WD 2008/ 155533 PCT/ GB2008/ 002066 -1 Conpounds for
treatnment Technical field 5 The present invention
wo 2i0at1sss3yeneral |y to nmethods and material s f oPCTIEB2G08/002066
the treatnent of MId Cognitive Inpairment (MI).
Background art 10 MId Cognitive Inpairnment (M) is a
subset of a broader cli ni cal entity terned "Cognitive
| mpai r ment Non- Denentia", or c'ND. " There are many
potenti al causes of C ND | ncl udi n depr essi on,
al cohol / drug use, psﬁﬁﬂw@f—&&é@éﬁ“—del i rium
mental retardation, vascul ar causes, Parkinson's
d! S_Ease |=155 epi |l epsy, multiple sclerosis, social
f L fi sensory inpairment. M subjects are not
denented, but are at risk of devel oping denentia such
aﬁtﬁAIZhel mer' s D sease (AD)(Larieu, S. et al. (2002
RfEsRm "a'ﬁat'weé?é%g%ne@ﬂwta meghngisiandveaterialsfor vemin the
aredRbhtadfiMI-dupRile BSIRAGAtI(MEncohor t . Neur ol ogy, 59:
1594 20 1599; Bennett, D.A et al. (2002) Natural
history of mld cognltlve i npai rment in ol der
Backiéund\g@rtr ol ogy, 59: 198-205. In fact it has been
estimated that 10% of those with M convert to AD
(Bruscoli and Lovestone (2004), Is MJ really just

evird Eo@kﬁmwtﬂpaﬁmént IS %'Hﬂ&dbéef &M vaddr chRIBARnElyQ8rmed
studi es. Ps er| at 2, 129-140). 25 has
§¥1?‘r!i"r E‘?”t

g@ﬁ“'?'é% 5CNRal i d treatnent target
( FDA (2001)
p://ww. fd oy/ ohr s/ /ac/ 01/ slides/3724s1 6
oAy AedRY s8leg ?ﬁ% Tuclhg: genressien. aicohatsus Use.
Wsyehiathit erleatd, idalisurh ahelEl re(afrdﬁtloﬁx\ﬂﬁﬁulﬁr ddiRks Harkiéon's disease,

(2005), A r ndoni zed do e-blind study of Rofecoxib
(SRR, BB RORFA SPDGOTS. AT SO RATL
Neur opsychopharm 30: 1204-1215). Disclosure of t he

nti.on It c be enthat t ro on
e mis e demenS B oo sk oy Bovaltang dermentia sygh as
zhsaerobiseasd D)(faribll S.at at. (EOORY Meldene afd ditcome W ehild
prow de. a 088;?%1 bution to .t

g6 P °‘§"?tl°“'b$sﬁ‘$grq§89\?t'(‘!8§ﬂh%eaﬁ%@ﬁ’é‘éﬂ §P: 1594-
fWQBdB@‘}he‘tthB Areeak moozmmemm thistérip @t mild cognitive impairment in older

ReBr e Ry A 185205, dp o R AEB BHPD porat et et those wit
imoleqamvdem AD (Bfusthieamt eoestoane (200N Vs MGl eeallyijog early dementia? A
R

ystema?g¥ewew of conversion studies. Int Psychogeriat. 16:2, 129-140).

~ MCI has been recognised by the FDA as a valid treatment target (FDA (2001)
http://www.fda.gov/ohrms/dockets/ac/01/slides/3724s1_6_grundman/).

This has led to the emergence of a number of clinical trials for MCI (for example Thal et
al.,, (2005), A randomized double-blind study of Rofecoxib in patients with Mild Cognitive
Impairment, Neuropsychopharm, 30: 1204-1215).

Disclosure of the invention

It can be seen that the provision of alternative treatment modalities for MCI for the

purpose of relief of MCI or the symptoms of MCI would provide a contribution to the art.
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5 the AD-type. Inproved spatial reference nmenory has
been denonstrated in a nodel conparing young and aged

wore@e/ 1538zl al so normal and scopal am ne-tr eat edP@T/GB2008/002066

This represents an alternative treatnent nodality to
existing MCl treatnments. 10 Previous uses of
di am nophenot hi azi ne conpounds, D an nophenot hi azi nes
have previously been shown to ?nhibit tau protein
aggregation and to disrupt the structure of PHFs, and
reverse the proteolytic stability of the PHF core
(Isis ba¥\B6G baer Gifiexdectdalfyf fommd byathidqerésent inBerttbrsatbatpounds

re discl sedf 15 in the treatngnt an L
Sngir e Rne B cimonthdsdfay bERATR prdbtsymatamgtic et
BOdqgnltmesemamemdddéﬁeodahtly)ofVi@ pr2s€rics Ak @ny Gihderlying pathology of
g{ﬂ S|ty Court the Uni versity, of Aberdeens) .

: g%e lm%mﬁag espg%lallfgfgﬁ@ga e cﬁ)?{é h8§ been demonstrated in a model
ctompiariagp emat drideaged esics, Eadi didocadringl dral sdopalamit-treated mice.
treatnment of a variety of protein aggregating
di seases, although the disclosure is primrily
dbiscre presedntaiantaltematipatroateent MEJd2IRY o' H3Ai6d M| Treatments.

Uni versity Court of the University of Aberdeen)

di scusses radiol abel |l ed phenot hi azi nes, and their use
iArevdo@wsesicf dandnddhenathiazimegompoubdsiopat hi es. 25 By
contrast with the above, the present invention rel ates

to the treatnment of MClI specifically. Several studies
iﬁ&aminpplwtm@éaizimésauavietprmusdy e ndtmivnab inhibiitftad prodesin aggregation

(a?\H ‘wd‘gﬁ.lpkg@%)é{ruct&r%g? Od‘ﬂl}/glci?ﬁsé gr%te(rcr)M g)stabﬁl W& the PHE

@oual Ged W@WB@I@ Fb‘joﬁmdmlmzﬁuehﬁ) &ichmmhodsjweml disclosed for use

[ I t
a7 R UBHER A oVl M8 cifsses SRl D' TR Tieo0y
Misszsese the use of MIC in synptonmatic treatnent of
MCl . WD 2008/ 155533 PCT/ GB2008/ 002066 -3 Martinez et
al. ("Methylene blue alters retention of inhibitory
Additidaallye/VOe33eatT@8 (The Bhiyeisity CPest ohtile Urivessity of Aberdeen)
%ls%ﬁgseégﬁé ué%gﬁ%{ibwfggw\% F@dé%%fngéﬁeﬁwoﬂi ?1% S iﬁ%{:l c lly fqr the
dneatmard ot anatietyof pmwn amrhgatmgeilsﬂaags tadtlgomthe drsclosure is

] [ i ng amesia) and a
%gq‘%ﬁy C%n %’ﬁgﬁﬁg t?@&:% thin the 5 conceptual
framsvvork of the paper. They claimthat the different
f - ' f

FORB0R0308r SRR Wivertly CRRER g O3 Brsr  BRABGCor diokhses
gddielabelled phenothizizines garat theiouselingiiagrplis dadfherapy-¢.gsofdauopathies.
of the paper is that mani pul ation of the

By contrast with the above, the present invention relates to the treatment of MCI
specifically.

Several studies have proposed that it would be desirable if drugs (such as Methyl
Thioninium Chloride (MTC), also known as Methylene Blue) had effects on memory
which could be mediated by enhancement of mitochondrial respiration (e.g. Callaway et
al., 2002; Callaway et al., 2004; Riha et al., 2005). None of these, however, disclose the
use of MTC in symptomatic treatment of MCI.
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pent ose phosphate pathway may act to nodul ate nenory
storage processes. 10 Callaway et al. ("Methylene blue

WO 2®B05E33 spatial nenory retention inpaired byP@HGB2008/002066

i nhi bitor of cytochronme oxidase in rats”. Neurosci.
Lett. 2002, 332:83-86) proposed that M corrected
behavi oural inpairnents induceq by a mtochondri al

i nhi bitory agent (sodium azid&). However, an

e
I%‘msrmil Regyathef €a8, 138d+300Ylinkystigatdid dine effeatkeof MTQ irl & oaé-#rial inhibitory

Bl BBk A O RaHSFEE} A s v an
vamrlmm effectdid. eatisiogainaasia) argl a memij -anisanoing effecttmhm the

ht 0 ef ect er.iL.ment dgsi gn.
sRehnfa ISR of e bFer, THREAISHERROhe G H] eriagis prpeen
fdrﬁferehtedasbamgjmestm effére at higk dbseapnedfélmng caryl leareing enhancing effect

deotgﬁf:r ﬂﬁp% ggs&, o gtl{seﬁ'ggl lgsfgq ﬁﬁﬁ%f%%%’l ff(r:‘r{a%%latlon of the

Nentasehptoaplithte gathivay atay\aet tot hedwdate marsorg rses age pricbesses.
inference that: "The results fromthis study suggest

that MB has the potential to positively affect the
Callaivagplet alu(“Metfwlemfe blu&anmroyesrmaﬁaltmemom refention impedred by an

) d
M SHERBEPO RS LREE RIS RO B apyppoos
MéB coirectad bblbaviowsaigoesitreents irelu2éd h)S& nofochBhdrialiintlibdary agent
Thed SRR BB B B BB fapagine shovs e
Bherefieo Amen@ahamsuooneue&angammp rdefe@hpnmdubs;d byhsodium azide, and

";% oatp\gl t'h% %g&?{l?%‘zﬁr %fggé g%tlﬁ%ugg(gsltl}‘fﬁ théat % iy r%eﬂﬂgess a selective

eaﬂleptmt memogadwitmu n affecdrondéarMng is mmlansmlenrrtee Vigidttdh defects in the

'c\:%ﬁgrﬁrﬁ%tgl d&:@g%ge&ﬁéa?lg thg d uﬁ%m%@% %\%&gﬁ% lﬁ'(jir;{]‘fcgntrol for the change

rone he™ a
"ilvEheatdaik fwomtqifachowuemeaenupu dotingthewiairingpitasedo |acd1fferent task

AP AR Bbe ABKTUNC B PRAE, O Gt on of

extinction of conditioned fear or other traumatic

Wﬁl’\s@%dm m%gabilg/ﬁ% t%l% Sg@UFg%és%n"f‘{h% I%Yé?ﬁ:@tﬂllé}g e@? er%%ults from this

ete I eve an ammestic
|aquyeaugee$t teaiddB has thei patentiat tarpositively\affedidiss ¢ltEe gutcome of

%@%8@%@%@ ng%gltl § 41 etk gel% |ve‘f‘5|soﬁgepéb§§§x}:|§@9 vithue
i npro

] ral n oxi a lve ne I SM an
meitaghpndrial dysfuagtion Ph Howaveeri neithgi the data nOBélmaa/uthrzr@ Guaggested the

(%sFJo?ﬁ/fBlg&)ld g&ea@ ( %@@@Q@nhé}?&%ﬁw tHe Egéer‘%@rd?%@%@rﬁinbp

However an objective review of
tdyerBC'qu:hnl cal content of the paper reveals no
evi dence that MB inproved learning in

Gonzalez-Lima F and Bruchey AK (“Extinction memory improvement by the metabolic
enhancer methylene blue”. Learning and Memory, 2004 11(5):633-640) examined post-
extinction administration of MTC to determine whether MTC could enhance retention of
an extinguished conditioned response. The authors draw the inference: “MB
administration in conjunction with extinction behavioural therapy in humans may be a
useful therapeutic agent to facilitate retention of extinction of conditioned fear or other
traumatic memories.” That is, the authors are advocating a targeted use of MTC to

achieve an amnestic effect in certain specific circumstances.
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ot herw se uninpaired aninmals. The interpretation of
the data suggesting that there is nevertheless a

W@ 200853592 ef fect on nmenory without an effect BEI/GB2008/002066

learning is inplausible in the light of defects in

t he experinental design. Specifically, the

experinmental design did not c?ntrol for the change in
the task fromolfactory cue detection during the
training 10 phase to a different task during the probe
phase of the experinment. Therefore, there is no

Gdlldway et alh(elMebeleinﬂMlmf AfbravesBrain bxidativeanatabslism and memory

R 58, o 89K B4 3885 1 ome

tbeﬂawemabﬂsﬁradrgmdas idCallawdét aﬂlC(P_OGZ)h Howevehdn olsjédtwe réview of the

TS St or M el Eas 5P e hte fa B BraYeR fedrfing in

totieswise iuni esiree chniydlo CTedRte rpgetatiordeftthe ﬂatakﬁrgb@my ehiat there is

TRy = ety AR rremer b dh T O iarpS o dBlausivie i

ttlhrellgﬂt of gefectp hraweld&benmmter@stgnt Bpécifidin tosl exgrsimental design did

' f ect f. MB.at  24hr but. .
3B Carprf o e bR T 1tk e B g deEbush arighetaiing
(hhase toediffefedt &3k eutifigithe drétee preass agt'hterexpé?]raemti Therefordyihere is

ed ta enhancene

Wteg@e?g%@ E@rm&we&r{ngm%rd lrhp{pgrvgee gnlmp(alrmﬁglp&e?s TRI} authors

fatsoi dhiotvatl itteant chtpchehteydxidese ol amewtyDrlaandepﬁdjlamralaftlﬁm obtained

A Bl o g 2ty a5 TR, a0 gt 8 mStucea i viro

tinte atpeeparatidn df cytothrogegahdBbraer tissne incciasée cgtothrbmena oxidation.
eated r 8

3sEe o SRl Expflelea A g el pP S faximal at 1 -4 b

tpehmdm]msmbtldmabndi Uaﬁ fherefare dmiausiblp éx airgoe ioaty\MB produces specific

Rl Hhrask BB o MR Bl pkFof R E oD e fpgings he
uﬂtoendnawrthe hderenbfetrmt ftse eneghasisre of adtios fof B inamemory retention

}?ﬁ]ew ,g}é‘i&l &%Bh%&ﬂé&t%gﬁﬁﬁﬁhgﬁ%:rcg,?(}dﬁg&gm non- speci fi ¢

cts on ocom) fesults fail
to denonstrate that MB enhances detection of a

R A T 7 BB MR g ot
@hd tbhaen beygehicanswbptant’. EBOJ. 'Hirerreacmi 006 het1e151s158) report that rats

?r\é'a%%r\'/ﬁﬁr £ f 4"&?@2{; )(/lﬁ]\g%re r}ott @Fff’epe%t {‘r?m%taprﬁ%p’eectgev rats in locomotion or

uni mpaired r SO repor
derdirgteravioon dudthambBei lhmgé(gslesle lonrrovedobegeioural habituation and

%g%%%%‘ ecngthdr{ rl—%\/\%ogr[, gé Ejecl’ﬁfe rg{qewrbf Yl'ie f&chnical disclosure fails

nlstr not
acdmomdetsuapmrbfor theFeantention dhat these iscanyl amdelﬂc effedt on behavioural

h"JB’iJAY.bﬁ 0§ d@nﬁa ofﬂo?i glérlr-lgp%%iﬁé &@E&%%&Hﬂ&{&l 8 ohef the results

nmption a nmory reten
tfanl tg dten@ylsmata\bhatm& eohanpes degtegtion offacfamiliae obJESars@(dveotm saline

ol Bl BT B BB R L4 FBer e

Therefore there is no evidence of memory facilitation in otherwise unimpaired rats.
They also reported that low concentrations of MB increased brain oxygen consumption
in vitro and 24 hr after in vivo administration, but not at 1hr or 2hr post administration.
From this, the concluded that “methylene blue doses that increase brain oxygen
consumption also facilitate memory retention.” From this they draw the following
inference: “Based on our findings, it is possible that methylene blue may also be useful
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as a nenory enhancer in humans with reduced brain
oxi dative netabolism such as individuals with

Wo\RaoRaFIFeF ' s and vascul ar denentia." Wubel etPEI/GB2008/002066

(2007) ("Methylene blue facilitates the extinction of
fear in an animal nodel 5 of susceptibility of

| ear ned hel pl essness. "™ Neurobiol. Learn. Mem 2007,
87: 209-217) exam ne the ef f 28t on met hyl ene bl ue on

condi ti oned fear extinction in f e .congenitall
S A TNy Spem oG MBS M FesbicRY PR OXKAE M G fesuch as

dhdlvioedls aith Anheimdrerandyaseligddnisntial extinction if
adm ni stered during the acquisition of extinction.
That is, MB did not have an effect on | earning of

GNEu'bléﬁéti . r(gomh\(méth,eér@aue Frditaed h\léré(tiﬂ&ioh P far @cart Afdal model
enna ett revi ous. trau ti

