ANAESTHETIC FORMULATION FILING DATA 5 [0001] This application is associated with and claims
priority from United States Provisional Patent Application No. 61/297,249, filed on 21 January 2010,
entitled "Anaesthetic formulation” AND United States Provisional Patent Application No. 61/385,318 filed
on 22 September 2010, entitled "Anaesthetic formulation”. 10 FIELD [0002] The present invention relates
generally to the field of drug delivery systems for neuroactive steroid anaesthetic agents. More
particularly, anaesthetic and sedative compositions are provided in the form of host/guest preparations
comprising a particular 15 neuroactive steroid anaesthetic and a particular cyclodextrin. BACKGROUND

[0003] Bibliographic details of referexibeA BSTHEE TR E(PRMEKTERONare listed at 20 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 sug estlon that this prior art forms part of the common general knowledge in any country.
25 [0005] Drug d féum to provide the required amount of drug systemically or to a targeted
site for a time and under conditions sufficient to have the desired effect. Some drug delivery systems
require carrier materials to mitigate particular undesirable properties of the drugs. One such type of carrier

molecule is a yclBWHriFFhiiwiedcas ia 30sAeiaterbraSeititedlYyBesPRSIBCUIO™- PnifehoBjtes

Cyclodextrins are wﬁ&mopaéﬁhamﬂeﬁauah hysiraxybgroups ardheir Qutensuwfaceoand envgid central
cavity which has | go&f‘hlelgcch og%% a{logy ngﬁxmlte% States Provisional Patent Application No.

61/385,318 filed on 22 September 2010, entitled "Anaesthetic formulation".
10 FIELD

[0002] The present invention relates generally to the field of drug delivery systems for
neuroactive steroid anaesthetic agents. More particularly, anaesthetic and sedative
compositions are provided in the form of host/guest preparations comprising a particular

15 neuroactive steroid anaesthetic and a particular cyclodextrin.
BACKGROUND

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

20 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 knowledge in
any country.
25

[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 effect.
Some drug delivery systems require carrier materials to mitigate particular undesirable
properties of the drugs. One such type of carrier molecule is a cyclodextrin which acts as a

30 host for a selected guest molecule.



capable of forming inclusion complexes with hydrophobic molecules. The stability of the 5 resulting
host/guest complex depends on how readily the guest molecule occupies the central cavity of the host.
[0007] The most common cyclodextrins are a-, 13- and 7- cyclodextrins consisting of 6, 7 and 8
a-1,4-linked glucose units, respectively. Cyclodextrins have relatively low solubility 10 in water and
organic solvents and this limits their use in pharmaceutical formulations. For a description of the general
chemistry of cyclodextrin, reference can be made to Fromming and Szejtlic (eds), Cyclodextrins in
Pharmacy, Kluwer: Dordrecht, The Netherlands, 1994; Atwood, Davies, MacNicol and Vogtie (Eds),
Comprehensive Sup ramolecular Chemist Vol 4, Pergamon: Oxford UK, 1996; and Thomason, Crit Rev

Ther Drug Carrier[%]@c‘féglegtggg -QOQ@J@'BHM&!E%r[Ma&@JR%&%xyl groups, on their outer

341-hydroxy-5-6(-,pregnan-11,20-dione] is a potent neuroactive steroid anaesthetic currently used in
veterinary medicir?ér(@?ﬁilﬂnét BV Ok EEHIBb GRMHY o‘f’lﬂﬂhé'é‘fhééia(’@@@@l@}ai@ﬂ). S0/ s8I RipAxalone
was widely used aspdpR Brgomariyd asmeidAtRYENOUS anaesthiepeoagaibrew) dphadelone{fAlthesin;

Alfathesin] in mlgnuﬁ)h?tleﬂg%t %%lstlggg' ﬁ)l(’thd%ugltldghgfe@ggar%%tﬁetl%s have a hlgh fhera e%tslctﬂgdex, they
itharawn rom ¢ |n|(?a?pra&

€S the guest (0] %1 € 0OC
were nevertheless w ice due to occasional, predictable ye vere

anaphylactoid reactiorg tave 28 golpethoxylated castor oil excipient (Cremophor EL [Registered
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 pré¥4kThsemereee AR &S AdatiEinyEartidt 3000utpYR e i RarPAtVERE &l Aiffect

respiratory controkni particulakeprapeied imfierrspatadely. adipid &mtisi aavwRichi can BupRoibmigrobial
growth if contf'adninated. The formulaticin cannat, in {act bg sterilized. There have been instanlges where
. . 1n W%teé ar§l organic solvents and this ltmifs their use in pharmaceutical formulations. For
microbially contaminated -
a description of the general chemistry of cyclodextrin, reference can be made to Fromming
and Szejtlic (eds), Cyclodextrins in Pharmacy, Kluwer: Dordrecht, The Netherlands, 1994;
Atwood, Davies, MacNicol and Vogtie (Eds), Comprehensive Supramolecular Chemistry
Vol 4, Pergamon: Oxford UK, 1996; and Thomason, Crit Rev Ther Drug Carrier Syst

15 14:1, 1997.

[0008] Alphaxalone [Alfaxalone or 3-o-hydroxy-5-o-,pregnan-11,20-dione] is a potent
neuroactive steroid anaesthetic currently used in veterinary medicine (Child et al., British
Journal of Anaesthesia 43:2-13, 1971).
20

[0009] Alphaxalone was widely used around the world as an intravenous anaesthetic
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 polyethoxylated castor oil excipient (Cremophor EL [Registered 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 on 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



propofol formulations have resulted in patients becoming infected. One other issue with the current
propofol formulation is the pain induced following or during intravenous injection. Attempts to re-formulate
in a water-based preparation have led to increased injection pain. Propofol also can lead to
cardiovascular and respiratory depression and has 5 a low therapeutic index of 5, i.e. only 5 times the
normal anaesthetic dose can lead to death. Furthermore3 the anaesthetic is incompatible with plastic
storage containers and plastic syringes which complicates syringe delivery equipment which is frequently
in standard use for intravenous anaesthesia and sedation. The drug can also cause hyperlipidaemia and
can induce toxicitpmwbeinl fsedultzharbercdosdtby imfestionts Phioiis iiparticl|aPyeprdioteissatioviththe
intensive care setfjpg..[pQ41 H&Uf%ﬁﬂ\a%&%r%dte@gqﬂhﬁuﬁcla&sféshgva%gerap%Jgﬁg)%qm&
efficacious with fewer side effects than propofol. 15 [0012] There is a need, therefore, to develop a
suitable formulatidAt6t@Rabfe BRePiste df AdRUkyadfive g@?&i‘&?%ﬁﬁ‘a%ﬂ?é‘ﬁ&’&d&‘f? i#’%dﬂjé&@?s-e -
SUMMARY [0013]n]jdetischiont HaipSpeaificatiorad ndessdioeasonltexhiagspiesoshrprisgotha e
“comprise", or yariafions,uch a5 "eqmprses: or cemprisingy, wil be pndersiond {0, impl (he inclusion
of a stated element O?Vin{)egé)r ormetfiod’s épl'o‘r grgup of Slements of if eger§ or Metho s?epsobut not
the exclusion of adyagtherwaibenenteotiintegses brtmathodaeptibtegro tip déstie memnts eomtegersud method
steps. [0014] The argsent ieQUoRles i Aaneyahle!d.al BgsUGHERE RPRIRIEK forfkRliRgsid0
comprising a neuroactive steroid anaesthetic and a cyclodextrin or modified form thereof for use in
inducing anaesthe$ABF&atatEN iHHRRTRII RSBk s 2esle ARFIfN the e uFSREtRAR stédidiaesthetic
is sparingly solublgypthRepliastguest camplrxfesntiationes utee efare: g fdnsgedsliuguyisystemsfer a
neuroactive s{8roid ana SthEtiCBIA %¥clod&)xtrin may be a ngtodified polyanionic 13-cyclodextrin and a
neuroactive steroith anaesthetic rﬁrély f5 eealllﬁ) axalone, & pn§‘dolone, acebrochol, allopregnanolone,
eltanolone (pregnanolone), ganaxolone, hydroxydione, minaxolone, 0rg20599, 0rg21465 and
tetrahydrodeoxycqjigapieiais. el & RhaIaGelaRlalARERIBhIE Aol Rl AALGSH Y form
thereof Other cyclodextrins include y and ot cyclodextrins or their modified forms as well as their salts.
The term "derivati{fie¥shtiisadicefe tharaadierivatives of the 20 neuroactive steroid anaesthetic.
Deuterated derivatives are contemplated for use as improved medicaments. One or more hydrogen
atoms may be rep deuterium. Modified forms of cyclodextrins include methylated,
ycronyatyiarbt DAL K ATES, HESTatGer 8 B A By s RS SRS e s an alkyl
ether derivative asevelhasvanteiy atsthalicydgtiien sylgiadextrin. The agent "alphadolone” 25 includes its
salt, alphadolone acetate. Reference to 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, wherein the neuroactive steroid anaesthetic is alphaxalone or a deuterated, tritiated or
labelled derivative or salt thereof and wherein the cyclodextrin is (7) sulfobutyl ether 13-cyclodextrin or an
alkyl ether derivative thereof. -5 such as being sterilizable, causes reduced incidence of pain on injection,
has a larger therapeutic index relative to propofol (including a therapeutic index greater than 5), is
capable of storage in a plastic container and induces a rapid induction of anaesthesia to surgical levels
with similar or more rapid awakening time than propofol or Althesin 5 (alphaxalone and alphadolone).
[0017] Hence, an anaesthetic or sedative composition comprising a neuroactive steroid anaesthetic and a
cyclodextrin or m&HTROMPAR Yhereof is described herein wherein the anaesthetic and cyclodextrin are
formulated to provide an anaesthetic composition which 10 exhibits a property selected from being
sterilizable, exhibiting minimal &ain on intravenous injection, having a therapeutic index greater than 5

and is storable in PladdedsianeA fBAHIRESH aliialls sRBChdomiss SfMaivssr Sransed
properties. [0018] Afsoptescriyetiahiatiols isvah ahaesthetiesor SedetiveridielyenyiHdxt/godsseomposition 15
comprising a @Cl@ﬁl@)ﬂrﬂlﬂehﬁqﬁ@bﬁ onadified mémdhmﬁmﬁag&hoa memﬁp&sgemidcﬁmﬁéhgtig dryg .
guest, the host/gugat Lompasition foEmulaietinbe eHizabed UM sikaRia BY intayenaysaigction with

T
minimal pain and tQ exhibit a t erﬁ}l%eutlc index of grr%aeggréh n s? The formulation may also be storable in

a plastic container. %Ofo%iﬂﬁ Suroactive SRS Anaeatiieticeinclude alphaxalone, alphadolone,

acebrochol, allopregnanolone, eltanolone (pregnanolone), ganaxolone, hydroxydione, minaxolone,
0rg20599, 0rg214B8® B d tetrabseatodeanigoolitic as tdroganamt (pihd nhheologisatyngdere oabldatienyatives,
salts and pro{drug-fepsithesarhangdinavdesidosmeaiat wilh 2 eadextioransopmifiestiotrtgreof 25
[0020] A further apgestiefic %ﬁ&ﬂ%“é’r?a%%ﬂ siiion fI5GleS A NGIGINERMMIRES @ keYeaRivg,steroid

anaesthetic selected from alphaxalone, alphadolone, acebro allopregnanolone, eltanolone

h
(pregnanolone), gAAESEIBYS S KU RO CinARENShe SOKY ggbﬁ’ BryAE gRgiex gormulation
tetrahydrodeoxycéttidestbrsne ding priaienassicgidany aeempeshestaridativesthetdts Arsdqhpdedtiig forms
thereof formulatednajtihacyclodexrt ol pmeono@itigd dosxritheneof ndesginvihetaopasiidriexhibits a
property selegted fromaging, sierilisiiso X NIRLRG.RYN MRLRAML A AL VR NIGRIBANDBYEY 2
therapeutic index greater than 5 and i3 fioraple in 3,2 RIGSHC CONBNGhs00,  Org21465  and
tetrahydrodeoxycorticosterone and a pharmacologically acceptable derivative, salt or pro-
drug form thereof. Other cyclodextrins include y and o cyclodextrins or their modified
forms as well as their salts. The term "derivative" includes deuterated derivatives of the
20 neuroactive steroid anaesthetic. Deuterated derivatives are contemplated for use as
improved medicaments. One or more hydrogen atoms may be replaced by deuterium.
Modified forms of cyclodextrins include methylated, hydroxyalkylated, branched,
alkylated, acylated and anionic cyclodextrins. By "alkylated" includes an alkyl ether
derivative as well as an alkyl ether-alkyl ether cyclodextrin. The agent "alphadolone"
25 includes its salt, alphadolone acetate. Reference to 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, wherein the neuroactive steroid anaesthetic is alphaxalone or a deuterated,
tritiated or labelled derivative or salt thereof and wherein the cyclodextrin is (7) sulfobutyl

ether B-cyclodextrin or an alkyl ether derivative thereof.

[0016] The anaesthetic or sedative formulation of the present invention as described in the

35 appended claims exhibits features



[0021] The cyclodextrin useful in the practice of the present invention is (7) sulfobutyl ether
I3-cyclodextrin. This compound can be prepared as described in United States Patent No. 5,376,645.
Another useful cyclodextrin is an alkyl ether derivative including a 10 sulfoalkyl ether-alkyl ether
cyclodextrin. Other cyclodextrin derivatives may be methylated, hydroxyalkylated, branched, acylated and
anionic forms. The anaesthetic formulation of the presens invention enables injectable administration to
mammalian subjects and in particular human patients. 15 [0022] Another anaesthetic or sedative
composition described herein comprises a neuroactive steroid selected from alphaxalone, alphadolone,
acebrochol, allopreghamoleneg eltsiticibie (pregmeadotode)cidenaxclibmeinhydroygdiomnehanindsigone,
0rg20599, 0rg21463 and tetialdredaoxueostisReleoRe RNtk & RhatparR akicRlnarcepiap!s drrivative,

salt or pro-drug form thereof formulated with a sulfoalkyl ether cyclodextrin or modified form 20 thereof to
generate a sterilizEheP ot piEsn it e FAPBIRTE ek BegteatarithHidustipro2ainee sthesihBodiment,
the composition desgitaedeveihevalaimsiisralsonsies aljed madlastie container. p2opldor4} Thenéerimulation
may comprisesa bg?ei{ tolmaint(?i Hdwfthin a range of from about pH5.5 to pH8. Alternatively, the
formulation may n StbeButrerdd whetein the pH of the formulation may be from about pH3 to about
pH9.5. The formulation may also comprise a preservative, anti-microbial agent and/or an agent which
reduces toxicity. IFOA4HTE o A ERBGERBIEISHitF SHEO CSERIRYOS CUTBERSe? MRy BetiiRitrad!
Examples 30 of suiiaiidctn-palymeysiddckute hyaiausibpropyl matoylicelbiloned HEMEC ey iyl
pyrollidone (PVP), and carboxymethyl cellulose (CMC)., -7 [0025] The present invention further
Cormempiates an AL eHRRHE SHbes o B e b ey S R it
cyclodextrin d$ defifiedl tirathrersieinisifoted $ein bnaigciteg | oabiaierthibitieg amaesth esia @r isedetionsn a
subject, wherein said GOMRQSHON isfopRdMinisl aHom Py RfISIAN O RIE B RALS R IRI26 A
method of inducing or maintaining by infusion or intermittent bolus administration, anaesthesia or sedation
in a subject is alsoWBSEHIBAREIBINS fife: EHBEPE 8BS BURIMPENBRTIGSan anaesthetic-effective

amount of a neuroactive steroid anaesthetic selected from alphaxalone, alphadolone, acebrochol,
allopregnanolone [a@)1 8]tanol dae fipeedradio lBng) agasdxolonachyivoytienehosinaxal oo@pNigda599,
0rg21465 anq jetrgydradeonycartisasierqne,and Pharmaseladicall agoenianie dervalives, sals or
pro-drug forms thereor formulated With a cyc?ogextrln or moditied form thereof for a time and under
conditions sufficiemags trdigcalagacstbsithor kestiation whensisitibe daaeskiedictor Sedaivdifdnaulation

exhibits apro pert)ééﬁlﬁﬁ%%l@%‘iﬁ’ﬂ@&é@ riﬂgeéﬁlfr‘p SR %ﬁﬂﬂgalﬁaﬁﬁi&l@% painien &%f@é%ﬂ@%%dk&jec“_on
and having a therapeutic index greater than 5. [0027] In an embodiment, the formulation described in the

claims is also storabfEeea Piastic CHimeltsy roEi sl ihd R fat8 18 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 particulafly 400N Newoartdrarftesil meresthatideuraiydabdphaxglone, alphadolone, acebrochol,

allopregnanolone, eltanolone (pregnanolone), ganaxolone, hydroxydione, minaxolone,
Org20599, Org21465 and tetrahydrodeoxycorticosterone and pharmacologically
acceptable derivatives, salts and pro-drug forms thereof and may be formulated with a

cyclodextrin or modified form thereof.

