forrmul ated so that the nol ar racrawbiieewsoacti ve
steroid to cyclodextrin is fromabout 1:1 to about 1:6, particularly from
about 1:1 to 1:4, even nore particularly fromabout 1:1 to 1:3 and nost
particularly about 1:2. 100741 Reference to any particul ar neuroactive
steroid or their salts includes a racem t74 xture of enantioners of each
anaesthetic as well as a single enantioner of the agent. [00751 In a
particul ar enmbodi nment, the neuroactive steroid is al phaxal one, al phadol one

10 and/ or algghgaboge saces, 3uegs l9g, oNSseobad MMg/mBbPMayalaansditaed dbolvbe
formulation at a concentration of from1 to 100ng/ L, such as 10mg/m . In
anot her enbdi esmrositign i aersralycfoppulaies ke det diremaltae ratioeof reupagiengtieratd 9. 5 to
50ng/ ML suc I ' ' ne,f ' L\.O
delivery negﬂ?%§§gﬁg%q%ﬁ%é%%ﬁﬁﬁgggﬁwgquqéﬁgkgﬂgﬁ&ﬁ%@%ﬁhg?ﬁg1?26g21¥9§red
by i nt r avengasiculstp{rout et fo |:handpestipadivelatly abati&t hccal , i ntranuscul ar,
intravitreal, transdernmal,. suppository (rectal), pessary (vaginal),

I nhal ati on, intranasal and the |like. Mst effectively, the fornmulation is
an i ntravenqer4( Rejerdnoe allady ipaticular neuroactive steroid or their salts includes a racemic

mixture of enantiomers of each anaesthetic as well as a single enantiomer of the agent.

[0075] In a particular embodiment, the neuroactive steroid is alphaxalone, alphadblone
10  and/or alphadolone acetate. In one embodiment, alphaxalone is in the formulation at a
concentration of from 1 to 100mg/ml such as 10mg/ml. In another em_bodiménl.

alphadolone or alphadolone acetate is present at 0.5 to 50mg/ml such as 3 mg/ml.

|0076] The formulations herein are for in vivo delivery meaning that the neuroactive
15 steroid anaesthetic is delivered by intravenous, sub-cutaneous, intraperitoneal, intrathecal,
intramuscular, intravitreal, transdermal, suppository (rectal), pessary (vaginal), inhalation,
intranasal and the like. Most effectively, the formulation is an intravenous (iv)

formulation. : , -

20 [0077] Accordingly, another aspect of the present invention provides an injectable
" formulation of a neuroactive steroid anaesthetic selected 1o be slerilizable, adminisirablc
by intravenous injection with minimal pain, exhibiting a therapeutic index of greater than 5
and storable in a plastic container. formulated with cyclodextrin, such as (7) sulfobuty!
ether B-cyclodextrin or an alkyl ether derivative.
25

- {0078] The neuroactive steroid anaesthetic may be used alone or in combination with

another anaesthetic or sedaﬁve or other active agent. In one embodiment, alphaxalonc is
used with alphadolone or its salt, élphadolone acetate. Hence, reference 1o "alphadolonc”
includes alphadolone acetate. The composition may comprise, therefore alphaxalone or
30 alphadolone alone or a combination of alphaxalone and alphadolQne or any of their

derivatives, salts or pro-drug forms.



20 100771 Accordingly, another aspect of the present invention provides an
injectable formul ati on of a neuroactive steroid anaesthetic selected to be
sterilizawbeotiadsdoni strabl e by i ntravenous injection w POTMUIEI00GSAI N,
exhibiting a therapeutic index of greater than 5 and storable in a plastic
container fornulated with cyclodextrin, such as (7) sulfobutyl ether
13-cyclodextrin or an al kyl ether derivative. 25 100781 The neuroactive
steroid anaesthetic may be used al one arjgi-n conbi nati on wi t h anot her
anaesthetic or sedative or other active agent. In one enbodinent,

al phaxal onc is used with al phadol one or its salt, alphadolone acetate.
Hence, ref efO%%:eHérﬁe M. Qhﬁgﬁlgﬁﬂ&c emb@&hﬁﬁllesthéllp?é@gtohr@@ﬁlcﬁlcﬁrﬁk? prdifies a
conposi tion may‘ nprise, therefore al phaxal one or 30 al phadol one al one or
a conbi nat i qnnxm‘sn@hphamahoglelpamkmle@hadxbhmol@glcalhwa@ﬁptﬁbié|dﬁrltﬁél|viv Vvatlioves,
salts or pro-d I nt,
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100841 As indicated above, a particular subject is a human subject. 100851
The anaesthetic formul ation may be packaged for sale with instructions for
use, 15 TWo 206&88306| udes a patient managenment protocol eow28i11g0050

adm nistering to the patient an effective anount of neuroactive steroid
anaest hetic such as sel ected from al phaxal onc, al phadol one and

phar macol ogi cal |y acceptabl e derivatives, salts and pro-drug forns thereof
formul ated with a cyclodextrin such as agsul foal kyl ether dextrin, for
exanmple, (7) .sulfobutyl ether 13-cyclodextrin, for a time and under
conditions sufficient to induce 20 anaesthesia. 100861 The present

i nvention f ] >0ont l.at:es &N i ! 1.0cadation.
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medi cament to ‘induc naest.hesi a 25.in,a j.ect. sych .human .subj ect .

o parti ot ORGP ERRHR: Rk St dob BTt d S ey BER 1 2hF oot e
f rom al phaxghd¥p eondiidib ackBiRACo dEcP bafigc 0l ogi cal | y acceptabl e derivati ves,
salts and pro-drug fornms thereof. In another enbodi ment, the anaesthetic is

sel ect ed>f rom acebrochol , al |l opregnanol one, el tanol one (pregnanol one),

ganaxol one, des'f Rxpdione,, m(?)axmlﬂgﬁtgboétﬂgro 3%83/(’1163’69@%146%&%5 tmacttjlryel}alcd,

t et rahydr odeoxycorti cost erone and a armacol ogi cal |y accep
deri vati ve, hghbtyatiylgoedy-bemukpdf otkpiatcdeamytidied and 2DonidOBRAtiVes theraofssuof aan

t heti c- i t, thi i ' I d.0.2 kg, t bout
100 kg bS] fiber S ottt dboulReliyve QLIS SRR ISR ar
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wei ght. 5 [0088] "The present i1nventi'on further provides a Kit. "The kit may
be in any f sulfobutyttthelsagd a-cyylodexyen sifohuig ¢thersl amd/theing@ts (Agkdotliumasaltelonpr i se
al phaxal one and/ or al phadol onc or other neuroactive steroid anaesthetic or
their derivatives, salts or pro-drug forns in one or nore conpartnents and

a sul f oal ky[oo8a &5 ifdexiediaBovela Bartiviilbh@bjccOFRALLAREIL/@RS Wel | as excipients
in subsequent conpartnents. The contents of the conpartnents may be 10
adm xed prior to use. 100891 In a particul ar enbodi nent, the present

i nvention prm&-f% SndeQARA Rlh ORGP TRY IR figk AR e alloManaRdhRTioRl Rhagol one
and/ or pharnacol ogi cally acceptable derivatives, salts or pro-drug forns

t her eof ldonphexssdnelides atpatiens managamopt pretokelrcorprisipg ladminkstering, to therpatiens ann

i nduci ng or I L.ni.ng I i I m n el [ on,
anaest hasi acpect0g Mot e BlelSe SRRE ohEE S Rkt AOF MiskiBhe
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facilitat itari d tracking of the anaesthetics in.the body Kt
and 20 appal ek e RAsPOh BT bdkardr whi s FOTRRT sheF dadib redirbise e

steroi d anaggtdbefyl Geher B-cyclodextrin, for a time and under conditions sufficient to induce

20 anaesthesia.

[0086] The present invention fufther contemplates the use of a neuroactive steroid

anaesthetic and a cyclodextrin, such as a sulfoalkyl ether dextrin, for example, (7)
sulfoButyl cther B-cyclodextrin, in the manufacture of a medicament to induce anaesthesia

25 in a subject such as a human subject. In a particular embodiment, the neuroactive steroid

anaesthetic is selected from alphaxalone, alphadolone and pharmacologically acceptable

derivatives, salts and pro-drug forms thereof. In another embodiment, the anaesthctic is

~ selected from acebrochol, allopregnanolone, eltanolone (pregnanolone), ganaxolone,
hydroxydione, minaxolone, Org20599, Org21465 and tetrahydrodeoxycorticosterone anda

30 pharmacologically acceptabl\e derivative, salt or pro-drug form thereof.
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30 (i)the neuroactive steroid and cycl odextrin are fornul at
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the formulation is sterilizable; 10 (V|)|ntravenous
pthenreureservg deroirAnperthistie o1 they depuatives. walls erspnderepiogpymane or

mote’ bdrhpdriifentsh§aeP Sidaficyt RERK aBirih I of AR &nhARnlch & GRH &5

excipients in subsequent compartments. The contents of the compartments may be

admixed prior to use.

[0089] In a particular- embodiment, the present invention provides a formulation
comprising alphaxalone and/or alphadolone and/or pharmacologically. acceptablc
derivatives, salts or pro-drug forms thereof complexed with the sulfobutyl ether

cyclodextrin, for use in inducing or maintaining by . infusion or intermittent bolus

" administration, anaesthesia or sedation in human subject,

[0090) The anaesthetic forms may be labeled such as deuterated or tritiated forms or by

- other labels to facilitate monitoring and tracking of the anaesthetics in the body. Kits and

20

apparatus are provided, therefore, to monitor labeled neuroactive steroid anaesthetics.

[0091] Whilst the present invention is particularly directed to anaesthetic formulations for

25

use in humans, the formulations may also be used in animals such as for clinical trials or
veterinary use. Non-human animals contemplated herein include rats, mice, guinea pigs.

hamsters, sheep, pigs, dogs, cats, horses, cows, goats, camels and non-human primates.

[0092] Hence, the present inventioln provides an anaesthetic or 'sedétive composition

comprising a neuroactive steroid anaésthetic and a cyclodextrin or modified form thereof

wherein the composition has the following properties: '

(1) the neuroactive steroid and cyclodextrin are formulated in a molar ratio ol {rom
about 1:1 to about 1:6; ‘

(i)  the neuroactive stermd is selected from' alphaxalone, alphadolone acebrochol,

ed

y
to

t han



(viii) the fornmulation can be stored in a plastic container; and (ix) the
formulation can initiate rapid i nduction of anaesthesia to surgical |evels
wi t h 15siwbl2ar1/885080r e rapi d wakeni ng time conpared to pcomaf2011/00a30931 | n
a particul ar enbodi nent, an anaesthetic or sedative formulation is provided
conprising a sulfoal kyl ether or sulfoal kyl ether-al kyl ether dextrin, a
neur oactive steroid anaesthetic such as al phaxal one or al phadol one and one
or nore co-polynmers such as 20 HPMC, PVPjand/or CMC. 100941 In a particular
enbodi nent, the neuroactive steroid anaesthetic is fornulated with a
sul f oal kyl ether dextrin such as (7) sul fobutyl ether P-cyclodextrin. 25

10095] The bresefopdamhioRt Temahlibhe COPLERRLBNES dagga%wafé,f%dt&rym&hati'ng

an anaesthetic or at1ve conposlition, ‘ enerating"a host/guest
conposi ti on conpmimixnlpng Eyrg2WAx tOrghl490d and netrlydotdeoxyceitispssérdne |andan
enmbodi nent, the cycl odext.rin is uj f.oal kyl .et her .or .sul f oal kyl )

et her - al kyl et hePNa(ﬁ‘é‘Q‘foﬁ?gﬁcaélﬁ@ﬁcegg‘b e"g%l"fe DSSHtO§PrOé?rtLI %é?nrﬁ t%grg(fl‘lél?é%g%tte Cli'i n or
sul fobut yl gtiher thal dgylodedtine is fleeied|fasiext o, 1B-, Jddhecyctydetaid @x armedfiédfortide
13-cycl odextrin 30 syl fobutyl ether-ethyl ether, P-cyclodextrin sulfobutyl
ether (flat), y-&§Ebdextrin sul fobutyl ether, a-cyclodextrin sulfobutyl

ether and tiehr godirinsoplibmully pRerGhd/ WARE IPSBEThABROH 1AO A¥alition 22(rom
o

100961 The present invention is further described the follow ng ‘
non-1imiting ExadpiuesH5wieabent nB8Oxad in (he abscasopicbudisndlg pléis fom gdbquwy PRI at e
wi th a cycl odext [(jeﬂmu{a;gHé§' referred to as "neuroactive steroid _
anaest heticcD'. An exanpl€ is PhaxancD, which conprises 5 al phaxal one
formul ated @)t h thedgmhdatentis sterildableh in this case is (7) sul fobutyl ether

Pcygl Odeﬁ)t ' i(\I;]l) .ergr%(/eneo)t(lg %égl%)nio Cthe' t&mRiA3R AR dcgsn erpé %Qﬁju t%!cnp ?r%gqog%rr]gp% ol " 23
' formulation; o

(vii)  the therapeutic index of the formulation is greater than. 5;

(viii) the formulation can be stored in a plastic container; and _

(ix)  the formulation can initiate rapid induction of anaecsthesia to surgical levels with

15 similar or more rapid wakening time compared to propofol.

[0093] In a particular embodiment, an anaesthetic or sedative formulation is provided
comprising a sulfoalkyl ether or sulfoalkyl ether-alkyl ether dextrin, a neuroactive steroid
anaesthetic such as alphaxalone or alphadolone and one or more co-polymers such as

20 HPMC, PVP and/or CMC.

[0094] In a particular embodiment, the neuroactive steroid anaesthetic is formulated with a

sulfoalkyl ether dextrin such as (7) sulfobutyl ether B-cyclodextrin.

25 ]0095] The present invention further contemplates a method for formulating an anaesthetic
“or sedative composition, the method generating a host/guest cdmposition comprising a
cyclodextrin and a neuroactive steroid. In an embodiment, the cyclodextrin is a sulfoalky!
ether or sulfoalkyl ether-alkyl ether dextrin such as (7) sulfobutyl either 3-cyclodextrin or
sulfobutyl ether-alkyl ether B-cyélodext.rin. Other cyclodextrins include B-cyclodextrin

30 sulfobutyl ether-ethyl - ether, B-cyclodextrin sulfobufyl ether (flat), y-cyclodextrin

sulfobutyl ether, a-cyclodextrin sulfobuty] ether and their sodium salts.