L7 s Ub o) e heftdesana s N abipY L e, Eos o) 208-217)
rexamiircthk Ieﬁﬁ&t&;nfﬁahyl_e}?é blﬁétthﬁnalﬁoriHﬁjhf@dd éﬂﬂlﬁ&tlann female

e osy t her at aut hor s X

Eabeeially phBRES B Thimatngss laund Shal MielVisheclid did not prhance
Imerﬁalytréleﬁtlcﬁ'pﬁ(éxflhétloﬁIlffa‘dMTﬁlhﬁ%ZB&eréfthé:é& UBSIR cﬂfexﬁﬂctlon That

E!% gﬁéﬂﬂr%ﬂ%’éﬁet@ 9}“3‘{1% ggﬁﬁ jor Mgrytr?eiess t(he autHors

a:épdarml_ tA&tEMB I@ahémiebwlgeming ensrreaiouage eraambsdstimWiThéy draw the
traditi colo ntst0| r.ov
Bty A e BT B ey E3litals BB PTAkLR 4% 41 BIUNK to exposure
rmérabpi' Trnatesn hmwstﬂh&slaghm atvbbate ecudd sf M TR0 acrnmrv@\aa amnestic
% in %Wg oduction and nenory retention
kﬁYf%f%fPQE ?'Hép?ﬁ' NGPS-oxi dati ve netabol i sm
wi t hout 20 produci ng side effects associated with
ifying a t Lcul ar tter, sy ) .
Ceslpyabaio 80, Rigd sy oetig and Rt i BhE e pppipimatety
fth)é same edrni M@%rw@gﬁﬁdulété ¢helfsoviihg gmetrthmntshu &Walletraditional
neurocc?ﬁ at Ve[‘fﬂl sorders aSSO?I at ed

re%lgkep 8t"?18rr9v? MENARE FogH s §n r?BF%P ic synaptic transmitters,
spetabdlicemhbycets ikeemethylene beassy ienpiovdl cﬂ.lemllrtealnEEnergy production
Aol ety eeRt By uafiers Rip BRI e e eoazh wihou
ipneld ucingusidies effectshasabeibted vath modifymg\,aasar’_cld:mar rebenetransaitter system”
ol 20027 s e Al ool ForeffRos Y SeStine use of
agnethyicise blae ady: dneungddgeaerative disorders ddsatiateli@ithanitathbedrial
SRR QURsLER mors erE A A b s s MU N R g cisease
(Eaktawdyi dtiab d2092), d\'/lﬂ@)mdnaﬂmttemdumdmmmde metabolism, such as
\‘iﬁ'\qs 5&&%3&&%@2@%%@% s v%‘l v:hasc gridaegmngﬂz? h@ rba”& allldb{)]&:)aged
neur odegener ati ve di sorder, vascul ar dement i a,

NPE Irhnd PP Bhiricea AR ST eehen oy pavs they provicec

endunds|for drawingdind interemce;, trat MTghcoutd be usedksyovptopatiaally in treating
EM(EI effects in these

However in the Examples below, the use of a diaminophenothiazine (exemplified by
MTC) has been demonstrated in discrete cognitive impairment models, including aged
wild-type mice, in which no tau pathology, neurodegenerative disorder, vascular
dementia, disease of impaired oxygen-consumption, or mitochondrial defect would exist,

and thus is entirely unexpected in the light of its known prior art effects in these
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WO 2008/ 155533 PCT/ GB2008/ 002066 -6 contexts.
Speci fically, diam nophenothi azi nes (exenplified by

WOMUGB/15%583 shown to inprove nenory in situati oPGT/GB2I08/002066

there is no expectation of mtochondrial dysfunction,
reduced brain oxidative nmetabolismor vascul ar
inpairnment. 5 Present inventiop This unexpected

di scovery thus has inplicationS for providing

SRSk ool s e AR 558w o

tlmpmvamﬁmory I0sifthations wherentherd $s @ @getkatidbh ef mitvehvint el

provides: i of a TZ .conpound i n

SRRy e Bralh o T D R eyl igpairment.

medi cament for the treatnment of Ml in a patient. Said
{Edi 2\msnt .so0 prepared or manufactured will include
Hes fgﬁnéoélnpound as the or one active ingredient. 15
i) A mathod for the treatment of MC in a patient,

1 ch rret co s .adm ef fec

Ahthe B AI88 RBRBL TS B PlcRt e Ot R swEBlanATe gptef of Mo,

liere/vmch (dsadisaussedasdvepthehdlk ai sigraficaat mesat for ndviet treatmiehtsd

20 conprises adm nistering an effective anount of

DAPTZ compound. Preferred DAPTZ conpounds are

dihas irsexidus aspeste thedhantiomprosidesf t er . The

adm ni stration of the effective amount will be such as

to bring benefit to the patient 25 e.g. anelioration

0f UsenofesDAET 2 yopipourd inlhe pieparztion (nrhhariufmztum@yprbeess) of a

%’&g 'n’?er? Fo?qhea l %&%an%f angnbl nﬁtt | ald Sgﬁm EF ?%/pregﬁred or

Innﬁrm‘amlred glllylncledelﬂe mhléTacd)mmurxdfasl\tﬁ'é:or ong hetivEerragrediers.

bel ow was specific for within- session inprovenents

and there was a trend towards between-session nenory

éhhamibmafur thet toegtmient of MBlah iagpabentt Whith hieditod ¢remprises administering
r by DAPTZ conpounds is

not %{egr ouﬁﬁoﬁ%géﬁA%r?@%chol inergic system Thus

the treatnent may be such as to provide benefit via a

n@ﬁ& @R@Jrz %ﬁﬂhgb&nc%? Ué‘é‘lngﬂ?a g&étﬁ%‘ﬁq Sewck f% pdtRAl Walth mMdthod

rovi de benerit via a

Iconmptises- acggnewmg@m -gffehiivel amamt pEDABRRZ sompodhd.

2008/ 155533 PCT/ GB2008/ 002066 -7 Interestingly, not

only did MIC show a better therapeutic index than

Frefeged PAPTE canerounds$ ereddisgyssekinanerd detsildeeeinafter.

i ndi vidually, but co-adm nistration of sub-effective

doses of '

The administration of the effective amount will be such as to bring benefit to the patient

e.g. amelioration of amnestic symptoms.

Diaminophenothizines may be administered alone, or in combination with other

treatments, either simultaneously or sequentially.

Interestingly, since the action of MTC in the Examples below was specific for within-
session improvements and there was a trend towards between-session memory
enhancements too, it is believed that that the reversal of memory impairment by DAPTZ
compounds is not through an action on the cholinergic system. Thus the treatment may
be such as to provide benefit via a non-cholinergic mechanism. Likewise, the treatment

may be such as to provide benefit via a non-tau-aggregation-inhibition mechanism.
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both rivastigm ne and MIC acted synergistically in
reversing learning deficits and scopol am ne-i nduced

woreewengsssipai r ment s. Thus, when conbi ned wi t h EEGB2008/002066

therapy, 5 the effect of MIC appears to be anplified
supporting the fact that this conbination therapy
could potentially inprove not gnly synptoms but also
contribute benefl cially to nelronal met abol i sm

there ena in use of | ower doses. of drugs that
di“ﬁfﬁs ‘é %tOL'QsFP %RW@ betteq thergneyiic index @Wﬁwaﬁg@me when

ke %B?K/e@@mmﬁmm&‘re@ inaivialMbat téLa8MIANtRa6H BNsubdifective doses of
[ i, ne ic dr t hose that enhance or mm.cs

t%‘?@' 'é‘@ls msfanﬁgi‘(é F‘Et%S SYRREQisticRly {neversingtierraing deficits and

tscepdlamine-indiceimensry Qﬁﬁa&bmﬁﬁ?@d [ ﬂ?[]& tvﬂfentdéﬂwb‘ﬂ{e@l%fHChEl therapy,

inve S i n.one enmhodj nen rea

R ?@%PF VTEIreapipﬁarédﬂgF AIAIRA SYAPQTBEANG faChALNISagmbination

Qhdrepy egledpstent aJJISI irBpRI® het oﬁNlﬁyrﬁkﬁtomﬁ |b@t 8b® Ebrﬁﬁ&h@ basdticially to
i nhi bi don ﬁ known

RFF@@B{"?*‘&PS“%'" Wﬁé%sqv @‘g(tHPé’é Howe" dases ot feiga it might

gwihiadidentime nigk 6ﬁ$|6@effé(dl§)\/m as Rem nyl TM), NWMVDA receptor
ant agoni sts (such as nemantine (al so known as

Ebi xaTM NanendaTM, mnuscarinic receptor agonists,
ame/uge of DAPTZicompoahdsgich@isMT® irﬁ@ddﬁtﬁ@étloﬁfvﬂﬂﬁihﬁlmerglc drugs (e.g.

rocessing that |eads to enhgnced i on

e AT REES IO RUSSE PRPTa ABMISAUED fe S TipipPatc treatment
toNMCR i SnesérmbddiMibstcaiSisd présént inveatibd.t erature as to the
nature of the MCl concept (see Gauthier S et al.,

MIld Cognitive |Inpairment, Lancet, 2006; 367:

Th62 inlghelemiRetiraesteeatdenRGag bpidnalliNee i@tﬁtﬁﬁtﬁlﬁ’ét@ﬁivﬁw one or more

f ures of ammestic mld cognjtive
el 9o ts o SXae s 5 oy Rgineerase N iogusugh g donepezil
ﬁakd’ Knalirs asadcdpt™y atvabgrbine (di$dkndvin asSExEdr TME @aldyitamine (also

avin " 0 ai rment pot  vyet
KB A Remin e PR e fams Hiadoneh lfoes Begientive (8o known as
dbixa ,iNam e {iaRSp masedrinit rieeeptor agonists ahd/ror synitoenad lamyidid
include f e tie | S .
R elrieh Ratalt i e © Sy Dol paBalos o belsamyiia
PCT/ GB2008/ 002066 -8 B. There is evidence of

tlve Ierlor n shown by either objectively

%\%gé;%fpvgoan Lo AR a’@lgf ti me and/ or subjective report
of decline by self and/or informant in conjunction

i.tN .obj ecl.i Vv ni
Wﬁllﬁéﬁ%+;$3 _gtnlﬁ%?]gﬁe fr\/trl? héggéci %set]o%/e p?\t} :8’?1&%’ Mtc? concept (see
@aaﬂmnﬂacét ahc(\ﬂlkt)@q»QrﬂtWellnrphlrmth_zdncétuZmﬁ 36%: 62-1270; Petersen
‘I?\"d & al. Néu%@a%olggucﬂ]feattmgls loY a#nﬁggicrrﬁﬁjd cognitive impairment. Arch Neurol
2006; 63: 665-672) MCI is recognised as a valid disease target by the FDA. Itis
defined by having a minor degree of cognitive impairment not yet meeting clinical criteria

for a diagnosis of dementia.
Representative criteria for syndromal MCI include features listed below:

A. The patient is neither normal nor demented.
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(See also Wnbiad, B. et al. (2004) MId cognitive
i npai rnment - beyond controversies, towards a

W@wsasEses: report of the International Worki nRCTEGB2GH8/002066

on MId Cognitive 10 Inpairnent. J. Intern. Med. 256:
240- 246) . As used above, the term "denentia" refers to
a psychiatric condition in its_broadest sense, as
defl ned in American Psychi at rt 8- Associ at | on

nostic. and Statistical Manual of Ment
5 Jete SVideBiR P1£OBANYE Brteriaralion TRAMGHEY Sher Obligtygly measured

(deblird dvér time EM@/cEBubjebive Yesti dfftRSIin: arif/orasformant in

characterized by nmultiple cognitive deficits that
iGeRIupEoN W'Fﬁa%t?l? ﬁtcggn‘ﬁ"en‘éﬁ% ?%fgasrﬁ‘PP‘i‘%V desfs ff memery).
denenti as according to presuned etiology. The DSM 1V
sets forth a gener al Igrﬁacc ted standard for such

& distivlien.gl daik e Are #nd samplengsiiymaaiabivnstions At either

aﬁgétc‘drﬁhhﬁ]%du%yﬁ;b‘é@ﬁrl C d| sorders. 20 The MCl nmay be
"amestic". By one preferred definition, individuals

W th amestic MCI have general cognitive neasures

V(Jste@ brso QvinbRt 2B Al (2604) Mild@BgnifNe ifPpaireht S BBy@Rtdonitobrsies,
have nmenory Eerf rmance é@?m&gand rd deviations

B%‘{V%f\ﬂ/s@d%ﬁ’f‘F%ﬂsu§uf6P [t ekthe Apfeggfi King GEORAT Myd Sgnitive

d@ghirment. 1. |ARAR Ned. assszatfomsbn det erm ni ng whi ch

i ndi vi dual s have MCI. "M -nonamestic" or

“MCl - ot her" nmay _be defined as deficits in two or nore
AgedGbove, MO terinCleBERRT" eéfeishan pbyéhigitiaeaditon in its broadest

e o S b e I P A 5t 505 B BSGis3Pe patistical
Widrluapefimaé bl Disbde) %ditram@rew?shtdgtwl? .Cch gggbe DSMBIV"). The
ot .di agnose, i.e.. W show, dene
M AR S et S onbractezd h Ul GitVE SEBts dfat include
gmp}&héﬂsg ﬂgbgﬂrﬁ&@l&ts moaé)a%éﬁt%?a'i:cordmg to presumed etlology
lent m
S 90085 el Pl o BT Bsrai

randttiedfingd ofcdemierftiblan@fast dtaté® psyewian: d]etdrtiarsl ain

respect of: (i) Braak stage; (ii) MVBE score. 5 (i)
Braak stage In the Braak stageing schene, disease
hedekaaybe amaesticded into 7 stages (Braak stage O
(herein designated as "BST 0" or "B0") to Braak stage
6 ("BST 6" or "B6")). The

By one preferred definition, individuals with amnestic MCI have general cognitive

measures within 0.5 standard deviations of control subjects and also have memory
performance 1.5 standard deviations below control subjects. An objective, documented

decline in memory is useful in determining which individuals have MCI.

“MCl-nonamnestic” or “MCl-other” may be defined as deficits in two or more areas of
cognition greater than 1.5 standard deviations below the mean, corrected for age and
education.

Preferred patient groups
The patient will generally be one diagnosed with MCI, but be one not diagnosed with AD

(i.e. will not show dementia). The patient will benefit from the symptomatic relief as

described above.
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10 systemis based on the characteristic
neur oanat om cal progression of the neurofibrillary

w@2i0R05Bey of AD (Braak and Braak (Neuropat hol BCi/GBR008/002066

stagei ng of Al zheinmer-related changes. Acta
Neur opat hol (Berl). 1991;82(4):239-59). Methods for
assessing neurofibrillary degeneration are disclosed
in W02/ 075318. 15 In one enbddi nent the M pati ent
oup wWhich it is desired to treat t he met hods of
it BGLiRey. (onasReTvg be sy OwEsTios 50,58 vedts. BST 2 or
less , nore preferably 1 or Iess nore preferably O.
T referreg gatlen rou have a rel atively | ow
PPTPSY BF OB? MRSHRY ongy h?é'rﬂf t%e fallewing prietis inesheqt gty (i) Braak
pﬂ@ﬁapnmmmsegémeepresent|ng early stages of AD, but 20
nevertheless still suffer MCI. (ii) MMVSE score
Patients may denonstrate a stable or declining
QO BrbdK stegé npai rment characteristic of 25 MC (al ong
with the further relevant clinical features) at a
point intime. The Mni-Mntal State Exam nation

(INN@Brabﬁ s&géh@%@ﬁérﬁé Sdiskdse proghbdsidh lﬂ\ﬂﬁndéHQrRQS’eﬁage%S(B%ak stage

R ot o el & “é@'ﬁrt%rﬁﬁ%?&éorﬁsgé"gr G gFhe

%?sterrl\lh BlasetRo ﬁ'le chapdceristid\n@UirdghdtSrhicalbgredsib® bf the neurofibrillary

r i ve state of ients for th
dnica s AL aicaedrapi pSe s foiofea se o pshemer related
Band&i8 Apta Nweopdtkedt (Berl)t heo 18R 4):28908d)y used cognitive
screening instrunent for the detection of cognitive

dysfunction due to denentia in geriatric and

athddsafor assepsihg @BUSfibriheNHRiepbrailidh &e\idddsedan WiooTtms318.
m ni-nmental state exam nation: a conprehensive
review. Journal of the American Ceriatric Society 1992

40 082 8mB3dinent the MGARti3ht groap ualchs i©esridab itr@ﬁt, by the methods of
nctions

nor attention angua
TRoRreY s iioh R 05 RS T 48 e | Bivedreigrati b fess. more
tpneferablyte E’t’he’ prefantedquatiemtygroupelit hatbe g réletmeﬂﬁldwl’mabdwlty of clinical
t hose, W t
B84 hi o "3lven) BRTRrOF Bl BirahRoPig Ay SiraeR pRD Bt
éyerthelsss stihsuffgprMCler ably | ess than or equal to MVBE
24 or 25. 5 Benefit and treatnent By "treatnent of' or
"bringing benefit to" the patient is nmeant
qiygVMSEacoen of a condition, including any objective
or subjective paraneter such as abatenent; rem ssion;
di m ni shing of synptons; slowing in the rate of
dRagjemts nadyi demanstraiecd stakle ot declining cognitive impairment characteristic of

MCI (along with the further relevant clinical features) at a point in time.