25
[0020] A further anaesthetic or sedative composition disclosed herein comprises a

neuroactive steroid anaesthetic selected from alphaxalone, alphadolone, acebrochol,
allopregnanolone, eltanolone (pregnanolone), ganaxolone, hydroxydione, minaxolone,
Org20599, Org21465 and

30



[0029] The compositions of the present invention may be used to induce or maintain by 25 infusion or
intermittent bolus administration, anaesthesia or sedation or both in subjects. [0030] The formulation may
be packaged for sale with a set of instructions. Instructions may include a patient management protocol
comprising administering to the patient an effective amount of the neuroactive steroid anaesthetic 30 -8
formulated with the cyclodextrin for a time and under corglitions sufficient to induce anaesthesia. [0031]
The use of a neuroactive steroid anaesthetic and a cyclodextrin or modified form 5 thereof, in the
manufacture of a medicament to induce anaesthesia in a subject is also described herein. [0032] Kits
comprising in confpartméntibfoxertiaesveuro aet @lstenaidlagiadétheticitebl firdtrcompartvdnt @nd the

cyclodextrin in a sgeofd LAMRARMES BRAQRUP QY QYCIBIRAS 8- NIk r RAMMRIS P ehisd or other

compartment are also contemplated herein. The kit may be in the form of a modified syringe. [0033]
Labeled forms of thé FRRITPOSERNeShhiideaRraBSietiteat’d dIsaJudng] TGRS rirg g JRiH the

anaesthetic during sedatiaiocaaesihesia. Hiits aadhappaiatus @ed&ihamiosasescibabibarain to
assist in the m nitﬂrin of labelled neuroactive steroid anaesthetics. Labeled derivatives include

deuterated, triflatddand othar fabeled agents. -9 BRIEF DESCRIPTION OF THE FIGURES [0034]

Some figures contain color representations or entities. Color photographs are available from the Patentee
upon request or frmoeanBRprogoaierRaisstiDificte Aietidnay hbeirposecifiobtained fitkbanPatent
Office. ether B-cyclodextrin. This compound can be prepared as described in United States Patent
No. 5,376,645. Another useful cyclodextrin is an alkyl ether derivative including a
10 sulfoalkyl ether-alkyl ether cyclodextrin.  Other cyclodextrin derivatives may be
methylated, hydroxyalkylated, branched, acylated and anionic forms. The anaesthetic
formulation of the present invention enables injectable administration to mammalian

subjects and in particular human patients.

15 [0022] Another anaesthetic or sedative composition described herein comprises a
neuroactive steroid 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 formulated with a sulfoalkyl ether cyclodextrin or modified form

20 thereof to generate a sterilizable composition with a therapeutic index of greater than 5.

[0023] In an embodiment, the composition described in the claims is also storable in a

plastic container.

25 [0024] The formulation may comprise a buffer to maintain pH within a range of from
about pHS.5 to pH8. 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 preservative, anti-microbial agent and/or an agent which reduces toxicity. In
addition, to improve solubility and/or stability, a co-polymer may be included. Examples

30 of suitable co-polymers include hydroxyl propyl methyl cellulose (HPMC), polyvinyl
pyrollidone (PVP), and carboxymethyl cellulose (CMC).



[0035] Figure la through if are graphical representations of experiments on male Wistar rats implanted
with indwelling internal jugular vein intravenous catheters under halothane anaesthesia and then provided
with propofol (a,b), Althesin lalphaxalone and alphadolone 10 acetate] (c,d) or Phaxanco [alphaxalone in
a 1:2 molar complexation ratio with (7) sulfobutyl ether fl-cyclodextrin] (e,f). [0036] Figure 2 is a graphical
representation of lethal dosing of two alphaxalone preparations [PhaxaneD and Althesin in rats]. 15
[0037] Figure 3 is a graphical representation of a probit plot for lethality dosing of an Althesin preparation
in rats. [0038] Figure 4 is a graphical representation of sleep time in rats using repeated doses of 20
Phaxamp (alphax&8M2&l ikha pr2semolarvenimpléxshioncrationpitre Ansuifobiityicetfeethd- ayelodextdn). [0039]

Figure 5 is a graphicalrepreseriion Qinightpadafley Une 1e5PeasE AYINGR S HRIRgAreananolone in
a (7) sulfobutyl ether fl-cyclodextrin. 25 [0040] Figure 6 is a graphical representation of tail pinch time

response curve indSts s PPegRABIOMAINNE (8tHetRtyr ethdttioRyBlotieXRirct - ¥BergBo 49 Figure 8
is a graphical represgpdsition effogitingicel exrtivpenfaspansentiiviesinb@ts. using alphadolone in a (7)
sulfobutyl ethey fl-cyclodextrin.  [0043] Figure 9 is a graphical representation of tail pinch time response

curves in rats 5 ugeéyRhagielane ivra idusiifoityhathatdiney o dextrine /084 4] rdauie.40 isopgraphical
representation of rotarod test time respanse curves in rats using alphadolone in a (7) sulfobutyl ether

fl-cyclodextrin. 1090B4E] EIe P b QPR b e demaieh o r Sardeiiiisd hyein R systolic
blood pressure in caispaftiag injécticinenvibly propaietshdthesifeaive haxanco. (004 6]ekigurave 2 de@igraphical
representation of percentade change inmeabAiRaiolic bR RIGRSUTS. IR RiR AtSTieslian il propofol,
Althesin or Phaxanco.
10 eltanolone (pregnanolone), ganaxolone, hydroxydione, minaxolone, Org20599, Org21465

and tetrahydrodeoxycorticosterone and pharmacologically acceptable derivatives, salts or

pro-drug forms thereof formulated with a cyclodextrin or modified form thereof for a time

and under conditions sufficient to induce anaesthesia or sedation wherein the anaesthetic or

sedative formulation exhibits a property selected from being sterilizable, exhibiting

15 minimal pain on intravenous injection and having a therapeutic index greater than 5.

[0027] In an embodiment, the formulation described in the claims is also storable in a

plastic container.

20  [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.

[0029] The compositions of the present invention may be used to induce or maintain by

25 infusion or intermittent bolus administration, anaesthesia or sedation or both in subjects.

[0030] The formulation may be packaged for sale with a set of instructions. Instructions
may include a patient management protocol comprising administering to the patient an
effective amount of the neuroactive steroid anaesthetic

30



15 [0047] Reference to "PhaxaneD" means an alphaxalone preparation with (7) sulfobutyl ether
I3-cyclodextrin. DETAILED DESCRIPTION [0048] The present invention lies in the general field of drug
delivery systems for a neuroactive steroid anaesthetic. Generally, the neuroactive steroid anaesthetic is
sparingly 5 soluble in water. The drug delivery system comprises a host carrier in the form of a
cyclodextrin or modified form thereof. Reference to "cyclgdextrin” includes an a-, 13- or 7- cyclodextrin or
a modified or derivatized form thereof. Reference to "cyclodextrin” also includes a sulfoalkyl ether dextrin
such as (7) sulfobutyl ether 13-cyclodextrin or an alkyl ether derivative thereof such as a sulfobutyl
ether-alkyl ether clgclodesadinyibetivativdsdokt® dyelodextrinsdinglidedecnstityited|ydroxyaiiddeted,
branched, alkylateg,, agylated and anionic cyclodextrins. By "alkylated" includes an alkyl ether derivative
such as an alkyl ether-alkyl ether cyclodextrin. Particular cyclodextrins are shown in Table 7 [Uekama et
al., Chem. Rev. 98: 2045-2076, 1998] and include 13-cyclodextrin sulfobutyl ethers, ethyl ethers,
I3-cyclodextrin su[folmwﬁmfsdflat)wyrsa/@lodem&u%iehuéﬁbahwes@am@xtﬂlﬁ 6y elodaExidifosmlifobutyl
ethers and theér %) %ef ?}dlum sa Its 0;f49]m e dru dtel|v%l}/ syste described }Bereln erllables a
neuroactive stéroid anaesthetic'td dhinistere oarélesubf)eclz in & Sten |zesofa1‘ourlrﬁl ot ﬁ%erlrsn%rsé) the
delivery itself is wdhsméscpmmtmmpared to the intravenous administration of propofol. The formulation of
the 20 present invention additionally has a therapeutic index greater than 5 (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 therapeU§83RLEL O BRRVERR 1B SHTRPOBTSARLIGHT o nogoagivagtesei dgnacatiens 08 f1go, 110,
120, 130, 140, 15Qohp&krhéf, 40 hkO0yarde28éhais weébaﬁlmmmﬁm{ei{a@ti@rtspt[biaﬁtyveeﬂpﬂéh@
formulation of1 6he frc?ﬁent mvglentl})n1 IllsaathsigdZ§ gtoglgbé% ina e|%$§}(é': SPQt(%Qter a ate %?@rpa,lilg ekfor use in
plastic delivery appara us ccor |ng , an‘anae hetior sdgaive 8'nlli)very ues composmon
comprising a cyclodextdmhbstormebdifiedifexhsthegeof with a neuroactive steroid anaesthetic drug guest
is disclosed herein, the host/guest composition formulated to - 12 - be sterilizable, administrable by
intravenous injection with minimal pain and to exhibit a therapeutic index of greater than 5. The
formulation may al@838b Lstbslediéonng i dktiecBmsiiverstamid rraeihatisrrinals expibiH ShBORUS Hisree or all

four of these propgftiegacking the anaesthetic during sedation or anaesthesia. Kits and apparatus are
15 therefore described herein to assist in the monitoring of labelled neuroactive steroid

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



5 [0051] By "reduced pain" means compared to a formulation comprising propofol as a reference. [0052]
The formulation described in the claims is useful for inducing anaesthesia or sedation in mammalian
subjects and in particular human subjects. [0053]
Neuroactivesteroidsincludealphaxalone,alphadolone,acebrochol, allopregnanolone, eltanolone
(pregnanolone), ganaxolone, hydroxydione, minaxolone90rg 20599, Org 21465 and
tetrahydrodeoxycorticosterone and a pharmacologically acceptable derivative, salt or pro-drug form
thereof. [0054] An example of a pharmacologically acceptable salt is alphadolone acetate. An example of
a derivative of a nBROIEHI DESERIPANHONHOK THHUEI(etaRIS erivative. A 'modified" cyclodextrin
includes a derivative of a cyclodextrin. - 13 - [0055] The composition of the present invention as defined
in the claims may be referred to as a formulation, host/guest composition, drug delivery system,
medicament, ana¢é04lid onsdiatiee asiell@moedesariptvely sutlkas &olanabsthgtiphforareulation or

sedative formulatign, 006 FhepRiERENtINSOIIRR S RNAS ISR LR OfIoTa nevTRCtve

steroid anaesthetic drugs such as a composition as described in the claims comprising alphaxalone and
alphadolone and/&Ff &Rtesebibakizipetdtens A s pRERSacologically acceptable 10 derivatives, salts or
pro-drug forms. [0057] A "pharmacologically acceptable derivative" is a derivative that still induces

anaesthesia whilsfgrﬁgg' reasing adverse, side effects. The term "derivative".includes deuterated
derivatives where S0 FRTE My PECEER ATl e Eehae Ol R ner e L B A
improved efficacyrdunihgnmedeyithesinadsip eticrageints nayeineisubjeciuocatkylat omdatkokytation,

acetylation and/ 0_raHQé)sﬁPJé%erﬁfi%J%&@ﬁ%@&ﬁtﬁ}?&%@t‘%m’a@ﬂ}{ eSrRINEL YRGS RhderyalMeRnglude
deuterated or tritiated or other labeled forms useful for
10 acetate] (c,d) or Phaxancp [alphaxalone in a 1:2 molar complexation ratio with (7)

sulfobutyl ether B-cyclodextrin] (e,f).

[0036] Figure 2 is a graphical representation of lethal dosing of two alphaxalone
preparations [Phaxancp and Althesin in rats].

15
[0037] Figure 3 is a graphical representation of a probit plot for lethality dosing of an

Althesin preparation in rats.

[0038] Figure 4 is a graphical representation of sleep time in rats using repeated doses of
20 Phaxancp (alphaxalone in a 1:2 molar complexation ratio with (7) sulfobutyl ether -

cyclodextrin).

[0039] Figure 5 is a graphical representation of righting reflex time response curves in rats
using pregnanolone in a (7) sulfobutyl ether f-cyclodextrin.

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

pregnanolone in a (7) sulfobutyl 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.



- 14 - monitoring and tracking the anaesthetic in the body. The terms "derivative" and "modified form" are
used interchangeably herein. Salts of alphadolone include alphadolone acetate. Reference to pro-drugs
include transported pro-drugs. 5 [0058] 13-cyclodextrin or a modified form thereof such as but not limited
to a sulfoalkyl ether dextrin is a cyclodextrin. A sulfoalkyl ether dextrin is (7) sulfobutyl ether 13-
cyclodextrin. Alkyl ether derivatives include a sulfoalkyl ether-alkyl ether cyclodextrin. An example of an
alkyl ether derivative is a sulfobutyl ether-alkyl ether cyclodextrin. Other cyclodextrins are listed in Table 7
and include methylated, hydroxyalkylated, 10 alkylated, branched, acylated and anionic derivatives. - 15-
[0059] An examplE084ZLigaike/B ethegraehtrhréprEry watfoboatyl gty 1dley tind extponsOf the piroperties
exhibited, in a parigylas, GMBAdIEN HHeJRsBudRteR 38 JeRcRed in the claims 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 5 wakening time such as compared to propofol. [0060] The
formulation betwepn4Bprigureaciive sigshichprgeyeladpxtibn as dassrined irdhenalaitsds igenegrally in a
molar ratio of fgom 1:1 ti ﬁ% (i%eur.oacg}/e ?%ebrotl :c¥)clo _exttiin ), more particularly about 1:1 to 1:4, even
more particularly aboat e s dhd'sti‘more ){):fr Icutarky 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, 1:1.5,1:1.6,1:1.7,1:1.8,1:1.9,1:2,1:2.1,1:2.2,1:2.3,1:2.4,1:2.5, 1:2.6,

[0044] Figure 10 is a graphical representation of rotarod test time response curves in rats

using alphadolone in a (7) sulfobutyl ether f-cyclodextrin.