EXAMPLE 1 Anaesthetic effects of al phaxalone in 30% w v (7) sulfobutyl

et her Acycl odextrin 100971 Al phaxal one was fornmul ated as 6mlL cl ear

col or | esswbi2quimgssment ai ning: 5 Al phaxal one 60ng (10ny/ RLCX/AWRT/®UISHobut yi
et her p-cyclodextrin 1800ny; . Saline (0.9% w v) 6nml. 100981 This is a

nol ar conpl exation ratio of al phaxalone to (7) sul fobutyl ether [3,- 10
cyclodextrin of 1:4.6: Male Wstar rats (weight [w] 270-315g) with

indwel I'ing jugul ar intravenous cathetersywere put in a Perspex restrainer
and given the injections with the attached observati ons upon rel ease from
the restrainer shown in Table 1. TABLE | 15Effects of al phaxal one
formulation on Wstar rats - 24 - KEY 100991 The rats given 25 and 100
nmg/ kg body wei ght had recovered by 60 minutes; they 5 did not die or suffer
any adver se[@96pThspient hesaiods Asthet destifiteddbyahpilombrgt mp-lintitiog Exigaplseen
that intravenous injection of alphaxalope 10mt, .. /ml dissolved i 1)

sul fobutyl éYhar WFBW?’PWF“@%@?E& 1 @é@ula%%%ﬂg%%“ﬂ%%é%" gtls E%récsd "Cbove
10ng/ kg and,§ hebgoase atddgidcan@bRdiRE,". anaeskhapleCisePhaahpy witicla congldssaf ety
margin, rats that received 25 and 100 ng/ kg body weight (two tines and ten
times thé ankpbstaheeiformidated vdihde avslodgkising Wairk it thigcase w G0 seoluyleteriar gi n
for the preparation. .Sl : I i t fur | ati on of

al phaxal one Y‘il"‘i?iig‘r“onyr‘Eéﬁr&b‘é’?’p%ﬁ’gfy“é’f(8%3&%“?’!"2’.9@ l?g%me{‘q%élg%ég?ati on

(Al faxanCD- RTU) nade by Jurox Pty, Newcastle NSW Australia has a published
LD50, the dose of al phaxal one that causes death in 50% of rats when given
i ntravenously, of 19ng/ kg body weight, a figure very significantly bel ow

t hat shown here for al phaxal one fornmulated in 15 sul fobutyl ether

13-cycl odextrin [Al faxan CD-RTU Material safety Data Sheet; Jurox Pty,
Newcast| e NSW Australia]. - 25 - EXAWPLE 2



Pharrnacoki netics in the rat 101001 Two groups of ten rats with inplanted

I nternal jugular intravenous and carotid 5 intraarterial catheters receive
bol us i ntwavenasssomdnj ecti ons via the jugular vein of 10mgriagi2bodyoosei ght of
(7) sul fobutyl ether 13-cyclodextrin formulation of al phaxal one (n=10 rats)
or a mxture of al phaxal one and al phadol one in CrenophorEL (a

pol yet hoxyl ated Caster oil), 1.1 m/kg (n=10 rats). Blood taken fromthe
carotid artery or tail at a number of t-i23e intervals after this injection

i s anal yzed for al phaxal one bl ood | evels. These are fitted to a 10 three
conpartment pharmacoki netic nodel and nmean semfor key paraneters are

cal cul ated for both preparations of gkgMpiEanaesthetic. 101011 It is
expected that there will be no significant difference between the PK
paramet ers calndestiteldr dffectsiofialpiayaland G wiv (&k bl ethen Bexstadextrin

formul ation and the Althcsin 15 (Registered Trademark) formulation. This
woul d indicate that the new fornulation is expected to behave in a simlar
fashi on to foee7malphitddresias f¢reditat arted clkancdorask Jiqhidsohahmged i n the past,
partlcul ri y s needed for anaesthesia and- sedation and

' th res t dos
al so the spee?‘B‘?aXF‘lgegg@P% 1%R‘g2"ﬁ ple table of blood levels that can be

expected from t;j‘g@ﬁgbﬁﬂ%drmgﬁ,d%ag@m Table 2. 20 TABLE 2 ' Vari abl e
Units Durati on of Anaesthesiia Mn. 35.0 gFQ 0] AUC Mn*ng/L 58.6 [11.7]
t'A(elim * Saline (0.9% w/v)6ml. :

[0098] This is a molar complexation ratio of alphaxalone to (7) sulfobutyl ether f3-
10 cyclodextrin of 1:4.6. Male Wistar rats (weight [wt] 270-315g) with indwelling jugular
intravenous catheters were put in a Perspex restrainer and given the injections with the

" attached observations upon release from the restrainer shown in Table 1.

TABLE 1
15 Effects of alphaxalone formulation on Wistar rats
PRC PRC PRC PRC .
TIME | prcaa7 446 468 461 448  PRC469 PRC 455
MINUTES
cs C10 C15 €20 C20 C25 C 100
0|s ’ S . TP-
1l|s TP- S TP-
2|s s TP- RR- - | TP-
3|s S TP- RR- o TP-
41s RR- TP- RR- TP-
5 | REC %’?& RR- TP- RR- | TP-
6 RR- TP- RR- &0 .| TP-
7 RR+ TP- RR- .| TP-
8| s TP- RR- & | TP-
9 S : : TP- RR-. .| TP-
107~ $ ‘RR- | TP TP RR T[TP-T -
11 s RR- v, | TP- TP+ RR+ TP-
12 s RR+ TP+ RR- - RR+ TP-
13 s S " RR+ TP-
14 s S RR+ TP- ]



Mn 38.2 [5.6] C1-1 nL/mn/kg 38.018.2] Vc L/kg 0.5 [0.31 Vdss L/kg 1.8
[0.6] - 26 - EXAMPLE 3 Anaesthetic effects of Al phaxalone in (7)

sul f obut yWoebhssih3- cycl odextrin conmpared with al phaxal eoe/AAR0AT0MSST N

(Regi stered Tradenmark) and propofol 5 101021 Male Wstar rats (w 150-220 g
wei ght) were inplanted with indwelling internal jugular vein intravenous
cat heters under hal ot hane anaest hesia. ‘'Twenty four hours |ater each rat
received an intravenous injection from-&4r-ange of doses of either: propofol
(I O ,mg/nl in 10% wW v Intralipid enul sion; Diprivan [Registered
Tradenmark]); Althesin [Registered Trademark) (al phaxal one 9ng/ nil pl us

al phadol one acetate 3 ng/m in 20% 10 w v CrenophorEL); or Phaxanco

al phaxal one 10ng/nmlL in a 1:2 nolar conplexation ratio with Captisol

(Regi st er edKFYademark) - (7) sul fobutyl ether 13-cyclodextrin). The

fol |l ow ng S € oi s e T TIteT v er the intravenous

I nj ection:

no sdation :
C = cyclodextrin formulation [5, 10, 15, 20,25 and 100 mg/kg] |

[0099] The rats given 25 and 100 mg/kg body weight had recovered by 60 minutes; they

5 did not die or suffer any adverse effects at these doses. In these e_xperimenls; it can be scen

that intravenous injection of alphaxalonc 10mg/m} dissolved in (7) sulfobutyl cther B-

- cyclodextrin caused loss of consciousness at doses above 10mg/kg and there wasv a dosc

related'anaéstheiic cffect with a- wide safety margin; rats that received 25 and 100 mg/kg
body weight (two timés and ten times the anaesthetic dose) did not die indicating a wi‘dc '

-lO safety margin for the preparation. This is clearly different from a formulation of
alphaxalone in hydroxypropyl B-cyclodextrin.  Such a preparation (AlfaxanCD-R'1'U)

made,‘by Jurox Pty, Newcastle N‘SYW ‘Australia has a published LDs'o, the dose of

alphaxalone that causes death in 50% of rats when given'intravenouély, of 1v9mg/kg body

wéight, a figure very signiﬁcéntly below that shown here for alphaxalone formulated in

15 sulfobuiyl ether B-cyclodextrin [Alfaxan CD-RTU Material séfety Data Sheet; Jurox Pty,

~ Newcastle NSW Australia]. | ‘



l.righting reflex: scored as: 1 nornal;
this was a neasure of onset and duration of unconsciousness;
response:wecorigdsms: 1 nornmal; 2 weak; 3 just present;
measure of onset and duration of surgical

2 slow, 3 sone attenpt;

4 none -
15 2tail
2CHNR0H/00DI58 Was a
anaest hesia; and 3.tine to when

pi nch

the rat was able to walk on the rotarod (a rotating cylinder) neasured
in seconds: the maxi mumnormal run tine is 120 s in non sedated rats -
attaining this value was a neasure of tigye taken to attain full

fromthe sedating 20effects of the anaesthetic injections.

recovery
101031 Results

fromgroups of ten rats treated,mﬁth the sanme anaesthetic and dose were

conbi ned for statistical purposes.

attained a score of 4 for |oss

of righting reflex were deened to have P&ﬁ?ﬁcon30|ousness and those that
scored a 4 for loss of tail pindhedmcobzptose theme deemed to be surgically
anaest heti zed. The nunber of rats in each group of 10 simlarly,

animal s that scored 4 were subjected to probit

treated
regression anal ysis using

SPSS St at i s§0106] TWo t@@oups ATUSE rgls afats inddlaréd Ritérnalajupelay int@gerdas and RELI t

plot) and also to cal culate the estimated

dase. t hat caused anaesthesia in

50 and 95% Bfradtsjabeatietgrargesiye Rakes A cnqus dpjectionsy, wiyhe Jugrlal KEB RS (YBesAes s

(righting rst elgaaaqgfﬁqaha% and G e

responses). rétaro

wcwdgﬁtln%nﬂpﬁ%ﬁt&%ﬁihéxaﬁé&' h=1) A&

s were also plotted for each dose and.

treatnent. 6‘1ha mmmc ofsaphaaslone waadph@mmt lmﬂraxmnbbrﬁle(arredmmmateﬁh@asmesuI ts

- 27 - are Sh)"‘i‘”] rﬂ@gﬂ&ggé b%’) %odqgl?e%

anaesthetlc

rom {He ‘caro 1% at a num

I manc

cr Ofll

each

intervals after this injection is analyzed for alphaxalone blood levels. These are fitted to a

10 three compartment phatmacokinetic‘ model and mean + sem for key parameters are

~ calculated for both preparations of steroid anaesthetic.

[0101] It is expected that there will be no significant difference between the PK paramelcers

calculated for the (7) sulfobutyl ether Bécyclodextrin formulation and the Althesin

15 (Registered Tradematk) formulation.

This would indicate that the new formulation is

expected to behave in a similar fashion to the way Althesin (Registered Trademark) has

behaved in the past, pamcularly with respect to doses needed for anaesthesia and sedation

and also the speed of recovery. A sample table of blood levels that can be expected fr()m

these experiments appears in Table 2.

20
"TABLE 2
‘Variable Units -
v \ Duration of Anaesthesia "~ Min 35.0 [9.0]
AUC Min*mg/L 58.6[11.7]
tYh(elim) Min 38.2 [5.6]
Cly mL/minkg 38.0[8.2] |
V. L/kg 05 [0.3] -
Vs L/kg 1.810.6]




101041 Table 3 bel ow summarises the results of this series of experinents.
It can be seen that Phaxancp is equipotent with Althesin (Registered
Tr adermar kwOi2n11¢®8®B8ng unconsci ousness and surgi cal anae®Ciadizatiznoehsbot h are
nore potent than propofol in this respect. Recovery from unconsci ousness
caused by Phaxancp is just as fast as with propofol. However, recovery from
Phaxancp is slightly slower than propofol but faster than Althesin
(Regi stered Trademark) if the depth of &paesthesia is taken to a surgical
10 I evel. Control experinments reveal ed that the vehicles given al one
i ntravenously, 20% CrenmpphorEL, 10% Intralipid and 13% Capti sol had no
sedating or anaesthetic effects. -2B8xampLEY CX(O0 entOir,r. tNl In Lf1 IA
Xni cl: " 2,16 Q r.T.1ns ¢ )..4C. 0:1 'et CO E _

Anaesthetic effects of Alphaxalone in (7) sulfobutyl ether -cyclodextrin compared with

alphaxalone as Althesin (Régistgred Trademark) and propofol

5 |0102] Male Wistar rats (wf 150-220 g wéight) were implanted with indwelling intcrnal
jugular vein intravenous catheters under halothane anaésthesia. Twenty four hours later
each rat received an intravenous injection from a range of doses of either: propofol (10
-mg/ml in 10% w/v Intralipid emulsion; Dipri?an [Registered Trademark]); Althesin
[Registered Trademark) (alphaxalone 9mg/ml plus alphadolone acetate 3 mg/ml in 20%

10 w/v CremophorEL); or Phaxancp (alphaxalone 10mg/ml in a 1:2 molar complexation ratio

| with Captisol (Registered Trademark) - (7) sulfobutyl ether P-cyclodextrin).  The ‘
following were assessed at regular time intervals after the intravenous injection:
1. rightinvg\ reflex: scored as: 1 normal; 2 slow; 3 some attempt; 4 none — this was a
measure of onset and duration of unconsciousness; |

15 2. tail pinch response: scoréd as: 1 normal; 2 wevak; 3 just present; 4 none — this was a

measure of onset and duration of surgical anaesthesia; and

3. time to when the rat was able to walk on the rotarod (a rotating cylinder) measured
in seconds: the maximum normal run time is 120 s in non sedated rats — attaining
this value was a measure of time taken to attain full recovery from the sedating

20 effects of the anaesthetic injéctions.

[0103] Results from groups of ten rats treated with the same anaesthetic and dose were-
* combined for statistical purposes. Rats that attained a score of 4 for loss of righting reflex
were deemed to have lost consciousness and those that scored a 4 for loss of tail pinch
25 response were deemed to be surgically anaesthetized. The number of rats in each group of
- 10 similarly. 'treatéd animals that scored 4 were sub’jected»to probit regression analysis
using SPSS Statistics 18 to produce graphs of probit value v log dose (probit plot) and also
to calculate the estimated dose that caused anaesthesia in 50 and 95% of subjects (ADsg
and ADgs, respectively) for unconsciousness (righting reflex measurements) and surgical |
30 anaesthesia (tail pinch responses). The rotarod walking times were also plotted for cach

dosc and treatment. This was used as a measurement of complete recovery. The results
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" are shown in Figures la through 1f, rotarod performancé for each anaesthetic, n = 10 rats

per dose.