The Mini-Mental State Examination (MMSE) is a standardised test which was proposed
as a simple a‘nd quickly administered method for grading cognitive function (Folstein MF,
Folstein SE & McHugh PR. ‘Mini-mental state’. A practical method for grading the
cognitive state of patients for the clinician. Journal of Psychiatric Research 1975 12
189-198.). The MMSE is the most widely used cognitive screening instrument for the
detection of cognitive dysfunction due to dementia in geriatric and psychiatric patients
(Tombaugh TN & Mcintyre NJ. The mini-mental state examination: a comprehensive
review. Journal of the American Geriatric Society 1992 40 922-935). The MMSE
evaluates orientation, memory, attention and language functions.
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The treatnment or anelioration of synptons can be based
on objective or subjective paraneters; including the

WO e®al1s3s3bf a neuropsychiatric exam nati on, anRTGB2008/002066

psychiatric evaluation e.g. inproving performnce of
nmenory task tests denonstrating relief of mld nenory
| oss or inpairnment and/or relief of other mild
cognitive deficit. 15 Products!®nd kits In anot her

aspect, the invention provides a drug product for the
tRatigntedat wisrm tig present inveationemey sieferablyhg ushe mayrhsithose with less

QHEPBH uagtoawmeﬁtﬁﬂ wﬁ%bﬂaslolr 8¢ rﬁare%efemmé&d QH of\ﬁ%uau to

O indicatin roduct
tMM&EM5 4, mast Pretferféblaéeﬁséhareer Q,%'ﬁ 2iMMRE ?drﬂf 25or
nore dosage units each conprising at |east one
phar maceutical |l y acceptabl e excipient and, as an
Ranefleandiraditeeint, an i sol at ed pure DAPTZ conpound
sel ected from those described herein. 25 The
i nvention further provides a kit for treating MCl in a
Hwrdrigaiment gflion ceringmarvepefitdenthe watierd idmeartt ioragiga fof a condition,

Wl@énﬂ&@bnf S51EEVE Dr Eb‘lﬁieétfx}g 'p%?’én‘méi@xssucﬂ%%%%te‘?ﬁ%t SrEJ?\fs@kB'ne

m ni stration for treatnment of
olirimishinsred symRtoms: ﬁ@W(rDAF’TfE ra@gfg@gﬁ@gratlg@ow@hne
i nvention pertains to certain di am nophenot hi azi ne
conpounds and anal ogs thereof, having one of the o
fldiel tesatmentras emeligration absyrae e can be based omeljegivaler subjective
%ﬁlrérﬁetery ﬂ'fcﬁfdﬁ'r"g the PEXItS 9* ¥ ﬁélﬁ%p§ﬂﬁfaf‘rﬁz‘cexﬁﬁﬁ’r‘dtl@ﬁt ér}é‘?&rk psychiatric

referred to herein as "di am nophenot hi azi nes
"QYPRIFHIPTHH BT PYIRG PRrEOTEGRER ORSMPFY task wsmfsmsehef of mild

ﬁ’@%ﬁ%r%ﬁl&ﬁﬁent a?a@i/oR?eluBf\Bicbtﬁér M é\égR@wB&%lt \ ol
R7NB R6 R3NB R9 R NR
(2)

Products and kits

In another aspect, the invention provides a drug product for the treatment of MCl in a
patient suffering therefrom, comprising a container labelled or accompanied by a label
indicating that the drug product is for the treatment of MCI, the container containing one
or more dosage units each comprising at least one pharmaceutically acceptable
excipient and, as an active ingredient, an isolated pure DAPTZ compound selected from

those described herein.

The invention further provides a kit for treating MCl in a human including a DAPTZ
compound and instructional material teaching the indications, dosage and schedule of
administration of the MTC for treatment of MCI.

Diaminophenothiazine (DAPTZ) Compounds

The invention pertains to certain diaminophenothiazine compounds and analogs thereof,
having one of the following formulae, and pharmaceutically acceptable salts, hydrates,
and solvates thereof (collectively referred to herein as “diaminophenothiazines” or

“diaminophenothiazine compounds”):



7NA'i S NRINC RTNB R6 Ra RO R R 6 NR 2 R3NA (3)
7NC,, NS NR6 Rae RBNB RO Rl 82 R/ N~ R X O (4) R/NA
WO-2R8MFS533 7NB R6 OS Ra 3NB R R 5 Fornul a (1) BEPGBRES/002066
conmpounds in a reduced form whereas each of Formul ae

(2), (3), and (4) depicts conmpounds in an oxidized

form In one enbodi nent, the Qﬂnpounds are sel ected

from conpounds of fornula (1), 'and 10

phar maceutical ly acceptabl,g salts, hydrates, and

sol vates thereof . InRone$e oZdingnt, the conpounds are

sel ected from cdipoupds B U mR'a (2) or (3), and

phar maceut i cal ad i : I ts, hydrates, a

sol vat es theﬁ§%¥N 3 9 'eooﬂﬁgnt, t he cogggunds

are selected from conpounds bf fiormula (4), and

phar naceut i cal | y RA€c8pt abl e Bal tR)" hydrates, and
sol vates thereof. Eagh one @gff the above structures is
only one of manysequ va“§nt resgnance structures, and
all of which are Mpfenged e enconpassed by &pat
representati geastr WO 2008/ 155533
PCT/ GB2008/ 00208 eXanpt'eSNst swcture (4) is only
one of many equigabeu= resoance Structures, some of
whi ch are shown bel ow, and all of which are intended
to be enconpassed bygStructye (4): RO R a z

2

R2 N R
o’
RINA (3)
me N7 S N~
R R® R*

I 3NB

R

- - o -

R? N R?

z
7NA | X © “)

R~ N R

N ®S N

!‘?ma R® R* F|{3NB

Formula (1) depicts compounds in a reduced form, whereas each of Formulae (2), (3),

and (4) depicts compounds in an oxidized form.

In one embodiment, the compounds are selected from compounds of formula (1), and

pharmaceutically acceptable salts, hydrates, and solvates thereof.

In one embodiment, the compounds are selected from compounds of formula (2) or (3),

and pharmaceutically acceptable salts, hydrates, and solvates thereof.

In one embodiment, the compounds are selected from compounds of formula (4), and

pharmaceutically acceptable salts, hydrates, and solvates thereof.

Each one of the above structures is only one of many equivalent resonance structures,
and all of which are intended to be encompassed by that representative structure. For



#(+-,S ~ R7/NAl | / RBNA X O (4-B) R7TNB R6 R4 R3NB 5

ROR azR/ NRXG(4-CO R/N/ I /| /| RBNANSN
WERINB1563R4 RBNB RO R a 2 R/ N R X Q (4-D) PERINBR00S/002066

I \ RBNA NS NCO R/NB R6 R4 R3NB Carbon Ring Atom

Substituents 10 I n each one of the above formul ae,

each one of Rl, R2, R4, R6, R8,. and RO is

i ndependent|y sel ected from '1|% -F, -d; -Br; -1;

eéemg_'dgrucéld'e (é&@&ﬁ@e of ag(anb)eﬂH%Ier%ﬁs%)aﬂ% StI’ZIC(P_I!eS some of

WiHicHQrblisNoW\NBelow,; A all ofNiiteh afdRatendddRoNbeRMitomBBssed by structure
% 08/ 155533 PCT/ GB2008/ 002066 -13 - NHC(=O H,
Eil\?‘C( =OH -NHC(=OR -NRC(=O R -R

R
7NA 3NA X @ (4-8)
R
|
R

7NB R® 3aNB
5 _
_ - 1 —
RY _N R? O “o
R7NA\N/ S N/R:BNA
B ® les R® r* Lane i
_ - o —
R Ny, R
R7NA ~ /RSNA X @ (4-0)
Ema R ° 4 zswa@
Carbon Ring Atom Substituents
10
In each one of the above formulae, each one of R', R%, R*, R®, R®, and R% is
independently selected from:
-H;
-F; -Cl; -Br; -I;
15 -OH; -OR;
-SH; -SR;
-NO;;
-C(=O)R;
-C(=0O)OH; -C(=0)OR;
20 -C(=0)NH,; -C(=0)NHR; -C(=0)NR;; -C(=O)NRN'R™?,

-NH,; -NHR; -NR,; -NR"'R"?,
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wherein each Ris independently selected from
unsubstituted aliphatic Cl1_6al kyl; substituted

wa@bkiophstssx Cl_6al kyl ; 5 unsubstituted ali phatiBCT/GB2008/002066

C2. 6al kenyl ; substituted aliphatic C2_6al kenyl ;
unsubstituted C3_6c¢cycl oal kyl ; substituted
C3-6¢cycl oal kyl ;  unsubstituted C6 | ocarboaryl;
substituted C6_| ocarboaryl; ‘ubksubsti t ut ed

unsubstHE O AT R M= ORI AR s 1 ¢ ut ec
C6_10c®r boaryl - Cl. 4al kyl ; 10 wherein, in each group

-NR N RN2, i.nd d ly, RN d R\N2 tak t th
RS BECh R P EBER v LestRf FBR t o 66 at aoned |

f ?r m aunsubglitdtay anghatic Qxakyl: GuBstitited afbretis .C, akanpl es
of groups

-NR N RN2,. in RN .and :
oo B e e Kt o e At S
at t Iac gedutfismm@ ce.};qygl_obmyrr, @lg)sfifumclji_ G degeldalkyling at ons,
i ncl ude: L Qyrrolidino i peridino, erazi no,
nor ph&WsHBsﬁmBé? Cerogarboanyly gglgi'él{t?q Eﬁ'@&gr#’g? 3, such as
N- subainstibstiasted G fpbetesaieyl; substituteatdiybhepdrpgynzi no. | n
one, TRl s SERoRREE. e s Bl B PO
-wherein GhieaclOBroupCURUIRN, inddper@rtiy, R"-dRd RS thkenaBgether with the
TR e JRER 308 Rl o RinSGop e By nd Soms
enbodi ment,. each Ris i ndependenF Iy selected from
VBB 4 SR G B URBL i e ivogen
Gorf &b Whichiitheysarb sttathddfdrnabiriph hving EBmBatd®@rilyd atoms, include:
PR o B S Phou B S b B it sueh o

N-substituted forms, such as N-methyl piperazino.

In one embodiment, each one of R', R? R*, R®, R? and R® is independently selected
from:

H:

-F; -Cl; -Br; -I;

-OH; -OR;

-C(=0)OH; -C(=0)OR:

-R.

In one embodiment, each one of R", R?, R*, R®, R®, and R® is independently selected
from:

H:

-R.

In one embodiment, each R is independently selected from:
unsubstituted aliphatic C.salkyl; substituted aliphatic C,.salkyt;
unsubstituted aliphatic C,.salkenyl; substituted aliphatic C,¢alkenyl,
unsubstituted Cj¢cycloalkyl; substituted Cj.scycloalkyl.
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-14 I n one enbodi nent, each R is independently
sel ected from unsubstituted aliphatic Cl_6al kyl;

W@ astisIses ed al i phatic Cl-6al kyl. I n one enbodpP@EGB2008/002066

each R is independently selected from -M, -Et, -nPr,
and -iPr. 5 In one enbodi nent, each Ris

i ndependently selected from - and -Et. In one
enbodi nent , the Cl 6al kyl grou1p Ts a Cl.4al kyl group.

BB BRI R e e B °

G 6Cmb0@dtlkxdzd giiphapc C$6a’clk)ﬂ3%u6§ﬁ{@tbaah[ﬂ’)dtlcw19éflkyl 10
Exanpl es of unsubstituted aliphatic ClL_6al kyl groups

include: methyl, ethyl, n-propyl, iso-propyl,
Nn boé yéinboﬂlﬁmnb léb}tlh Ris Gﬁeb@nﬁdéntly seited lﬂbbﬂ rM&--BENhFY, and -iPr.

i SO- pen r n ent

13 80f Estpbciment oach ik idopeadedil Setiat fPFh M 286 Biha | ¢

C2_6al kenyl groups include: propen-1-yl, propen-2-yl,
et c. Exanpl es of

TR el ebbHinsat ¢ Gorvbarub e o tahy! BietPude.
aty oh@ empmh\enc;mé Opéau@ﬁlyrgrﬁﬁtﬁ Ry C, alkehylgrdug. ,

i EneBBtinient 155 £ a5 urB OGO LI BHE. 1 1

one enbodi nent, the C5_10heteroaryl group is a C5

t S Eeg:c% bjg%ﬁﬁsy@ieﬂa%\‘p?) t?%ég%&?/l érr%ggé inglnge: methyl, ethyl, n-propyl, '
Gﬁﬁﬁgby’ian }ohwﬁlsﬁla]tkykedgbmylpﬁen-tﬂﬁyl,ﬁéﬁﬁmylfﬁg@%ntyh tert-rentyl,
unsubs oaryl groups include: phenyl,

N T&eHM %eﬁﬁaﬁ?)cggéﬁ Cunsubstit ut ed C5_10het er oaryl
groups incl ude: yrrol yl, thienyl, furyl, imdazolyl,

g/&‘agy@éﬁf L%sféwdy alwy?{;cz? ?Iéélnylrgll;ai?;%qh? yﬂoﬂ ¥)rdpen 1-yl, propen-2-yl,

foutenetbgl, byten-230, dotemPlygetof unsubstit ut ed
C6_10car boaryl - Cl1. 4al kyl groups include: benzyl,
phenyl ethyl. In one enbodi nent, optional substituents

(Exaoplesaf uasubstitatedcC tydadlkyl lgroupsiinphatet cycldptod | dyeloptopyi-
A BB reaberbi SRR etssrcpondant 1y

sel ected from WD 2008/ 155533 PCT/ GB2008/ 002066 - 15-

K oné gnboaiﬁeht, e Ce.10carboaryl group is a Cgcarboaryl group.

In one embodiment, the Cs_ioheteroaryl group is a Cssheteroaryl group.

In one embodiment, the Ceg.jocarboaryl-C4alkyl group is a Cgcarboaryl-C,.,alkyl group.

Examples of unsubstituted Ce.ocarboaryl groups include: phenyl, naphthyl.

Examples of unsubstituted Cs_joheteroaryl groups include: pyrrolyl, thienyl, furyl,
imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, pyridyl|, pyrazinyl,
pyrimidinyl, pyridazinyl. '

Examples of unsubstituted C¢ socarboaryl-C,4alkyl groups include: benzyl, phenylethyl.
In one embodiment, optional substituents (e.g., on aliphatic Csalkyl, aliphatic

C,.ealkenyl, Csscycloalkyl, Cs.qocarboaryl, Cs soheteroaryl, Cq.qocarboaryl-Ci4alkyl) are
independently selected from:
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-OH -OR; -SH -SR; -N®; 5-C(=OR; -C=00H
-C(=OOR ; -C(=O)NH2; -C(=O)NHR ; -C(=O NR 2;

WO G{s@FINBS NLRN2; -NH2; -NHR ; -NR 2; -NR ' NLRPG®RGB2008/002066

-NHC(=O H, -N RC(=OH -NHC(=O'R -N RC(=O'R 10
-R; wherein each R is independently sel ected from
unsubst ituted aliphatic Cl 6a|1lk% substi tuted

al i phatic Cl.6al kyl; unsubstituted aliphatic

C2_6al r&ﬁ S bstltut ed aliphatic C2.6al kenyl ;
unsubsti Tt B8 -t _6cycl oal kyl ; substituted
C3_60ygl|—pad)kyl 15 unsubstituted C6_10car boaryl ;
subst i ,C6_10car boaryl; unsubstituted

C5_10h ryI substi t ut ed C5_10het eroaryl ;
unsubsthzut ed C6_10car boaryl - Cl1-4al kyl ; substituted

C6_10c rbo)% -Cl. 4al kyl;  wherein, in each group -NR
epe

i NLRi ndently, RNL and R N2 taken together

W th t—b(‘—-O)ﬂJH r.ggimom'omto whi ch they are attached

forma_rin haw(na m3 to 7 ring atoms.,20 In one
0

enbodi” ﬁérﬁ "bp‘tq HRyFPINR it §( Nf Ron' al i phatic
Cl_6al-kwl:, NalR PR&E NR'ER"8al kenyl C3_6¢cycl oal kyl ,

C6_10c oa 1 t er oar
C6_1chﬁg:éa‘15ﬁ'f &%Sqa&@l -NHG(E 8) RQERSHFRR 1 y sel ect ed
from rF;, -C; -Br; -1; 25 -0H -OR -C(=0 OH

i_ment, optional

one e
é’&%é‘?’?‘ paghﬁslscr@e@endgﬁlyépgotﬁgtfrop Cl 6al kyl, aliphatic
30 Cl_upslkstituted akphali€ £elalaf: &Mbst&tt@@d%@ﬂfﬁtlbmfaalkyl

doT neasaiRbaba auens G miends vpsitiieanihatic Bheniiny
sel ectupduibstiuted Crsoybisalkyius edtitatddbalcyslodiyl6al Kyl ;
%gsggfytgl tlg‘ittlﬁ.a?c? kte 10'8% {)gryl scrbGszilliu%e(:"é1 &L_iocargggrlf/PSt | tuted
unsubstituted Cs_igheteroaryl; substituted Cs_,cheteroaryl;
unsubstituted Cg_qocarboaryl-C_4alkyl; substituted Cs.jgcarboaryl-C_alkyl;
wherein, in each group -NR™'R™?, independently, R"™" and R"™? taken together with the

nitrogen atom to which they are attached form a ring having from 3 to 7 ring atoms.