10  [0045] Figure 11 is a graphical representation of percentage change in mean systolic

blood pressure in rats after injection with propofol, Althesin or Phaxancp.

[0046] Figure 12 is a graphical representation of percentage change in mean diastolic
blood pressure in rats after injection with propofol, Althesin or Phaxancp.

15
[0047] Reference to "Phaxancp”" means an alphaxalone preparation with (7) sulfobutyl

ether B-cyclodextrin.



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,
1:4.51:4.6,1:4.7,1:4.8,1:4.9,1:5,1:5.1,1:5.2,1:5.3,1:5.4, 1:5.5, 1:5.6, 1:5.7, 1:5.8, 1:5.9 and 1:6. - 16 -
[0061] (7) sulfobutyl ether 13-cyclodextrin may comprise less than 100ppm of a phosphate and have an
absorption of less than 0.5AU due to a drug-degrading enzyme, as determined by UV/v
spectrophotometry at a wave length of 245nm to 270nmifior an aqueous solution containing 300mg of the
dextrin per ml of solution in a cell having a lcm path length.

DETAILED DESCRIPTION

[0048] The present invention lies in the general field of drug delivery systems for a
neuroactive steroid anaesthetic. Generally, the neuroactive steroid anaesthetic is sparingly
5 soluble in water. The drug delivery system comprises a host carrier in the form of a
cyclodextrin or modified form thereof. Reference to "cyclodextrin" includes an a-, - or y-
cyclodextrin or a modified or derivatized form thereof. Reference to "cyclodextrin" also
includes a sulfoalkyl ether dextrin such as (7) sulfobutyl ether B-cyclodextrin or an alkyl
ether derivative thereof such as a sulfobutyl ether-alkyl ether cyclodextrin. Derivatives of
10  cyclodextrins include methylated, hydroxyalkylated, branched, alkylated, acylated and
anionic cyclodextrins. By "alkylated" includes an alkyl ether derivative such as an alkyl
ether-alkyl ether cyclodextrin. Particular cyclodextrins are shown in Table 7 [Uekama et
al., Chem. Rev. 98: 2045-2076, 1998] and include B-cyclodextrin sulfobutyl ethers, ethyl
ethers, B-cyclodextrin sulfobutyl ethers (flat), y-cyclodextrin sulfobutyl ethers and o~

15 cyclodextrin sulfobutyl ethers and their salts (e.g. sodium salts).

[0049] The drug delivery system described herein enables a neuroactive steroid anaesthetic
to be administered to a subject in a sterilized form. Furthermore, the delivery itself is with
less pain compared to the intravenous administration of propofol. The formulation of the
20 present invention additionally has a therapeutic index greater than 5 (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 5 and 200 including 10,
20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190 and 200 as
well as integers or fractions in between. The formulation of the present invention is also

25 storable in a plastic container and is compatible for use in plastic delivery apparatus.

[0050] Accordingly, an anaesthetic or sedative delivery host/guest composition comprising
a cyclodextrin host or modified form thereof with a neuroactive steroid anaesthetic drug
guest is disclosed herein, the host/guest composition formulated to

30



5 [0062] The anaesthetic composition of the present invention may in one embodiment 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 10 pH3 to about pH 9.5 such as pH3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5,
8, 8.5, 9 or 9.5. [0063] In a further aspect, the formulatiors-of the present invention also include one or
more agents such as excipients and/or preservatives, microbial retardants. Other agents may also be
included to reduce toxicity. Agents include, for example, EDTA, benzyl 15 alcohol, bisulphites,
monoglyceryl estereofttailivichéeciad(Muoinialsrivy , icaprina@acidngastior itglsolibheah kahne saits dititsa
monoglyceryl estey,{ apHRY. Gdstater and capinAritandion is.solubieaksling Salts phik

monoglyceryl ester (Monocaprin) and edentate. The formulation may ‘also contain one or more
co-polymers to asSf{aHFold BRIt BIrEHEBHRAb R LR ivetErss eht! EXURp RS TRIRRIE Ky droxy propy!
methyl cellulose (HPMC), 20 polyvinyl pyrollidone (PVP) and/or carboxymethyl cellulose (CMC). [0064]
Conveniently, the ctive steroid anaesthetic is proyided at a concentration of from ut 0.5to 100
gl in 2 saiive W0 R eSS ok B At RIS 6 5o, 0.7

0.8,0.9, 1, 2, 3, 4r8e8n. 8, 9, 10, 11, 12, 13, 14,

[0052] The formulation described in the claims is useful for inducing anaesthesia or

sedation in mammalian subjects and in particular human subjects.

10
[0053] Neuroactive  steroids  include  alphaxalone, alphadolone, acebrochol,
allopregnanolone, eltanolone (pregnanolone), ganaxolone, hydroxydione, minaxolone, Org
20599, Org 21465 and tetrahydrodeoxycorticosterone and a pharmacologically acceptable
derivative, salt or pro-drug form thereof.

15

[0054] An example of a pharmacologically acceptable salt is alphadolone acetate. An
example of a derivative of a neuroactive steroid anaesthetic is a deuterated derivative. A

"modified" cyclodextrin includes a derivative of a cyclodextrin.

20



15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,

10

15

- 13-

[0055] The composition of the present invention as defined in the claims may be referred
to as a formulation, host/guest composition, drug delivery system, medicament, anaesthetic
or sedative as well as more descriptively such as an anaesthetic formulation or sedative

formulation.

[0056] The present invention extends to mixtures of two or more neuroactive steroid
anaesthetic drugs such as a composition as described in the claims comprising alphaxalone
and alphadolone and/or alphadolone acetate or their pharmacologically acceptable

derivatives, salts or pro-drug forms.

[0057] A "pharmacologically acceptable derivative" is a derivative that still induces
anaesthesia whilst not increasing adverse side effects. The term "derivative" includes
deuterated derivatives where one or more hydrogen atoms are replaced with deuterium.
This can lead to improved efficacy. Furthermore, the anaesthetic agents may be subject to
alkylation, alkoxylation, acetylation and/or phosphorylation to generate other derivatives.

Other types of derivatives include deuterated or tritiated or other labeled forms useful for



34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,

10

- 14 -

monitoring and tracking the anaesthetic in the body. The terms "derivative" and "modified
form" are used interchangeably herein. Salts of alphadolone include alphadolone acetate.

Reference to pro-drugs include transported pro-drugs.

[0058] B-cyclodextrin or a modified form thereof such as but not limited to a sulfoalkyl
ether dextrin is a cyclodextrin. A sulfoalkyl ether dextrin is (7) sulfobutyl ether [-
cyclodextrin. Alkyl ether derivatives include a sulfoalkyl ether-alkyl ether cyclodextrin.
An example of an alkyl ether derivative is a sulfobutyl ether-alkyl ether cyclodextrin.
Other cyclodextrins are listed in Table 7 and include methylated, hydroxyalkylated,

alkylated, branched, acylated and anionic derivatives.



53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,

10

15

- 15 -

[0059] An example of sulfoalkyl ether dextrin is (7) sulfobutyl ether B-cyclodextrin. Of
the properties exhibited, in a particular embodiment, the formulation as described in the
claims 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.

[0060] The formulation between the neuroactive steroid and cyclodextrin as described in
the claims is generally in a molar ratio of from 1:1 to 1:6 (neuroactive
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, 1:1.6, 1:1.7, 1:1.8, 1:1.9, 1:2, 1:2.1, 1:2.2, 1:2.3, 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, 1:3.9, 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, 1:5.5,
1:5.6, 1:5.7, 1:5.8, 1:5.9 and 1:6.



71,72,73,74,75,76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, -17 - 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99 and 100mg/m1 of drug. As indicated above, the composition is generally formulated so that the
molar ratio of neuroactive steroid to cyclodextrin is from about 1:1 to about 1:6, particularly from about 1:1
to 1:4, even more particularly from about 1:1 to 1:3 and most particularly about 1:2. S [0065] Reference to
any particular neuroactive steroid or their salts includes ggracemic mixture of enantiomers of each
anaesthetic as well as a single enantiomer of the agent. [0066] Neuroactive steroids include alphaxalone,
alphadolone and alphadolone acetate. In 10 one embodiment, alphaxalone is in the formulation as
defined in the claiti8 i a ComdtentratiethofFroyrlddestlio OmygtobsircHeas thomigliphnir§aplegdmipositions

disclosed herein, glpfiadelans, o5 AlpNASlons, ACAIEAS, S RIRSEIAAL Q818 PMElmA sushasfma/m

[0067] The formulations descri erein are for in vivo delivery meaning that 15 neuroactive steroid

anaesthetic is for HelW¥fy BpiHaehaanesy stb-vararewtis ohdiypatitoréAnnnipatiet@icortr soHisEular,

intravitreal, transdesmahi sURERRERNHERRaNN PESRADE (agibath inkalatiang inianasal eredithe like. Most
effectively, the formulation is an intravenous (iv) formulation. 20 [0068] The neuroactive steroid

anaesthetic mgy ﬁg %%?e(} alone O{hint .combinatiton Wi ht another tanaesthetic or sedative or %ther gctive
agent. In one emBoUITent: alpAEYAIOhS TWRSEHRitN AlShRESThd SFHLLaR % ShadSISHE XELEe. Hence,
reference to "alphedojuise'aindied eschlphaploiopietacetateoTheatophpasitierpufiiy toomprise, thegrdfore
gg’hafg'one alonggra£eminptionfephaxalpie atlalenadlane sy, of theyr derpwatiygssand salts.

Alternatively, the composition does not comprise a buffer and the pH being from about

10 pH3 to about pH 9.5 such as pH3, 3.5, 4, 4.5, 5,5.5,6,6.5,7,7.5, 8,8.5,9 or 9.5.

[0063] In a further aspect, the formulations of the present invention also include one or
more agents such as excipients and/or preservatives, microbial retardants. Other agents
may also be included to reduce toxicity. Agents include, for example, EDTA, benzyl
15 alcohol, bisulphites, monoglyceryl ester of lauric acid (Monolaurin), capric acid and/or its
soluble alkaline salts or its monoglyceryl ester (Monocaprin), edetate, and capric acid
and/or its soluble alkaline salts or its monoglyceryl ester (Monocaprin) and edentate. The
formulation may also contain one or more co-polymers to assist in solubility or stability of
the anaesthetic agent. Examples include hydroxy propyl methyl cellulose (HPMC),
20  polyvinyl pyrollidone (PVP) and/or carboxymethyl cellulose (CMC).

[0064] Conveniently, the neuroactive steroid anaesthetic is provided at a concentration of
from about 0.5 to 100 mg/ml in a saline suspension 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,
25 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,



[0069] Hence, in a particular embodiment, the present invention provides a composition comprising
alphaxalone or a salt thereof formulated with (7) sulfobutyl ether 13- cyclodextrin wherein the molar ratio
of alphaxalone to cyclodextrin is from about 1:1 to about 1:6. Reference can conveniently be made to
Remington's Pharmaceutical Sciences, 5 Mack Publishing Company, Eaton, USA, 1990 and Rowe's
Handbook of Pharmaceutical Excipients, 2009 for formujation methods and reagents. - 19 - [0070]
Reference to "(7) sulfobutyl ether I3-cyclodextrin® includes methylated, hydroxyalkylated, branched,
alkylated, acylated and anionic derivatives thereof such as a sulfobutyl ether-alkyl ether 13-cyclodextrin.
Other derives incl88e3B3-29:cidd8xt9a, UHABUML SThéSs, Btlnll dibang/18-olydiogdextsimdigtsidutydethers (flat),

y-cyclodextrin 5 sulfobyiyl Rihers.andccysipaaxin syRRuUN aihers Andahein Ralis e g rspaiym salts).

[0071] As indicated above, a particular subject is a human s_ubiect. 0072] The anaesthetic formulation as
defined in the claift§!Aday HR BAEREGEA ol s4RaRAtH 16 inatisEtishsomibauirkd (st neNfddB%epatient

management protpe@lcaRmprisingaaministerinade ihspatieillarny afeative. amount of alphaxalone and
pharmacologic?ally acceptable derivatives and salts thereof formulated with (7) sulfobutyl ether

ocyclodextrin, Tor g} under conditions sufficient to induce anaesthesia. 15, - 20 - 007?é]clnterms
_@#é%iiﬁ‘&grence o ?{}g i%arﬁlcu ar euroacttlvg at%rgh(%%gﬁlteolra%ﬁ% 111%}6(168 La m y Welght A

of an anaesthetic-effective amount, t generally aroun ( out mg?kg %0
sedative-effective mmaumefisprsiaaets iof shelilarasstivie parediiits angldseindes¢romtiibasnd.05mg/kg to

about 10mg/kg body weight. 5 [0074] A kit is disclosed herewin which may be in any form including a

syringe or modifiefhgsgingeurbakitv ¥ cRNPHRRAGINNAXalONE Apei{asairhadalpnsielathReAruUrgactive
steroid anaesthetic or their derivatives, saﬂts or. pro-drug forn‘;gs in one or mor conl??argnents and a
| é eBudtit &

sulfoalkyl ethd? deXfin AP HIRERE: BBRBAIRTert 48 WS ETBYAISIBNRS iHLls Hipartnénts. The
contents of the cooopanimeiis ofiéyinel ad iXed:fmticutd 38 UBeg/d07H koaepantipuidicanticdivsent, the

present invention providen o MU AIARCAMANSIDG ARNBIAIGNS 1A 3l NRIpaLSomRIERH with (1)

sulfobutyl ether 13- cyclodextrin, for usé in inducing or maintaining anaesthesia or sedation in human

subject
[0067] The formulations described herein are for in vivo delivery meaning that the

15 neuroactive steroid anaesthetic is for delivery 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 [0068] The neuroactive steroid anaesthetic may be used alone or in combination with
another anaesthetic or sedative or other active agent. In one embodiment, alphaxalone is
used with alphadolone or its salt, alphadolone acetate. Hence, reference to "alphadolone”
includes alphadolone acetate. The composition may comprise, therefore alphaxalone alone
or a combination of alphaxalone and alphadolone or any of their derivatives and salts.

25



15 wherein said formulation is for administration by infusion or intermittent bolus. [0076] 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 apparatus are disclosed which may be used to monitor
labeled neuroactive steroid 20 anaesthetics. [0077] Whilst the present invention is particularly directed to
anaesthetic formulations for use in humans, the formulati®ns may also be used in animals such as for
clinical trials or veterinary use. Non-human animals contemplated herein include rats, mice, guinea pigs,
25 hamsters, sheep, pigs, dogs, cats, horses, cows, goats, camels and non-human primates. [0078]
Hence, the presennffedthttonepiovidestanlanerebidatienortbe gatieatcorepositipre odesprisimpesitenroactive
steroid anaesthetic and:a,cyclpdaxtiinorgnaditiad fRendharsoliareinihe somRgsition bas; th following

properties: 30 (i)the neuroactive steroid and cyclodextrin are formulated in a molar rafio of from about 1:1
to about 1:6; (ii)theYsEdessiitiveeiifolbcisnotlestd flonPhiphiaralneydodexising afsen aheredt:! (1) the
cyclodextrin is selgggad fiQMREAShfoRILBTRRI IR ¥e RReX R AL RIY Irgthal.dafivatise dhargof; (iv) a
buffer is optionallyl\E)resent and when present thegH of the formulation is from .