[0104] Table 3 below summarises the results of this series of experiments. It can be seen

5 that Phaxancp is equipotent with Althesin (Registered Trademark) in causing
unconsciousness and surgicaI anaesthesia and both are more potent than propofol in this

" respect. Recovery from unconsciousness caused by Phaxancp is just as fast as with
propofol. However, recovery from P‘haxanCD is slight.ly slower than propofol but faster
than Althesin (Registered Trademark) if the depth of anaesthesia is taken to a surgical

10 level. Control expcriments reQealed that the vehicles given alone intravenously, 20%

CremdphorEL, 10% Intralipid and 13% Captisol had no sedating or anaesthetic effects.
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[0105] It can be concluded from this set of experiments that:
e Phaxancp is an effective intravenous anaesthetic causing fast onset of gencral
anaesthesia after intravenous injection.

e Itis equipotent with Althesin and twice as potent as propofol.

EXAMPLE 4

Lethal dose finding for alphaxalone anaésthetic' preparations

[0106] This series of experiments was undertaken to determine the LDsp and [.IDos doses
10 for alphaxalone formulated in CremophorEL [Althesin (Registered Trademark)] ‘and (7)
sulfobutyl ether B-cyclodextrin (Phaxancp); i.e., the doses of alphaxalone in Captisol

(Registered Trademark) that caused 50% and 95% of subjects to die. Male Wistar rats (wt

150-220 g weight) were implanted with ihdwelling internal jugular_‘ vein intravenous
catheters under halothane anaesfhe;sia. Twenty four hours later each rat reccived an
15 intravenous injection from a range of doses of either: Althesin (Registered Trademark)
(alphaxalone 9mg/ml plus alphadolone acetate 3 mg/ml in 20% Cremophorkl.); or
Phaxancp (alphaxalone 10mg/ml in a 1:2 molar complexation ratio 'with Captisol

_ ‘(Regislered Trademark) - (T)sulfobutyl ether B-cyclodextrin). The number of rats that dicd
was recorded for each group of 10 rats given the same dbse of drug. Results from. groups

20 of ten rats treated with the same anaes;hetic .and dose were combined for statistical
purposes. The graph of the raw data is shown in Figure 2 [% rats died in each dosagc

group v dose].

[0107] At doses of alphaxalone between 50 and 60mg/kg all the rats in the Althesin

25 (Registered Trademérk) groups‘ died whereas none died in the Phaxancp groﬁps that
received the same doses of alphaxalone. The lethality‘ values for Phaxancp showed a
ceiling at 20%; no more than 20% rats died even if the dose of alphaxaldne administered as
Phaxancp were increased. T he perce_ntageé of rats that died in all the differcnt dosage
_treatment groups werc subjected to a probit r_egression analysis using SPSS Statistics 18

30 and the probit values were plotted on a graph against the log dose of anaesthetic; this is

called a probit plot. This is shown in Figure 3.
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[0108] The probit ploi for Althesin (Registered Trademark) was used to calculate the dose
of ‘alphaxalone in this formulation that caused death in 50% and 95% rats; the L.Dsy and
LDys respectively). These values were 43.6 mg/kg [LDso] and 51.5 mg/kg [LDgs]. As the
dose of alphaxalone was increaséd the number of rats that died increased in proportion
when the alphaxalone was given as Althesin (Registered Trademark). By contrast therc
was a ceiling effect of the lethality of the .a]phaxa]one in (7) sulfobutyl ether B-

cyclodéxtrin (Phaxancp) formulation. The alphaxalone was much less toxic as assessed by

- lethality compared with alphaxalone formulated with CremophorEL (Althesin [Registcred

Trademark]). A dose of 52mg/kg alphaxalone as Althesin (Registered Trademark) causcd
all 10 rats in that group to die but 64mg/kg alphaxalone caused no deaths in the 10 rats

which received that dose of alphaxalone formulated with (7) sulfobutyl ether B’,

cyclodextrin (Phaxancp). Furthermore, unlike the probit plot for Althesin (Registercd

- Trademark), which showed a direct proportional relationship of increasing lethality with

increasing dose, alphaxalone formulated in (7) sulfobutyl ether B-cyclodextrin (Phaxancy)
showed a ceiling effect for lethality; when the dose of alphaxalone in this preparation was
increased to 71, 78 and then 84 mg/kg only 20% of rats died in each group. Thus, it was
not possiif;le to find the dose of alphaxalone in this formulation that caused death in 50%

and 95% rats (the LDsy and LDes, respectively). In any eveh‘l, both of these valucs are

greater than 84mg/kg_ which is more than double the equivalent values for Althesin

(Registered Trademark) and four times the valuc of the 1.Dsq for alphaxalone formulated in

hydroxypropy! B-cyclodextrin manufactured by Jurox [Alfaxan CD-RTU Material Safety
Data Sheet. Jurox Pty, Newcastle NSW Australia].

-[0109] These results make the therapeutic index (ratio of dose that causes death in 50%

- subjects (LDso) divided by the dose that causes anaesthesia in 50% subjects (the ADsp) to

be 14.8 for Althesin (Régistered Trademark) and >30.2 for alphaxalone formulated in (7)
sulfobutyl ether B-cyclodextrin (Captisol [Registered Trademark]. Phaxancp).  This
difference is not due to differences in toxicity of the excipients. “Table 4 below shows the
results of experiments in 10 rats with indwelling jugular intravenous catheters. Five rats
were given a 20% solution of Cremophor EL intrévenously and another five rats were

given a éolution of (7) sulfobuty! ether B-cyclodextrin, both being administered at a dose
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and volume equal to that administered in the experiments above at the highest dose of
alphaxalone. Neither excipient caused death in any rat indicating that the difference in the
safety/lethality of the two formulations of alphaxalone was not due io dose related toxicity

of the excipients.

-5
TABLE 4
n/10 died vehicle ~ dose=ml/kg
0 13% Captisol 90

0 20% Cremophor EL 4.6




"E-0"47,(1)a) .- EEE 0 - 29 - 101051 It Can be concluded fromthis set of
experinents that: Phaxancp is an effective intravenous anaesthetic causing
fast onsewoahiigssm®sal anaesthesia after intravenous i nj @CTiAar11/00005)s

equi potent with Althesin and twi ce as potent as propofol. 5 EXAMPLE 4

Let hal dose finding for al phaxal one anaesthetic preparations 101061 This

series of experinents was undertaken to determ ne the LD50 and 1., 1)95
doses 10 for al phaxal one formul ated i n G2nmophorEL [ Al thesin (Registered
Trademark)] and (7) sul fobutyl ether p-cyclodextrin (PhaxancD); i.e., the

doses of al phaxalone in Captisol (Registered Trademark) that caused 50% and
95% of subjects to die. Male Wstar rats (w ' 150-220 g weight) were
inplanted with indwelling internal j u ul ar vein intravenous catheters under
hal ot hane anaesthesia. Twenty four PRESr each rat received an 15

i ntravenous i nj i stered
Tr ademar k). (al pha %‘g{}gﬁé&g%@e yl us faﬁp 'E lo?%ﬁ%’%@%zﬁ@ﬁﬁké&rﬁ’é?ﬁgm%
CrenophorE1,): or PhaxancpT:(aabmhmaduﬂnbutﬂht@drlﬂcyclbdaxtmn}z nol ar conpl exati on

ratio \ with Captisol (Registered Trademark) - (7)sulfobutyl ether
13- CyClOdSEXtI’I n). The nunber of ratss that died was recorded for each group

of 10 rats gaM@psike m@r&t&@ﬁemotamngganaé’ﬁﬁwat$s fikcORBE OUPS BO1LOTddsernofr at s
treated with the sane anaesthetic and dose Were conbi ned for statisti cal

pur poses. Thphgragie Wicthengivemin e &resorwpin (Althesind Begistored dhradgmarkd) erding n
h d . d
o hosa0° Pt OREI o R MRS, 0 L ORNELANE chehvBEPnil 1A

wher eas nongelgte@th ih8 (VheuBbaxpabe feriydextinathehaigticy dokek be alpharalone $i€ theof
al phaxal one. The lethality val ues for Phaxancp showed a ceiling at 20% no
nor e t halP 26% sukfpbuty elpr @/ﬁlqdﬁxtﬁnéorab%eéloafareamﬁa»%@r%ines%hl APRORSEL et ngds
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di fferent dosage . treatnment groups were su jec ed to a probit regression
anal ysi s usibagn &RSHheSbeforesfor alphd@idde famokladdan pthebiyclodgkmes were pl otted on
a graph against the |og dose of anaesthetic; this is called a probit plot.
This is shown in Figure 3.

[0111] In order to test whether the low lox1cxty of Phaxanc;, was due to the Captisol

15 excipient, twenty rats with. indwelling jugular intravenous catheters were dxvndcd into two
groups .of 10 rats each. They were all given intravenous injections of alphaxalone
formulated in 20% Cremophor at a dose that had, in prevfbus experiments reported in
example 4, caused all rats to die (Althesin [Registered Trademark]; alphaxalone dose
52.5mg/kg iv — this equals 16 times the ADgys for Althesin (Registered Trademark) at

20 which it is expected a very high proportion or all rats will die). Sixty seconds before the
Althesin (Registered Trademark) injection a premedication injection was given:

o group 1 (10 rats) received 5.3mls/kg 0.9% sodium chloride 'solﬁtioh 60 seconds before
52.5mg/kg alphaxalone as Althesin (Registered Trademark); | k

e group 2 (10 rats) reccived 5.3mls’kg 13% solution of (7) sulfobutyl ether (-

25 cyclodextrin  in 0.9% sodium chloride solution’ 60 seconds before _52.5mg/kg

~ alphaxalone as Althesin (Registered Trademark).

[0112) The number of rats that died in each group was recorded shown in Table 5. All 20
rats were anaesthetized by the injection of 52.5mg/kg alphéxalone as Althesin (Registercd
30 Trademark). However, the presence of (7) sulfobutyl ether B-cyclodextrin caused a

statistically and ;;linical]y significant redﬁction in the mortality caused by the alphaxalonc.



- 30 - 101081 The probit plot for Althesin (Registered Trademark) was used
to cal cul ate the dose of al phaxalone in this fornmulation that caused death
in 50% ario2b620088303; t he LD50 and LDO5 respectively). TireTaUzal108050er €
43.6 ng/ kg [LD50] and 51.5 ng/kg [LD95]. As the dose of al phaxal one was

i ncreased the nunber of rats that died increased in proportion 5 when the
al phaxal one was given as Althesin (Registered Trademark). By contrast there
was a ceiling effect of the |ethality afzst.he al phaxal one in (7) sulfobutyl
et her pcycl odextrin (PhaxancD) fornul ation. The al phaxal one was nuch | ess
toxi c as assessed by lethality conpared wth al phaxal one formulated with
CrenmophorEL (Althesin [Registered Trademark]). A dose of 52ng/ kg

al phaxal one as Althesin (Registered Trademark) caused 10 all 10 rats in
that group to die but 64ng/ kg al phaxalamBLE&used no deaths in the 10 rats
whi ch received that dose of al phaxal one fornmulated with (7) sulfobutyl

i} hﬁr pcyt(::qodext ri nd($ha>(§ancnpkL RATSITTHATBURVIVBDIWEREhe probit pl O][ f or

t hesin egi stere rademar ect proportiona
relationship of increasing Iet A&‘Wﬁﬁ%ﬁ% E‘éﬂr‘é\g dose, al phaxal one
formulated in (7) sulfobut wenatjlg&en[s(ﬁbewémd@xw@ e AJvaxanci )) 15 showed a
ceiling effect for let {@g in this

preparation was incregse toS%: EP%?M 8§ ng/ kg iny 20% of rats died
in each group. Thus, it was No ossible to|find t yf al phaxal one in
this formulation that ¢ EM v 0 LD50 and LD95,

respectively). In any event, both of these val ues are greater than 84ng/ kg
which is nore than douﬁb@@fﬁbeé@nvfaﬂaemaol orethe @gath Bate AF Allkesinn 20 ( Regi st ered
Trademar k) and four tinmes the value of the LD50 for al phaxal one fornul at ed
i n hydroxypropyl P-cycl odextrin manufRet baedely Jurox [Al faxan CD- RTU
Material Safety Data Shegt thHBQ&‘Pﬂ% s %Muc?er %ggtr alia]. 101091

These results nmake the t era@f 3( at 50 9 lm%c ntt at causes death
in 50% 25 subj ects (LD50)"dP caé’ﬂmk?ssofﬁéo”df)sa'st Rl SEAIRNL anaest hesia in
50% subj ects (the AD50) to be 14.8 for Al thesin (Registered Trademark) and
>30.2 for al phaxal one formulated in (7) sulfobutyl ether P-cyclodextrin
(Capt i solP [l@d?k?@?&?’ﬂ"%ﬁ‘é’ﬁﬁ?%}ed% ancD). This difference is not due to
differences in toxicity of the excipients. Table 4 bel ow shows the results
of experiments in 10 rats with indwelling jugular intravenous catheters.
Five rats 30 were given a 20% sol ution of Crenophor EL intravenously and
another five rats were given a solution of (7) sulfobutyl ether

P-cycl odextrin, both being adm nistered at a dose WO

2011/ 088503PCT/ AU20111000050 -31 - and volune equal to that adm nistered in
t he experinents above at the hi ghest dose of al phaxal one. Neither excipient
caused death in any rat indicating that the difference in the
safety/lethality of the two fornmul ations of al phaxal one was not due to dose
related toxicity of the excipients. TABLE 4 ,n/10 di edvehi cl edose=nl/ kg
013% Captisol 9.0 020% Crenophor EL4. 6

®5 9




- 32 - EXAMPLE 5 Denonstration of the imtation of al phaxal one toxicity by
Capti sol | Registered Trademark] (sul fobutyl ether f3-cyclodextrin) 5 10110)
Si nce t hewpabamsgsodn causi ng anaesthesia is the sane forc/Aizbumodsse of

al phaxal one whet her given in 20% Crenophor EL (Al thesin [Regi stered
Trademark]) or in (7) sul fobutyl ether 13-cyclodextrin (Phaxancu), then the
ceiling effect for toxicity must be related to the (7) sul fobutyl ether
P-cycl odextrin when hi gher doses of al phlgaxal one in the 10 (7) sul fobutyl
ether [3-cyclodextrin fornulation are adm ni stered. Such a property has not
been described for intravenous anaesthetics before. Furthernore, this ‘
property has not been descri bed bef phaxal one fornul ated i n ot her
cycl odextrins. 101111 In order to tggﬁA&ﬁgﬂﬁér the low toXicity of