In one embodiment, optional substituents (e.g., on aliphatic C;.salkyl, aliphatic
C..salkenyl, C;ecycloalkyl, Ce.qgcarboaryl, Cs.igheteroaryl, Ce.iocarboaryl-C, 4alkyl) are
independently selected from:

-F; -Cl; -Br; -l;

-OH; -OR;

-C(=0)OH; -C(=0)OR;

-R'.

In one embodiment, optional substituents (e.g., on aliphatic C¢alkyl, aliphatic
Ciealkenyl, Csscycloalkyl, Ceqocarboaryl, Cs.joheteroaryl, Ce.iocarboaryl-C,4alkyl) are as
defined above, except that each R’ is independently selected from:

unsubstituted aliphatic Cealkyl;

unsubstituted aliphatic C,.salkenyl;

unsubstituted Cjscycloalkyl;

unsubstituted Ce.jocarboaryl;
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35 unsubstituted C6_10carboaryl; WO 2008/ 155533
PCT/ GB2008/ 002066 -16- unsubstituted C5_10heteroaryl;

wae®shsiss: ut ed C6_10car boaryl - C1_4al kyl . | n onBCT/GB2008/002066

enbodi nent, optional substituents (e.g., on aliphatic
Cl_6al kyl, aliphatic 5 Cl_6al kenyl, C3_6cycl oal kyl,
C6_10carboaryl, C5 _10heteroaryl,

C6. 10car boaryl - Cl- 4al kyl ) are 18s defined above,
except that each R is independently selected from

unsubdt"PekitiBHed Crphgereantt 6al kyl ; ~unsubsti t ut ed

al i phainsgbstitéRCk BaboaryHOSaRgE i t ut ed C3_6cycl oal kyl .
10 I n one enbodi nent, optional substituents (e.g., on
al i phatic Cl_6al kyl, aliphatic Cl_6al kenyl,

(3 o€ ¥mbeaihternt, opfiénal @G@éti&%fsy(b,g.,%?hﬂke@%ﬂdﬂ, aliphatic
gz_lOcar boaryl - C1-, al Es(cyl ) are_as  defiped above,
c@lpeH! HeaecreRaliyk CoeCartipaap drmeloteryadyl Ceeacatpopps m-alkyl) are as
\Hefikdsatdve! &etept thah@ddhoR Gd inGapdndentyssesdtéd fdmd
aliphatic ClL 6alkyl . 15 In one enbodi nent, optional
subst iulnﬁ*ét?ﬁt'@?‘é?'&%,at'%FP‘-@ﬁ"fybhati c Cl1_6al kyl, aliphatic
C7_6alusemstitutéeBafhutt Caldienyl: C6_10car boaryl ,
C5_10hetero,aré/l Co6 10{;:(ar boaryl - Cl4al kyl ) are as
def i néf'é's‘étk%'{}’é,dgﬂ?é(ﬁlf’a Hat each R is independently
selected from -Me, -Et, -nPr, and - iPr. 20 In one
nmbodi nent, optignal substituents (e.g., on aliphatic
Spe, pRbpdiment. gRlipia! suksttisala ey on enalis/St @kl glipnati
@_ﬁl%@rﬁ,ﬂ,F@Eﬁloa&l@%ﬁ{(&??fa%m@hohetero?r_yl, C&_mcgrboaryl-CMalkyl) are as
i rboaryl - Cl. 4al kyl)). are as efi ne ove,
et Siongc oibsatibal SR lniBpertdrely et fTR. £ 1 om
- M an@subistitutédaliphatd €, £IKYD dubRinited aRSHALIO 0yl RL, R2,

R4, R6, R8, and RO is independently selected from
-H -Me, -Et, -nPr, and -iPr. In one enbodi nent, each

cvmlen@émBadiFBat, oBtlondReubditent@.gR%n diphattePgamgnbliphatic
SELSEARE o o S o] oot o e
idefiegeatstes] éxceprethacéssh R'fis pdependentticselddted from: -Me, -Et, -nPr, and -
iPr.

In one embodiment, optional substituents (e.g., on aliphatic C,.salkyl, aliphatic
Ci.salkenyl, C3scycloalkyl, Ce qocarboaryl, Cs qoheteroaryl, Ceq.1ocarboaryl-Cy_salkyl) are as
defined above, except that each R’ is independently selected from: -Me and -Et.

In one embodiment, each one of R', R?, R*, R®, R®, and R® is independently selected
from: -H, -Me, -Et, -nPr, and -iPr.

In one embodiment, each one of R', R% R*, R%, R®, and R® is independently selected
from: -H, -Me, and -Et.

In one embodiment, each one of R', R?, R*, R®, R®, and R® is independently selected
from: -H and -Me.

In one embodiment, all except four of R', R% R*, R®, R®, and R?is -H.
In one embodiment, all except two of R', R%, R*, R®, R, and R? is -H.



10

15

20

25

30

35

In one enbodi nent, all except four of Rl, R2, R4, RG,
R8, and RO is -H 35 In one enbodi nent, all except

WO asosssBEl, R2, R4, R6, R8, and RO is -H WD PCT/GB2008/002066

2008/ 155533 PCT/ GB2008/ 002066 -17 In one enbodi nent,
all except one of Rl, R2, R4, R6, R8, and RO is -H.
In one enbodi nent, each of Rl, R2, R4, R6, R8, and RO
is -H Anmino Goups 5 In eachl/one of t he above
fornul ae, in each group - NR3NAR3NB, present, each

dA@neembrdiens Al exams one of RidpeRadh Ry and Ryyis o

dRlohB @huaBimeat fedich Bf ROTRZFRNRsaRd JR3MB i§ aken toget her
wth the nitrogen atomto which'they are attached form
aring having from3 to 7 ring atonms. 10 For exanple,

| AmPBeBRRodi nent, in each group - NR3NAR3NB, i f
present, each one of R3NA and R3NB i s i ndependently
as defined above for R or R3NA and R3NB taken

tlﬁ@ﬁ&ﬁ‘@ﬁe otthé Qb&\nﬁfoﬂhﬁlﬁé’gﬁ @a?{r %C’I\JM"‘ﬁh‘Btlhﬁ%s@rﬁ €ach one of

ormarln havi n to 7 rin
ié_ 8 anh upnd R:‘INB taken

and Bx aﬂﬁa'néepqnﬁieat% Fbmqiiﬁﬂ@ aboye f@'thorg'%
BEQM%MEihe 'nftro@éﬁ%ﬁfr‘ﬁ to ﬁﬁ@ﬁ‘tr@&%r@gﬁaéﬁg%rﬁ{‘éjrltglggﬁﬁnﬂgsfrom 3to7

i ndependently sélected from unsubstitute

dingems-c Cl-6al kyl; substituted aliphatic Cl-6alkyl;

20 unsubstituted aliphatic C2-6al kenyl; substituted

al i phatic C2_6al kenyl ; ~unsubstituted C3_ 6cycloal kyl;

i sKampieein ong e@&p@!r@%twy leach gresinbNRt CBi edif Prese“t each one of

ENQrpRPOG MH%%eﬂdQﬁﬂ)’ ad i StheFRnIRCRY ROBF B'(*N" and R*® taken together
unsubstituted heteroaryl : substifuted

wgththe aitegsn Alpm ouMaehdhey fiR attached form a ring having from 3 to 7 ring
Gharh9car boaryl - C1_4al kyl ; substituted

C6. 10car boaryl - Cl. 4al kyl ; 25 or R3NA and R3NB taken
together with the nitrogen atomto which they are

a:totr @Qé}ﬂﬁlef |ﬁrdﬁb%mﬂddﬁﬂerh aM leB6h §FoRP-RREORMET if Pis@htO8Fch one of
Faka € i.n one enbodi ment, I n each group

RR3 NM?@NB'S infepgndeatit selectedhTRe of R3NA and R3NB is

i ndepepdent |y selected from 30 unsubstituted

ali phatic Cl-6al kyl: substituted ali Phatl c. C1 6al kyl ;
unsubsfituted aliphatic C,.salkyl; substituted aliphatic C,.salkyl;

unsubstituted aliphatic C,salkenyl; substituted aliphatic C,¢alkenyl;

unsubstituted C;.scycloalkyl; substituted C;.scycloalkyl;

unsubstituted Cg ocarboaryl; substituted C¢_qocarboaryl;

unsubstituted Cs.icheteroaryl; substituted Cs.igheteroaryl;

unsubstituted Ce_jpcarboaryl-C,.salkyl; substituted Cg.socarboaryl-Cy.4alkyl;
or R®™ and R®"® taken together with the nitrogen atom to which they are attached form a
ring having from 3 to 7 ring atoms.

R3NAR3NB

For example, in one embodiment, in each group -N , if present, each one of

R3NA R3NB

and is independently selected from:

unsubstituted aliphatic C,alkyl; substituted aliphatic Cy.salkyl;
unsubstituted aliphatic C,¢alkenyl; substituted aliphatic C,.calkenyl;
unsubstituted C,scycloalkyl; substituted Csscycloalkyi;
unsubstituted Cg jocarboaryl; substituted Ce.iocarboaryl;
unsubstituted Cs_joheteroaryl; substituted Cs joheteroaryl;

unsubstituted Cg.jgcarboaryl-C,_4alkyl; substituted Cg.1ocarboaryl-C,.salkyt; -
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unsubstituted aliphatic C2-6al kenyl; substituted
al i phatic C2.6al kenyl; unsubstituted C3-6cycl oal kyl ;

W@ astisIses ed C3. 6cycl oal kyl;  unsubstituted  PCT/GB2008/002066

C6_10car boaryl ; substituted C6.10car boaryl;
unsubstituted C5_10heteroaryl; substituted
C5_10heteroaryl ; 35 unsubsti tuted

C6. 10car boar yl - Cl. 4al kyI : subsituted

06, 10car boap V!, - CL. 4 WD 2008/ 155533
l,& 03% éi‘@@é"g %Pé h”F@s'NK°%1‘?TUatP?§'I\'IB Whighdhey Bigetiaghed form a

\Mnbmat/’ﬁgfﬁékﬂsﬂﬂﬁﬂn@bmsto whi ch they are attached form
a ring having from3 to 7 ring atons. In another °

exanpl e, in one enbodi ment, in each group - NR3NAR3NG,

ith aﬁétﬂéleé}lamrﬁ‘élqrh oﬁ’é‘@mb5d|ﬁfenRﬁi\@aoW’g10tE§3NB?3N’3?3NB if present, each one
I ndependent, }/sase ected from -H unsubsti t ut ed

éiprha"ﬂdd:{ Ccl aq’%a?r‘de@wﬂqc{eet B¥al i phatic Cl-6al kyl ;
unsubshi tuted aliphatic C2_6al kenyl; substituted

al i phatic C2 6al kenyl unsubst i t ut ed cy al kyl ;

subst jYngyRsiitited 8@‘@}/69 -yl STBSttS‘l’teﬁS’m%sHﬁg: k)g t aken

t oget hgutdtited BRpHALiE wmn@t §lﬁb§tlmt§dwlfdhaﬁdﬂeysawe¢lyl

attached form rlng @vmbg n(}ﬁé ? ring atons.

In andiAdbstigdtedfpecycipalk HivEs Grefiyclodi¥leach group
-ONRSNAIRINGNE tdke R t@eBitr with A IniBgen StbrmH3 MWhich e RariNiftacRed form a
i ndependent | ngjl ect ed from 15 unsubstituted

g &'99 rog. Q99a°§b°‘bst ituted aliphatic Cl-6alkyl ;
unsubstituted ali phat| c C2.6al kenyl; substituted

aI [ tic 6al ken unsubsti t ut ed A
BB BT TB T PPN 5t Ao TR ddhient, each one
to@Bté'fAde REE 3 mdﬁpeﬁdérﬂt@gerécwdcfmrﬁ o which they are

20" | n e s e O oD ubbled alihetc G it n

group mbﬁ&d’tmﬁ@d\ﬁhphaﬁc 5. g8icnly; s@tmtutémehpheﬁc 83 Mk enpr

R3NB is in ent | el ect

isubePr LR EHES 7 e RS sfitie Croowidiunst i ¢ ut e

alr RIMadridcR2 tdkah keyeyther withshibsitrogert &tdmG3 vatghcthephkeyattached form a
tak n together with the nitrogen atom

floo b oa RS 0GR od T or m 4

RSNAR3NB

In another example, in one embodiment, in each group -N , if present, each one

R3NA R3NB

and is independently selected from:
-H'

unsubstituted aliphatic Csalkyl;

of

unsubstituted aliphatic C,salkenyl;
unsubstituted C;¢cycloalkyl;
or R® and R3"B taken together with the nitrogen atom to which they are attached form a

ring having from 3 to 7 ring atoms.

R3NAR3NE if present, each one

In another example, in one embodiment, in each group -N
of R®™* and R*"® is independently selected from:
unsubstituted aliphatic C,salkyl;
unsubstituted aliphatic C,¢alkenyl;

unsubstituted C;scycloalkyl,



10

15

20

25

30

ring having from3 to 7 ring atons. 30 In another
exanpl e, in one enbodinent, in each group - NR3NAR3NG,

w0 toopnsssent , each one of R3NA and R3NB i s PCT/GB2008/002066

i ndependently selected from unsubstituted aliphatic
Cl-6al kyl; unsubstituted aliphatic C2_6al kenyl;
unsubstituted C3. 6¢cycl oal kyl ; 2008/ 155533

PCT/ GB2008/ 002066 - 19 or R3NAY%ind R3NB t aken t oget her

o Rl o erif 41 e S o it Bn e at3ched form a
&Phgrﬁél/iﬂgfrlofh DRe7 fnpadinment, in each group - NR 3NAR3NB,

if present, each one 5 of R3NA and R3NB is
i ndependently selected from -H, -M, -Et, -nPr, and

-lh Bhothémex@ffpid) e o@e(ém'bb@mehﬂ irPEhe Tl iNREMR ™ i peéseint, each one

r - NAR3NB, if each o f NA ar

s R o iR ol SR Bl oot MayEL b e re,

(e.g., -NR 3NAR3NA|S -NH2, -NHMe, -NMme2, -NHEt,

-NEt 2, or . 10 In another e a A LINDT

I BeaheEmR, "éée%e@!oaﬂg‘enmemax{e* N Kresent pach one
QjﬁRsNACH‘ndWMSarﬁupraB&tly%eld&fé@ﬁmﬂ th 1|we &mH ekt edy. f-NeWARMA is

g‘H'\&Bm brégégéﬁgga?r ﬁ@ﬁélt)h each oneNlol?/et hgr

above formul ae, in each group NR’ "AR "B, if present,
ach one of R7NA and pende =akk O
TR AoBR aBirple P p e AP B S R JEFSRaY, cach one
wif RMtdmel RPN rs()lgxm’peaﬁ@fﬂytseleo{fdddl‘bnt.hH)anar-Mea(étgaGNRa“ARWm -NH,,
a | n g from3 to 7 ring atons. 20 For exanpl e,
rHHM‘Feng Prrent in each group -NR "AR "B, if
present each one of R7NA and R7NB is independently

i ned abave for R _or R7 and R7NB t.aken NB :
15 piscisemelgBy " eAE AnE PLEBASAY R Tda0H N ER HayP NG R if
Fréseah) @dch onepBR™M agd IREVA is g1dﬁaperlit:le31tly eH Or as dq;nedtabnme for R; or

B0 s B e FR8R 1ty EE MISBRR B e i atganed form 2

3N§HﬁNBg&bd13WWatoB)s.lf both present, are

different. In each one of the above fornulae, in each
group =NR3NC if present, R3NC is independently -H or

&For dedmpledin @ne\eendodimdit, in each group -NR™*R™® if present, each one of

7NA
R7NA R7NB R

and is independently as defined above for R; or and R™® taken together
with the nitrogen atom to which they are attached form a ring having from 3 to 7 ring

atoms.