5 ack Publishing Company, Eaton, USA, 1990 and Rowe's Handbook of Pharmaceutical

Excipients, 2009 for formulation methods and reagents.



5about pH5.5 to about pH8.0 and in the absence of buffer, the pH is from about pH3 to about pH9.5; (v)
the formulation is sterilizable; (vi) intravenous injection of the formulation induces less pain than from a
propofol formulation; 10 (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 anaesthesia to
surgical levels with similar or more rapid wakening time compared to propofol. 15 [0079] In a particular
embodiment, an anaesthetic or sedative formulation is provided comprising (7) sulfobutyl ether
I3-cyclodextrin or an alkyl ether derivative thereof, such as a sulfoalkyl ether or sulfoalkyl ether-alkyl ether
derivative, alphax#07é] Reteameeor ttnol€7¢o-pofgbners subtr aP RGP andioie€ M@etRI{@030] In a
particular embodi ' ol e icis al o} is formul ith (7)
’Eged?%gléﬁpﬁw eINS,SLe a%?gg{%gr %KJEECF S ARRRAONE ARdds drmupiaten yi

sulfobutyl ether 13-Cyc xtrin. [0081] A’ me ormulating an anaesthetic or sedative composition is
disclosed herein, thi&ehetHodtherdkatinglehdsyptledtxdompo$ition cdariprisitieyiadsy doakskedexiin a 25

neuroactive steroigﬂf%glﬂ,(lagmégspfe V%&g%trérf‘c%ﬁ’aé&lﬁ%?@ﬁfgﬁﬁ%Oétﬁéijloﬁjllﬁ ey_}%]%u%tﬁﬁher

dextrin such as (7) sulfobutyl either I3-cyclodextrin or sulfobutyl ether-alkyl ether [3-Cyclodextrin. Other
cyclodextrins includEdButylclibdextnih syliolodeyiasaliehhil ethess, a8 dheloudirtrestifobutalsther (flat),
y-cyclodextrin sulfobutyl ether, ct-cyclodextrin sulfobutyl ether and their sodium salts. 30 - 22 - [0082] The

compositions and methods disclosed herein are further described by the following non-limiting Examples.
When a neuroactif¥ &l roid it RBRYE AT LY VAt 8 LYRIBHESHPISCIt is referred to as "neuroactive

steroid anaestheticcD". An example is Phaxamp, which comprises alphaxalone formulated with a
cyclodextrin Wh'crtrqg 'Sﬁﬁé"ﬁeagslﬁé@ AR SRl Rdain- Qe SRMRlPR gy dsm
pregnanoloneas and atphadolone
10 instructions for use. The use includes a patient management protocol comprising
administering to the patient an effective amount of alphaxalone and pharmacologically

acceptable derivatives and salts thereof formulated with (7) sulfobutyl ether B-

cyclodextrin, for a time and under conditions sufficient to induce anaesthesia.

15



- 23 - EXAMPLE 1 Anaesthetic effects of alphaxalone in 30% wh, (7) sulfobutyl ether 13-cyclodextrin
[0083] Alphaxalone was formulated as 6m1 clear colorless liquid containing: 5 Alphaxalone 60mg
(10mg/m1); (7) sulfobutyl ether 13-cyclodextrin 1800mg; Saline (0.9% w/v) 6m1. [0084] This is a molar
complexation ratio of alphaxalone to (7) sulfobutyl ether 13- 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 15Effects of alphaxalone formulation on Wistar rats PRCPRCPRCPRC TIME

PRC447446468463¢7%3 PRer A UP BCadratMINIFERve amount, this is generally around 0.25mg/kg to
about 100 mg/kg body weight. A sedative-effective amount is provided in similar or lower

amounts and includes from about 0.05mg/kg to about 10mg/kg body weight.

5 [0074] A kit is disclosed herewin which may be in any form including a syringe or
modified syringe. A kit may comprise alphaxalone and/or alphadolone or other
neuroactive steroid anaesthetic or their derivatives, salts or pro-drug forms in one or more
compartments and a sulfoalkyl ether dextrin in a further compartment as well as excipients
in subsequent compartments. The contents of the compartments may be admixed prior to

10 use.

[0075] In a particular embodiment, the present invention provides a formulation
comprising alphaxalone or a salt thereof complexed with (7) sulfobutyl ether -
cyclodextrin, for use in inducing or maintaining anaesthesia or sedation in human subject

15 wherein said formulation is for administration by infusion or intermittent bolus.

[0076] 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
apparatus are disclosed which may be used to monitor labeled neuroactive steroid

20 anaesthetics.

[0077] Whilst the present invention is particularly directed to anaesthetic formulations for
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,

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

[0078] Hence, the present invention provides an anaesthetic or sedative composition
comprising a neuroactive steroid anaesthetic and a cyclodextrin or modified form thereof
wherein the composition has the following properties:
30 () the neuroactive steroid and cyclodextrin are formulated in a molar ratio of from
about 1:1 to about 1:6;

(ii) the neuroactive steroid is selected from alphaxalone
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and a salt thereof;

(iii)  the cyclodextrin is selected from (7) sulfobutyl ether B-cyclodextrin or an alkyl
ether derivative thereof;

(iv)  a buffer is optionally present and when present the pH of the formulation is from
about pHS5.5 to about pH8.0 and in the absence of buffer, the pH is from about pH3
to about pH9.5;

) the formulation is sterilizable;

(vi)  intravenous injection of the formulation induces less pain than from a propofol
formulation;

(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 anaesthesia to surgical levels with

similar or more rapid wakening time compared to propofol.

[0079] In a particular embodiment, an anaesthetic or sedative formulation is provided
comprising (7) sulfobutyl ether B-cyclodextrin or an alkyl ether derivative thereof, such as
a sulfoalkyl ether or sulfoalkyl ether-alkyl ether derivative, alphaxalone and one or more
co-polymers such as HPMC, PVP and/or CMC.

[0080] In a particular embodiment, the neuroactive steroid anaesthetic is alphaxalone and

is formulated with (7) sulfobutyl ether B-cyclodextrin.

[0081] A method for formulating an anaesthetic or sedative composition is disclosed
herein, the method generating a host/guest composition comprising a cyclodextrin and a
neuroactive steroid. An example of a cyclodextrin is a sulfoalkyl ether or sulfoalkyl ether-
alkyl ether dextrin such as (7) sulfobutyl either B-cyclodextrin or sulfobutyl ether-alkyl
ether B-cyclodextrin. Other cyclodextrins include B-cyclodextrin sulfobutyl ether-ethyl
ether, B-cyclodextrin sulfobutyl ether (flat), y-cyclodextrin sulfobutyl ether, o-cyclodextrin

sulfobutyl ether and their sodium salts.
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[0082] The compositions and methods disclosed herein are further described by the
following non-limiting Examples. When a neuroactive steroid anaesthetic is formulated
with a cyclodextrin, it is referred to as "neuroactive steroid anaestheticcp". An example is
Phaxancp, which comprises alphaxalone formulated with a cyclodextrin which in this case
5 is (7) sulfobutyl ether B-cyclodextrin. Other examples include pregnanolonecp and

alphadolonecp
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EXAMPLE 1
Anaesthetic effects of alphaxalone in 30% w/v (7) sulfobutyl ether B-cyclodextrin

[0083] Alphaxalone was formulated as 6ml clear colorless liquid containing:
5 e« Alphaxalone 60mg (10mg/ml);

* (7) sulfobutyl ether B-cyclodextrin 1800mg;

» Saline (0.9% w/v) 6ml.

[0084] This is a molar complexation ratio of alphaxalone to (7) sulfobutyl ether B-
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 PRC447 446 468 461 448  PRC469 PRC455
MINUTES
C5 c10 Cc15 Cc20 Cc20 C25 c100
0|s S TP-
1|s RR- TP- S TP-
2|s S S RR- TP- RR- TP-
3|s S S TP- TP- RR- TP-
41|s RR- RR- TP- TP- RR- TP-
5 | REC RR- RR- TP- TP- RR- TP-
6 RR- RR- TP- TP- RR- TP-
7 RR+ RR- TP- TP- RR- TP-
8 s RR- TP- TP- RR- TP-
9 s RR- TP- TP- RR- TP-
10 s RR- TP- TP- RR- TP-
11 s RR- TP- TP+ RR+ TP-
12 s RR+ TP+ RR- RR+ TP-
13 s S RR- RR- RR+ TP-
14 s S RR- S RR+ TP-
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KEY
S sedated
RR+ returned righting reflex
RR- lost righting reflex

none or minimal response to tail pinch
recovered

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

[0085] The rats given 25 and 100 mg/kg body weight had recovered by 60 minutes; they
did not die or suffer any adverse effects at these doses. In these experiments, it can be seen
that intravenous injection of alphaxalone 10mg/ml dissolved in (7) sulfobutyl ether B-
cyclodextrin caused loss of consciousness at doses above 10mg/kg and there was a dose
related anaesthetic effect with a wide safety margin; rats that received 25 and 100 mg/kg
body weight (two times and ten times the anaesthetic dose) did not die indicating a wide
safety margin for the preparation. This is clearly different from a formulation of
alphaxalone in hydroxypropyl B-cyclodextrin. Such a preparation (AlfaxanCD-RTU)
made by Jurox Pty, Newcastle NSW Australia has a published LDs;, the dose of
alphaxalone that causes death in 50% of rats when given intravenously, of 19mg/kg body
weight, a figure very significantly below that shown here for alphaxalone formulated in
sulfobutyl ether B-cyclodextrin [Alfaxan CD-RTU Material safety Data Sheet; Jurox Pty,
Newcastle NSW Australia].
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EXAMPLE 2

Pharmacokinetics in the rat

[0086] Two groups of ten rats with implanted internal jugular intravenous and carotid
intraarterial catheters receive bolus intravenous injections via the jugular vein of 10mg/kg
body weight of (7) sulfobutyl ether B-cyclodextrin formulation of alphaxalone (n=10 rats)
or a mixture of alphaxalone and alphadolone in CremophorEL (a polyethoxylated Caster
oil), 1.1 ml/kg (n=10 rats). Blood taken from the carotid artery or tail at a number of time
intervals after this injection is analyzed for alphaxalone blood levels. These are fitted to a
three compartment pharmacokinetic model and mean + sem for key parameters are

calculated for both preparations of steroid anaesthetic.

[0087] It is expected that there will be no significant difference between the PK parameters
calculated for the (7) sulfobutyl ether B-cyclodextrin formulation and the Althesin
(Registered Trademark) 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, particularly 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 from

these experiments appears in Table 2.

TABLE 2
Variable Units

Duration of Anaesthesia Min 35.0[9.0]
AUC Min*mg/L 58.6 [11.7]

tY2(elim) Min 38.2[5.6]

Clr mL/min/kg 38.0[8.2]

V. L/kg 0.510.3]

Vss L/kg 1.8 [0.6]
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EXAMPLE 3
Anaesthetic effects of Alphaxalone in (7) sulfobutyl ether [-cyclodextrin compared with
alphaxalone as Althesin (Registered Trademark) and propofol

[0088] Male Wistar rats (wt 150-220 g weight) were implanted with indwelling internal

jugular vein intravenous catheters under halothane anaesthesia. 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; Diprivan [Registered Trademark]); Althesin

[Registered Trademark) (alphaxalone 9mg/ml plus alphadolone acetate 3 mg/ml in 20%

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

with Captisol (Registered Trademark) - (7) sulfobutyl ether B-cyclodextrin). The

following were assessed at regular time intervals after the intravenous injection:

1. righting reflex: scored as: 1 normal; 2 slow; 3 some attempt; 4 none — this was a
measure of onset and duration of unconsciousness;

2. tail pinch response: scored as: 1 normal; 2 weak; 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

effects of the anaesthetic injections.

[0089] 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
response were deemed to be surgically anaesthetized. The number of rats in each group of
10 similarly treated animals that scored 4 were subjected 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 ADys, respectively) for unconsciousness (righting reflex measurements) and surgical
anaesthesia (tail pinch responses). The rotarod walking times were also plotted for each

dose 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 performance for each anaesthetic, n = 10 rats

per dose.

[0090] Table 3 below summarises the results of this series of experiments. It can be seen
that Phaxancp is equipotent with Althesin (Registered Trademark) in causing
unconsciousness and surgical 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 Phaxancp is slightly slower than propofol but faster
than Althesin (Registered Trademark) if the depth of anaesthesia is taken to a surgical
level. Control experiments revealed that the vehicles given alone intravenously, 20%

CremophorEL, 10% Intralipid and 13% Captisol had no sedating or anaesthetic effects.



[0085] 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 experiments, it can be seen that
intravenous injection of alphaxalone 10mg/m1 dissolved in (7) sulfobutyl ether 13-
cyclodextrin caused loss of consciousness at doses above 10mg/kg and there was a dose
related anaesthetic effect with a wide safety margin; rats that received 25 and 100 mg/kg body
weight (two times and ten times the anaesthetic dose) did not die indicating a wide 10 safety
margin for the preparation. This is clearly different from a formulation of alphaxalone in
hydroxypropyl I3-cyclodextrin. Such a preparation (AIfaxanCD-RTJlJAqﬁgg by Jurox Pty,
Newcastle NSW Australia has a published LD50, the dose of alphaxalone that causes death
in 50% of rats when given intravenously, of 19mg/kg body Weifst a figure very significantly
below that shown here for alphaxalone formulated in 15 sulfﬁgﬁyf%h%aoxagycl%g&x fin
[Alfaxan CD-RTU Material safety Data Sheet; Jurox Pty, Newcastie NSW AUstralia]. - 25 -
EXAMPLE 2"t rarrisc 18 mietedassouBaETsiier Gedt#ps of ten rats with implafited internal
jugular intravenous and cargiighasintragtistighGathaterssfrceive; belus intkavenous, injections
via the jugular vein of 10mgikgdaacy-eeigiizhiild el byl ethes I3-cyclodextrin formulation
of alphaxalanan(fssd dakg hitlodmistvsesi phasalramgid alphadolone iy CremophorEL (a
polyethoxylated Castgddedl}erliods BakimiarLEhsals)efBloag)itaken drom the earotid artery or tail at
a number of time intervalsaierithissinfeatipricasapmbgzagkior alphaxalonesblood levels. These

are fitted to a 10 three compartment pharmacokinetic model and mean sem for key ANOVA with Tukey post hoc

parameterg arg GaicUlated for bathiepaianiens.ef siespid anaesthetic. [0087] It is expected

that there will be no significant diffegenge-batweanrdha.Ric parameters caleulated for the G )ignificant ANOVA p = 0.0527
sulfobutyl ether 13-cyclodextrin formulation and the Althgsin 15,(Registered Tradgmark)

formulation. This would indicate that the new formulation is ' T
fashiorﬁ"t@t'l‘l’ibOWéiloA‘ﬁ}l\@%‘ihrﬁﬁégj%fé?éﬁ Zl‘él HHriaLsehaved in the past, particularl§fuitly vs Phaxanco *** P<0.001;
respect to doses needed & Ahaesihesia and dedatiGi And also the speed of recovery. 'thes'”D\‘z pfggZ?;fLs*::o 220'001;

sample table of blood levels that can be expected from*these experiments appeatin Table -

20 TAB!TnEe %miau%gss)-to overall (complete) recovery of rotarod performance Althesin vs Phaxans, ns P>0.05;
after minimum anaesthetic dose (lost RR) mean = 19.9 17 16 Althesin vs propofol * P<0.05;
SD = 3.93 2.16 1.89 Phaxancp vs propofol ns P>0.05
time (minutes) to overall (complete) recovery of rotarod performance Althesin vs Phaxancp *** P<0.001;

after minimum surgical anaesthetic dose (lost tail pinch) mean = Althesin vs propofol *** P<0.001;