Phaxancl) was due to Theeffeaper Sedp tiseswf cépgateddosingvwith Phavarsowi t h i ndwel | i ng
jugul ar intravenous catheters were divided into two groups of 10 rats each.
They were all given intravenous injections of al phaxal one fornmulated in 20%

Cr enophor  ajo134)dPsemtéahisha@sponsibRIfoy tHRUSF) SXRBUIyIEMES Bicpfoddeth imcaxagpl e
4, caused all rats to die Althesinngegistered Tradenmar k] ; al phaxal onc
dose 52. Snygihkgeilipg effeqijon alphwelane tgxiginms anknpwnapbis kngvn At RPERRIQRHYEY er ed

Tradenar k) orl?%o%iecig J\ilattet;ia?d B26P BVACk a9 Yor Qilgﬁg(aﬂfng RIEduRA af corlJlexkdt S
I X e

will die). y seconds ore the Althesin (Registered TradenarK)

i nj ecti on awphenecichaiekioin melgaiddsiionhevtio @if y&nlthe gproplpration 1@0i0p.atisip knevei ved
5. 3mls/ kg 0,9% sodi chlori ol Ut i© 52 -
alphaxaloneﬂggsﬂpfﬁggpﬁ E@é@%@?@r%ﬂff@%?2%%5§§?Wﬂ§dggﬁggg”?fﬁéﬂgéigww”
recei ved 5. Brdkahkgislidfecedlinmidverowly. ( The qudsfiabpbsed ot therundRayopagendt then i n

0. 9% sodi um chl ori de sqgl uti on 60, seconds befor.e 52. 5my/.kg al phaxal.one as

Al thes: o rpiaalans qo AL Gy lodg i poreRie~ Aebane geainy s el e
each group WasthéaeRNEeM e Winiting Tatnfouat ofAllphaRflofidiefeav@r o Rastiprikiczed by
the injection of 52.5ny/ kg al phaxal one as Althesin (Registered 30

Tr adenar k) . Whelier ete pererspR e Simeweotr (o) alpbaxeloptiryeloadretral SURY (RARKE r i n
caused-a st géﬂe?r%t'c‘ﬁ?é br¥indB dadek toMiGR), by efdeSDhdcbrpked EAUSHA @R hdledd® freed
nortality caused by the al phaxal orie.” WO 2011/ 088503PCT/ AU2011/ 000050 TABLE
5 " up by alphaxalone mctabolism by the liver. The effect of the latter would be predicted 1o
15 causc a progressive decrease in the level of free alphaxalone as the concentration of
uncomplexed sulfobutyl cther cyclodextrin increased as a result of:
. liver metabolism of the alphaxalone;
. more doses of Phaxancp being administered thereby makirig more uncomplexed
cyclodextrin available.. |
20
-10115] If this were the case one would predict tolerance to repeated doses of alphaxalonc
formulated in (7) sulfobutyl ether B-cyclodextrin i.e., repeated injections of Phaxancp

would cause progressively less sedation and anaesthetic effect.

25 ]0116] In order to test this five rats with indwélling jugular intravenous cathctérs were

given repeated injections of the minimum dose of alphaxalone in (7) sﬁlfobutyl ether B3-

7 cyclodextrin ( Smg/kg Phaxancp) that had caused 16/10 rats to be anaesthetized as jﬁdgcd
by complete loss of righting reflex. The time was measured for each rat to begin recovery .

- of righting reflex (progress from a score of 4 to a score of 3 in the righting reflex as

30 described in example 2 abo’vé) and then another dose of Smg/kg Phaxancp was given. The

time o the beginning of recovery of the righting reflex after the second dose of anaesthetic

was measured and then another dose of 5mg/kg Phaxancp was administered iv and the



ALL RATS THAT SURVI VED WERE ANAESTHETI SED >1 HOUR premned gi ven 60s before
Althesin @16x ADO5 prened volunme = 5.25 nl s/ kg SALI NE PREMED SBECD7 PREMED
n di ed 8 wodnd/eseio3die 2 8 Study O The Effect of pCapttizsalooesot he
Death Rate of Althesin Fisher's Exact Test The two-sided P value is 0.0230,
consi dered significant. :

.35 -

process was repeated eight more times. The progreséive recovery times for the first to the
tenth doses are shown in the histogram (Figure 4) and table 6 below as means (sem) for
those five rats. It can be seen that there was a significant progressi\}e increase in recovery
times afier cach of the first four doses. Furthér doses-5-10 caused no further signilicant

5 increase and more importantly, no decrease, in sleeping time. These results indicate that
the alphaxalone toxicity ceiling effect caused by the (7)sulfobuty] ether B-cyclodextrin is
probably due to the controlled release of the alphaxalone from the complex at a rate
sufficient to cause anaesthesia but no greater than that, no matter how mﬁch’ of the
complck is given. This is a unique balance between the chemical relationship of the

10 alphaxa'].one and the (7) sulfobutyl ether B-cyclodextrin, the low solubﬂily of the
alphaxalone in water environments, including biological fluids, the amount of alphaxalone
needed to penetrate the brain to cause anacsthesia and the pharmacokinclics of
alphaxalone. The results are shown in Figure 4 and Table 6. None of this was expected

nor could have been predicted from prior art.

15 |
TABLE 6
sleep time (mins)
dose | -
mean sem
number |
" fist 08 0.4
second 25 035
third 29 041
fourth 3.2 0.45
fifth 3.7 0.38
sixth 4.1 0.21
seventh . 4.1 0.21
eighth V4.2 0.14
“ninth 43 034
tenth 4.2 0.14




The row col um association is statistically significant. 5 101131 This is
a much unexpected result. - 34 - EXAMPLE 6 The effect on sleep tines of

r epeat ed wo=nngssiosh Phaxancv 101141 The mechani sm r esp@agiAii2ze11foososvhe (7)
sul fobutyl ether 13-cyclodextrin in causing 5 the ceiling effect on

al phaxal one toxicity is unknown. It is known that al phaxalone is very
poorly soluble in water and thus the vast majority of al phaxal one nol ecul es
are conplexed with the cyclodextrin nolemul es in the ratio of 1:2 (the
conpl exation ratio). It is known that sone of the al phaxal one will

di ssociate fromthe cyclodextrln conpl ex when Phaxancp is injected ‘

I ntravenoush (yll7Tb§e GM ?‘\tN l?e? I@Xm&h&)syﬁﬁc‘? prlféa(?@ﬁ{etd‘ﬁtaq;f sie@[?tn;lags after

al phaxal one suI uty er cyclodextrin co ex exhibiting a ceiling

ef fect for oM r@pctayedl ®Sm9@f ﬁeats with ?hwncaﬁm@/&g byretlpdribal thegretvrs aameurersivef
alphaxalone 0 I.ng
up" of al phé d{a 'She ?T%’i"lgg% mc(? a% {'T’pgle"éﬁ‘? n"ﬁ@rr\;}\ﬂsﬁeﬁggﬁg ?gﬁggﬁf ﬁgcogggooﬁl to
cause t oxi CiHind, andythiek cethe fmmmdmphemcbawml sdniemgmmemhﬂreafwf eBurflregedkcupisby

al phaxal one, netabollsn1% ver. The efff

o1 B cred ¢ ST RRLS B b ses P mlEReRueEiraftia HEpn Ve ppRyola e

al phaxal one pagicidaar Henaemhiisth 6o AT tokibieY ol BY eahﬁgjl:ffahwfyhamavaas due 1o
cyclodextrin increased as a result of: [|iver metabolism.o

al phaxal oneuncqm@‘eéosféf@” ofulfphixlsthst (sarlade i lkpRitsel éBeslﬁéﬁeébi}ram%rmj nor e
unconpl Cxednﬁ% q.@xélﬁﬂa'ﬂal@}{@'ﬁjoﬁmb h@gl% I]:Qﬂajc%ré {hel kS RNk bABuRATGcRNe

woul d predict ance to repeate oses of al phaxal one fornmulated in. (7)
sul f obut yl encrnemplmdﬁalpbdémulmmpreese asrragre alossd WaTe giveh @nd ap hlpPinaican o ds

e ToP e RS tudr 3B TR A PR PREIRRALR 1t RLLRRL RO 0T L1

order tote Pve rat ar |ntrave ous catheters
were given laematﬁdtddmxpsim@weﬂhchmogmmemuM ﬂhea@lmialaiep\hmahmed up b 7)

sul fobutyl ether ii- Céc g ng Pha ncEQ qs aused 10/ 10
ats o be Stnter nat Mo SES iy ot e Brah BEstie Aoghe s RO RRTEY . The
tinme was meaglsies fiRe iRa6ised a’htht éachagi the l'ﬁ@ﬁoﬁbﬁtr Moses and then remained constant

thereafter with each subsequent dose. -

15



of righting reflex (progress froma score of 4 to a score of 3 in the
righting reflex as 30 described in exanple 2 above) and then another dose
of 5ng/ kgwBhaxass3was gi ven. The tine to the begi nni ngPofi/ateeweoosoof t he
righting reflex after the second dose of anaesthetic was neasured and then
anot her dose of 5ng/ kg Phaxancp was adm nistered iv and the - 35 - process
was repeated eight nore tinmes. The progressive recovery tinmes for the first
to the tenth doses are shown in the histggram (Figure 4) and table 6 bel ow
as neans (sen) for those five rats. It can be seen that there was a
significant progressive increase in recovery tinmes after each of the first
four doses. Further doses 5-10 causegxpvppgther significant 5 increase and
nore inportantly, no decrease, in sleeping tinme. These results indicate
that the al phaxal one toxicity ceHirﬁ?i&géwkﬂEaused by the (7)sulfbbutyl
ether P-cyclodextrin is probably due to the controlled rel ease of the

al phaxal one fromthe conplex at a rate sufficient to cause anaesthesi a but
no greater {0d8] Thafollomingwmsunggtiondsmadech of the conplex is given. This is a
uni que bal-ance between the chemi cal relationship of the 10 al phaxal one and
the (7) sulfobutyl ether p-cyclodextrin, the I ow solubility of the

al phaxal one A.n wWaiaerin@mMehb N igedtidn - bNCAltkbsing (RED4HE9d CRIadérharkiSeadshe amount’
of al phaxal one needed to penetrate the hrain to cause anaesthesia and the
phar macoki nétstaianggus dispesehplorphaxgioae i g RIasmy it sHBREnanerstssiguls ¢auscd by

Tabl e 6. NoRg,pQhjctHinSin\WAS cifetPRioh@fd RIS alpRKafbnB Ve PEERoR HIRNIISS RS the QUR:Pr i OF
art. 15 TABLE 6 dose nunber sleep time (mns) neansemfirst 0.8 '0.14 second

2.5 on first pass, the level achieved by the mixing in the plasma will only reach 30% of the

10 theoretical maximum assuming instantaneous mixing.

|0119] The following is considered:
‘ 1.  alphaxalone is soluble in Wéter t0 0.03mg/ml;
2. alphaxalone is 35% protein bound in plasma;
15 3. plasma volume is 31rr;1/kg- in rat (Davies and Morris, Pharmaceutical Research,
10¢7):1093-95, 1993); » |
4. both Althesin (Registered Trademérk) and Phaxancp have élphaxalonc
concentrations of 10mg/ml; ' )
5. fo‘r induction of anaesthesia Althesin (Registered Trademark) and Phaxancy, are
20 equipotent; a minimum of 4.3mg/kg alphaxalone by either preparation cause sleep in
most (95%) rats;
6.  after an initia]l bolus injection a drug preparation will equilibrate with the plasfna
i volume during ihe first sleep cycle but _léter the drug will disperse into the
extracellular fluid [ECF] which is =297 ml/kg (Davies and Morris, 1993supra);
.25 7. Captisol is distributed to ECF and restricted to this spaée; and
8.  Alphaxalone is ;)nl'y released from the Captisol into an \aQueous environment if: the
level of free alphaxalone in the aqueous environment is less than ‘saturation i.c., <

0.03mg/ml {fact 1].

30 [0120] It is proposed herein that: | |
1. From A and 5 above, the plasma level of drug needed to cause sleep - dosc

administered as Althesin/plasma volume = 4.3/31 = 0.14mg/ml.



0.35 third 2.9 0.41 fourth 3.2 0.45 fifth 3.7 0.38 sixth 4.1 0.21 seventh
4.1 0.21 eighth 4.2 0.14
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I Applying A, the plasma concentration is expected to be 30% of this when the blood
has cifculated to mix the drug effectivély = (0.046mg/ml.

I11. From. this, the level of free unbound alphaxalone in the plasma associated with
anaesthesia induction aftér a single iv bolus injection = 65% of total (from fact 2)

S . =0.045x0.65 = 0.03mg/ml. |

IV.  Proposition III above is exactly the known solubility of alphaxalone in water.

V. Combining poims S and 8 with proposition IV, it is proposed herein that the first
induction dose of Phaxanc)y caused anaesthesia by releasing all of the alphaxalonc
from the complex just achieving the anaesthetic level and free alphaxalonc

10 | saturation level.

VI. When the second dose of anaesthetic was'administered.in Example 9 the rat was

- starting to recover from the anaesthetic because some {ree al‘phaxalonc .had been
metabolized by the liver, some free alphaxalone had been redistributed to the ECF
and some of the Captisol containing alphaxalone had also redistributed to the ECF.

15 - Thus, the free alphaxalone level fell and alphaxalone left the brain.so causing
‘awakening. .Thus, a further dose was given. Unlike the first dose, there was still
alphaxalone in the blood so only some of the alphaxalone was released from the

- complex to bring the free alphaxalone level back to 0.03mg/ml; the brain is
reloaded and sleep follows. ,

20 VII.  However, sleep follows for a longer time after the second dose and the third and
also the fourth until the ECF is loaded .with 0.03mg/ml alphaxalonc and -
alphaxalone/Captisol complex [points 6 and 7). After that further doses of Caplisol
merely top up the blood level of free alphaxalone and maintain it until hepatic
metabolism has cleared that dose of alphaxalone. .