In one embodiment, -NR*R3N8 and -NR™*R™ 8 if both present, are the same.
In one embodiment, -NR**R*N8 and -NR™R™® if both present, are different.
In each one of the above formulae, in each group =NR*C, if present, R*® is

independently -H or as defined above for R.

For example, in one embodiment, in each group =NR*N, if present, R*C is

independently as defined above for R.
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30 For exanple, in one enbodi nent, in each group
=NR3NC i f present, R3NC is independently as defined

wWabwsasses R WO 2008/ 155533 PCT/ GB2008/ 00206 6PCF/&B82(884002066

exanpl e, in one enbodinment, in each group =NR3NC i f
present, R3NC is independently selected from -H
unsubstituted aliphatic Cl1_6al kyl; substituted
al i phatic Cl_6al kyl; 5 unsubsﬁqv’ut ed aliphatic
C2_6al kenyl ; substituted aliphatic C2 6al kenyl; .
Ui e3P PeunRNeEmndipeidnieprh aypsNR ut dpresent, R™ is
8éf de¥cted frgpgubst i tut ed C6_10car boaryl ;
substituted C6_10carboaryl; wunsubstituted
C5. 70hEf eroaryl; substituted C5_10heteroaryl ;
unsubsjinstibéteste PaligHAEA ChOMyY Isubdtitdidl yphatie W ghikyiut ed
C6_10car boar yl - Cli&%al kd?i%’[wlso For . exadr)rpl e@?ﬂk%'ne
enbodi YREHpstitytad alighatie, Pée?&eﬂmsmt'ftﬁ%?'&@m CzalfiQnyh s
| ndepqpdapstinttes €, esyEREIKIN Q!’Bstiwfbw@ée*c%éléﬁlﬂf’; al i phatic
Cl.6al kyl; substituted aliphatic Cl 6al kyl:
unsubstistbstieted Co pRarPParyisUsttyted Gb-10caie8aw|: t ut ed

al i pharsGbdtRutadl K8 Mnbteroakd; sUbStaRLIGUiREroary;

C3_6cycl oal kyl ; substituted C3 6cycl oal kyl ;
inSUbSSURRHEHSES - pORBPBYLE aIKVE SHETHYIER Gatocarboaryl-Cy alkyl
C6_10carboaryl; unsubstituted C5_10heteroaryl;

substituted C5.10heteroaryl; unsubstituted NG -
a&wr fé%rﬁPISo'Qr%ﬂe-e@ipoﬂHVW’l in eacheiouR T , If present, R is
GRdebepashpaeldctddliroh@l kyl . 20 I n anot her exanple, in
one enbodinent, in each group =NR3NC if present, R3NC
is i rttfegesitidad piphalic Qmagﬂ/'vfs%ﬁit”t-eﬁ?“mﬁﬁ@l?bs%'hf'ut ed
oSk et obai b ombste €l A
unsubstitute i phati .6al kenyl; substitute

al i phé{"FEb%ﬂf%‘zPR@ﬁ%{?'P?'%ﬁSS%ngsdté{ﬁt-SEiYCé%a'kY'i

C3. GClmbol_aétwéd cgu,b&gb&ﬂyt; tedbé_ﬁ&t&m&loeﬁbtsydyl; IRg I\En_o]tther
exanpl e, in one_enpodi nent, in eac roup =N [
ST IR R ot o T R 5 e B e
unsubsinstibstie @ Ci Rbabbary T, Badyk ¥libstitutbs Ck {da®daryl-C,_qalkyl.
al i phatic Cl-6al kyl;

R3NC if present, R*C is

In another example, in one embodiment, in each group =N
independently selected from:
-H:
unsubstituted aliphatic C,alkyl; substituted aliphatic Cq.salkyl;
unsubstituted aliphatic C,¢alkenyl; substituted aliphatic C,.salkenyl;
unsubstituted C;¢cycloalkyl; substituted C;ecycloalkyl.

R3NC if present, R®C is

In another example, in one embodiment, in each group =N
independently selected from:
unsubstituted aliphatic C;salkyl; substituted aliphatic C,salkyl;
unsubstituted aliphatic C,salkenyl; substituted aliphatic C,alkenyl;

unsubstituted Cs.¢cycloalkyl; substituted C;.scycloalkyi.
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30 unsubstituted aliphatic C2-6al kenyl; substituted
al i phati c C2-6al kenyl; unsubstituted C3-6cycl oal kyl ;

W@ astisIses ed C3. 6cycl oal kyl . WD 2008/ 155533  PCT/GB2008/002066

PCT/ GB2008/ 002066 -21 In anot her exanple, in one
enbodi nent, in each group =NR3NC if present, R3NC is

| ndependent ly selected from -H, unsubstituted

al i phatic Cl_6al kyl; 5 unsubstidltuted ali phati c

C2_6al kenyl ; unsubst i tuted C3 6cycl oal k ;NC | n anot hgr
IR ARFIE eXafrintndn 61 SEORUHEN. i CRASOGR DU SnFereesily R
pﬁ@?,gﬁ@enﬂ%g@dea frdmtdependent |y selected from 10
unsubstituted aliphatic Cl1 _6al kyl; unsubstituted
allphaﬁlc C2_6al kenyl ; unsubsti t ut ed C3_6¢cycl oal kyl .

In an%g@gst,m@@d@ﬁmt.émgm@enbodl ment, in each group
=NR3NC i f presen RBNCis 15 i ndependent ly selected

from Unpubstijyted aIEthatxc frsalkemli -i Pr. In anot her

exanply@subdhitREECerpyerdampnt . in each group =NR3NC i f
present, R3NC is independently selected from -H,

- Me, and -Et (e.g., =NRBNC is =NH, =NMe, or =NEt). 20

Imaaétaérf@zranﬁi@rmb@e eBo@RRNE ISR RIp =NR*E A€ PredMURNC is
R3"C if present, R3NC is independently selected

ﬁ'?%ﬁ‘?”d%t'&ﬁa'ecm flag:g. =NR3NC is =NH or =NMe). In

pr eci sﬁsm{@gyahpﬁgt.@@qgu@ne of the above fornulae, in
each sent R "Cis independently

ro
as degﬁ”ﬁ%‘g‘;t'%%q/@'qhaf'c kepwl, | ¢ rogen Ring Atom

Subst ivhbeHtitAe$ C, dyBlofkg@ici se anal ogy, in each one of
t he above fornul ae, RN10, if present, is

i ndependent|y as defined above for R3NC (or R NC) 30
o anétieadatpld, in Nee@BBGIfENE IF eadiNgkSup +KIRPF eis prebent] BN is

i.n endent |y sel ect eg fro - and . unsubstituted
érpqdeﬁggﬁrglyégpégtgpl{mm o&x Yrrﬂ%é' andifdne enbodi nent ,

RN10O, if present, is independently selected from - H

- 35 h/b, and, - Et. . . aNC 3NC ;

In another example, in one embodiment, in each group =NR™", if present, R™" is
independently selected from: -H, -Me, and -Et (e.g., =NR*N® is =NH, =NMe, or =NEt).

In another example, in one embodiment, in each group =NR*\°, if present, R*® is
independently selected from: -H and -Me (e.g., =NR*C is =NH or =NMe).

In precise analogy, in each one of the above formulae, in each group =NR™°

R7NC RSNC

, if present,
is independently as defined above for

Nitrogen Ring Atom Substituent

Also, in precise analogy, in each one of the above formulae, RY° i present, is

independently as defined above for R*N® (or R"™N°).

For example, in one embodiment, RN, if present, is independently selected from: -H
and unsubstituted aliphatic C.salkyl.

For example, in one embodiment, RN, if present, is independently selected from: -H, -
Me, and -Et.



WD 2008/ 155533 PCT/ GB2008/ 002066 -22 For exanple, in

one enbodi nent, RN1O, if present, is independently
waedsaswes from -H and - Me. For exanpl e, in OPEI/GB2008/002066

enbodi nent, RN1O, if present, is independently -H 5

Counter lon X if present, is one or nore anionic

counter ions to achieve electrical neutrality. 10

Exarrpl es of suitable anionic @finter ions are

d bel der the,
Srg GHF TR ™ oo e R Ao s e deAl e from: -

andaMede). I n one enbodinent, X- is independently
ad-, Br, or 1-. 15 In one enbodinent, X' is

i ndependently C-. |In one enbodinent, X- is

i oAl epa&fpie Nihl oye MadbodintenToR M&Gf esent s MNdep@ridengy H.e
conbi nations of the enbodi nents descri bed above are
di scl osed herein as if each conbination was
icslinterderal |y and explicitly recited. lIsoners 25
Certain conpounds may exist in one or nore particul ar
geonetric, optical, enantioneric, diasterioneric,

op) iffprebént, i8lohe R foré hRIbKIO IcEAHTBY ibAs td AhicvaRIdctrical neutrality.
conformational, or anoneric forns, including but not

limted to, cis- and trans-fornms; E- and Z-forns; c-,
tExampig3chf suitdLhe ABionie REtntetibAs 8rediécuss@d béfow ubder tA@ Heading
qgsl?-"forrrs; D and L-forms; d- and I 30 forms; (+) and
S orns; keto-, enol-, and enol ate-forns; syn- and
anti-forrrs synclinal- and anticlinal -forns; a and

t f b ,
38 ol £ A R T T, i

anBhé BMboaIRRENt bei‘saﬁiﬂepdfnﬁélﬁtlyl’[af Ber oclal | ectively

referred to as _.iso “isomeric fornms"). WO

15667 68eaioBl IS StRRsEesBE’ T3 Note that, except

as di scussed below for tautoneric forms, specifically
" as used herein, are

i%( ?’lﬂ%g ﬁ?’g&%l%g'}' )é bsﬁg{j%eu"fj?'.étﬁ'% i somer s
Combinations

All plausible combinations of the embodiments described above are disclosed herein as

if each combination was individually and explicitly recited.
Isomers

Certain compounds may exist in one or more particular geometric, optical, enantiomeric,
diasteriomeric, epimeric, atropic, stereocisomeric, tautomeric, conformational, or
anomeric forms, including but not limited to, cis- and trans-forms; E- and Z-forms; c-, t-,
and r- forms; endo- and exo-forms; R-, S-, and meso-forms; D- and L-forms; d- and |-
forms; (+) and (-) forms; keto-, enol-, and enolate-forms; syn- and anti-forms; synclinal-
and anticlinal-forms; a- and B-forms; axial and equatorial forms; boat-, chair-, twist-,
envelope-, and halfchair-forms; and combinations thereof, hereinafter collectively

referred to as "isomers" (or "isomeric forms").
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(i.e., isomers which differ in the connections between
atons rather than nerely by the position of atons in

W@ pmsajsssFor exanple, a reference to a met hoxyPQr/oap08/002066

-OCH3, is not 5 to be construed as a reference to its
structural isonmer, a hydroxymethyl group, -CH20OH.
Simlarly, a reference to orthg-chlorophenyl is not to
be construed as a reference t@3ts structural isorrer

ta chloro enyl . However reference to a_cl as

i SRR Ohogie b Bl s ot B PGS FPE BRI eciaded from
ftos tBmi"Rbhieny" xd tléﬁdhelréiﬁtaré |s&§étw€aﬁ(o@ conéﬁtutsoﬂbi’ﬁgomers

| ncl udes nhgrhg% d i SO- rop butﬁ | udes n-

(L. iISornges whi %’Pt‘ %8?’3”6‘3 BVERRYRIATE ri eq tHE'P meeely by the
Pokilion of SBhR-in spave). pabreemplfwwefemb)to aﬂ&h@@@f@up, -OCHj, is not
0oes n ertain to tautoneric forns

| usi gn
33 Brspastiiedias = reiaahce toduudusl SpReT G HEroy@elny! Siopp. -CH.OH.
Simmyea réfererkoks 6Mhdlawlb|@§dh&m?fslrfbt e EonslrBé®haeB@bference to its

%Itrglaﬁgqtl Es%tg%gdpﬁt@ﬁ%mrmq%wl f@énbgggﬁeqﬁ@[ncgié Iarglass of structures may
tvh;tuok?mmf&tnﬁélty iSdmen foirhs RIAG Wﬁrnqna{taiéss (argd C, 7alkyl includes
nitro/aci-nitro

DeR"8PYRSF IsaIPRY e butﬁd?%ﬂ%ﬁan '§<bee¢qr. ad}ﬂ treﬁ W%mateaxvpﬁenvl
titftudeRromhol, et and peracRspoxypesnyl.t h one or nore

i sotopi c substitutions. For exanple, H may be in any
isotopic form including 1H, 2H (D), 20 and 3H (T); C

My dbeve Bxalisior SEHsOft Peitain o tautotiatidiftrens, far ekdfaplel Réto-, enol-, and

RTINS TR ST M T o

Ibefosy) eintiree/éranging adrbitieArhiat atmmslpamrdhnemﬁaumesm&bto/sximb

I, Solmer fqr. i.ncl di whol | artially)
#@8'@%’ %‘?th'gfhlé?'{;?ﬁ%('?ytﬂ?‘gggf%épg%‘ft /%@'nﬂfr?t hods for the
preparation (e.gH, a<§ym“retl1 C sypthggis) and
separation (e.-g-c—tf actionalc=cirystalkdi sa\td;oa and
chromat ogr aphi ¢ ireans) of uch ¥ sonme’ic forns\are
either known in the art or are readily obtained by
adapting the net k89s taught W& ein, or kn&'/\?ﬂ ® et hods,
in a known manner. WO 2008/ 155533 PCT/ GB2008/ 002066
-24- Salts It may be convenient or desirable to

MO%MSP%JF?M'“C'HH%‘? trthe, S50 “ISOmeE AR £HBAUNGTVitLPRe or more

Hotddie s RALAS . FérasxafMpRiTPl Bay Be in any |sotop|c form mcludlng H, 2H (D),
euti cal I accept abl e sal

%Hg:ﬁgi)e&meww e a'5|f%’"§g]CEL§ilrgr §s@?:ij “C; O may be in

Bay eptdlic @km, indi@ding °CPhad fac and theaikey Accept abl e
Salts,” J. Pharm Sci., Vol. 66, pp. 1-19.