Phaxancp vs propofol *** P<0.001

39 32.5 23.1

SD = 3.16 3.54 3.25

_8z_



EXAMPLE 3 Anaesthetic effects of Alphaxalone in (7) sulfobutyl ether Acyclodextrin compared with
alphaxalone as Althesin (Registered Trademark) and propofol 5 [0088] Male Wistar rats (wt 150-220 g
weight) were implanted with indwelling internal jugular vein intravenous catheters under halothane
anaesthesia. 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 emulsicrgoDiprivan [Registered Trademark]); Althesin
[Registered Trademark) (alphaxalone 9mg/m1 plus alphadolone acetate 3 mg/ml in 20% 10 w/v
CremophorEL); or Phaxancn (alphaxalone 10mg/m1 in a 1:2 molar complexation ratio with Captisol
(Registered TraddfK) 1t ¢7) befotitgedthiem|Busyelodexpin)ndritetiollowing were assessed at regular

time intervals aftef thg,nirgvenous inigRIaD: LHgRIAGEIRK: HRAELAR "B A& SIOW Bpme

attempt, 4 none - this was a measure of onset and duration of unconsciousness; 15 2.tail pinch response:
scored as: 1 normal; Z'99eHRSI3 ISt PYEXEAOUA WEREthis was a measure of onset and duration of surgical

anaesthesia; and 3.tifpg tQuheehiRa e WRSIRRIR 1Q1Malk phdhedQtapeeb(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 20effects of the anaesthetic injections.
[0089] Results from groups of ten rats treated with BExAdMPIeFahaesthetic and dose were combined for
statistical purposes. Rats that Aligined a ﬁc(%% 2§ 4 fl{c));llos%of ”ght'?ﬁeEFﬂ?X were deemed to have lost

. r xXa e aes C preparations .
consciousness and those that score of fa pinc 4 response were déemed to be surgically

anaesthetized. The number of rats in each group of 10 similarly treated animals that scored 4 were

subjected to probifge@esrioR-ARASIR MM PR Plalishich 18 Rbradkcaoranhs.f pmbigyalue v log

dose (probit plot) and also to calculate the estimated dose that caused anaesthesia in 50 and 95% of
subjects (AD3B arfgr AP88*4e8pdeIBIPF folruhESRRISTn 8L iR dRGHSHE L AR HRd surgical
30 anaesthesia (tailipipelyIregpendesiciseriataradxaalking dimas \weve alsaplattetdorigachpease and

e, TS W g S R S e O £ P e R g Vi 18 R R ale Wistar rats (wi
150-220 g weight) were implanted with indwelling internal jugular vein intravenous
catheters under halothane anaesthesia. Twenty four hours later each rat received 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% CremophorEL); or
Phaxancp (alphaxalone 10mg/ml in a 1:2 molar complexation ratio with Captisol
(Registered Trademark) - (7)sulfobutyl ether B-cyclodextrin). The number of rats that died
was recorded for each group of 10 rats given the same dose of drug. Results from groups

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

group v dose].

[0093] At doses of alphaxalone between 50 and 60mg/kg all the rats in the Althesin
25 (Registered Trademark) groups died whereas none died in the Phaxancp groups 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 alphaxalone administered as
Phaxancp were increased. The percentages of rats that died in all the different dosage
treatment groups were subjected to a probit regression 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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[0090] 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 surgical
anaesthesia and both are more potent than propofol in this respect. Recovery from unconsciousness
caused by Phaxancp is just as fast as with propofol. How@ver, recovery from Phaxancp is slightly slower
than propofol but faster than Althesin (Registered Trademark) if the depth of anaesthesia is taken to a
surgical 10 level. Control experiments revealed that the vehicles given alone intravenously, 20%
CremophorEL, 10404 dllsidrabid 8otoCaptisohiBdamtesat Atadgnuraneestieditoaifbnistc TRBE 3 z"
2.95 2.2'9 4.62 of alphaxalone in this formulation that caused death in 50% and 95% rats; the LDso and
LDys respectively). These values were 43.6 mg/kg [LDsg] and 51.5 mg/kg [LDgs]. As the
dose of alphaxalone was increased the number of rats that died increased in proportion
5 when the alphaxalone was given as Althesin (Registered Trademark). By contrast there
was a ceiling effect of the lethality of the alphaxalone in (7) sulfobutyl ether [-
cyclodextrin (Phaxancp) formulation. The alphaxalone was much less toxic as assessed by
lethality compared with alphaxalone formulated with CremophorEL (Althesin [Registered
Trademark]). A dose of 52mg/kg alphaxalone as Althesin (Registered Trademark) caused
10 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 (Registered
Trademark), which showed a direct proportional relationship of increasing lethality with
increasing dose, alphaxalone formulated in (7) sulfobutyl ether B-cyclodextrin (Phaxancp)
15 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 possible to find the dose of alphaxalone in this formulation that caused death in 50%
and 95% rats (the LDso and LDys, respectively). In any event, both of these values are
greater than 84mg/kg which is more than double the equivalent values for Althesin
20 (Registered Trademark) and four times the value of the LDs, for alphaxalone formulated in

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

[0095] These results make the therapeutic index (ratio of dose that causes death in 50%
25 subjects (LDsg) divided by the dose that causes anaesthesia in 50% subjects (the ADs) to
be 14.8 for Althesin (Registered 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
30 were given a 20% solution of Cremophor EL intravenously and another five rats were

given a solution of (7) sulfobutyl 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 to dose related toxicity

of the excipients.

5
TABLE 4
n/10 died vehicle dose=ml/kg
0 13% Captisol 9.0

0 20% Cremophor EL 4.6




n,2 3.932.2;21.89 39 32.S 23.1 3.16 22.94 3.25 Althesin vs PhaxancD *P<0.001; Althesin vs propofol
*** P<0.001; Phaxancp vs propofol ns P>0.05 Althestn vs PhaxaneD ns P>0.0 Althesin vs
propofolP<0.05; Phaxancs vs propofol ns P>0.05 ***

-3

EXAMPLE 5
Demonstration of the limitation of alphaxalone toxicity by Captisol [Registered

Trademark] (sulfobutyl ether B-cyclodextrin)

[0096] Since the potency in causing anaesthesia is the same for a bolus dose of
alphaxalone whether given in 20% CremophorEL (Althesin [Registered Trademark]) or in
(7) sulfobutyl ether B-cyclodextrin (Phaxancp), then the ceiling effect for toxicity must be
related to the (7) sulfobutyl ether B-cyclodextrin when higher doses of alphaxalone in the
10 (7) sulfobutyl ether B-cyclodextrin formulation are administered. Such a property has not
been described for intravenous anaesthetics before. Furthermore, this property has not

been described before for alphaxalone formulated in other cyclodextrins.

[0097] In order to test whether the low toxicity of Phaxancp was due to the Captisol
15 excipient, twenty rats with indwelling jugular intravenous catheters were divided 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 previous experiments reported in
example 4, caused all rats to die (Althesin [Registered Trademark]; alphaxalone dose
52.5mg/kg iv — this equals 16 times the ADos 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:
e group 1 (10 rats) received 5.3mls/kg 0.9% sodium chloride solution 60 seconds before
52.5mg/kg alphaxalone as Althesin (Registered Trademark);
e group 2 (10 rats) received 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).

[0098] 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 alphaxalone as Althesin (Registered
30 Trademark). However, the presence of (7) sulfobutyl ether B-cyclodextrin caused a

statistically and clinically significant reduction in the mortality caused by the alphaxalone.



Althesin vs Phaxana,P<0.001; Althesin vs propofol *** P<0.001; Phaxancp vs propofol ** P<0.001 - 29 -
[0091] It can be concluded from this set of experiments that: Phaxamp is an effective intravenous
anaesthetic causing fast onset of general anaesthesia after intravenous injection. It is equipotent with
Althesin and twice as potent as propofol. S EXAMPLE 4 Lethal dose finding for alp haxalone anaesthetic
preparations [0092] This series of experiments was undgstaken to determine the LD50 and LDO5 doses
10 for alphaxalone formulated in CremophorEL [Althesin (Registered Trademark)] and (7) sulfobutyl ether
I3-cyclodextrin (PhaxaneD); i.e., the doses of alphaxalone in Captisol (Registered Trademark) that
caused 50% and 95% of subjects to die. Male WistadraBI v 150-220 g weight) were implanted with
indwelling internal jugular vein intravenous catheters under halothane anaesthesia. Twenty four hours
later each rat received an 15 intravenouA ktjBADH FRAT SR EPIMREOS either: Althesin (Registered
Trademark) (alphaxalone 9mg/m1 plus alpMNAESTHERSED S MBOWR 20% CremophorEL); or Phaxamp
(alphaxalone 10mg/m1 in a 1:2 molar comg)éexatio ratio Wi|1 CaE)ts%l))gI} jstered Trademark) -
(7)sulfobuty! ether I3-cyclodextrip—FRe-rumBer-orra vl geordeefer each group of 10 rats
given the same dose of drug. R¢FGIS S ) 4GP tAE $ame anaesthetic and
dose were combined for statistidal purpoS 5 0 ph of t own in Figure 2 [% rats died
in each dosage group v dose]. [6093]-ALEEeHs S of \ d-60mg/kg all the rats in the
Althesin 25 (Registered Trademark) groups died whereas none died in the PhaxaneD groups that
received the same doses of alpFasNGhENerHEe e SARY AR S ePREARERD EsRed a ceiling at 20%; no
more than 20% rats died even if the dose of alphaxalone administered as Phaxamp were increased. The
percentages of rats that died in all the different doS&tf& tFéaghetit groups were subjected to a probit
regression analysis using SPSS STafAsHesSP8BOVaNa ‘HeOposrAvilerss Hané@Pited on a graph against the
log dose of anaesthetic; this is calléfedProwit pidesPsiatiandhsaistirbigigmnfigant.

[0099] This is a much unexpected result.



- 30 - [0094] The probit plot for Althesin (Registered Trademark) was used to calculate the dose of
alphaxalone in this formulation that caused death in 50% and 95% rats; the LD50 and L11)95
respectively). These values were 43.6 mg/kg [LD50] and 51.5 mg/kg [LL)95]. As the dose of alphaxalone
was increased the number of rats that died increased in proportion 5 when the alphaxalone was given as
Althesin (Registered Trademark). By contrast there was3a ceiling effect of the lethality of the alphaxalone
in (7) sulfobutyl ether 13- cyclodextrin (PhaxaneD) formulation. The alphaxalone was much less toxic as
assessed by lethality compared with alphaxalone formulated with CremophorEL (Althesin [Registered
Trademark]). A dose of 52mg/kg alphaxalone as AKMSMRREdistered Trademark) caused 10 all 10 rats in
that group to die but 64mg/kg alphaxalong glg&,sgg,&oﬁp%ﬁg};&g&%mﬁ»@g@geceived that dose of
alphaxalone formulated with (7) sulfobutyl ether 13- cyclodextrin (Phaxanco). Furtﬁermore, unlike the
probit plot for Althesin (Registered Trademark), which showed a direct proportional relationship of
increasing lethalit 'Qg)'ncrea ing dose, alphaxalone formulated.in ? sul Oqut | ether 13-cyclodextrin
pboml s 1/ eyt b R il st wi
increased to 72, 78'&REtHBA SR/ GG M PROYP TSI EXiF R atth YHOPYIFhul, iswdoWBt Pdksible to
find the dose of alphaxalone in this fpooililaidubibah ceatsedndedils ithdQ%stana &% satdihealddS0 and
LDOS, respectively),|g.aRy gt RARAl e Helse B fIRARTARSHMUkaBIC 15 MqrRcthan

double the equivalent values for Althesin 20 (Registéred Trademark) and four times the value of the LD50
for alphaxalone fofAHRLTEH ﬁ?}b?BX)JbF%NP@c%‘éfoﬁ’é]%?rﬁf MaAREAIRS BY D S0 RIS E-RTU
Material Safety Data!Sfredtin horoxl Gty e RoastieoNSWeAes iratinnf0685] Threge vesuitsseddiketiihe
therapeutic index (5aa.ofdpse atisausandaaih RIAASAUDIERR (LRBR) igled b ose that
causes anaesthesia in 0 cts (the to be. 14.8 for Althesin (Registered Trademark) an

o2 for mmmea e e T B e S i
Phaxanco). This dfffetesidc&anndiedcenplefiffereieelen Rstiitforthe eRepEsiP apledrbeidiRtshows the
results of _experimemsciﬁlelsOutﬁts_ withindiveting quuéaraiatr@\iemmiﬁ aatrmses.tEi(\fatmtS)gOeNﬁﬁ given a
20% solution of CremaphalafL-aiEavengushi AN anelhcsfIvs iR NErmONERA RY gl (Tl suliobuty

ether 13-cyclodextrin, both being administered at a dose and volume equal to that administered in
the experimehts abBvaTECHRL Mgt eI oreaRsHHSb RS I thEF KRS I ARS8 I RS S YR Sy rat
indicating that thefdifferiphemainnthersafetyiatalitytiohtnd twodopieutationscbfinlbletialoneledastnot due to
dose related toxicity-Rf.{be £xciRignts: TABLE 4 n/10 diedvehicledose=m1/kg 013% Captisol9.0 020%
Cremophor EL4.6 - 32

liver metabolism of the alphaxalone;

° more doses of Phaxancp being administered thereby making more uncomplexed
20 cyclodextrin available.
[00101] If this were the case one would predict tolerance to repeated doses of

alphaxalone formulated in (7) sulfobutyl ether B-cyclodextrin i.e., repeated injections of
Phaxancp would cause progressively less sedation and anaesthetic effect.
25
[00102] In order to test this five rats with indwelling jugular intravenous catheters
were given repeated injections of the minimum dose of alphaxalone in (7) sulfobutyl ether
B-cyclodextrin ( 5Smg/kg Phaxancp) that had caused 10/10 rats to be anaesthetized as
judged by complete loss of righting reflex. The time was measured for each rat to begin
30 recovery of righting reflex (progress from a score of 4 to a score of 3 in the righting reflex
as described in example 2 above) and then another dose of 5mg/kg Phaxancp was given.
The time to the beginning of recovery of the righting reflex after the second dose of
anaesthetic was measured and then another dose of Smg/kg Phaxancp was administered iv

and the
35



EXAMPLE 5 Demonstration of the limitation of alphaxalone toxicity by Captisol [Registered Trademark]
(sulfobutyl ether Acyclodextrin) 5 [0096] Since the potency in causing anaesthesia is the same for a bolus
dose of alphaxalone whether given in 20% CremophorEL (Althesin [Registered Trademark]) or in (7)
sulfobutyl ether 13-cyclodextrin (Phaxancp), then the ceiling effect for toxicity must be related to the (7)
sulfobutyl ether I3-cyclodextrin when higher doses of alpsaxalone in the 10 (7) sulfobutyl ether
I3-cyclodextrin formulation are administered. Such a property has not been described for intravenous
anaesthetics before. Furthermore, this property has not been described before for alphaxalone formulated
in other cyclodextrresefo 087 rinaatelbeightastrgvhattrer The povgrioxivityeod Rhakage Bivhs dyettotthe Captisol
15 excipient, twenjy,fiats, with.indivshling MeWRIDUAVERAHS srthateisave iR dividerhinig e giapps of 10

rats each. They were all given intravenous injections of alphaxalone formulated in 20% Cremophor at a
dose that had, in pPERAJNES Epetirhithbs repbHatthe e xkin BIe i e SROSIET SHE tH AreSARTESN R egistered
Trademark]; alphaxalengcloseibacangikg rourthisaqualatks doesine ARSI fas AlthhesindiRegistered
Trademark) at520 which it isdex ected a ver higlaé)rogortionlor all r?ts WillLt(ljieg' Si)it second%btefore the
Althesin (Registerlenarffar%led%nmé? felﬁ?é%?loaﬁl pPeme%ﬁ%a% ion i%fggfﬁﬁﬁ Was giveesn:regsflouﬁnflffﬁ rats) received
5.3m1ls/kg 0.9% sthdiviphekdtmidesdtitiori6ogsdtandsiseddre 62.6hsglkd el axal Preydsdaktiesin
(Registered Trademark):. gr 10 rats) receiv. mls/ikg 13% selution of (7) sulfobutyl ether 13-
25cyclodextrin in Brg%)/%@ls%d%ﬂgr)n%%h éri&%n%(ﬂieﬁ%%&gs% geli-gcé)%trﬁ1 S #&)ﬁ%oéﬁ.%ﬁ%/l%ga%ﬁ) x% oﬁeaa??glthesin
(Registered TradetHAgG 009 UFh @ mghtissiaobrhtaotieedps dhiane it gloupaitrishetorist sholh in Table