25 VI  Once the level of free élphéxalone reaches 0.03mg/ml, the brain is anaesthetized.
The brain will only absorb more alphaxalone if the level of fre-e alphaxalone
increases. This is possible with Althesin (Registered Trademark) and dcath ensucsv
when 15 times the anaesthetic dose of that drug is administered as a bolus lcading
to a theoretical free alphaxalone level of 0.45mg/ml. In vcomrvast, when that dosc of

30 ‘,‘alphaxalc‘me is given as Phaxancp, in a complex with Captisol (Registered
Trademark), the alphaxalone is not released from the complex once ihe‘level of free

~ alphaxalone reaches 0.03mg/ml [point 1]." This explains the ceiling effect on



ninth 4.3 0.34 tenth 4.2 0.14 (01171 One way ANOVA [ Tukey Kraner post hoc]
applied to the data of sleep tines after X 10 repeated dosing of 5 rats
wi t h Phaxwsioen11@sgiokg reveal ed that there was a progressiPeag/ARbatoostsical |y
significant increase in sleeping time fromthe first to the second, second
tothe third and third to the fourth but no increase in sleeping tines
thereafter. Furthernore it is 5 inportant to note that there was not a
progressive decrease in sleeping tines that would be predicted if the
mechani smfor lowtoxicity and the ceiling effect of Phaxancp was due to
unconpl exed "free". sul fobutyl ether cyclodextrin [Captisol (Registered

Trademark)] moppj Ay v‘%{u?hﬁ@x%%ef@%ﬂ?ﬂ B\%\%Rﬁ@ i'1f3°)é h&ﬁfo\’)‘ﬁgﬁﬁeﬁ% case

t hen t_he anount o% ree unco exed 1.S0 u Nncrease as nore doses
were given and agydbderaial onc was 10 netabolized by the liver so leading to

a progressive increase in free unconp|cxed Captisol ag t repeat ed
exposure experi rn%ﬁ‘tcep?oog’r"@‘g%é‘&reaf‘f "R e e%ItBTFanqu%éh%a‘@ ‘E@bﬁl@% BE%W/I‘tghi s
then one woul d eYRgGh) 8RS sSbRERINDAobds T W tAmBAGRLIFUEE BEEI IR Hles8nce. ON t he
contrary the sleep tinme increased with each of the first' four, doses and

then remel ned coatphaxonehewglabe ér equilibrivec Withuths edpse mdmypisatiopsrate.  ghhe.
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concentration in plasma is approximately 0.04mg/ml then the plasma clearance rate
at equilibrium = ((5+4.2) + 0.04) = 30mis/kg/min. This is within known valucs of
hepatic blood flow (Davies and Morris, 1993 supra). It is well known that
10 - alphaxalone is primarily cleared from plasma by first pass hepatic metabolism.
X. The latter implies that this particular formulation of alphaxalone in sulfobutyl cther
[3'-0yclodéxtrin controls the level of free unbound anaesthetic that peﬁetratcs the
brain up to but not above a level that causes anaesthesia; the Caﬁtisol cannot
release any more compound above the level af which plasma water is saturated with

15 alphaxalone and thus higher blood levels that would cause tox:lcity are not

achieved.

[0121] This property has not been described for intravenous anaesthetics or intravenous
cyclodextrins before. It arises from a unique set of circumstances not described or

20 previously discovered: \  | ,
1. A unique host:guest interaction. The evidence for this is the fact that the same
guest [alphaxalone] formulated in another host cyclodextrin (Alfaxancp-RTU;
hydroxypropy! B-cyclodextrin - the Jurox preparation) does not have a ceiling on

toxicity with a quoted LDso of 19mg/kg iv in rats, a dose which is 75% Icss than the

25 dose of alphaxalone in the (7) sulfobutyl ether B-cyclodextrin which only causcs
20% lethality; _
2. The guest is a compound that causes anaesthesia at a free drug level which is equal

to its aqueous solubility; and _
3. The guest is a compound that has a high therapeutic index so that the free drug

30 level is well below the toxic level.



I nst ant aneous di spersal of al phaxalone in the plasma but, since anaesthesia
I s *caused by drug injection in one circulation and al so al phaxal one is

cl eared fwormtimssisBood by the liver on first pass, the PeraU2aooesed by
the mxing in the plasma will only reach 30% of the 10 theoretical maxi num
assum ng instantaneous m xi ng. 10119], The following is considered: 1. .

al phaxalonc is soluble in water to O. 03rrg/ ml; 2. al phaxalone is 35% protein
bound in plasma; 15 3.plasma volunme is 349d/ kg in rat (Davies and Morris,
Phar maceuti cal Research, 10(7):1093-95, 1993); 4. both Al thesin (Registered
Trademar k) and PhaxancD have al phaxal one concentrations of 10ng/ml; 5. for
i nduction of anaesthesia Althesin (Resispigd Trademark) and Phaxancl) arc
20equi potent; a m ni mum of 4. 3ny/ kg al phaxal one by either preparation cause
sleep in nost (95% rats; 6. aftBregaendleviafpethulgiérus i nj ection a drug
preparation will equilibrate with the plasma volune during the first sleep
cycl e but I ater the drug will disperse into the extracellular fluid [ ECF]
whi ch i s = 20R22jThk gnepifomvtives sarild Mnaersits;ic 11988wn@pey) ;wa5mikcGapithsbi% i /v
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and unlike alphaxalone lt only went into solution after 4 hours of continuous stirring. The
~ solution was opalescent. This observatlo,n indicates that all neuroactive steroids do not
interact with (7) sulfobutyl ether B-lcyclodextrin in the same way. Fifteen male Wistar rats
10 - (150-200g weight) with surgically-implanted internal jugular intravenous catheters were

used for these experiments in which they received intravenous pregnanolonecp injcctions:

2.5 mg/kg (n=5); 5 mg/kg (n=5); and 10mg/kg (n=5).

[0123] They were assessed for anaesthesia by the righting reflex which was scored: |

15 normal; 2 slow; 3 some attempt; 4 none. A score of 4 means that a staic ol

unconsciousness (anaésthesia) has been achieved. Figure 5 below shows the results from
this test for the rats in the three groups that received 2.5, 5 and 10 mg/kg pregnanolone.
Results shown are means of the readmgs from all 5'rats at each time point after intravenous
injection of pregnanolone:

20 _
| [0124] The rats were also assessed for surgical anaesthesia using tail pinch responscs
scored: 1 normal; 2 weak; 3 just present; 4 none. A score of 4 indi_cales surgical
anaesthesia has been achieved. Figure 6 shows the results from this test for the rats in the
three groups that received 2.5, 5 and 10 mg/kg pregnanol'o'necp.' Results shown are means
25 of the readings from all 5 rats at each time point after intravenous injection of

pregnanolonecp.

[0125} Time to complete recovery from the sedating éffects of the pregnanolonecp was
assessed with the rotarod run time — normal non-Sedated rats run on the accelerating
30 rotatirig drum is 120 seconds; rats are fully recovered when they can walk on the rotarod
treadmill for 120 seconds. Figure 7 below shows the results from this test for the rats in the

three groups that received 2.5, 5 and 10 mg/kg pregnanolonecp. Results shown are means



| . From A and 5 above, the plasma | evel of drug needed to cause sl eepdose
adm ni stered as Althesin/plasm volunme = 4.3/31 = 0. 14nmg/ M. WO

2011/ 088506RCT/08856111000050 - 38 - Applying A the pl agca/aaeno@eoesati on is
expected to be 30% of this when the blood has circulated to m x the drug
effectively = 0.046nmg/ mL. 111. Fromthis, the level of free unbound

al phaxal one i.n the plasma associated with anaesthesia induction after a
single iv bolus injection = 65% of totaldl(-fromfact 2) 5= 0.045 x 0.65 =
0.03nmg/m . 1V. Proposition 11 above is exactly the known solubility of

al phaxal one in water. V. Conbining points 5 and 8 with proposition IV, it
I's proposed,hefLirdhdidpat fr(t)rhealf 19 Shis i Adeehi Gie desigt afterPhravaacobs ciajesieh of
anaest hesia by releasing all of the al phaxal onc fromthe conplex just

achi evi ng t priegeanglosedret i ¢ | evel and free al phaxal onc 10saturation |evel.
VI. Wien the second dose of anaesthetic was adnministered in Exanple 9 the
rat was starting to recover fromthe anaesthetic because sone free

al phaxal oneCoadutiesn met abol i zed by the liver, some free al phaxal one had

been redlst ted to the NCI; ai Ni na..
al phaxal dne dﬂgg] regnanoloneen, 15; #, trgrdw?no %%%ﬁc C@P 'fs181|1g Qlﬁlgxh?#.eel@glzauscs
al phaxal oneajsuResid ﬁhhhct@ndnmeahwxphmenﬂmfenoashejemm nT}ss)eEfmusis dage avlakéni ng.

. Thus, a further dose was ven., U the first, dose s still

al phaxal oneRdt tsﬁ@s%'l"&‘)‘dcaé‘ée %ﬁﬁg}e@w TEHEn I 15%3‘33?}’%%} ng&pesr %ased from
the conplex to bring the free al phaxal one | evel back to 0.03ng/nl; the
brain is reloaded and sleep follows. 20 VII. However, sleep follows for a

| onger tine after the second dose and the third and also the fourth until
the ECF is | oaded with 0.03ng/ nl al phaxal one and al phaxal one/ Capti sol
conplex [points 6 and 7]. After that further doses of Captisol nerely top
up the blood | evel of free al phaxal one and maintain it until hepatic

nmet abol i sm has cl eared that dose of al phaxal one. 25 VIII. Once the |evel
of . free al phaxal one reaches 0.03ng/ M, the brain is anaesthetized. The
brain wll only absorb nore al phaxalone if the | evel of free al phaxal one
increases. This is possible with Althesin (Registered Trademark) and death
ensues when 15 tinmes the anaesthetic dose of that drug is adm nistered as a
bolus leading to a theoretical free al phaxal one |level of 0.45nmg/m . In
contrast, when that dose of 30 al phaxal one is given as PhaxancD, in a
conplex with Captisol (Registered Trademark), the al phaxal one is not

rel eased fromthe conpl ex once the | evel of free al phaxal one reaches
0.03ng/mL [point 1]. This explains the ceiling effect on WO

2011/ 088503PCT/ AU20111000050



- 39 - lethality with al phaxal one when formulated in 13% sul f obutyl-7-ether
iicyclodextrin. I X Since no further increase in sleep tinme occurs after
the fifthwoasa/s8503ny/ kg Phaxancp and subsequent doses @CTIAROBA0E)S0

magni tude, then the clearance of 5 al phaxal one nust be in equilibriumwth
the dose adm nistration rate. The equilibrium clearance of al phaxal one is

t herefore 5ng/ kg/4.2min. Si'nce the concentration in plasma is approxi mately
0.04ng/ mL then the plasnma cl earance ratesat equilibrium---- ((5-+-4.2) ..
0.04)=-- 30nils/kg/mn. This is within known val ues of hepatic bl ood fl ow
(Davies and Morris, 1993 supra). It is well known that 10al phaxal one is .
primarily cleared fron1p|asna by firgkARRSEEBeEpatic met abol i sm X ‘The
latter inplies that this particular formul ati on of al phaxal one in
sul f obutyl ether P-cycl odextrin déptardelone faneulagipnl of free unbound

anaest hetic that penetrates the brain up to but not above a |evel that
causes anaest hesi a; the Captisol cannot release any nore conpound above the
| evel at whi{@R7pThs meuwatter istsmei;catanam}edc walphaddbaté phax atigete vathd 180wsv/hi gher

bl ood Ievels a uld cau ci.ty .are not achiev 0121] This
proper ty “has¥! h%’t“yﬂ) @'@%“3? (?%Pt“iox)tlf‘a?vge/ﬁ&h‘é s Wﬁé%?%ql@?%@fm?cﬁt rid$enous
cycl odextri Qﬁ)h%ﬁ&fe%ﬁ%l@ﬂ%dﬂ%ﬂ&d@rapﬁrb@ncle'rma‘ﬁ'dﬁ of B0m&Hnl Yuk GHIIR AHERIoMROR
described or 20 previously discovered: 1. A unique host : guest interaction.

The evi dencenlyovent itessaluiontadier 4 beurs pfeontipeous shmingy Jhis O[béﬂrmﬂweam%ms that
formilated i ar}g{lﬂ% jt@r%? s olt ?nqsxétrv{'x?m @@LJI%%@&F% eld’JCycl t?ﬁglqu 1P e

p- cyclodext? ur oXx prepara ion es' ' n a cel ing on toxicity
w th a quot edyl Dbfficod rﬂﬂagﬂkgulrmsl(nsmat)@g v&xgllm)senmhm@cals' infpYankeds Bitdriedn t he

25dose of al phaxal one in 7) sul f b et her . P—c clodextrin which on
couses o 1B T ke bere PR st B Sh OO0 WRRCEERGY: o ot

a free dr Ug1r{l1%V@HouMl;ﬁ19ddl§ne%f-]Ulﬁ;ﬂecﬂdi’ls' 16 nRHkE VS)S 20 u)bg/kg fys5)a8ek 30m§[
ree

guest is a conpotind that-has a high therapeutic index so that the
drug 30l evelnidd wel | | beIOM/the toxic level. - 40 - EXAMPLE 8 Pregnanol one
formul ation v

[0128] They were assessed for anaesthesia by the righting reflex Which was scored: |

15 normal; 2 slow; 3 sofne attempt; 4 none. A score of 4 means that a statc of
unconsciousness‘(anaesthesia) has been achieved. -Figure 8 shows the results from this test
fér the rats-in the three groups that{ received 10, 20 and 40 mg/kg alphadolonecp. Results
shown are means of the readings vfror:n all ﬁvg rats at each time point after intravenous

~ injection of alphadolone. '

20 - _

| [0129] The rats were also assessed for suigical anaesthesia using tail pinch responses
scored 1 normal 2 weak 3 Just present; 4 none. A score of 4 indicates surgical
anacsthcsm has been achieved. Figure 9 shows the results from this test for the rats in the
thrce groups that received 10, 20 and 40 mg/kg alphadoloneu). Results shown arc means

25 of the readiﬁgs from ail five rats at each time Boint' after intravenous injcction of

alphadolonecp.