Unless otherwise specified, a reference to a particular compound includes all such
isomeric forms, including (wholly or partially) racemic and other mixtures thereof.
Methods for the preparation (e.g., asymmetric synthesis) and separation (e.g., fractional
crystallisation and chromatographic means) of such isomeric forms are either known in
the art or are readily obtained by adapting the methods taught herein, or known

methods, in a known manner.
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For exanple, if the conmpound is anionic, or has a
functional group which nmay be anionic (e.g., -COOH

wWoregoshsss3xOO' ), then .a salt nay be formed w t hP@I/GB2008/002066

sui tabl e cation. 10 Exanpl es of suitable inorganic
cations include, but are not Iimted to, alkali netal
ions such as Na" and K+, alkaline earth cations such
as Ca 2+ and Mgt+, and ot her ‘tions such as Al 3+.
Exanpl es of suitable organic cations include, but are
Slinmited to, amoniumion (i.e., NH4) and
substituted ammoni umions (e.g., NH3R+, NH2R2+,
NHR3+, NR4+ | es of sone suit abl stituted
dhBRPE AP ée"éP'é‘rj? gble tq grepars. Péﬂftyf Wg?%@ﬂﬂk?laa?ﬂ"ﬁépmd'"g salt
chf e dEnFBURE, fodéféfﬁ;bl@@Mrﬂa&bé\ﬂwaﬂyﬂé@bb&b%fﬁaneExamples of
but | am ne, et h%I enedi am ne, et han%eam ne,

%pcaq{lyﬁé;ce Plﬂ%,sglﬁ e dnqgngg rae et al., 1977, "Pharmaceutically

M&eyﬂab@ryartkam PRarnt 192l i V&, 66TRg! HABNe, and
tronet hani ne, "as well as anino acids, such as |ysine

and arginine. An exanple of a common quaternary

ForeRatiplel iPthel &mdﬁ@ﬁiﬂ'@ ghtordé) o|rf1a§ erféﬂm @ﬂﬁlplvﬁhlch may be anionic
cationic r unct| onal

(0] ou
18.61.0RPD By bs 2oRy: My i A 65 Pt s Stebin ggfiope
f@(aﬁfbﬂks%ftsblta’rblé? Wo?éﬂﬂi&caﬁﬁh@iﬁclu&émbﬂﬁn&ﬂmﬁtéd toalalkan metal ions
I no gan C angonqﬁ include, but are n

tsheb 82 Rl rORk° FRIn Rerth BRYRBSRGT 29 Ra GRS ndisther cations
hiudn as AiPor Exampigsl bDQIt@B]eC‘orgirycﬂéalioﬁé ireluds Uﬂnft l4ké Aot limited to,

sul furous, nitr ni t horl C . .

e A T A S o ST | SRS
l MWR? dﬁﬁh huExangles of sdméﬁstgﬁdletsmbsﬁtbtea %ngﬁdﬁmMﬁ (brisrapérthose
t he oW or ga ci.ds enz
By ShoRLeBipirt: Seffmine. ddDhRe heiagyGtine, Aytylamine,
(:ﬂitlﬁyrél'l’éd(al,mlﬁe tdtlhahola‘hdﬁé Idtethéﬁdhiﬁﬁﬁ} pipéréﬂne Q)enzylamlne

su on C, narlc ept.oni.c
TS URR EY1sGTO ShPLE. A YA O e A g acids.
MbbGKWsln@ aﬂd%&glhin@nlﬁm exampld ¢f,a dartrhabguatemary smihbgium ion is
mal i ¢, net hanesul fonic, nucic, oleic, oxalic,

gﬁpﬁk¥lc panoi ¢, pantothenic, phenyl acetic,
phenyl sul f oni c, propionic pyruvic, salicylic,

TH P8 ShEbaHEficatSuin PP oaf BrvnctonaBiol Wicnmay be catipic (9. N,
r:méwusemrdz, )otrmra salanaybes farmed with a énmablaraelonotExbinMesexﬂ suitable

f he f I
ioraene Bfiane KBk 5 et BIIERiG1 0B R BT forowing
A0Eg4ri6 26AS HYGRJCEBRI0/dedRa6IE, hyd?Giodinesutfaripsulfisfonsynitric, nitrous,

al.so be provided. in the formof a mxed salt (i.e.,
W@S%'b%o%”%ph%ph@&f%l nation with a salt, or another

salt). For exanple, methyl-thioninium chI oride zinc
ﬁﬁ{aﬁ{ﬁle?sfq{ rggﬁ?etﬂ? 5%%}?'(%@3 éﬁtﬁlﬁ%cghtx agil'g @%F Il(i)rﬁilteo eto, those derived from
the following organic acids: 2-acetyoxybenzoic, acetic, ascorbic, aspartic, benzoic,
camphorsulfonic, cinnamic, citric, edetic, ethanedisulfonic, ethanesulfonic, fumaric,
glucheptonic, gluconic, glutamic, glycolic, hydroxymaleic, hydroxynaphthalene
carboxylic, isethionic, lactic, lactobionic, lauric, maleic, malic, methanesulfonic; mucic,
oleic, oxalic, palmitic, pamoic, pantothenic, phenylacetic, phenylsulfonic, propionic,
pyruvic, salicylic, stearic, succinic, sulfanilic, tartaric, toluenesulfonic, and valeric.
Examples of suitable polymeric organic anions include, but are not limited to, those

derived from the following polymeric acids: tannic acid, carboxymethyl cellulose.
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5 salt, and another salt, zinc chloride. Such m xed
salts are intended to be enconpassed by the term"and

w@bk@ssEseut i cal |y acceptabl e salts thereof’ Lhmﬁssmmwmnmm

ot herw se specified, a reference to a partlcular
conmpound al so includes salt forns thereof. 10
Hydrates and Sol vates It may be conveni ent or
desirable to prepare, purify,~%d/ or handle a
corresponding solvate of the active conmpound. The
term"solvate"” is used herein in the conventional 15

SEHESEd M bUhE nfdy dléb Be roNRLE I RE SR oftetmixBd Balt (iE0TROESHPound in
salt of conpound) and solvent. |If the solvent is

VEembtinatiop wits 3 %tt @" 3rghas salbo FiPE AXIARIE, MEY kthiosiniyrg chigride zinc
acrﬁbf@léaﬁlﬁed §81 (MT2 JR hitxed3salt R Rrehy At rinium &IOTIBE W@CP@ chloride

atri-hydrate, etc. Unless otherw se specifi

ol R Aothgs St ARG URTIde: SHohBURREAS 26 INRNdad 4 be encompassed

Y tHatdm 4Ad bﬁamacteb%ﬂﬁscce%m Sefigsresel Exanpl es
Some preferred di am nophenot hi azi nes include the

follow ng, and pharmaceutically 25 acceptable salts,

hyrdéﬁat &ﬁemﬁé&%p%@ifn&é\tﬁ%fér&%ee@fa pdrtidiidr compbul alko h@uﬂes salt
Cl AMC_ S M M nethyl-thioniniumchlorid

2‘9@’8\7*1‘55%3 PCT/ GB2008/ 002066 -26 NN\ C Q Eta/ Et
BETCNes | E Et ethyl-thioniniumchloride M M

Hydrates and Solvates

It may be convenient or desirable to prepare, purify, and/or handle a corresponding
solvate of the active compound. The term "solvate" is used herein in the conventional
sense to refer to a complex of solute (e.g., cdmpound, salt of compound) and solvent. If
the solvent is water, the solvate may be conveniently referred to as a hydrate, for

example, a mono-hydrate, a di-hydrate, a tri-hydrate, etc.

Unless otherwise specified, a reference to a particular compound also includes solvate
forms thereof.

Some Preferred Examples

Some preferred diaminophenothiazines include the following, and pharmaceutically

acceptable salts, hydrates, and solvates thereof:

KI Il =

methyl-thioninium chloride

A MTC




/ N\ 1 G CDWIC Me,NS/ Nwv M M
1, 9-di net hyl - net hyl - h0| niumchloride Et Et / N C
WO 2088533 DEMIC Me~N\ " ):: | | M M PCT/GB2008/002066
1, 9-di et hyl - met hyl -t hi oni niumchlioride M M2 / N\ C
G EDWETCEt,, NS/ INE | E Et

1,9-dinethyl -ethyl-thioniniumchloride Et Et CI G
N)6L F DEETC Et~N \ S NEt Et”

vv :

_9-di et hyl - et hyl thioniniumchlori de WD U5U33
RCT/ GB2008/ 002066| -27 /[N 1 \ \ (0.5
ZnCl2 |[GMIZ NCG1 S a®

B ETC

ethyl-thioninium chloride

B Me Me ]
_ A
c(®
~ M
C DMMTC Me<y @\S - Me
| |
Me Me

1,9-dimethyl-methyl-thioninium chloride

B Et Et ]
/N
c>
D DEMTC Me~n Ng NoVe
| ® |

1,9-diethyl-methyl-thioninium chloride

Me Me a
/N
c>
E AEt
E DMETC N GSS N
| l

1,9-dimethyl-ethyl-thioninium chloride

Et Et }
/N
cl>
E Et
F DEETC N (53 N
| I

1,9-diethyl-ethyl-thioninium chloride




Me Me nethyl-thioniniumchloride zinc chloride m xed

salt N~\Eta/ Et C Q0.5 2zZnCl2 ) ja_-I HETZ 1 Os
WO 2008158583 et hyl -t hi oni ni um chl ori de zi nc chl oPCTHEB2008/002066

mxed salt NMw/ M1l O I Ml i OSNM M

methyl -thioniniumiodide [MeNw/ M|l QH J MII.H

eS M Me  nethyl-thioniniumi qd] de hydr ogen i odi de

mixed salt N-\ Eta / Bl '@7 &S Et Et
th\,/.l-thioninium'od.lde \ ':fﬂ/ Et-OH-—L ETIH
gS | Eff Et ethyl{tHionini ur |odee dr ogen’i odi de
m xed salt WO 200 3/ 55533 02066 -28 N1\
Me | cI (> (052nCl,)
G MTZ
methy!-thioninium chloride zinc chloride mixed salt
N
’z
Et /C[\ j@\ _Et | 1 (® (052nCl,)
H ETZ N @®° \
Et Et
ethyl-thioninium chloride zinc chloride mixed salt
I MTI
methyi-thioninium iodide
N
L
Me_ X Me | HI
J MTLHI \ @®° N ©
Me Me
methyl-thioninium iodide hydrogen iodide mixed salt
N
’d
K ETI \ @®° N
Et Et
ethyl-thioninium iodide
N
~
t< /<:[\ j@\ AEt 1 (> H
L ETLHI \ @®° N
Et Et
ethyl-thioninium iodide hydrogen iodide mixed salt




Me, / M NGB G MMINOS M Me nethyl-thioninium

nitrate NI \ Eta/ Et NOBG N ETN N OS N Et Et
W@Rvghs3sBd oni niumnitrate / N M C Q Me \ RE/GBMER/002066

Toloniumchloride / NI \ PHN\ \S/ NHCdQ

Thionine H | HC M, JaNoa M HC M N S NI M

WO 2008/ 155533 PCT/ GB2008/ 002066 -29 In one

enbodi ment, the di am nophenoth?l azine is selected from

(S == g = 1

|\/!'!'C’ E'C’ nl:|\/rrr‘ PEEFC-—_Thi oni ne. and—Toloni-um

loride (al so knovvn as [Tol ui di ne B|Nle , and
onpound Exanpl e '|Q aboje. Conpo Q be prepared
s desgribed in co- pendi Mg app | seteon NO,(5
ni Med | St atMEN Pr oVi si ongl Paf“ent Agpticat i on‘T‘ No.
0/ 786,690 filed 29 Mardh 2055,@ entitled Me

3, 7- Difam no- 10H Phenot hif azi ne Salts and Their e"

(W schilk et al. - |published as n@@%%ﬂrﬂ% rateDosage
Units, [and formul ati on and adnmini's ration o conpounds
10 Admjni strationjof corgpounds, conp,s;si tions or
nmedi cagent s as degcri bed herei
Etw > _Et | NO,(®
N S N 3
N ETN ¥ ©) |
Et Et

ethyl-thioninium nitrate

/N Me
LT, | =@
o ' Me,N Ss NH,
®

Tolonium chloride

N
c®
P NS
H,N S NH,
®

Thionine

H
[

Q N HCI
Me.. Me | HCI
N s N

Me” “Me
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preferably in a "therapeutically effective anount”,
this being sufficient to show benefit to the

WO padsitsdeml as di scussed above. For nedi cament BCT/G82008/002066

actual anmount admi nistered, and rate and tine-course
of 15 adm nistration, will depend on the nature and
severity of the MCI being treated. Prescription of
treatment, e.g. decisions on 'oac?s'age etc., is within

the responsibiljty of general practitiopers and other
1B.&ne SribagEtest.dhe daminarpreethiagine i eecie ot M. &1C. DEMTC,
DEETClEhidrind) @nl TorRNRA Chidfdé PiIsh krioWn fTdIl€ine Blue O), and

i ndi vi dual |]Igat I§nr?tb8 the site of delivery, the nethad

FOMAIHNA FSRPRIE K&t HPMBPURLReRYLaRIBR#CE §S described in co-
Weﬂﬁhbiépﬁﬁt%’(@?s Biselon l'Dr'\k iﬁédFB’t_Qt@@ﬁi:é\ﬁbiér{wPaféﬁt Aﬁﬁitc):ation No.
resent 1nvention are known jn e art_and nmay. be

R RO TR oA P raiars s bl o e roieging setls and

TENeirUdee (WischR et bl Mpdbshed abivubegoNéyde273ei | stein E
r/1rv 2r, 1214 if, J. Heterocycl. Chem 21, 613

(1984), etc.). The conpounds of the above fornul ae,

ths¥age RAAS, ARG Fotinulatloh \ana GegimistRdtien 9k drBpoudtls ot her 25

conmpounds found to have the properties defined in the

assays provided, could be used as nedicanents after

f,?]ﬂrhihi@fratﬁcﬁﬁdficlﬁﬁpﬁmﬁdst, @éﬂnpbéiﬁ’or(s%_lr_%'aedidanféh& dsode¥chibed herein is
pha eutical preparaflons). e.priar : .
el fRRba A LiaranRlcel dHerhin e 1 behasyligentta sy benefitto
Qhe MRidial ad digtusakd absve. 30 has been descri bed,
i ncludi ng treatnent of nethaenogl obi neam a and t he
prophyl axis of mani c depressive psychosis (Nayl or
(Fb@&ﬁ%di@h@nts;c tﬁél)acfﬂiaaémyurﬁhdnﬂii&egﬂ%md m&iat@\ﬁn%-course of
penetratjon fol]l ow ng, system c adm ni strat]j as_bee
Gt Gien wilerny S8u% P znd Ariy Shtyd M pelfire3iet
[Prreskiiption of edatrhent; 8.gAdedislofs eF dogagaetdds Withinred sspbmgibility of
REDRER Preciestye 914 s mpdice! dociaas oy WA (8588 afolifor the
Shgdrderao te iegted| the koBidifibn oflthe Ritividaal Patient,Gle site of delivery, the
1086-1094) .. The. WD 20Q8/ 533 PCT/ GB2008/ 002066 - 30
TR 8L B I B TP P R A ot o
parental ly such as orally, in the form of tablets,

ated tabl ets, dragees., hard and soft l.ati ne
IR A FEfisreRinete S8 KrplR Tt ano may ve
maaralfactured by the protéssel oeferref taiastdndamt tayts Xe.gr MesoktNdrugl,

tinibarilru FeisBlh v 37 62 T8 ona SR Py elifinesg e
STHendohgpoundsibithé wbove fonhulag gheiu pharmaeeicallynaddeptabler salts, or other
RS 5o b4 B BlarotlS BRTRER AL 0 o] il o o
Esanedicanénts afténfurtberdesting fbrtoxizity (eige it the fameaf@aharmageutical

agents. solubilizers, viscosity-increasi
Sparations) y ng substances,

The prior pharmaceutical use of methylene blue in a wide range of medical indications
has been described, including treatment of methaemoglobineamia and the prophylaxis
of manic depressive psychosis (Naylor (1986) Biol. Psychiatry 21, 915-920), and CNS
penetration following systemic administration has been described (Muller (1992) Acta
Anat., 144, 39-44). The production of Azure A and B occur as normal metabolic
degradation products of methylene blue (Di Santo and Wagner (1972a) J. Pharm. Sci.
61, 598-602; Di Santo and Wagner (1972b) J. Pharm. Sci. 61 1086-1094). The
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stabilising agents, wetting agents, enulsifying
agents, sweetening agents, colouring 10 agents,

WO b@s0ssSBhg agents, salts for varying the osnoR¢TGB2008/002066

pressure, buffers, or coating agents. Such nmaterials

shoul d be non-toxic and should not interfere with the
efficacy of the active ingredient. The precise nature

of the carrier or other materi3®- may depend on the

route of adm nistration. Exanples of techniques and
AdBtijstEation of phayanaceticdls GantrestiestpdRarantalysuch @g oralidn the form
%@l%@%oataﬁ%ﬂe@dﬂﬁab@é‘s h%nd Poft dehflink capSliés, solliffons, emulsions

Wiere the conposition is formulated i nto a
(R SHSREASIONF ARSAIY (P Esintheiermich sasah gRraslsarraetaliye.g. in the form of

tsﬁSrS@éﬁBné@)nHQ\ﬁe@‘rftﬁétaﬁﬁ’url?ﬁfa%ﬁﬁ 8hh ¥i1s8 %‘é@f@@tee rp%kJ,nl/ally lslch as

form of powders, coat ed
mtmu'aﬁapamgﬁw@yﬁw (@él 'atth%@@&ém“é@“ SgHt'Qﬂﬁ) ons,

enul sions or suspensions, nasally (e.g. in the form

of nasal sprays) or rect aIIy e.g. in the formof 20
§@ﬁ§8§IPP§'F'P'é°s')‘aY Islsigeln addiyan WierﬁbQY‘? aeNYHeptin Phgrggceutically-

kecaithine fe%‘Fl@ﬁfseBrfe%ﬂvhgsdé%htsa%luﬂnﬁfefsa'WlétS,Séﬂyﬂﬁ&:rEasmg substances,
i ntravenous cut aneously, subcutaneousl

SHROIIR{P6ra0eRise WETIPO GSTS. STUISING AaSIHE, STePRNBBagBRs, colouring

HRkHs| MVBLring’ Qé’éwts fs@lts ¥ 98HIng, thé’"ﬁ%@tld B8ssure, buffers, or coatmg
phar maceuti cal_ conposition is in the formof a table

|aﬂe”t253%m?¥$6'ﬁl§c§@°5ﬁd§8|floa't%l? AN phayid: ﬂota@,teg‘@'rea'wm@e S gfficacy of

e aétive Vgt diemto IThelRedi@wdtaretdf i @rried R RkREr fnat&@RhRE depend on
tabl ets, dragees. and hard gel ati ne capsul es,

dhe rayte %f(ﬁﬂ%ulﬁ@gtlogn gxarpplgs pf techniques and protocols cgn be found in

PRamiREsHs PRamatedicat Btiahded” asl @dmen] s Saby siggen be
processed with pharnmaceuti cal | y i nert, inorganic or

or ganl Cc exci pl ents. Lactose, maize, st arch or

(Wlﬁérlé ahd a&ﬁpéshwnegformh@tevd, |n@tae@fdrﬁ\aa@ti@awomﬂo§msal thé
can as such 30 exci