5. All 20 rats were ghgrsthetized byithe iviactingef Sd.areakavalRhaxalangias AihesitniRegistered 30
Trademark). However, the presence of (7) sulfobutyl ether I3-cyclodextrin caused a statistically and

e AR A1 Gh T EHL PG s A OB ine J8v Tt of (e

alphaxalone in water environments, including biological fluids, the amount of alphaxalone
needed to penetrate the brain to cause anaesthesia and the pharmacokinetics 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
first 0.8 0.14
second 2.5 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
ninth 4.3 0.34
tenth 4.2 0.14




ALL RATS THAT SURVIVED WERE ANAESTHETISED > 1 HOUR premed given 60s before Althesin @
16x AD95 The row/column association is statist ally significant. [0099] This is a much unexpected result.
- 34 - EXAMPLE 6 The effect on sleep times of repeated dosing with Phaxancp [00100]The mechanism
responsible for the (7) sulfobutyl ether 13-cyclodextrin in 5 causing the ceiling effect on alphaxalone
toxicity is unknown. It is known that alphaxalone is very p®orly soluble in water and thus the vast majority
of alphaxalone molecules are complexed with the cyclodextrin molecules in the ratio of 1:2 (the
complexation ratio). It is known that some of the alphaxalone will dissociate from the cyclodextrin complex
when Phaxancp id00j@dled intréwenousNTR&AqUBsttonKoesed twstihec] Grmicdi¢copiiepdaty of sheep

alphaxalone sulfofuiyl sifescysladextrincamnies exbibiinsh ARl SQnloxigity dp whether this is

caused by limiting the amount of alphaxalone released from the complex or whether there occurs a
"mopping up" of alFRERSIDNS bl SIEREIGHIG GRS sE RIRS e adhsidty Eatdsestsndty, by
excess uncomplexeehayctodextrindnate aulas:éreedfopry riphaatensemetabglismtyeth@divefiel5 The

effect of the la erﬁv%&{l(gntl)gr é)redicted to cause a %g)tgressive decrease in the I%vel of free l%Iéjhaxalone as

the concentration o uncomplletiédn%%(f%%lﬁt% ather cyé‘ilgge&vtarfnnﬂcar a%eq°as aTestitof" iiveP Mietabolism
of the alphaxalonéimes thareadddes pfddsdim phbensghadismnfstdred therei ypid akénee g efilgne oplexed
20cyclodextrin avgyigble, [0QLQ1}f hig W& Hifsage ne worldmnsHictiglergeradassPeaipasgeses of
(Registered Trademark)] mopping up alphaxalone from the blood. If that were the case
then the amount of free uncomplexed Captisol would increase as more doses were given
10 and as alphaxalone was metabolized by the liver so leading to a progressive increase in
free uncomplexed Captisol as the repeated exposure experiment progressed. If the
alphaxalone were mopped up by this then one would expect less sleeping time with each

successive dose. On the contrary the sleep time increased with each of the first four doses

and then remained constant thereafter with each subsequent dose.

15



alphaxalone formulated in (7) sulfobutyl ether 13-cyclodextrin i.e., repeated injections of Phaxancp would
cause progressively less sedation and anaesthetic effect. 25 [00102]In order to test this five rats with
indwelling jugular intravenous catheters were given repeated injections of the minimum dose of
alphaxalone in (7) sulfobutyl ether 13-cyclodextrin ( 5mg/kg PhaxamD) that had caused 10/10 rats to be
anaesthetized as judged by complete loss of righting refkgx. The time was measured for each rat to begin
30 recovery of righting reflex (progress from a score of 4 to a score of 3 in the righting reflex as described
in example 2 above) and then another dose of 5mg/kg Phaxamp was given. The time to the beginning of
recovery of the righting reflex after the second dos&X¥AMiBBEifAetic was measured and then another dose
of 5mg/kg Phaxancp was administered iv and the ~3p, 2bQRGSS was repeated eight more times. The
progressive 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 progressive
increase in recovgimes aftereacnof thelsshiaundosesieFurther doses 5-10 caused no further
significant 5 ingrease and more importantly, no decrease, in sleeping time. These results indicate that the
alphaxalone toxicity ceiling effect caused by the (7)sulfobutyl ether 13-cyclodextrin is probably due to the
controlled release/f thethdp hakalemeuy omjtheooomiplédttsanrditegistiicientadcanase alvadstiesia but no
greater than that, mtm&l}@&daoayslg@gah A1 AR LATRIS, 15 OMEnT B A UIAHE RAIANCE Rehyesn the
chemical relationship of the 10 alphaxalone and the (7) sulfobutyl ether I3-cyclodextrin, the low’solubility
of the a|phaxa|onéhmgwaféﬁ%mr@rﬁﬁgmgaq%mh Al biorbatekamruiidetrre &kt bratihatbsiiie needed
to penetrate the beaifiia patisehanarsthesizcans)the phaipasakingticsohalphaxataor.30hedesidts are
shown in Flglil‘e 4 and Tahle 6..None of this was ex ected nor could have been predicted from prior art.
15 TABLE 6 - 36" f(?f)eﬁfﬂ R RRISNAR [HIREY rlésmnélr P85t hoc] applied to the data of sleep times
after X 10 repeated dosing of 5 rats with PhaxaneD 5mg/kg revealed that there was a

[00105] The following is considered:
1. alphaxalone is soluble in water to 0.03mg/ml;
2. alphaxalone is 35% protein bound in plasma;
15 3. plasma volume is 31ml/kg in rat (Davies and Morris, Pharmaceutical Research,

10(7):1093-95, 1993);

4. both Althesin (Registered Trademark) and Phaxancp have alphaxalone
concentrations of 10mg/ml;

5. for induction of anaesthesia Althesin (Registered Trademark) and Phaxancp are

20 equipotent; a minimum of 4.3mg/kg alphaxalone by either preparation cause sleep in
most (95%) rats;

6. after an initial bolus injection a drug preparation will equilibrate with the plasma
volume during the first sleep cycle but later the drug will disperse into the
extracellular fluid [ECF] which is = 297 ml/kg (Davies and Morris, 1993 supra);

25 7. Captisol is distributed to ECF and restricted to this space; and

8. Alphaxalone is only released from the Captisol into an aqueous environment if the

level of free alphaxalone in the aqueous environment is less than saturation i.e., <

0.03mg/ml [fact 1].

30 [00106] It is proposed herein that:
I From A and 5 above, the plasma level of drug needed to cause sleep = dose

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



progressive statistically significant increase in sleeping time from the first to the second, second to the
third and third to the fourth but no increase in sleeping times thereafter. 5 Furthermore it is important to
note that there was not a progressive decrease in sleeping times that would be predicted if the
mechanism for low toxicity and the ceiling effect of PhaxaneD was due to uncomplexed “free" sulfobutyl
ether cyclodextrin [Captisol (Registered Trademark)] m@sping up alphaxalone from the blood. If that were
the case then the amount of free uncomplexed Captisol would increase as more doses were given 10 and
as alphaxalone was metabolized by the liver so leading to a progressive increase in free uncomplexed

Captisol as the repeated’@phosare. éxpelrrnaroprogresseds ¢kpheial phbxdlvhe erenvnoppedlopdby this

then one would expect lggs slegnipg HRe M URACLHIHGEaTSINEERRE MN the contrary the sleep time
increased with each of the first four doses and then remained constant thereafter with each subsequent

dose. 15 - 37 - EXAMPEER Aiirthediehy [deetoutrornfondiang asstinitidirisnmatieciated tyip

intravenous injection of Althegiss{Ragisieredfkradanaky ieadsitgeaionstanianeadt isper sadtaf)
alphaxalone ir15the plasrriao%% Sf'a is caused by drug injection in one circulation and also

e anaesihes
alphaxalone is cleared from the blood by thedliver on first pass, the level achieved by the mixing in the

plasm_a w_iII only _réé(ch 30%pofithe 10 @h_eméﬂi@mqba&immmihg wisthtaaBogsnmixiery. [00105]The
following is conS|d@,red: é‘oﬂlgfﬂm§% Sa(?ll(!l"I@'%‘/iﬁl\?fﬁ}ﬁ&m&r%mg{%posed herein that the first

induction dose of Phaxancp caused anaesthesia by releasing all of the alphaxalone
from the complex just achieving the anaesthetic level and free alphaxalone

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 free alphaxalone 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 alphaxalone and
alphaxalone/Captisol complex [points 6 and 7]. After that further doses of Captisol
merely top up the blood level of free alphaxalone and maintain it until hepatic
metabolism has cleared that dose of alphaxalone.

25 VIII. Once the level of free alphaxalone reaches 0.03mg/ml, the brain is anaesthetized.
The brain will only absorb more alphaxalone if the level of free alphaxalone
increases. This is possible with Althesin (Registered Trademark) and death ensues
when 15 times the anaesthetic dose of that drug is administered as a bolus leading
to a theoretical free alphaxalone level of 0.45mg/ml. In contrast, when that dose of

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

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



2. alphaxalone is 35% protein bound in plasma; 15 3.plasma volume is 31m1/kg in rat (Davies and Morris,
Pharmaceutical Research, 10(7):1093-95, 1993); 4.both Althesin (Registered Trademark) and PhaxaneD
have alphaxalone concentrations of 10mg/m1; S.for induction of anaesthesia Althesin (Registered
Trademark) and PhaxaneD are 20equipotent; a minimum of 4.3mg/kg alphaxalone by either preparation
cause sleep in most (95%) rats; 6.after an initial bolus kgection a drug preparation will equilibrate with the
plasma volume during the first sleep cycle but later 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 space; and 8.Alphaxelmigyis witly réfdasedifecomtttie Captidakihtdnan 3Gueolisbemntiferenfdif the level
of free alphaxalone in thg agyequs environment is less than saturation i.e., < 0.03mg/m1 [fact 1]. 30
[00106]It is proposed herdin that: I.From A and 5 above, the plasma level of drug needed to cause sleep
= dose administerEtl as Altkedia/pladiailekife iz 4B 1M aenyig/piicr 48 -ThhpRary &, dedtisma
gogfgntr?ti?n is expectephig b 38K Qlibkigwheadhe bload hascirrrialeddodix the iaeritestively =
.046mg/ml.

alphaxalone must be in equilibrium with the dose administration rate. The
equilibrium clearance of alphaxalone is therefore Smg/kg/4.2min. Since the
concentration in plasma is approximately 0.04mg/ml then the plasma clearance rate
at equilibrium = ((5+4.2) + 0.04) = 30mls/kg/min. This is within known values 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 ether
B-cyclodextrin controls the level of free unbound anaesthetic that penetrates the
brain up to but not above a level that causes anaesthesia; the Captisol cannot

release any more compound above the level at which plasma water is saturated with

15 alphaxalone and thus higher blood levels that would cause toxicity are not
achieved.
[00107] This property has not been described for intravenous anaesthetics or

intravenous cyclodextrins before. It arises from a unique set of circumstances not
20  described or 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;
hydroxypropyl B-cyclodextrin - the Jurox preparation) does not have a ceiling on
toxicity with a quoted LDsg of 19mg/kg iv in rats, a dose which is 75% less than the

25 dose of alphaxalone in the (7) sulfobutyl ether B-cyclodextrin which only causes
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.



From this, the level of free unbound alphaxalone in the plasma associated with anaesthesia induction
after a single iv bolus injection = 65% of total (from fact 2) 5= 0.045 x 0.65 = 0.03mg/ml. IV. Proposition I
above is exactly the known solubility of alphaxalone in water. V. Combining points 5 and 8 with
proposition 1V, it is proposed herein that the first induction dose of PhaxaneD caused anaesthesia by
releasing all of the alphaxalone from the complex just adieving the anaesthetic level and free
alphaxalone 10saturation level. VI. When the second dose of anaesthetic was administered in Example 9
the rat was starting to recover from the anaesthetic because some free alphaxalone had been
metabolized by the liver, some free alphaxalone hdéXaed®kdufstributed to the ECF and some of the

Captisol containing alp?ﬁé@&’m&@?ﬁ}ﬁﬂl&%ﬂmw}ﬁ&m ﬁgﬁf%&?gfméselﬂ?ﬁgﬁﬁ»@mwalone level fell

and alphaxalone left the brain so causing awakening. Thus, a further dose was given. Unlike the first
dose, there was still abohaxalone in the blood so gnly some of the alphaxalone was released from the

complex to bring 8L alphaA SR REgRY HEERIS s mRmeamansiany atiiaedy thd se®p follows.
20 VII. However, slaepiglionef@-alongettime giiesitiRegneand Tiagenank the ovd amdaisadhe fourth
until the ECF is loaded Wi&h 0.03r?g/m1 alphaxalope and alphaxla\lo e/Captisol com[ﬁlexo;goir}ts 6 and 7].
After that urther 5SRE B EIE5fcl T BREAD IR THe ISR AR SR & RSSATEHA ki i un
hepatic metabolisandaslisealrdd thatcosentf akpiaxalerieti@balitil 4AQnee thiedeurlafsfreeiaphbixalone
reaches 0.03mg/rl,; 6, L0 i3 A0RERhefize dnddhe, REAMWIL ROV A0SPTR. fol&; alPdasione i she level of

free alphaxalone increases. This is possible with Althesin (Registered Trademark) and death ensues
when 15 times theragiagisthtic desebfyhatharicrcladarivistarthe samg volushigngals Miseoratical free

alphaxalone lgyel Q&0.45vpg(@bnty ¢t Wiehipahdesaeh30aRndalenelsQiveRasLhaxaneD, in a
complex with Captisol >é{Re istered Trademark), the alphaxalone is not released from the complex once
the level of free alpttAXfoRE FEIPRER O 3MYMED {AOTTELT PHIL BXHIRIHE RREREIRIY SRRSO -
lethality with alpha@x&lap&gvinen)formelalec); ka1 sulfobuitytsy-ether 13- cyclodextrin. IX. Since no
further increase in sleep time occurs after the fifth dose of 5mg/kg PhaxaneD and subsequent doses of

the same magnitugyg, §fg¢n the ‘ﬂ%ﬁ: %?Peeag’sfe%é&%?%ﬁi@&ﬁ’eﬁh“% he lﬁ‘gﬁﬂ&' RAMMWIR (e doseq.

administration rate. The equilibriu earance of alphaxalone i5 therefore’5mg/kg/4.2min. Since the
concentration!th plagieiaid: approximatefie. AR ¥ theRcthe Hlaseia efedrareasdhatan etitfiittfum =

((5+4.2) 0.04) = 3pukstaimins Thisisnadthindnoun saleesioffignaticdiordHows (havies@mdMorris,
1993 supra). It is well known that 10alphaxalone is primarily cleared from plasma by first pa?s hepatic

metabolism. X. THE'Taft&r ith iR ChaR this Parislar S IFAEDR of diphAXAIbhE Fi SIS Sliver
I3-cyclodextrin coRitolisthielevetomtres oihthourdiapafsthetls that peadinaiesptiiat bf@ninmtenout not

abovg a level thati%f%%ﬁ&? &ﬁgs&%ﬁg}ﬁ?the Captisol cannot release any more compound above the level
at which plasma water Is sa rated wit

20
[00110] The rats were also assessed for surgical anaesthesia using tail pinch

responses scored: 1 normal; 2 weak; 3 just present; 4 none. A score of 4 indicates 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 pregnanolonecp. Results shown are means
25 of the readings from all 5 rats at each time point after intravenous injection of

pregnanolonecp.