[0130] Time to complete recovery from the sedating effects of the alphadolonecp, was
assessed with the rotarod run time — normal non-sedated rats run on the accelerating
30 rotating drum is 120 seconds; rats are fully recovered when they can walk on the rotarod

treadmill for 120 seconds. Figure 10 shows the results from this test for the rats in the three -



101221 The neuroactive steroid anaesthetic pregnanol one was m xed with 13%
w v 5 sul fobutyl ether (3-cyclodextrin (Captisol [Registered Trademark]) in
0. 9% sal iwe 20a/d8830m pr egnanol onecD. The pregnanol one di esolaRvo0esnpl et el y
at a concentration of 10nmg/m, and unlike al phaxalone, it only went into
solution after 4 hours of continuous stirring. The solution was opal escent.
Thi s observation indicates that all neuroactive steroids do not interact
with (7) sulfobutyl ether (3-cyclodextri43-in the same way. Fifteen nale
Wstar rats 10 (150-200g weight) with surgically-inplanted internal jugular
intravenous catheters were used for these experinents in which they
received in b I/ . fecd. ReSlts kBowma@)mcahs HhKY
(n=5); and %@ﬁ%ﬁ@g”?ﬁggﬁg@?%??ggg¥ﬁ§§@§@%%Q22sééseq for anaesthesia by the
ri ghting refeadingsviiomhalliarsts steack ime poins afigsrintavenqus siestiondf sphedoincenpt ; 4
none. A score of 4 means that a state of unconsci ousness (anaesthesia) has
been achieved. Figure 5 bel ow shows the results fromthis test for the rats
in the threegogélasipss t hat received 2.5, 5 and 10 ng/ kg pregnanol one. Results

shown are neans. of 't readings fromall 5 rats at. each tine point after
i nt ravendus!414f ]e‘é[ﬂhﬁa%??ﬂ‘e%r‘ég%‘hdm%"ﬁﬂf"fs ?Baei@ilﬂff Tﬁbonr éitursat'\%'rpe IQICS 0°

assessed fopnSuhGiLAduddaasnharidy Bdrnrdvadhdusihjecion. EBOBRES isdaeedatcd
normal ; 2 weak; 3 just present; 4 none. A score of 4“indicateﬁqsurgical'

anaest hesi aanfhis isRossibla éheassesriliceny 6N dPessaR (o Ine Psutaiesatarghisihi s t est
for the rats in the three groups that received 2.5; 5 and 10 ng/ kg
pregnanol onecD. Results shown are neans 25 of the readings fromall 5 rats
at each tine point after intravenous injection of pregnanol oneco. 101251
Time to conplete recovery fromthe sedating effects of the pregnanol onem
was assessed with the rotarod run time - normal non-sedated rats run on the
accelerating 30 rotating drumis 120 seconds; rats are fully recovered when
they can walk on the rotarod treadm || for 120 seconds. Figure 7 bel ow
shows the results fromthis test for the rats in the three groups that
received 2.5, 5 and 10 ng/ kg pregnanol onecD. Results shown are neans WO
2011/ 088503PCT/ AU20111000050 -41 - of the readings fromall 5 rats at each
time point after intravenous injection of pregnanol onecu. Conclusions 5
101261 Pregnanol onemis an intravenous anaesthetic but of |long duration. It
causes anaesthesia induction imedi ately after intravenous injection. This
effect is dose related and it is possible to cause sufficient CNS
depression to | ead to surgical anaesthesi a.



- 42 - EXAMPLE 9 Al phadol one fornul ati on 101271 The neuroactive steroid
anaest heti c al phadol one was m xed with 13% w v 5 sul fobutyl ether

P- cycl odeworzon/qgeapti sol) in 0.9% w v saline to form al phadalzonaoddsp The

al phadol one di ssol ved conpletely at a concentration of I Ong/m, but unlike
al phaxal one, it only, went into solution after .4 hours of-continuous
stirring. This- observation indicates that all neuroactive steroids do not
interact with (7) sulfobutyl ether fl-cy¢4d odextyin in the sane way. Fifteen
mal e Wstar, rats (150-200g weight) with surgically-inplanted internal 10
jugul ar intravenous catheters were used for these experinents in which they
recei ved intravenous al phadol onecn ipxg#ipionse 10 no/ kg (n=5); 20 ng/kg
(n=5); and 40ng/ kg (n=5). 101281 They were assessed for anaesthesia by the
righting reflex ardiovasedarsiciectsn/ Phas@nansomgpred it Afesy angrfiropafvenpt ; 4
none. A score of 4 means that a state of unconsci ousness (anaesthesia) has
been achieved. Figure 8 shows the results fromthis test for the rats in

t he three gfoLRs Fiffeat maeeVised raG, (120-2806g widghty Mty alrgihal@oinmhmid ifResall t s
shown are nean ings from five rats at each t oint after
e avencus MR SHPHAR TSR Brhiss e ent T s ihiah i Trearlsess ed
for surgi calreoana@slﬁtﬁ%h@suﬁjeagmisaifl eqRipB&ht Ampmgsetﬁ:cwseﬁ of kit rpi®jofol2
weak; 3 just present; one. A score . of 4 indjcates surgical anaesthesia
has been ackf g”\?é/dfg’ Pw@wa%l@mgfﬁmgop@% in 406 Ipgalpi e pipien), %é@?s%} 28 me/keat s

n the thregifouns: Widksih SHRIMPUrABaIRR AT AONITUkEIBloRb atkolioneth 2fRsul s

shown are neans 25 of the readin fromall five rats at each tine point

af ter intragssmephorid)eet Phspamh (3 éhmﬁkﬂ @inh@c@lonq,@m(axalwmomgfnédwmlwbm
recovery, fr d fe ts 1adol.on mwas ass

t he rot alrogd?mmo(? @zbﬁﬁonbgg'rlmelher ﬁcygg)ge’im rat$ " ur? on ?%é’r%%)(’:eses?(g |arIi‘gC1i 30
rotating drdmsioic 1200& geanass wat Smea’s&reﬁUbéfyrel’ e@\/ﬁfeedhmefmdcherys capachal k
on the rotarod treadm || Io 20 seconds. . Fi 10 shows the result? from
this test foMeerREmenoes alfued iy o aorcsisobirenisnaberoatss0sED or

that rat. Figures 11 and 12 show the percentage changes against time for each of the
. .cardiovascular parameters in each treatment group.
15 |
Conclusion _
10133} Both formulations o.f alphaxalone  (Althesin/20%  Cremophorl:l.:
l’haxancp/sulfobutyl ether B-cyclodextrin (Captisol [Registered Trademark])) caused less
éardiovascular disturbance than an equianaesthetic dose of propofol and in one measurc
20 (diastolic blood pressure) the sulfobutyl ether B-cyclodextrin formulation of alphaxalone
' (Phaxancyp) caused less cardiovascular disturbance compared with the CremophorEL

preparation (Althesin [Registered Tradefnark]).



groups that received 10, 20 and 40 ng/ kg al phadol onem Results shown are
nmeans of the readings fromall 5 rats at each tine point after intravenous
i nj ecti orwof20rlgsgdol onem Concl usions 5 101311 Al phadolpromati2d 5/0@6050

i ntravenous anaesthetic of short duration.lt causes anaesthesia induction

i mredi ately after intravenous injection. This effect is dose related and it
is possible to cause sufficient CNS depression to |lead to surgical '
anaesthesia. - 44 - EXAMPLE 10 Cardi ovagxul ar Effects of Phaxancp conpared
with Althesin and Propofol 101321 Fifteen male Wstar rats (150-200g
weight) with surgically-inplanted internal 5 jugular intravenous catheters
were used for these experinents in wwgwpigigin three groups received

i ntravenous injections of equipotent AD95 anaesthetic doses of either
propof ol (6.6ngy/kg; Diprivan 10mg/phuset/dpolintalittiall0% | ntralipi'd enul sion),
Al thesin (3.28 ng/ kg al phaxal one; Althesin 9ng/ il al phaxal one plus 3nmg/ nil
al phadol one di ssol ved in 20% Crenmophor EL), or Phaxancp (3.23 ng/kg

al Ehaxal onel[Olghpl}amls@Bﬁ)eilﬂﬁg{smﬂa Ielinsamovo@decrd) pl@;)o(f.‘ﬁipéndS(dl) shifabutyd wdifico st y |
et her cl odextrin n = rats per gr stolic and dias iC
bl ood pre%/sﬁy%lg ewgméalmg P%éom%m AR FORPRE h%%uv I Rnd; mARer g4 %‘L

measur enent WRSeeAk pripale@dn 8%ulfy R @d‘&x?agﬁh&i%%&ﬁ Dogi: tWhieh diher RossTstdiet i c
1 SRIRSY ane

| evel s for that rat. Figures show t he percentage changes agai nst
time for eaalphefalareds d@tpmlo‘:ﬁhbmmdommaamscép@wwgﬁ@hp@p@@t piedlphayerlonp. 15

Concl usi on %gobu%esﬁ% R E’l%@& o9 §@Ih@'aﬂpe@esg4é§e§é,ﬂdm§§e AQAcIRRRgRE- 1.

Phaxancp/ sul odextrin I stered
Tradenark])bhmﬁmsegvhesshw@amanBBBMBanmugmUkhamuedﬁhmnaaﬁué@umadaéshhet|c
and 'n one nmeasur di asto SUr

o Fobut 1 BRh g e bre BE LR RR S filnd PR pGorfh il BREARbRE bl 0B
caused | ess ysar-dhmiéahiesitl #hidted bunddass mamfbmt bf $(heor Giechimebosl Ehdex
preparation %'tb}\let er}gcstrlogncleﬁ}?%gsrgrgr(%?s '\I/'erdg.g)e T he ;])a)tlent has an intravenous cannula in the
right hand for drug administration énd another for blood withdrawal for‘ samples for
mcasurements of blood levels of drug. That arm and the anaesthetist administering the
15 anaesthetic has no communication with the test subject or a sccond anaesthetist who is in
contact with the subject and who is responsible for general care of the subject as well as
physiological monithing. The arm and the drug administering anaesthetist are separated
by a. curtain from the anaesthetist caring for the subject as well asv the subject and
anaesthetic nurse present. The first, drug injecting anaesthetist, only communicates that
20 the anaesthetic injection is about to start by ringing a bell énd the caring anaesthetist 'only
communicates with the drug administering anaesthetist to say whether a BIS value of 50 or
less was -achieved after that subject leaves the room at the end of the cxperiment.
Measurements and assessments maﬂe:
+ Subjects weight in kg. This is written on the case record before passing to the
25 administering anaesthetist. '
 The patient is asked by the caring anaesthetist to report pain on injectioﬁ and a positive
or no report is noted.
»  Presence or absence of abnormal movements s noted by the caring anaesthetist.4
» Time from the ringing of the bell indicating anaesthetic injection to the subjcct

30 dropping a water-loaded 20 ml syringe held between finger and thumb in the

outstretched left arm.



- 45 - EXAMPLE 11 A phase 1/2a clinical trial 101341 In these experinents

i n human vol unteers, propofol and (7) sul fobutyl ether P- 5

cycl odextwproalgsksmsal one fornmul ati on are conpared in a @cuAwEotltom$o manner .
Each volunteer is prepared in a fully' equi pped anaesthetic room Dosing
with either propofol or al phaxal one is determ ned by a random zation
schedul e to either propofol or al phaxal onc. One anaestheti st designated to
gi ve the anaesthetic opens an envel ope 146 find whi.ch drug shoul d be given
to this patient. The dose of drug is determned froma cal culation schedule
10 (see below) relying on the response of the previous patient to the |ast
dose of that df)iHQ SR %he rRARPARESIMNAS ibdll AkdERNE hndstRAL iMB&RA ©BNoss FEAGHIIeNENt
of 50 for the bispectral index of the el ectroencephal ogram (Bl S value). The
patient has arcontactwitkethopsticaarditize for thayeomacykn reiimd for drug .
adm ni stration.and. anat her .f o : . Wt r. Sak . K
reasur ement & of 1B g e b B, BT intenltl MBLCR i RRRR B3n¢ Rbject Josing

admi ni st eri ng thheyeldshacfeauht eci tind@svhixh thanefloxiretatriedn wi th the test subject

o 2os oo PRS0 LS PEL Y e SR A B

moni'toring. ThieatHYiRre cAdR ifedidnadm ni stering anaestheti st are separated
by a curtain fromthe anaesthetist caring for the subject as well as the
subj ect and *anBlesd magss@en istabic ndsdiagtolicTirad fRulsst rategpyigs AR dRYasiyg methods

anaest heti st, ﬁ@dsxreagv%pgpirﬁﬁh@%é DafindQ, LRey 293GaHIESIr & flirfie? 0 hfifubsSanabout

to start by ringing a | "and the caring anaesthetist only conmunicates
Wi th the drug edni hindtutgsithrgeadienest heti st to say whether a BI'S val ue of 50

or |less s achieved .aft.er i . L he
oxper et *wedorheE Slelibh of M biodl leithed SREDuSGHRRAPRbe bdEeABENPbarl T,
is witten on lbbeoths telr @cofte héfjar brephssiingnless okgen2saudtionilstebriaihgclow

anaesthetist. The patient is asked by the caring anaesthetist to report
pain on inj ect?;og/h a'aWEL‘C “H’(?ﬁxty?%'s(E}f"eﬂﬁyrfﬁcﬁd??&ia 9%163‘ ?llchr’recé‘ghgéwg%m!gﬁsence
of abnormal noyERRALSapnScd10dcats £ dehesiC R iloipeAmarSOItetdngs.. he oddumender @ t he
ringing of the bell indicating anaesthetic injection to the subject

30dr oppi ng a WaPeRYRFRWEEYSs Afd appesaRfendfed-d bet ween finger and thunb in

the out sty et.chedd 6l Ab&ery indA8ied by hbiil bérRdhrah@ ihlagiingsdkutlien Ral |
indicating anaesthetic injection to |oss of verbal contact with the patient
and time for tBlwdkan fotanalpsis ef alphixaloms bleod leyels aHES.rlithding. v O:t1ie’ band

i ndi cating ana het i.G LN [on.to the subject |osing the eyel ash reflex
and the tine a@f'&/\’ﬁfu&eﬁ%{thg‘{ng‘?stg#eﬁgiﬁj?célioﬂ'r ned. 5 BIS value and whether a -
val ue of 50 sor Bhel aiken befachhewqariaaot, weemuaafterftior experimemagd 34 heyrs tidone

i ntravenous i nlve?i\t}i on. Blood pressure, systolic and diastolic, and pul se
rate using non"Fi\AST P& et hods neasur ed every 1 minute for 5 mnutes,
every 2. %0 m nut eFufl Bherdaibldpichienal}fls.mi nutes and every 5 minutes thereafter.