%W'Q'ﬁ[ﬂt'@ﬂéherﬁ?fé‘@@é’z? %Hteﬂé’iabe%'lyéf‘ﬁh ase ¥u‘f‘é’§e form of powders,

&blétabédét@(t@b[étse AtRyeb o har@hihd sﬁﬁ{gélétid%ecdb@ﬂés” éb‘futlahe emulsmns or
for exa etable oils fats,

SHEPAT sl Fod 41 ORI, () B RSN G 0 © theform of

tshppésixbn@s)f lrllavdevau thé aﬂmmwmmw@w‘wm&w&a getentallyt such as
enera i ncl arrl er

St SEHianT. o et vufoeathie SubRancis i pantapetiaseaty (eg. in

hefohatof thjedtibn sblblierispl ogi cal sal i ne sol ution, dextrose

or other 35 saccharide solution or glycols such as

et hyl ene gl ycol, propylene glycol or polyethylene WO
2008/ f&aﬁé&'ﬂvﬁp@,@'ﬁé@w&aa&ﬁﬁcalﬁmp@wsm s iehe fatrs of Heablet, it

B 150 S BEaBLA BBi oBUTRR LER S0 e P e memprie o
watlets, cqatdd/tablets, drmebaand Rardi gelating cspgaés tigg &itivs €ompounds and
Al St B S s £ B ESHiy
phycedceuticallg gedra iloegamid o, orgéirtic exaipients! Lastess usaize, starch or
%%Fl\? %83 ?he?erof, talc, stearic acid or its salts etc. can be used, for example, as such
excipients for tablets, dragees and hard gelatine capsules. Suitable excipients for soft
gelatine capsules are, for example, vegetable oils, waxes, fats, semi-solid and liquid
polyols etc. Where the composition is in the form of a liquid pharmaceutical formulation,
it will generally include a liquid carrier such as water, petroleum, animal or vegetable
oils, mineral oil or synthetic oil. Physiological saline solution, dextrose or other

saccharide solution or glycols such as ethylene glycol, propylene glycol or polyethylene
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5 subcut aneous injection, or intracatheter infusion
into the brain, the active ingredient will be in the

WO o00ai1s¥s3a parent eral | y- accept abl e agueous sol BET/GB2008/002066

which is pyrogen-free and has suitable pH,

isotonicity and stability. Those of relevant skill in
the art are well able to prepgre suitable solutions
using, for exanple, isotonic VEhicles such as Sodium

LML s s, S anatls et BB Bap@adirs of soutons
mmﬁf@"@swﬂ@l/wemﬁw. wastiet| polyes s@a@hdmsel rmé.mde@br glacose,

d. f th |
ERBIoSE St T ap 2 e PleafIob PIREHTLTOTENS ACS. Pr eGP weter
WtsSp@tlolt hetyderol evigetiblendiRl €tcn Far intravenous, cutaneous or

R ETAM N L SRR 18 g, B A0S hient
ael intte foard \of atpbﬁntéfalﬂqﬁxd:emable Fouebey sdditioniwhicH i @yrogen-free and

i stration of .the ef e ampupt of . .

aﬁrﬁ”ﬁ%ﬂ%@ oBRt o&gtylgn%ﬁ L‘? efeeggrre%sfl?,t ﬁklj]lén the art are well able to

peehharasuitdble Solabmgtusihgf fof eﬁdrﬁﬂ)le addstbm]ttz sthieles each ag18odium Chloride
n.so a t.for 20 .. -

e Binbel F I GHB8 dutciated REBoa kot Erkas tataps tabiisers,
Ryugemralalof otieraidbitivéembe 58 wtolwiadoars requiedd. to 400, 300,
200, or 100 ny daily total dose. For exanple it may
consi st of dosage units of 10,20, 30, 40, 50, 60, 60,
80ses WthelddypolihBs hdridih aligahd3Omay utilise. simildricarrizes di soagpoditions.
day) 25 Alternatively it nmay consist of dosage units
of 10, 20, 30, 40, 50, 60, 60, 80, 90, 100, 110, 120,
T13s irldépectsSdd theliblentibnQyhetdo a didinopttendtiibzing (foriexdmple MTC) is
%ydﬁﬁﬁﬁ]eﬂ{%i)%lreg m?rﬁ Fme%apysp %%ﬁu%%cgr}(@'m% I %r&tyltﬂgtenqethod will
Ipneferabdt ineoige adminssptar ofthe tfiediee dowagies disyinbghenothiazine orally.
included in witten formon or within the container
of a drug product of the invention. Were
dRieferatdy thatmedicansent s adeptedlfonoatadministratiqpr, ehd preferablyag in solid

t | am henot hi azine is not MIC. 35 WD
égggaﬁgﬂgéggPCTlG82008/002066 -32 The discl osure of
any cross-reference made herein, inasnuch as it may be

LFﬁfgfsé'rJ thgydolsggeewﬁlfﬂel :;cﬁr%l'sféf)écp&a@ tPrTef‘?er € RWF@&‘Fesé th%n or equal

di'sc
itn@00,1300a2eql dndoeimyg ddily Totel dqsee ﬁpr @ranwlé it rmayvedneist of dosage units

olfr‘lbl"bﬁr 3?%@;56%?8 W é(p Qbeﬁtgzq%eiztooortci@eélai‘ngvﬂéﬂge tlrines a day)

non-11m fes’and
of the invention will occur tothose skilled in the

Hiferddivei G hdyP&inskt of f28§e units of 10, 20, 30, 40, 50, 60, 60, 80, 90, 100,
110, 120, 130, 140, 150, 160, 170, 180, 190, or 200 mg b.i.d. (twice a day).

Preferably the treatment is continued for equal to or at least 2, 3, or 4 weeks.

Instructions in respect of these dosages may be included in written form on or within the

container of a drug product of the invention.

Where administration is in intravenous, it is preferred that the diaminophenothiazine is
not MTC.
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The invention will now be further described wth
reference to the followng non-limting 10 Figures

WPl es. O her enbodi nents of the i nvent PGRIGBR10B/002066

occur to those skilled in the art in the Iight of

these. The disclosure of all references cited herein,

i nasmuch as it nmay be used by those skilled in the

art to carry out the inventi o2 s her eby specifically
i_ncorporated herein b 15 cross-reference. Figures ,
ﬁ@ﬂ%‘%yr@ff%@f%ﬁ-fa%meimﬁqerf@r%at‘?%vu sdt @AY, e required by
Rekiled Asthe afthe s@ppskmaitand pReeRIMcfosury) id M@ebipddeifically

path length (nmean values of 6 trials SE) for all drug
dPRateRinglRiR 2: Effect of drugs on thignotaxis,

expressed as fraction of tinme spent in the outer 10%

area of the _pool; daily nean values SE. Figure 3: .
Hihedayentien wildhoy e, rthar deseriksd ‘M‘F%i@&‘éﬁ“‘iﬁt%{h‘?gf?él?‘gmﬂ fon-limiting
tFGUrdSH 8 EXEESles MO&IRr eMbiiftfentsE thelipvEnt@avall décur to those skilled in
Survival plot of swmstatus of animals in

teeyart imige Jablf tRisewat er - raze task. The vertical axis

shows probability of remaining a swinmer (i.e. not

havi ng found the | atform) against pathlength (i.e. . ..

I etiafketon wikAot o Raiher ehied PR RrC e Jug o gapdmiting

Figued 8id EXRABIERNOLHRE ERBbEintEAkeofiIRERvEtionalill 8€slir usthBge skilled in
araneters determ ned from Cox proportional

t he pe

RBe art i BRI Ehesthe residual distribution shows that
30 the pathlength is very close to a predicted

under |l yi ng exponential fupction. Figure 6: In the
Jhehedos ik Stllreieranses siatl erg e it ey DeoSeahy those
fsRille@ acthe taft@a caARYbUt tBE MVENIAETs HEMS), spakifiballyecopparatet lherein by
treatnent differences (average over days) being shown
WPSPJE% a85533 PCT/ GB2008/ 002066 - 33 above the

headi ng "MEAN'. The p val ues corresponding to

.fferences between certain treatnent groups are
&h¥€ﬁ§ Figure 7: A neasure representing latency is
plotted for each treatnent group over days, wth the

veral ] treatnment differences (average oqver._days
Bits & FORReTaRs 1 e SRRLBTR e rratby oK. TR YEinptg represents
aie daipattiengtht(Medh ValRes Le giaxet BERfor alt dtug grotipseat ment
groups are given. Figure 8. Fraction of tinme spent in

tFig wet 2: @ffedy afrrugsf drethigmentanis lexpre s $dubaspiradtibo ofrtim&apent 4n the outer
alg)g 5 re eseniirg% rfor mance %s% hours and 24 hours

aLreRre R "PRE 'FEBY iy phase respectivel y.
Qﬁ'ﬁ%ﬁ%%ﬁg%ﬁ?'ﬁ%@bg toh?ﬁé gvaln ssplegg 'oF Er%m%fse’ln%e \tNQfQEr maze. Mean
values + SE.

Figure 4: Survival plot of swim status of animals in learning-phase of water-maze task.
The vertical axis shows probability of remaining a swimmer (i.e. not having found the

platform) against pathlength (i.e. distance swum) for different treatment groups.

Figure 5: After treatment effects have been normalised using the parameters
determined from Cox proportional hazard analysis, the residual distribution shows that
the pathlength is very close to a predicted underlying exponential function.

Figure 6: In the graph, a measure representing pathlength is plotted for each treatment

group over days, with the overall treatment differences (average over days) being shown
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10 treatnment groups and the chance | evel of 25% are
shown both day-w se and overall on an average over

WQ@l2008/1%35BEAN") . Figure 9: Cal cul ated "I ocal i saR¢GB2008/002066

conposite paraneter based on: nunber of visits to the
previous platformlocation; nunber of visits to the
surroundi ng area defined as an_ area tw ce the

di aneter of the platforn ti &3 this surroundi ng

area; .and tine_j ! et 15 quadrant represents .
Fopre Hieinaing el TR vakes issapTUn GO THE GRS ety cortain
nRatrentigRdUPe dregivesent s 24 hours after conpletion of

the | earning phase. p-values for the statistical
gﬁ'igmiegﬁ:wam_eeslﬁé r%bréimua@ eendy 68 petd for eactmeenattmgmcg:psp over days,
Q ay- e an veral | , on an average aver

AR Y] BRI SRR (Y00 SN LR S gpove ghe
Heaping “MEAPE BEEh-0alubaeattbspondifigtol diffeehctdsdietwern Gftain treatment
attain the platformarea and the tinme taken to attain
a?ﬁo%ﬂseaéegé’F ned as twice the platformdianeter. Day 4

R B SRR oM deB AN B G oo
Qmﬂ'[ﬂ rebteséntqjertohﬁah@aa‘r Blhbafsrﬁndf&? .hoprs after gempletion bitae learning
ati st erences
ek Frshe e poaliss ot i Staitteal SHnittages &f e gifezgpoe between

areatrigre goous ahalitBe ChidvicAve! off 25% revemowaboth day-wisé bnd overall on

Fraction of ti f, in the thignotaxis zone
CHAVPIREE NE" f"'f‘r‘@ %@FR& )10% of the pool area) on Day 4

f
g, L TRAELON o B AR g Sk Al BBr v
gc_a ;A?I pregio@ioplatibren ratidns hurmbér af |vgns fa tbalsoteomfdmg area defined as an
| - . .
4 i g e PLBTTe ALK 5 e e
l?.imamnt. /Qayahnepedseeiscparfngnérmeg 5 hogsmaftencompbetioa\af ther learming
Xi .

rg)ﬁ?%gagti%%éerﬁ%gtﬁ @Jnugs %%ésr é:co% &215)# ogﬂgg lg(lnh,?)hssse -values for
ttime statisteal sigriificamce |ot)d|fferfentesmmtwpentreatmenbgre)1pS/\bcnth dag@,vlse and

gqeg.%%>an%é;%h&ve?d$ﬁte ONBNRAAE Goier (e 4 days of

earning e ex erlne i gnoring ceiling

é@&tﬁ Icu llgtg%)}" at&gmﬁcﬁﬂé F)altg e%e@%ﬁ%ﬁrﬂg taken to

Iat ard error S are
atte&/tms smﬂwarwmwoemo@zm to-a8ain iangm@ deffred as twice the

%?%tfo% tBr. )Weéﬁeggﬁt@rp 98 Gj‘{ceﬂ Qgﬂé} doBletion of the

ency (secon I gnot axi
(¢araiog ipbase Dayi &@presemsrﬂé)hqma empleﬁm pEthe legshing phase. p-

sl% eugpg)ltf%tt#'é] stab il Qgﬁﬁ&rfgg rogﬁlﬁgr% %E 5RwBA tr é'étﬁ@np%r%gps both day-

ormare 1gnore error ars
giiseeand eveFaljom en aderage pvéndays (MANbaressiomnst at us of

animal s in | earni ng-phase of water-maze task.

\FégurecH: Fzadtion ohtiie speritiathiel thiginotsxisrzeng i(defingd @Séw ayter 10% of

the Bool&Pda) A48 {105 Afafter completion of learning phase) and on Day 5 (24 hr
after completion of learning phase). p-values for the statistical significance of differences
between treatment groups both day-wise and overall on an average over days (“MEAN")

are shown. An animal showing less thigmotaxic behaviour is less anxious.

Figure 12: Overall changes in pathlength (cm), latency (seconds), speed (cm/s) and
thigmotaxis (fraction of time spent in zone) with age (months). Data have been averaged
over the 4 days of the learning phase of the experiment, ignoring ceiling effects in

pathlength for those mice not attaining the platform. Standard error bars are given.
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the platform against pathlength (i.e. distance swm
for different treatnment groups. Figure 15: After

wo e@ansse: ef fects have been normalised usi ng PEEGB2008/002066

paraneters determ ned from Cox proportional hazard

anal ysis, the residual distribution shows that 10 the

pat hl ength is very close to a predicted underlying
exponential function. Figure -18-1n the graph, a

measure representing pathlength is plotted for each
trigurent:Varighanip dgvatiseaaneragesrof gatiengty(camdatepey gaconds), speed

¥is39Rd {3¥ $rractiBR oPtimali'Sohe Xith @58 PNBAMRE). C’éfﬂng effects in
JeiegAnd dighg i o

férence etvveen the treatnment grodps are giv
magmragﬂlfpr thasetntiee getaitaining thepiatiosm aepigagwest Sﬁagdard error bars are
&Sncy is plotted for each treatnment 15 group over
age for each day and for an average over days. The p

VG 4RS1 £ QURAP BRI 0P Swirh etamsféf%hﬁm&ﬁ, IQ&BM@%a&@ Bf water-maze

treatment groups are given. Figure 18: Fraction of
ttaste Topapfticalaxisahges prRkadlithef r amﬁ@rng@wvmerdfe tngthaving found

Rhé‘gfa%m a@%)h%t pé‘hl@ﬂ&hil & éfstémﬁvmvu%rfo eﬁtgPea%QM%roups

13 nont hs) represent’ performance 1

h%‘iu% AR A trEAeAt éY‘fetc?sr h&z@'ﬂébﬁ%ﬁﬁ‘al@fed hE'iﬁ? 'tr@éa\?hr%ters
hase, 20 respectively. p-values for atistical

sqegﬂme@afmcex pfqvertmnﬁk@@%@%Weﬁlﬂeatqﬁmuﬂon shows that
95@ BRHIcAGH i bgrty%hi%@(is alpea&&teehnaé%@r&pahé}wan fuRLEAr €

Repreésentative swimpaths of a nouse in different

Fagurb: I SRIgIRIH, aGh@atdiPe repeseft athiefgthhe Ibﬁéd]fb? each treatment
qugdrant) Figure 20: Cal ce(SI at ewbocal 9|]sat?on

BRI é‘gﬂaf%?@hé?ayk?é@éﬁ FhaverpgrRyier gays, iTEp P/ a‘“ES cpgesponding

tth iffeFeénced BEREA RO EBtMRABEroaPs ardyier of visits to
the surrounding area defined as an area tw ce the

dHigart & Infhelghgpt) hahéAura represeniing Ib’féln&y f‘stb’l(ﬁtwd”fdt &dth treatment

area; and tinme i adrant ess

D oY 406, oA Al B dor Ayl vek oy The RaPLes SRrresponding
@b diffefencb € BEtNCBE tHYRSRMeAl groGhoive diwn. each age- gr oup

(2.5, 6 and 13 nonths). The p-values given are for

gﬂagxf:@tm iFSatzdtumbf trhe sbérhtcmmget@hadfam am'b@ eer?b\fa‘l ef megamform Days
ure mni str 0 - ectl ve ose
e e B R R R L T R
wp&hamﬁm .Dholirb @antl 24hogrsoafies comptehm ofas lyaening phadeh
Spuety rOYRgRPLe Sateeal ignBsdte RLABT 5 et reatment
&&iﬂ&ﬂ&ﬁ@clﬁ’.ﬁﬁé@%@ﬁlﬂ?ﬂ%&ﬁ&owrﬁS Exan'pl es Exanple 1

- the effect of MIC and scopolanmne in cognition 5 1)
Aiguen?: [Repkegeotatice $wint paths biualynouse in different age and treatment groups

(T identifies the target quadrant).