[00111] Time to complete recovery from the sedating effects of the pregnanolonecp
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 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



15alphaxalone and thus higher blood levels that would cause toxicity are not achieved. [00107]This
property has not been described for intravenous anaesthetics or  intravenous cyclodextrins before. It
arises from a unique set of circumstances not 20 described or 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 (AlfaxancD-RTU; hydroxypropyi 13-cyclodextrin - the Jurox preparation) does
not have a ceiling on toxicity with a quoted LD50 of 19mg/kg iv in rats, a dose which is 75% less than the
25dose of alphaxalone in the (7) sulfobutyl ether O-cyclodextrin which only causes 20% lethality; 2. The
guest is a compouridttisarealinss Gmmesthesiaatt atfreshirtigdevelwhitirisietpyahtodtsraepioousisolubility;
and 3. The guest i5.acampaund that has a high therapeutic index so that the free drug 30level is well
below the toxic level.” - 40 - EXAMPLE 8 Pregnanolone fortnulation which does not form part of the
claimed invention [00108]The neuroactive steroid anaesthetic pregnanolone was mixed with 13% w/v 5
sulfobutyl ether 13eysdr@aeisin (Captisol [Registered Trademark]) in 0.9% saline to form pregnanoloneep.
The pregnan [g) d?! Ived mlgr t]%l eat a cltljpnctreantragluosn Ofe%t% g g&téﬂ rajlke aIPhlaxanne it only
went into solu on hours OFCONUINUG rrlng FhE"$Sttition Was opa is 054 iVation
indicates that all mm@cmemmo@gmmnbmmeaéct wﬂtlh\(éi)os&Ifmbmyhetﬁemlsﬁfvycmmqmlmethe same
way. Fifteen male Wistay (RS0 (P2 e Elo PR Bl lmpiapiedinipgaghivguiar intravenous
catheters were used for these experiments in which they received intravenous pregnanoloneep injections:
2.5 mg/kg (n=5); 5 mg/kg (n=5); and 10mg/kg (n=5). [00109]They were assessed for anaesthesia by the
righting reflex which was scored:



15 1 normal; 2 slow; 3 some attempt; 4 none. A score of 4 means that a state of unconsciousness
(anaesthesia) 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 readings from
all 5 rats at each time point after intravenous injection of pregnanolone. 20 [00110]The rats were also
assessed for surgical anaesthesia using tail pinch respofises scored: 1 normal; 2 weak. 3 just present; 4
none. A score of 4 indicates 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 pregnanoloneeD. Results shown
are means 25 of the readings from all 5 rats at eacRXiAMPBbKPafter intravenous injection of

pregnanoloneco. [00LLUTag, 0 AiRSERNEN HRRMSASHAIRY alleelnalbi Ripghanoloneco 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
7 below shows theomEgalfs fronmTHis¢esitanthadaia ihibaltiealghadnsihatreseivedatb] Hamndvl0 mg/kg

pregnanoloneeD. Results shown are means -41 - of the ings from all 5 rats at each time point after
bt vl R St T T e S
anaesthetic but ofadiphgddisratidissoliveduseplaehesthesiadmaatciiost iMmegdibialy aflike iipiananoasiinjection.
This effect is dose related and It,{5 ROSHRIS KGR SHIIGIRILGNT, deRieSEIn IR dFachio.Rurgigal

anaesthesia. -42 -
all neuroactive steroids do not interact with (7) sulfobutyl ether B-cyclodextrin in the same

way. Fifteen male Wistar rats (150-200g weight) with surgically-implanted internal

10  jugular intravenous catheters were used for these experiments in which they received
intravenous alphadolonecp injections: 10 mg/kg (n=5); 20 mg/kg (n=5); and 40mg/kg
(n=5).

[00114] They were assessed for anaesthesia by the righting reflex which was scored:
15 1 normal; 2 slow; 3 some attempt; 4 none. A score of 4 means that a state of
unconsciousness (anaesthesia) has been achieved. Figure 8 shows the results from this test
for the rats in the three groups that received 10, 20 and 40 mg/kg alphadolonecp. Results
shown are means of the readings from all five rats at each time point after intravenous
injection of alphadolone.
20
[00115] The rats were also assessed for surgical anaesthesia using tail pinch
responses scored: 1 normal; 2 weak; 3 just present; 4 none. A score of 4 indicates surgical
anaesthesia has been achieved. Figure 9 shows the results from this test for the rats in the
three groups that received 10, 20 and 40 mg/kg alphadolonecp. Results shown are means
25 of the readings from all five rats at each time point after intravenous injection of

alphadolonecp.

[00116] 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



EXAMPLE 9 Alp hadolone formulation which does not form part of the claimed invention [00113]The
neuroactive steroid anaesthetic alphadolone was mixed with 13% w/v 5 sulfobutyl ether 13-cyclodextrin
(Captisol) in 0.9% w/v saline to form alphadoloneep. The alphadolone dissolved completely at a
concentration of 10mg/ml, but unlike alphaxalone, it only went into solution after 4 hours of continuous
stirring. This observation indicates that all neuroactive stgroids do not interact with (7) sulfobutyl ether
I3-cyclodextrin in the same way. Fifteen male Wistar rats (150-200g weight) with surgically-implanted
internal 10 jugular intravenous catheters were used for these experiments in which they received
intravenous alphagiolanebd isjeotidn). 20 md /Ay igAs) alpdadvddg(nRysdhdomgiiegi(erns [0G114] They
were assessed foy anpgsthesiaiby theAigntingesmmnish wasacaredo.+ doigtalidalow: 3 some
attempt; 4 none. A score of 4 means that a state of unconsciousness (anaesthesia) has been achieved.
Figure 8 shows the results from this test for the rats in the three groups that received 10, 20 and 40 mg/kg
alphadoloneep. ResultRisiaayn are means of the readings from all five rats at each time point after
intravenous iniectigy gbplphadalane, 30 10011517 he rats were also sesessed for sugical anacsthesia
using tail pinch responses scored 1 Rormat; ﬁwe&.aﬁjuslf present, K rione R SEEIE0t 4 indicstes
surgical anaesthesiadstisdreenlathievedicliguhe Ftshowsihwre sultstivomThis ¢dsttfor doseratstinl the three
groups that receivagh 10 20.ap AP-malkgmlnbadalgeR BEsHR ANRWA L% MERNRR Of the readings
from all five rats at each time point after intravenous injection of alphadoloneco. [00116]Time to complete
recovery from the sedating effects of the alphadoloneep 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



- 43 - groups that received 10, 20 and 40 mg/kg alphadoloneeD. Results shown are means of the
readings from all 5 rats at each time point after intravenous injection of alphadoloneep. Conclusions 5
[00117]Alphadoloneep is an intravenous anaesthetic of short duration. It causes anaesthesia induction
immediately 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 Cardiovascular Effects of Phaxancp
compared with Althesin and Propofol [00118]Fifteen male Wistar rats (150-200g weight) with
surgically-implanted 5 internal jugular intravenous catheters were used for these experiments in which
rats in three groups received intravenous injectionEX¥AadBIdoHht AD95 anaesthetic doses of either

propofol (6.6makg; Dipryan; ARG HAROIP AR SUANRIL TSN A28 mOko

alphaxalone; Althesin 9mg/m1 alphaxalone plus 3mg/m1 alphadolone dissolved in 20% CremophorEL),
or PhaxaneD (3.23 mg/kg alphaxalone; alphaxalone 10 10mg/m1 dissolved in Captisol [(7) sulfobutyl
ether I3-cyclodextonll 1806); n Fifweais pek gl Sysiolicandaiasialinhleat pegsmeswprameasured
before and aftgr thetse |nject|?ns. Each meaSlflrement was C I%Jlet%%d as a Bercentag‘gh?ala?ae from the

pre-anaesthetic Iel\I/leffgnﬂ%r]ﬁ% afaltl.ltlt—%gvgﬁrlr()ellss AR 1L Y owthe 6ercé?1te§é)8 o %nﬁaé% agains ime for each

of the cardiovascularparameters Vadaathvireatmentgroupl dBiGanc Usibnd@e1thefie dthdoninithtions of
alphaxalone (Alhgsip(A0PACsemPNEIELRNXAMRI IR £Yhet neyeiarexiini(pantisal fRegistered

Trademark])) caused less cardiovascular disturbance than an equianaesthetic dose of propofol and in one
measure (3.28 mg/kg alphaxalone; Althesin 9mg/ml alphaxalone plus 3mg/ml alphadolone

dissolved in 20% CremophorEL), or Phaxancp (3.23 mg/kg alphaxalone; alphaxalone
10 10mg/ml dissolved in Captisol [(7) sulfobutyl ether B-cyclodextrin] 13%); n = 5 rats per
group. Systolic and diastolic blood pressures were measured before and after these
injections. Each measurement was calculated as a percentage change from the pre-
anaesthetic levels for that rat. Figures 11 and 12 show the percentage changes against time
for each of the cardiovascular parameters in each treatment group.
15
Conclusion
[00119] Both formulations of alphaxalone (Althesin/20% CremophorEL;
Phaxancp/sulfobutyl ether B-cyclodextrin (Captisol [Registered Trademark])) caused less
cardiovascular disturbance than an equianaesthetic dose of propofol and in one measure
20 (diastolic blood pressure) the sulfobutyl ether B-cyclodextrin formulation of alphaxalone
(Phaxancp) caused less cardiovascular disturbance compared with the CremophorEL

preparation (Althesin [Registered Trademark]).



20 (diastolic blood pressure) the sulfobutyl ether 13-cyclodextrin formulation of alphaxalone (PhaxaneD)
caused less cardiovascular disturbance compared with the CremophorEL preparation (Althesin
[Registered Trademark]). - 45 - EXAMPLE 11 A phase 1/2a clinical trial [00120]In these experiments in
human volunteers, propofol and (7) sulfobutyl ether 5 I3-cyclodextrin/alphaxalone formulation are
compared in a double blind manner. Each volunteer is ptepared in a fully equipped anaesthetic room.
Dosing with either propofol or alphaxalone is determined by a randomization schedule to either propofol
or alphaxalone. One anaesthetist designated to give the anaesthetic opens an envelope to find which
drug should be given to this patient. The dose of diXABI®¢Erhhined from a calculation schedule 10 (see
below) relying on the response of the preV|ou§l0§}%§m,t§htM}g§ltt¢lg§e of that drug used - anaesthesia
achieved or not based on a measurement of 50 for the bispectral index of the electroencephalogram (BIS
value). The patient has an intravenous cannula in the right hand for drug administration and another for
blood withdrawal fooszonples for ma&up@fﬁﬁéﬁﬁ; of hlaoa Iﬁﬂ@lﬁeefsdwgmmajnarm andohgyasaesthetist

administering the 15 anaestheti nication with the test s a.second a thetist
o is 1 contat W T SURLP AR o RSB EP B S BF (RN ks A

physiological monvtﬂumgerﬁb@rapmeand iffelljraqpqxjndmtﬁesmlaﬂmthmmgmm&pmmtpdﬂmﬁ@urtam
from the anaestheti ggliln fg m%a r%%sre\ﬁ/] II e‘ﬁ%% é%ﬁ}e Oe%rl\aes %g& Aurs S&Ergls%nt The

first, drug injecting anaest etlst on communicates t e anaesthetit injection is about 1o start by
ringing a bell and @ﬂ?@&Fﬁ@%ﬁﬁéé‘@ﬁ?ﬂt@ﬁ‘bﬁﬂﬁb’@mame&f@élwlﬁhéldmgemFﬁl@ﬂéhwélahééﬁhetlst to

say whether a BISyalider0LRQ10I858 pyasnechipvesd afiedthat agdal%ﬁh&qy&ﬁ thereemoatthednd of the

experiment. Measurements and assessments made; Subjects weight in kg. This is written on the case
record before! BasSifg T he é%lﬁ%?ﬂs%ﬁépﬁﬂ%?e%{ﬁﬁ?@fe% Batfetht 18 & Byshet e
anaesthetist to repest paanaenhegmtmmeaﬂdcﬁ pasitivel onroniepartisenodedd Rrekenigatabieiace of

abnormal moveme?@1 g;edb ﬁlqoc%m%ﬁ@a\gﬁte?tl st4 Tlmgflrongl rmetrra{ggj ofthe beII ﬂdlcatlng
anaesthetic injection to t esu?)Je 3 (%ropp ng a water Ioad%é 20 mi ml syringe helc etween Pnger and

thumb in the outstigtthkandeforrdre- MEniniFirpeofy Grirdtiaatipriingr oflted belhdidivatifg araesthésic injection
to loss of verbal capiagteyithdhsr patieniard tmg-der thakcamtagideueittiRsthetist administering the

15 anaesthetic has no communication with the test subject or a second anaesthetist who is in
contact with the subject and who is responsible for general care of the subject as well as
physiological monitoring. The arm and the drug administering anaesthetist are separated
by a curtain from the anaesthetist caring for the subject as well as 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 and 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 experiment.
Measurements and assessments made:

* Subjects weight in kg. This is written on the case record before passing to the

25 administering anaesthetist.

e The patient is asked by the caring anaesthetist to report pain on injection and a positive
or no report is noted.
* Presence or absence of abnormal movements is noted by the caring anaesthetist.4
* Time from the ringing of the bell indicating anaesthetic injection to the subject
30 dropping a water-loaded 20 ml syringe held between finger and thumb in the

outstretched left arm.



Time from the ringing of the bell indicating anaesthetic injection to the subject losing the eyelash reflex
and the time at which that reflex returned. 5 BIS value and whether a value of 50 or below is achieved
and when and for how long after the intravenous injection. Blood pressure, systolic and diastolic, and
pulse rate using non invasive methods measured every 1 minute for 5 minutes, every 2.5 minutes for a
further 10 minutes and every 5 minutes thereafter. 10 Opgygen saturation of the blood measured with a
pulse oximeter probe placed on the ear lobe of the left ear. The subject breathes air unless oxygen
saturation levels fall below 93% at which time oxygen is given by face mask and anaesthetic circuit.
Breathing is assisted Timprioea dectngiaadpehsid!fordonges tharsB0tseoperdonTioel gscofresbal of low

oxygen saturations apg,appeea AERRLinddME Rl feceysnipdicated by normal performance in a
digital substitution test Blood taken for analysis of alphaxalone blood levels at 0.5, 1.0, 1.5, 2, 5 10, 15,

30 and 60 minute$ afléladsEihedinginsciorhe Rbdedisking BanstieHe BiGsEAMOOHRIREUPHRRT the
experiment and 24 hewy'syandioResvesk tiaiemniok: 20t thaesiatolagiaal.analysis. Hepatic function tests.