Hepatic function tests.

Renal function tests.

Dose schedule

25 [0135] When the envelope is opened by the administering anaesthetiél the randomivzcd
instruction will be to give propofol or alphaxalone. If this is the first subject to receive the
drug they are given: propofol 2 mg/kg; alphaxalone 0.5 mg/kg. ‘
» The dosing for the next patiént to receive that drug is determined by the response of the

first subject given that drug. .
30 ~ If the first subject did not achieve a BIS of 50 or less, then for propofol the dg)sp
would be 3 mg/kg and for alphakalone 0.75 mg/kg. -



10 Oxygen saturation of the blood neasured with a pul se oxineter probe

pl aced on the ear | obe of the left ear. The subject breathes air unless
oxygen sawonati/msssoBevel s fall bel ow 93% at whi ch tine orggav208/09iosen by
face mask and anaesthetic circuit. Breathing is assisted if apnoea occurs
and persists for |longer than 30 seconds. The occurrence of |ow oxygen
saturations and apnoea are noted. | 5Tinme to full recovery indicated by
normal performance in a digital substituwi.on test Blood taken for analysis
of al phaxal one bl ood | evels at 0.5, 1.0, 1.5, 2, 5 10, 15,30 and 60 m nutes
after anaesthetic injection. Blood taken before the experinent, one hour
after the experi (] . | 4o

haemat ol ogi cal aﬁﬁégﬁg&bﬁébﬁa%ﬁfﬁégg?ﬁ;ﬁ%eﬁgtfessgat g{ng?%ol?ﬁ%??{gndo?eeg%@ Dose
schedul e 25 10135641 Wedp danddoreriptekapee 0.285 oygdged by the admi ni stering

anaest heti st the rgndtgrn'dzed instruction will be to give propofol or

al phaxal one.” | F*{HE PEPH {5 rst subject to receive the drug they are

gi ven: propof ol - 2 degbdsd;of dbphaxzdoe nealDsubjdery doofar tréhied dérhithg dray adhiwcetaxt
patient to receive that drug is determ ned by the response of the first
subj ect oi ven t hBIS e3P 301 f the first subject did not dchieve a BI'S of 50
or less, then fop, HcRRY Of ddsDef d9Ra T WO YhiHeREs3faRtekied M thaldrdl RitPMAK&NE
0.75 ng/kg. - 47 - If the first subject did achieve. a BI'S of 50 or |ess,
then for propof okchitved ddd& ofdbd be 1 ng/ kg and .for al phaxal one 0.25 ny/ kg.
Thereafter the dgsj .S hat ' ; . ; Yol Ld

subj ects so far ﬁf g{él'?c gééwatt ﬁhetr%g?vgdgelfgesggﬁ?%@gg{séQgEIaS\Q{I)}% %@g%g{g, ﬁlgtnhav'c

i ncrease of doseadfiev2Z8®$ fvalatd ofS0lwjr dast andsathéramithrid Stvebiesihahhavhaot fdilengohad
all not gchieved @ B]I S%gf_ 58ﬁqr, In the case that there have been
some subjects treaPedSWEhM’l's drug that have achieved BI'S val ues of 50 or
| ess and others wi thidihS casd ofesie Id3atespane being afBIBIES0ta less, then the dose of

drug for the next subject to receive this drug will be mid way between the
dose for the last subject given that drug and the dose given to the most rccent
_ previous subject given that drug and who did not achieve a BIS of 50 or -

15 below.. .

In the case of the last response being a BIS-greater than 50, then the dosc of
drug for the next subject to receive this drug will be mid way between the
dose for the last subject given that drug and the dose giveﬁ to the most.recent
previous subjéct given that drug who did achieve a B_IS of 50 or below.

20 The latter is repeated for each drug series until the dose range variations have
.becorﬁe small and six subjects have achieved a BIS Valuc of SO or less
having received the same dose + 10% of drug. These 6 doses achieving

 anaesthetic levels of BIS aire combined to calculate the mean + sem

induction dose.

25
[0136] Thé following results are cxpected: o
. Alphaxalone céuses general anaesthesia with BIS values <50 achiévable in onc
arm/brain ci{cu]élion time. _ _ | '
«  The quality of induction is at least as good as with propofol but with thc- addcdﬂ-
30 advantage of no pain on injection, '

« At the “induction dose”, propofol causes greater falls in blood pressure, an increased

incidence of apnoea‘and decreased oxygen saturation than alphaxalone.



1050 or less then either: In the case of the |ast response being a BI S of
50 or less, then the dose of drug for the next subject to receive this drug
will be mvo 2emiyosk®sween the dose for the | ast subject giPeemhatoodsag and
the dose given to the nost recent previous subject given that drug and who
did not achieve a HS of 50 or 15below. In the case of the |ast response
being a HI S greater than 50, then the dose of drug for the next subject to
receive this drug will be md way -betwee48 { he dose for the | ast subject
given that drug and the dose given to the nost recent previous subject

gi ven that drug who did achieve a BIS of 50 or below. 20 The latter-is
repeated for eRf&}t MhidlstPRioh @S theMductidedod@She gg@eanwgﬁalﬁy bSO RAVE fadd@COME
smal | and si x subjects have achieved a H'S value of 50 or |ess having ~
received the sfanelpepxslone.10% of drug. These 6 doses achieving anaesthetic

| evel s of BIS ' : ; z L7 [ . 25
101361 The f ol |5 el s b b Glerarch uifFatus rm RN B e
anaest hesi a wifoh ti Sphaialoms figifesainhibe\itbdatwré aftemAlthesin KRegistered rloadeatarion
tinme. TQF qualité of . induction is at |east as good as with propofol but
with the “added AV 4 P age of no pain on injection. At the "induction
dose", propofol causes greater falls in blood pressure, an increased

i nci dence of apnoea and decreased oxygen satyratjon than gl phaxal one.. - 48
- After aerlrﬁ%flh%slci Prillegk iny g arf ﬁ’ﬂﬁc‘l pfﬁ‘i‘aéfo"g@“-t ,%@V§Bté%§§%?iﬂgﬁﬁg?rf‘t“y‘sof
recovery is sfh@ghfic {o0VarialiHiana niihicatidieotRGIanIRGOY dpetitieflyesaRbaxdl pne
after intravenous admnistration are the same as for the al phaxal one_
figures in bheunderswedtthatethaf ipwentian tindydes {IRewhs vartesignsTpag amgtifigations. The
adm i SR L QRnid DA hellA0SA) Stché kt%gs o8 oBihbosdnt APRSREIALLIFRRL 1§ e

i nvention described herein 1s susceptible fo variations and nodifications
ot her than bhoslikagdecitfis satifigatdesindivixkdlly ot callsctivelyb endianyeand tal sdmblvationshe -
invention ingludes all sugch. riatiops and nodi fications. The 10 invention
al so includQEAQﬁW”Wﬂf”FﬁgoéPgﬁ PSOLIPUFSs, conpositions and conpounds
referred to, or indicated in this specification, individually or
collectively, and any and all conbinations of any two or nore of said steps
or features.



Primary Hydroxyl Face OH 10 Secondary Hydroxyl Face conpdRl . R2R3
Hydrophilic Derivatives methylated cycloclextrins

3- moi t o- OWoebtyiespe| odextr ins 2, 6-di - Omer hyl cycl odext r iPpS/AU2011/000050
2,3.6-tri-Onethyl cycl odextrins random y nethyl ated cycl odextrins

hydr oxyl al kyl at ed cycl odextrins 2-hydroxyethyl cycl odextr ins

2- hydroxypr.opyl cycl odextrins 3-hyd roxypropylcyclodextr ins

2, 3-di hydr oxypr opyl cycl odextrins branche4) gcl odextrins 6-
Cglucosylcyclodextrlns 6- 0- naltosylcyclodextrlns 6- :

O di mal t osyl cycl odextrins CH3 H CH CH3 CHRj. R2,
Hor CH:@ 121, R2. R, = Hor CH2CH20#%BLF7

Cyclodextrin structures
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Primary Hydroxyl Faco

10
H  CH,0Ry
! H
R R0, H H
S ORy l/
Secondary Hydroxyl Face H Y v
compd R, - R, ' Ry

Hydrophilic Derivatives
methylared cyclodextrins

3-mono-O-methylcyclodextring H CH; H
2,6-di-O-methylcyclodextrins CH. H o CH:
2,3.6-tri-O-methylcyclodextrins CH: CHa: CH.
randomly methylated cyclodextrins Ri.R;, Rs=Hor (‘H
hydroxylalkylated cyclodextrins ;
2-hydroxyethyleyclodextrins Ri.RaRs=Hor CHzCH"U”
2-hydroxypropylcyclodextrins Ri. Ry, Ry = H or CH;CH(OH)CH,
3-hydroxypropyleyclodextrins Rl, Rz, Ry = H or CH;CH,CH,CH
2,3-dihydroxypropyleyclodextrins . Ri. Rz, Ry = Hor CH,CH(OH)CH:OH -
branched cyclodextrins
6- O-glucosylcycladextrins H H H or glucose
6-O-maltosylcyclodextrins H H Hor maltose

6-O-dimaltosylcyclodextring H H Ior (maltose):

Hydrophobic Derivatives
alkylared cyclodextring : ’ :
2.6-di-O-ethyleyclodextrins ) CiH: H CiHeo

2.3,6-tri-O-cthylcyclodextrins C.Hs C:Hs C.H,
acylated cyclodextring ‘ :
2,3-di-O-hexanoyleyclodextrins COC¢H), COCsH,, H
2.3,6-tri-O-acetylcyclodextrins COCH; COCHs . COCH:
2.38-tri-O-propanoyleyclodextrins COC:H: - COC:Hs COC;H:
2.3,6-uri-O-butanoyleyclodextrins COCzH» . COC;t: COC:H;
2.36-tri-O-valeryleyclodextring COC4Hs COC4Hs COC,Hy
2,3.6-tri- O-hexanoylcyclodextrins COCeHyy COCsHn COC:sH:,
2.36-tri-O-octanoyleyclodextring COC+H;s © COCiHis COCsHs

‘ lonizable Derivatives
arionic cyclodextring

8- O-{carboxymethylcyclodextrins H H ‘ H or CH:COONa
6-O-(carboxymethyl)- O-ethylcyclodextrins C,Hs CoHs - H.CHeor CHLEOONA
cyclodextrin sulfates - R:.R:; Ry =Hor SO:Na
sulfobutylcyclodextrins " Ry, Ra2. Ry = Hor (CH:)«SO:Na

N =6,a.CDs; N= 1. 5CDs; N= 8, yCDs; N= 9, 6-CDs.

. ‘From Uekama et al., 1998 supra. - : -



R, R, ft = Hor CH2C HHOH)CH3 Rl, R2, R3 = H or CH2CH2CH2CH RI, R2, R3 =
H or CH2CH(O01-1) CH20F1 H or glucose IL or naltose I-1 or (maltose)

al kyl at edwoyolwmsi®itrins 2.6 di-0-et hyl cycl odextrins PCT/AU2011/000050
2,3,6-tri-0-ethylcycl odextrins acyl ated cycl odextrins

2, 3-di - 0- hexanoyl cycl odextrins 2.3,6-tri-0-acetyl cycl odextrins

0- propanoyl cycl odextrins 2 ,3,6-tr i-0-butanoylcycl odext rins
2.3.6-tri-0-val eryl cycl odextrins 2,3, 6-130- 0-hexanoyl cycl odextr ins 2
.3,6-t r i-0Ooctanoyl cycl odextrins anionic cyclodextrins 6- 0-(carboxynet
hyl ) cycl odextr ins 6-0.(carboxynet hyl)-0-ethyl cycl odextrins cyclodextrin
sul fates sul fobutylcyclodextrins a N7 6, ct-CDs.. N7 7,N 8, y-CDs; N= 9,
S-CDs. From Uekanma et al., 1998 supra. Bl BLI OGRAPHY Atwood, Davi es,

MacN col. an@I¥IOERAPHY Conprehensive Supranol ecul ar Chenmistry Vol 4,
Pergamon: ' Oxford UK, 1996 Child.et al., British Journal of Anaesthesia
43:2-13, 1971 ' ' ‘ :

. Atwood, Davies, MacNicol and Vogtie (Eds), Comprehensive Supramolecular Chemistry
Vol 4, Pergamon: Oxford UK, 1996 |
Child et al., British Journal of Anaesthesia 43:2-13, 1971
/\c?_

Davies and Morris, Pharmaceutical Research, 10(7):1093-95, 1993

' Fromming"'and Szejtlic (eds), Cyclodextrins in Pharmacy, Kluwer: Dordrecht,” The

Netherlands, 1994
chming‘toh's Pharhaceulical S.cicn,ces, Mack Ppblishing Compaﬁy, Eaton, USA, 1§90
Rowg’éHandbook of Pharmageuticél Excipients, 2009'
bThom;dson, Crit Rev Ther Drug Carrier Syst 14:1, 1997

U_ekéma et al., Chgm. Rev. 98: 2045-2076, 1998



Davies and Morris, Pharmaceutical Research, 10(7):1093-95, 1993 Fromm ng
and Szejtlic (eds), Cyclodextrins in Pharmacy, Kluwer: Dordrecht, The

Net her | arwl©,20198450Rem ngt on' s Phar maceuti cal Sci ences, WatlawRatldoslsdng
Conmpany, Eaton, USA, 1990 Rowe's Handbook of Pharnmaceutical Excipients,
2009 Thomason, Crit Rev Ther Drug Carrier Syst 14:1, 1997 Uekama et al .,
Chem Rev. 98: 2045-2076, 1998 -51 - CLAIMS: |. An anaesthetic or sedative
delivery host/guest conposition conprisisig a cyclodextrin host or nodified
formthereof wth a neuroactive steroid anaesthetic drug guest, the

host/ guest conposition fornulated to be sterilizable, adm ni'strable by
intravenous injection with miniml pain and to exhibit a therapeutic index
of greater than 5. 2. The conposition of Caim1l wherein the neur oacti ve
steroi d ana€diAlMS:c i s sel ected from al phaxal one, al phadol one, acebrochol,
al | opr egnanol one, el tanol one (pregnanol one), ' '
ganaxol one, hydr oxydi one, m naxol onc, 0r g20599, 0Or g21465and

Letrahydr odgoxycant LERIheRO NS a;,@aiatw@ BhAkRRRLAQIGAl MBS ESP I @R Rising, o
derivative, salt or pro: drug formthereo he conposition of Oaim1

or 2 wher ei aydlodextrol host oatmiaslifidd feemrtbereef wish ot equntagti v slexich engesthetie druz;
cycl odextri 9 uds Meori@oﬁ?%%t tl,onji SsRich: §ormé1 hited NG Bé’”é}?é}m]zﬁfl‘é’” aﬁ%m%t?al'b

wherein t he iPar KeUPDacti ve Steroid anaes ode%trln
i s from abotitraterbut énjedniontwith Minim&l. pafthandcto rgebibit tai therapdutiClimdemod gvdaer ¢han t he
nol ar ratlosof neuroactive steroid anaesthetic to eyclodextrln i s about
1:2. .