Renal function tests. Dase chegul 25 [001 1%W t nvelope is gpened by the administering
anaesthetist th5e rand%lr%i}% Sitts %neglv?llvgél o gﬁ@of?%g’o‘bfo%? lgliepvﬁg{)?é“%r‘%l? ﬁ %H?s% m"év f?%llgsubject to
receive the drug theyaéire Givertrapeopaofolj2ctivgykg; alphaxalone 0.5 mg/kg. The dosing for the next patient

to receive that drug igglRiermiagd-bx fhgifesRansgsafiie.frshLarpiectoivaR that Gryek RO, g, fEst subject
did not achieve a BIS of 50 or less, then for propofol the dose would be 3 mg/kg and for alphaxalone 0.75
mg/kg. - 47 - measured every 1 minute for 5 minutes, every 2.5 minutes for a further 10 minutes and

every 5 minutes thereafter.
10 + Oxygen saturation of the blood measured with a pulse oximeter probe placed on the ear
lobe of the left ear. The subject breathes air unless oxygen saturation levels fall below
93% at which time oxygen is given by face mask and anaesthetic circuit. Breathing is
assisted if apnoea occurs and persists for longer than 30 seconds. The occurrence of
low oxygen saturations and apnoea are noted.
15 « Time to full recovery indicated by normal performance in a digital substitution test
* Blood taken for analysis of alphaxalone blood levels at 0.5, 1.0, 1.5, 2, 5 10, 15, 30 and
60 minutes after anaesthetic injection.
* Blood taken before the experiment, one hour after the experiment and 24 hours and one
week later for:
20 Full haematological analysis.
Hepatic function tests.

Renal function tests.

Dose schedule
25 [00121] When the envelope is opened by the administering anaesthetist the
randomized 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.
e The dosing for the next patient 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 dose

would be 3 mg/kg and for alphaxalone 0.75 mg/kg.



If the first subject did achieve a BIS of 50 or less, then for propofol the dose would be 1 mg/kg and for

alphaxalone 0.25 mg/kg. Thereafter the dosing is: a decrease of dose of 25% if all subjects so far
treated with that drug achieved a 5BIS of 50 or, an increase of dose of 25% if all subjects so far treated
with that drug had all not achieved a BIS of 50 or,  In the case that there have been some subjects

treated with this drug that have achieved BIS values of-40 or less and others with BIS values that have
not fallen to 1050 or less then either: In the case of the last response being a BIS of 50 or 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 diboe givesvbethdidhabirece BIpE\i0ws babjdendivandpribtiiugdasdwehbl did not

achieve a BIS of 50 or 159?'&@/ﬂ(?aﬁaef&aﬁshgf;&%éﬁﬁgﬁgse being a BIS greater than 50, 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 tHéUeAELIlRAR EhdSmost recent previous subject given that drug who did achieve a
BIS of 50 or below. 20 Thadatieisrapaatgdior aaah wbjesariesintdtievdoseiange vakiatians have
become smallﬁnd SiX s '§%§5H%\rle achieved a BIS value of 50 or less having received the same dose
10% of drug. These 6 doses achieving anaesthetic levels of BIS are combined to calculate the mean sem
induction dose. 25 [00122] Tivecfot oWitgaef RiScaten B xqpbrias soAlpHesadd na thabsedrgehetallamzesthesia
with BIS values <50 achigyable i@mq}pgm[)p’rain circulation time.  The quality of induction is at least as
good as with propofol but with the added 30advantage of no pain on injection. At the "induction dose",
propofol causes greater fall8sF i derprBESURRY QRS rOFSe dURigite HERISE ARoBE siedaerdd¥ed oxygen

saturation than alphaxalegevedt8IS Aflgssadsunisieationi@itbs vindwisomdesaathaepegd.assl guality of
recovery is faféer for alpgﬁx?l(e)neh Thetﬂaeparmacokinetics of alphaxalone after intravenous administration

are the same as for the a pﬂax%ﬁct)neélﬁbures in the literature after Althesin (Registered Trademark)

Sadministration. In the case of the last response being a BIS of 50 or 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 recent
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 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 recent
previous subject given that drug who did achieve a BIS of 50 or below.

20 The latter is repeated for each drug series until the dose range variations have
become small and six subjects have achieved a BIS value of 50 or less
having received the same dose = 10% of drug. These 6 doses achieving
anaesthetic levels of BIS are combined to calculate the mean * sem

induction dose.

25
[00122] The following results are expected:
e Alphaxalone causes general anaesthesia with BIS values <50 achievable in one
arm/brain circulation time.
e The quality of induction is at least as good as with propofol but with the added
30 advantage of no pain on injection.

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

incidence of apnoea and decreased oxygen saturation than alphaxalone.



[00123]Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be understood that the
invention includes all such variations and modifications that fall 10 within the scope of the appended
claims. The invention also includes all of the steps, features, compositions and compounds referred to, or
indicated in this specification, individually or collectivelyand any and all combinations of any two or more
of said steps or features that fall within the scope of the appended claims. 15 - 49 - TABLE 7
Cvclodextrin structures  Secondary Hydroxyl Face compii Hydr opli fir ¢ Derivativer methylated
cyclodextrins 3 mono4dtenethrilvyehtitexefuls] -Ak4tidn dose” the speed and quality of recovery is faster

for alphaxalone.
e The pharmacokinetics of alphaxalone after intravenous administration are the same as
for the alphaxalone figures in the literature after Althesin (Registered Trademark)

5 administration.

[00123] Those skilled in the art will appreciate that the invention described herein is
susceptible to variations and modifications other than those specifically described. It is to
be understood that the invention includes all such variations and modifications that fall
10 within the scope of the appended claims. The invention also includes all of the steps,
features, compositions and compounds referred to, or indicated in this specification,
individually or collectively, and any and all combinations of any two or more of said steps

or features that fall within the scope of the appended claims.

15



2.6 di arnethylcyck2eytrinsCid:,1-1CH; 2 3,5-tri.-0, meihylcyclodextrinsCH;CH;CH; randomly methylated
cyclodextrinsR1 R2, Py, = hi or 13 frb hydroyylaibylared cyctodextrins 2 hydrarocethylcyclodextrinsR , Pc,
Re -11-1 or ClI2C-12CH 2 hydroxypropyrcycloderarrinsR1, N2'. Rj = FT Cr CLUC HOW: ft 3 lay&
oyryarop:iloyclodertrin3Hi, 122, 1:13, = |-l or CH2CI-12C1-32011 2,3 rribrirdriirtyprorrykrycirrdextrinsR ,
12.6 R3 = li or CH2CH(01-1)CH.2011 brandied cycloriexgins 5-0-glucosylcyclortéxtrinsH.HH or plucose
5-arnaltesylcyclorlextribsPrLIH or maltose 5-0-climaltoyylcyciodeytr insHI-IH or (rnattos02 Hydrophobic
Derivatives 3ikylated cycloclextrins 2,6 di Lirechylcyckderarrns 2,3,13-ifiliethylcyciodeirrins
arylatixiclod2xtriris 2,3-di-O-hexarroylcyclodextrins 2BABI-KiZaacetyleycloclextrins 2 3,5 tri

Orpr3panorAyeloclexishis

HOCH f
HOCH OH
CH,OH

CH,OH \ﬁ oH

Cyclodextrin structures

CH OH

Primary Hydroxyl Face
OH

10
H  CH,0Rs
H
Ro0 H H
ORy 1/
Secondary Hydroxyl Face H 0 e
compd Ri R; Rs

Hydrophilic Derivatives
methylated cyclodextrins

3-mono-O'methyleyclodextrins H CH; H
2,6-di-O-methylcyclodextrins CH; H CH;
2,3,6-tri-O-methylcyelodextrins CH; CH; CH;
randomly methylated cyclodextrins Ri, R;, Rz=Hor CH;
hydroxylalkylated cyclodextrins
2-hydroxyethylcyclodextrins Ry, Ry, Re=H or CH.CH,OH
2-hydroxypropyleyclodextrins Ry, Ra, Re = Hor CH:CH{OH)CH;
3-hydroxypropylcyclodextrins Ri, B3, Rz =H or CH,CH.CH,OH
2,3-dihydroxypropylcyclodextrins Ry, Ry, Rz = H or CH,CH({CH)CH,0OH
branched cyclodextrins
6-O-glucosyleyclodextrins H H H or glucose
6-Omaltosylcyclodextrins H H H or maltose
6-O-dimaltosyleyclodextrins H H H or {maltose);
Hydrophobic Derivatives
alkylated cyclodextrins
2,6-di-O-ethyleyclodextrins C.Hs H C.H;
2,3,6-tri-O-ethylcyclodextrins C:Hs C,H: C;H:
acylated cyclodextrins
2,3-di-O-hexanoyleyclodextrins COCsH, COCsHy, H
2,3,6-tri-O-acetyleyclodextrins COCH: COCH: COCH;
2,3,6-tri-O-propanoyleyclodextrins COC,Hs COC:Hs COCzHs
2,3,6-tri-O-butanoylcyclodextrins COCs:H; COC3H; COC;H;
2,3,6-tri- O-valerylcyclodextrins COC4H, COC,H, COC.H,
2,3,6-tri- O-hexanoylcyelodextrins COCsHy COCsHy COCsHpy
2,3,6-tri-O-octanoyleyclodextrins COC;H;5 COC:His COC-Hi5
lonizable Derivatives
anionic cyclodextrins
6-O-(carhboxymethyl)cyclodextrins H H H or CH;COONa
6-O-(carboxymethyl)-O-ethyleyclodextrins C,Hs CoHs H, C;Hs or CH,COONa
cyclodextrin sulfates Ri, Ry, R = H or SO3Na
sulfobutyleyelodextrins Ri, Rz, Re = Hor (CH2)4SOsNa

*N=8,0CDs; N=1, 3-CDs; N=8, y-CDs; N=19, 0-CDs.

From Uekama et al., 1998 supra.
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rricOroct.apaykrydodercirins 211lirlie cyclocle,, Pins 6-0 (car boyymethybcyclodextrins 5-0 (cry
boxyaretityl)-0 ethylcyclederctrim cyclodeKti in sulfates $Qifobutykyclodextrins 'N= 6 p,-CDs; N=
1"32-CDs.., N= 8, y CD51 N= C12bb. 04-tr,C2HCr2bb Cacilif 1,C00-0,1H COOT. LCOM;(1061112. CO
illCOC2HrCal12.171; (1,0C1J-11,(1100-H26.00-1.3.6 CC1C41-bC0C,41-19(20614K COC,51-b
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H or CH2CCONa CI-1,H. C21T2 or Cli2(11.()C1Nra = H. or Sartia H,.. H2 = 11 or (13H2).11302Na From
Uekama et al., 1998 supra. - 50 - BIBLIOGRAPHY Atwood, Davies, MacNicol and Vogtie (Eds),
Comprehensive Supramolecular Chemistry Vol 4, Pergarhon: Oxford UK, 1996 Child et al., British Journal
of Anaesthesia 43:2-13, 1971 Davies and Morris, Pharmaceutical Research, 10(7):1093-95, 1993
Fromming and Szejtlic (eds), Cyclodextrins in Pharmacy, Kluwer: Dordrecht, The Netherlands, 1994
Remington's PhargpseM$:al Sciences, Mack Publishing Company, Eaton, USA, 1990 Rowe's Handbook
of Pharmaceutical Excipients, 2009 Thomason, Crit Rev Ther Drug Carrier Syst 14:1, 1997 Uekama et
al., Chem. Rev. 98 2045-2076, 1998 -51-

An anaesthetic or sedative composition comprising a neuroactive steroid
anaesthetic formulated with a cyclodextrin, wherein the neuroactive steroid anaesthetic is
alphaxalone or a deuterated, tritiated or labelled derivative or salt thereof and wherein the

cyclodextrin is (7) sulfobutyl ether B-cyclodextrin or an alkyl ether derivative thereof.

2. The composition of Claim 1 wherein the molar ratio of neuroactive steroid

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

3. The composition of Claim 2 wherein the molar ratio of neuroactive steroid

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

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

anaesthetic to cyclodextrin is 1:2.

5. The composition of any one of Claims 1 to 4 further comprising one or more of an

antimicrobial agent, a preservative, a buffer and/or a co-polymer.

6. The composition of Claim 5 wherein the co-polymer is selected from hydroxy

propyl methyl cellulose, polyvinyl pyrollidone and carboxymethyl cellulose.

7. The composition of Claim 5 wherein if a buffer is present, the pH is from pH 5.5 to
pH 8.



CLAIMS: 1. An anaesthetic or sedative composition comprising a neuroactive steroid anaesthetic
formulated with a cyclodextrin, wherein the neuroactive steroid anaesthetic is alphaxalone or a
deuterated, tritiated or labelled derivative or salt thereof hd wherein the cyclodextrin is (7) sulfobutyl
ether 13-cyclodextrin or an alkyl ether derivative thereof 2. The composition of Claim 1 wherein the molar
ratio of neuroactiv® sterdiBcatiaeshisttiCtowrtivtetrPiding el 2oy ng of Gaiiiel d9nipyistidh BEClaim 2
wherein the molarfah3 brer i aRtive Sherdird s thEtrdes Eclodextrin is from 1:1 to 1:4. 4. The

composition of CI@m’nI%eWQrcleareesl %e molar ratio of ne%{gg‘gt‘g@ Sleraid,an E(:er%}rrllett}ll% to C}&{ggg}xtnn is 1:2. 5.

The composition of Ay, RRER ?Be i Oéﬂi:ftgf%\éfa@ﬁgﬁr%gm%%mu &,Qr more of an aﬁ%lmlcrobr}alsagent, a

preservative, a buffer and/or a co-polymer. 6. The composition of Claim 5 wherein the co-polymer is
selected from hydrgxsraeopuk iy eellpne. aohpdnbmwelidossandgaroymehiicelivloss. 7. The
composition of ClaismpovvieteiRofcaptis 8 rerite the piuishiem pidaed ¢0 19b18d 1d2vatiSe bhe
anaesthetic or sedativeg@mposition of any one of Claims 1 to 7 wherein the derivative is sulfobutyl
ether-alkyl ether cyclodextrin. 9. The anaesthetic or sedative composition of Claim 8 wherein the
cyclodextrin is sulfdbutylethehathyr etder R-eyolpdiiminfonitoE6diuny $ait.1 0Lt Theiamadsinetc or
sedative compositiingieing cacstheidney 1sedaiowhidrein stdeebmyftssiip nsailb oceppsiisds dpftadolone or
a deuterated, tritiARBIBEIENY HEHVAHVE BFCSREIERISIS 11. An anaesthetic or sedative composition of
any of Claims 1 to, 10 for use in inducing or maintaining anaesthesia or sedation in a subject, wherein said
compositon s forcogmfat?aﬁ%ﬁggg%%ﬂm @gﬁ%oﬁ EER S BBl 11
wherein alphaxalone 048 At ar ARGesthetic CoRcenration b.25mg/kg to 100 mg/kg body weight. 13.
The composition ghClairpyL1WhereiR e Alphaxalong iz uaediat Asedating Goncentation 9,05 ma/kg
to 10mg/kg body w&ighrakdn Hh6.6PMERs PTHRIAMERE WEiGHaImS 11 to 13 wherein the subject is a
human.

14.  The composition of any one of Claims 11 to 13 wherein the subject is a human.