2. The composition of Claim 1 wherein the neuroactive steroid anaesthetic is selected
from alphaxalone, alphadolone, acebrochol, allopregnanolone, eltanolone (pregnanolone),
ganaxolone, hydroxydione, minaxolone, Org20599, Org21465 and
tetrahydrodeoxycorticosterone and.a pharmacologically acceptable derivative, salt or pro- -

drug form thereof.-

~

3. The composition of Claim 1 or 2 wherein the molar ratio of neuroactive stcroid

anaesthetic to cyclodextrin is from about 1:1 to 1:6.

4. The composition of Claim 3 wherein the molar ratio of neuroactive steroid

anaesthetic to cyclodextrin is from about 1:1 to about 1:4.

5. The composition of Claim 4 wherein the molar ratio of neuroactive stcroid

. anaesthetic to cyclodextrin is about 1:2.

6. The composition of any one of Claimé 1 to 5 further comprising one or more of an
antimicrobial agent, a preservative, a buffer and/or a co-polymer.
7. The compdsition of Claim 6 wherein the co-polymer is selected from hydroxy

propyl methyl cellulose, polyvinyl py_rollidbne and carboxymethyl cellulose.

8. The composition of Claim 6 wherein if a buffer is present, the pH is from about pH

5.5 to about pH 8.



6. The conposition of any one of Clains 1 to 5 further conprising one or
nore of an antim crobial agent, a preservative, a buffer and/or a

co- pol ymewo 2071/088%9@ conposition of Claim6 wherein the ®oTEAR29NE00G58

sel ected from hydroxy propyl nethyl cellul ose, polyvinyl pyrollidone and
car boxynet hyl. cel lul ose. 8. The corrposi tion of Caim6 wherein if a buffer
is present, the pHis fromabout pH 5.5 to about pH 8. WO

2011/ 088503PCT/ AU2011/ 000050 - 52 - 9. -Fhe conposition of any one of
Clains 1 to 8 wherein the cyclodextrin is a 13- cyclodextrin or a nodified
formthereof. 10. The conposition of Claim9 wherein the nodified form of
P-cycl odextrin is a sul foal kyl ether cyclodextrin or a nethylated, hydroxy
al kyl ated, branched, al kyl ated, acylated or anionic derivative t her eof .

11. The conposit iTbe comp@hmnmﬂ@lw\/nm ef Rlame 1stol § odieteyr thet dyetodpxitpds edext rin

is (7) sulfo 1 et her trin 12. The conposition of Caim 10
wher ei n an &V@?ﬁﬁé‘?gﬂor&e@? ﬁg‘f%p ere0fsul f oal kyl ether- al kyl et her -

derivative,  13. The corrp05|t|on of any one of O ains Ito 8 wherein the

cyclodextrin is selected fromé‘11 cycl.odextrin sul fobutyl ether-ethyl ether,
13- cycl odext!®i n §h¢f°@m9§m°re9ﬁ al@f?af*)ere"yé‘gﬁcm@e’éiﬁ@rfPlﬁ“ §éi|ﬂr %Lﬂdwr‘ét‘hér

a- cycl odext rg, ?%9611 c\ﬁc}logg,ﬂﬁﬁ E%Htedsﬁ'%ﬁmksm)tlﬁed BrAnchid€alkylated,

conp05|t|ono _ erelnt e co Sit itiates rapi d- i nduction of
anaest hesi a aoylated ot annd)rac doivative thereapi d awakening tine relative to propofol.

11.  The composition of Claim 10 wherein the sulfoalkyl ether B-cyclodextrin is (7)

sulfobutyl ether B-cyclodextrin..

12. The compbsition of Claim 10 wherein an alkylated derivative is a sulfoalky! ether-

alkyll ether derivative.

" 13. The composition of any one of Claims I to 8 wherein the cyclodextrin is sclected
from B-cyclodextrin sulfobutyl ether-ethyl ether, B-cyclodextrin sulfobutyl ether (tlat), y-

cyclodéxtrin sulfobutyl ether, a-cyclodextrin sulfobutyl ether and their sodium salts.

14, The composition of Claim 1 wherein the composition initiates rapid induction of

anaesthesia with similar or more rapid awakening time relative to propofol.:

15.  An anaesthetic or sedative composition comprising a neuroactive steroid selccted
from alphaxalone alphadolone, acebrochol, allopregnanolone eltanolone (pregnanolonc)
' gdnaxo]onc, hydroxydione, minaxolone, Org20599 Org21465  and
tctrahydrodeoxycorticbsterone and a pharmacologically acceptable derivative, saltl or pro-
drug form thereof formﬁlated with a sulfoalkyl ether dextrin or modified form thercof o

generate a ster_ilizable' composition with a therapeutic index of greater than 3.

16.  The anaesthetic or sedative composition of Claim 15 whereinvvthe neuroactive
steroid anaesthetic is alphaxalone and/or alphadolone or_pharmacolbgically acceplable

derivatives including deuterated derivatives, salts and prodrug forms thereof.



15. An anaesthetic or sedative conposition conprising a neuroaetive steroid
sel ected from al phaxal one, al phadol one, acebrochol, all opregnanol one,

el t anol or®O(2priagssnol one) , PCT/AU2011/000050
ganaxol onc, hydr oxydi one, m naxol one, Or g20599, Or g21465and

t ct rahydr odeoxycorti costerone and a pharnacol ogi cal |y accept abl e
derivative, salt or pro-drug formthereof fornulated with a sulfoalkyl
ether dextrin or nodified formthereof {$8 generate a sterilizable
conposition with a therapeutic index of greater than 5. 16. The

anaest hetic or sedative conposition of Caim15 wherein the neuroactive
steroi d anaesthetic is al phaxal one and/or al phadol one or pharnmacol ogi cally
acceptabl e derivatives including deuterated derivatives,. salts and prodrug
forms theredf. W 20EstheB3EURHTITEAOROSIGOODGEIM 83 -or 16 Whermie therraEetikhdt i ¢

dative Cl ai wh [ f oal h
dextrin |5 cHraapbiary ol Mt Bdh sl B SR AR eGPl ve

thereof. 18. The anaesthetic or sedative conposition of Claim17 wherein
the dextrin is sulfobutyl,ether-alkyl.ether c%fl dextrin. ,19h Ege L
anaest heti c 18r sdbatanasthelapisiedrds sImrestion, ais Haimy 6/ AR hg (figxtrin is
cyclodextri pjirshupd eiet-8fyfdupicidodexlnodext rin sul fobutyl ether-ethyl ether,
P—cyclodextrlnvsulfobutyY ether (flat), 'y-cyclodextrin sulfobutyl ether,
a-cyclodextrin sul fobutyl ether and their sodiumsalts. 20. A nethod of
 nducing or \gul Nl g ic! B Uak8idnOtomBlsRldh bf &8kl 0]$!Soader Bhatihaticon,
anaest hesia Oor sedation 1n a subject, the method conprising adm nistering
an anaest hetiygodextrirs &dsldcied- fedrh ¢ ickeearip untfolafty lactborgtod icthear-of cladvytrinf

Clainms 1 to 19. 21. The nethod of C ajm 20 erein the. ne actiye steroid
anaestheticSH@@W@“Wgwéﬂﬁﬁb%éVﬂHQ?“H}ﬁﬁQHWVbﬁEQaHdWSWdQV%%ﬁﬂ%ﬁ&ﬁiCéE%TQte.
22. The et hod. ofii &l 21 wherei n al phaxal one and/ or al phadol one is/are
used at anaesthetic concentration of 0.25nmg/kg to 100 , ng/ kg body wei ght.
23. The method of Claim 21 wherein the al phaxal one is used at a sedating
concentrati of 0. / kg . : K I 24 T %Hgﬁ . any
one of d ai %@ 20At orggg&pv\h&g?é%o%cfnggg éu%fliggdt% P%\Ell} 39 Ehﬂ}glr?% OES“ eteg?%é)%s _
neur oact i ve aginatiniatdoanmesthesihior satatdon ircy shigebexthe imethod camposing iadalinfisserimg
thereof in the mapufacture  of ﬁ.nedicangng to inguce ana lh.esi]al HB a

subj ect wherBARREHEGHOL SLRHEREIScLVERRR PL A RTRPOSHIOR % &Y U YREFAD UL ¢ i ndex
of greater than 5. - 54 -

21. = The method of Claim 20 wherein the neuroactive steroid anaesthetic agent is

alphaxalone, alphadolone and/or alphadolone acetate.

22.  The method of Claim 21 wherein alphaxalone and/or alphadolone is/are used at

anaesthetic concentration of 0.25mg/kg to 100 mg/kg body weight.

23, The method of Claim 21 wherein the alphaxalone is used at a sedating =

concentration of 0.05 mg/kg to 10mg/kg body weight.
24. " The method of any one of Claims 20 to 23 wherein the subject is a human.
25.  Use of a neuroactive stefoid anaesthetic and a cyclodextrin or a modified form

thereof in the manufacture of a medicament to induce anaesthesia in a subject whercein the

‘medicament is sterilizable, and has a therapeutic index of greater than 5.



26. Use of C aim 25 wherein the neuroactive steroid anaesthetic is selected
from al phaxal one, al phadol one, acebrochol, allopregnanol one, eltanol one

( pr egnanovornejjosgawnaxol one, hydr oxydi one, m naxol one, Or g2@EIN R gAdBGBand

t et rahydr odeoxycorti costerone and a pharnmacol ogi cal |y accept abl e
derivative, salt or pro-drug formthereof. 27. . Use of Claim25 or 26
wherein the cyclodextrin is sul foal kyl et her dextrin. 28. Use of Caim?27
wherein the sul foal kyl ether dextrin is-§4) sul fobutyl ether pcyclodextrin
or an al kyl ether derivative thereof. 29. Use of C aim 28 wherein the
dextrin is a sul fobutyl  ether-al kyl ether cyclodextrin. 30. Use of Caim

25 or 26 whepei nykherMginP 96X \hdrfini e %br%ﬁ@tﬁ@ Jtér@fa‘ deanalcofedddeldd from
sul fobutyl ether-ethyl ether, 13-cyclodextrin sulfobutyl ether (flat),

y- cycl odext ﬁlmdmmolﬁlpl}ﬂﬂobﬂﬁeﬁcebaacbybl Jtrragninelens) fdsnelpne efpreenanpiriicy. hei r
fSOdI um sal t%a%ax?l%nep‘ 'T'%{RJE!P& 91oné nducrh gxo%nerm' il 2@)‘59@ by (b fZPLﬁ‘;SOn Ond

intermtten us ‘adm rarl an, atl on'in a hunan subj sai d net hod
conpri si ng amlmhydredieroayeomnmostarcmaladd suﬂnpmﬁcolagseldbaaacngabiéfdemzauwa satoumpto-of a
neur oact i vedst e anaest hetic sel ected from al phaxal one, al phadol one and
phar nmacol ogi E%I E8bt abl e derivatives, salts'and pro-drug forms thereof
formulated with a sul f oal kyl ether dextr| n or nodi fi ed formthereof 32.
The met hod qof .Cl aim 31vvhre|nt esulfanV] ethe dextrin.is (7)

sul fobutyl @éfner Use e&‘éhawa%%w%w elaﬁheaw{P St issul Rl hsifer é%mtlfher eof . 33.

The met hod of G aim 32 wherein the dextrin is a sul fobutyl ether-alkyl
et her cyclodextrin. WO 2011/ 088503PCT/ AU20111000050 - 55 - 34. The
"method of @Bai g4 olitfdaiey A7 Mherestuﬂfeoalllihylkyle@lh@rd@m rsi (7) isylfelmitd catlead [F-r om

p-cycl odextri ul| f obut et her, P-cycl odextrin sulfobutyl
ether (flat )CYCWQ}ECB‘LW“C?Y&BQNFF‘E ef'f’% ﬁ’tﬂ§1 % t her, a-cyclodextrin sulfobutyl
ether and their sodiumsalts. 35. The use of Claim25 or method of Caim
31 wherein tzBe Sfﬁé (E)!IC &la Zgwgerem the dextrin 1sasu]f0butyl ether—alkyl ether cyclodexlrm

30. - Use of Claim 25 or 26 wherein the cyclodextrin is selected from B-cyclodextrin
“sulfobutyl ether-cthyl ether, PB-cyclodextrin sulfobutyl ether (flat), y-cyclodextrin

sulfobutyl ether, a-cyclddextrin sulfobutyl ether and their sodium salts.

31. A method of inducing or maintaining by infusion or intermittent bolus
: administration, sedation in a human subject, said method compﬁsing adminivstration to said
subject a sedating-effective amount of a neuroactive steroid anaesthetic selected from
alphaxalone,‘ alphadolone and. pharmacologically acceptéble derivatives, salts and pro-drug

forms thereof formulated with a sulfoalky! ether dextrin or modified form thereof.

32.  The method of Ciaim 31 wherein the sulfoalkyl ether dextrin is (7) sulfobutyl ether

B-cyclodextrin or an alkyl ether derivative thereof.

33.  The method of Claim 32 wherein the dextrin is a sulfobutyl ether-alkyl cther -

cyclodextrin, N



WO 2011/088503 PCT/AU2011/000050

-55-

34.  The method of Claim 31 wherein the sulfoalkyl ether dextrin is selected {rom
B-cyclodextrin  sulfobutyl ether-ethyl ether, B-cyclodextrin sulfobutyl ether (flat),

y—cyclodextrin sulfobutyl ether, a-cyclodextrin sulfobutyl ether and their sodium salts.

35. The use of Claim 25 or method of Claim 31 wherein the subject is a human.