Figure 20: Calculated “localisation”, a composite parameter based on: number of visits
to the previous platform location; number of visits to the surrounding area defined as an
area twice the diameter of the platform; time in this surrounding area; and time in target
quadrant. Two assessment time points (1.5 hours and 24 hours after completion of the

learning phase) are shown for each age-group (2.5, 6 and 13 months). The p-values

given are for the statistical significance of day-wise differences.

Figure 21: Co-administration of sub-effective doses of drugs compared to controls: the
figures shows comparison of the four groups on the measure of path length (A and B);
reduction in path length (C); swim speed (D) thigmotaxis (E) and spatial memory (F).
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The aimwas to investigate if MIC can reverse
cognitive deficits induced by the acute injections of

W@ b@sisssaar i ni ¢ ant agoni st scopol ami ne. PCT/GB2008/002066

Scopol am ne-i nduced nmenory inpairnents are wdely
used to mmc amesia, such as may be found in M or
10 denentia. Scopol ani ne-induced nenory inpairnent
Phar macol ogi ¢ bl ockade of cent3®al nuscarinic receptors
produces a short-termamestic 15 response in a w de
18S of animal nodels performing a variety of tasks
chall enging |earning and recall (Flood, T. and A

Cher ki n, Scopol am ne effects on nenory retention on
ple 1,4 foct gf MG andrsqapelamingdn cggnitiong| 45

(1981) pp 169- 184) Scopol am ne is partlcularly
effectlve when adn1n|stered just before task training.

PEAraUN G HEY of the nost widely enployed
paradlgns used to assess wor ki ng menory in rodents is
the Morris water nmaze %Patlal navi gati onal task

(Tsraim vaspo inyestigate FMARC ean rgverae spanitive defisity tndaerdebyr the acute
Sr‘%é@lﬁb‘n@ of ﬁﬁ%uﬁaruhn@%ﬁ@gﬁ&st‘ dtop&hmind. SE@;SHI%&@M@:EB Anory

(1984), pp. Adm ni stration of | ow doses
dNPIEBYYE A W@er{FédkS‘eW@Ws'@os@‘f@df‘?X@? fpund in MCl or
idehRintigre wth task performance. The effects of

scopol am ne on maze performance can be reversed by

the adm nistration of classical (centrally-acting)
'Bb‘éﬁ@lbhﬁﬂe@nﬂ@&%ﬂh@rﬁo@gﬁl?b/ﬁhént particularly 30

i nhi bitors of acetyl cholinesterase (Shannon, H E. and
Peters S. C. A conparison of effects of cholinergic

@Mrrﬁﬁkﬂﬂtﬁﬂn@ Bb@kaﬁie&ﬁ%@ﬁtﬁal %sé&ﬂﬁ@*e@@bt@ﬁs‘ EE(rBdthtS‘e%da short-term amnestic

. Ph |
(455055 i widkaemisty i Sniges] Bl PRISTInGENRGE BB b Solenaing

'Ié’eﬁnlng)an&’béﬁlll(ﬁlbﬁd anGnaa bﬁdﬁ(lnTS‘ébpdlé’rﬁ%Léﬁﬂéts%nTrh&nory retention
onpoun n vehicl e

foll g dB ﬂlﬁ%

OBHRPEA igcefot lementa1 Belom, Nawio) ol 08! peolie-16)
BeopebRIAdIe patidurRy et diee whef @8miNRictijGst BefoaitasR itrgining.
ant agoni st purchased from Sigma; and rivastigmn ne

tartrate, used as a positive control. Rivastigmne is
Moras eaereedel nest erase i nhibitor sold by Novartis as
Exel on(r). 10 Donepezil, gal antam ne, and rivastigmn ne

are simlar inhibitors that have all been approved in
myof(tlﬁwmot‘si wisely@mglby@dtpaeiigrgtiseef to Alsg&ssl wdrking memory in rodents

d . th h.th

SemtIs KA crareiia rubrtichakiask orsrR OSteny of a water-
e rppodedafe for studying spatial learning in rat. J. Neurosci. Methods 11 (1984), pp.
47-60).

- Administration of low doses of scopolamine have been shown to effectively interfere with

task performance. The effects of scopolamine on maze performance can be reversed by
the administration of classical (centrally-acting) muscarinic receptor agonists, particularly
inhibitors of acetylcholinesterase (Shannon, H.E. and Peters S. C. A comparison of
effects of cholinergic and dopaminergic agents on scopolamine-induced hyperactivity in
mice. J. Pharmacol. Exp. Ther. 255 (1990), pp. 549-553).
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patients. 15 Fermale, NVRI mce aged 3-4 nonths were
fromHarlan, UK. Mce were group housed (7-9 per cage)

W@rwsisdsed ai ned with [ight from 7am 7pm and  PCT/GB2008/002066

experinments carried out in the Iight phase. There were
82 mce in total, of which 12 were excluded fromthe
study for circling behaviour during the water naze

test. They 20 were separated i¥to 6 groups to receive

drug adm nistrations as follows: G oup Nunber of mce
Tﬂa&ﬁ@é&ﬂ[ﬂwﬂﬁ@iﬁant 2 113 Saline Saline 2 12
Scopolamne (0.5 ng/kg) MIC (1 ng/kg) 3 11

Scopol am ne (0.5 nmg/ kg) MIC (4 ng/kg) 4 11 Saline MIC
(LpshgPmIUNds 12 Scopol amine (0.5 ng/kg) Saline 6 11

Scopol anmi ne (0.5 nmg/kg) Rivastigmne (0.5 ng/kg)

Animal s received two injections, the first (salli

sthefeliowingtest eampaungds sere page updn Yehigle conwisting of §@ee 49}9% NaCl):

(I\'ﬂ?t'(@i?npsbhé/ YK Q&Bp@%r’rﬁﬁe Wb@o&ﬁmﬁd@oa RohIsBEafd muSSRBicintagonist
m nutes 25 after the first Injection so that

mhﬁagd pr@sm?n@m\@at@o'nﬁmtwﬁﬁ 5?66&%5 3 Begitivegpatrol.

|nJ ection volune for drugs was 0.2 m per 30 g ani nal
ght and they were i n{ ected int r%rl t oneal ||¥' The

o%'&%'gmi%'sé@ Jeptyickatinegtesprs/ehibigy solsidw Noygsiss Exelon®.

RSJrEBAD Q8IaRRANRE andFilaSiRfiaé arer sihildr@sibifogs M\ﬁﬁhave all been

undertaken using the Morris water maze spati al

rRRPTYREiiAANY colyrey fobthe teeatrmer of A'Zﬁﬁ@%@&ﬁaﬁ%féen though their

Cé?f@dc?ﬁﬁ%ﬁho@t tamh 98 niodeste Syrstomafticl aad BvideatdiEia stgroup of
20)_in which a platform subnerged 1 cm bel ow wat er

RitieBlee was the only neans of escape. Mce were

rel eased from4 cardinal sites (South, West, North and

East% faci n% 5 the wall of the I'gool i n rgndom f ashi on

difn3le, NMRLice pggd dot Mentisarsra frordAia8ayB- of t he

exact pI atform | ocation by spatl al rrappi ng procedures

usi ng di stal cues, Each ani mal iven 6

g Shete SiomB eSS heh 2GF) BtiRr AR ki iy Yam-Tom and
S@@@ﬂlﬂér(\jtagdrrféfj&%ﬂt ﬁlghté ﬁgmmlvhatsf nmér? Sq@lreasi Mid8 in kdtal, BEwhich 12
ani mal di 0 in a m ur i e

a7 epliec B e e B s Polbehauod ibn ik eiReaze Bt They

exdrelsepaatedlinfo® drbeps ol ratdivd diugAdmimétettiohs bafollowser val
of 10-20 m nutes was given. The animls were trained

for 4 consecutive days and received probe trials

( f|r@©u§WINnnﬁwr oPRicee oméament Nout pl at f O Treatnterit ke
|tOeST shcﬁmw Saline
2 12 Scopolamine (0.5 mg/kg) | MTC (1 mg/kg)
3 11 Scopolamine (0.5 mg/kg) | MTC (4 mg/kg)
4 11 Saline MTC (4 mg/kg)
5 12 Scopolamine (0.5 mg/kg) | Saline
6 11 Scopolamine (0.5 mg/kg) | Rivastigmine (0.5 mg/kg) |

Animals received two injections, the first (saline or scopolamine) 35 minutes prior to test
and the second (saline, rivastigmine or one of two different doses of MTC) 5 minutes
after the first injection so that MTC was always injected 30 min prior to test. The injection
volume for drugs was 0.2 ml per 30 g animal weight and they were injected

intraperitoneally. The doses were as indicated above.
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35

menory, respectively. The behavi our of animals was
recorded via an overhead canera 15 and data

W@ e@Rssissi ed to the PC for online storage and BCHGH2(08/002066

(EthoVision basic version 3.0.8. Noldus Information
Technol ogy, Netherlands). The software was set up as
follows: pool area, 150 cm di aneter (240 pixels);
t hi gnot axi s zone, 141 cm di am&fer (the outer 10% of

pool area; 225 pixels ré platform 12 cm dianeter (19
@eiaévlgyrab%ﬂnwawme k%usmtf@rhﬂ@rr'arf@teérqug@pptlaé@awatlonal
#5qMoRes Ybss). Tk Wa@é\*rﬂéiégco?lgéf%% df%%téﬁﬂ@a%oer@%aﬂtd%%eter 20

as two anal ySes conventi onal and advanced
EHELIN WRIRP PR SHEMPeR dyien belawaraien A ba e the only means of

BeEdpRd Qlied WerO raNRRLY frBFrﬁcPEéreﬁQI éut@s‘(@&hth Afvefti Rbeh eﬁd East) facing
behavi oural neur ophar nacol o@a/myrm i ng use of anal ysi s

dhe walt pithe eoplAncandrm faskion a s hagd tQ Arauire spaAfiAl kpewledge of the
teRadt plRFrh 15U8H BY shatRERAGPPIRG bReHGRs A8RY )d%ta?l cBés.

normal ly distributed data 1S appropriate. The

advanced anal ysi s devel ops a nodel based on the

IERBR bR al Va8 RREehicafatidal Qﬁd %E %IIoﬁéﬁto&‘%ﬁ%F@maxnmum time of 60
correspondi ng stati stical npari sons. Broa

PO ARG G s sREaE PR eHER, I 1R Srimal diS plItagglationn
@Unﬁé‘fhe%‘r‘laﬂ GRE AMBRY @O%ec&%sb & wakJuidebiyahé ¥x;5’8?” frinter to the

r obust . - Learnlqﬁ‘ hase - Conventi onal anal ySIS
Pl?éforr@r@t wt%ftr'@'wée@fm 1,9a%0rmut98 wasgivenay Be ghimalsvefierigined for

WD n e f8l s :ﬁndjf%bélyecﬁyr%bé‘%lso e st $6rBOkseRBAdS Without platform
results are shown in o%ure . 2008/ 155533

B @820 GRPEEPIEeY 1.33ndr#fbheqre Rostrteifirgjtafestishort and long-term
mm&, armsﬁ&twénpl #m@nﬂ%@ o aliMalsdidb re8rdb& dfalan dVerhead camera

path | ength did not decrease over the
@ngl g§t§ trqg@mttfq%tpﬁl@e gC(jprlfg\hp?I gigrase andanaivsis (EthoVision basw version

lsmo@l N |nfofnhar<sh 'V‘@cﬂhnﬁl@gf‘ Netedriapas). Thé aofaﬁarewa% $80dp as

&, 1325 t he scopo am ne 5 group. . An ana 1ysl S
onv e/gN%Q}Acm\ﬂlqrﬁeta; 0 pixels); r}glﬁ{no cm diameter

f(tﬁéfogfe‘ﬁ 10% @‘b@@ﬂaream%\/pﬁiélé)l plefidrat 2@ atémgteé Hsﬁpui&é'))and

. hls ffect was due mainly to
Pﬂ@tf %fFPn%"' grmgta&b%% @g group, since omi ssion of -

this group fromthe anal yS|s confirnmed that all
mmesent ed wth excellent |earning curves and
Sa strong day effect (F(3,159) = 36.97; p <
0.0001) and no drug effect (F < 1). This indicates
h MIC and rivas

at 10 bo m.ne reversed th
f‘léaﬁerﬂrwag Bé’f‘?ec’e?”' %%[E&é%?eﬁfﬁd%éMB ARV °°@{ﬁ“5ﬂ’é‘?' fp¢ @dvanced.
The COMigntional tahalyslts Gollolre the steiistigsl aéth6adibGnedmmbni@bracticed in the
k%ﬂﬁ d no effect his spati al

0 of e ey an e GTton DA ge Fa obaawbis oFRnonsR (ANOVA
which relies on the assumption that least-squares linear regression analysis of normally
distributed data is appropriate. The advanced analysis develops a model based on the
inherent properties of the data, and performs corresponding statistical comparisons.
Broadly similar conclusions are reached, but the methodology of the advanced analysis

is statistically more robust.

3.1 - Learning phase — Conventional analysis

The length of the swim path over four days of training was pooled as a daily average per

group and the results are shown in Figure 1.
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ot herw se uni npaired animals. 15 The two doses of MIC
both conpletely reversed the scopol am ne-i nduced

wo easnsisgs deficit (1 ng/ kg (F(1,66) = 13.65; PCEGB2008/002066

0.0013); 4nmg/ kg (F(1,63) = 22.18; p = 0.0001)
relative to the [saline + scopol am ne] group).
Ri vasti gm ne al so conpletely reversed the ‘
scopol am ne-i nduced | earning d#4icit (F(1,63) = 17.55;
p = 0.0004). 20 The wal |l - huggi ng (thi gnotaxi s)
behavi our of the mce is depicted in Figure 2.
g‘-’:ﬂl&é ?é?éd' Fﬁl@“ﬁé tb%Ed B? sé\me' &G%t @Ernatﬂé 't%kythe swim
I ne Fract  on o
mﬁfelengﬂ)%l@ﬂottde@rqﬁéglovewa &l days,chenfi rﬁgng ﬁéirtfg lnduceﬂdgaromg
thﬂPth&r Pe!\'/vgéTHB ﬁﬁy éfféc? rq?k;a a% ddaepan {®s) ki tﬁkﬁ‘éé’og)olamme

he tas tendency to
&@@Lp AnzAanghgistiydwedvpy /AfﬂOVﬁewﬁodrrug tregtment \aod wlay ap/Etoss, yielded
S P o STBROOSOS) S0 003 W 8L Ay
(tm Baligpy seomlaygine] group,Gipedn)issiertofdhip gfepdrarg the artalysus
%nﬁr@nﬁoqhﬁt & &Qg@j ;?rﬁ%}ﬁe@hlﬁltﬂ @xct,é'llﬁﬁtlﬁéjmwgtcnrves and showed a strong

SCO am ne +

tdmy gﬁ@@'fe(f (31205 36.9% pov@00@1)Iandrme dr umeﬁﬁzqﬁgF fHaskhisingdicates that
tﬂ%‘tﬁwﬁbdadﬁoﬁvagﬁé?ﬁﬁ@$@ve9é’e'ﬁ the %rrﬁnh&@eﬂcﬁ%cﬁ)&e& ‘Bgtsl 9 aTrﬁlne

decrease I n thignotaxis over bserve
thvethetrpere, 'QrC@Uﬁ@%d'Ct'GDH@ﬂE#fMQSkPéQﬁ”W eirad (2004), MTC (4 mg/kg)

MHadaw! drde &?th‘iseé’p%ﬁéﬁ'@fetr&f‘ce%é‘fh Yoat4¥HH WhEn %fvfeﬁ (‘aﬁo?\eqfe to

scopol am ne. \WWen the speed of&?he mTce was "anal ysed

apﬂaﬁrwe(@(rgpqw)armalmss p = 0.0016) and 35 day

(F(3 192) 6.261; p = 0.0004) effect was found

% re 3). This was due mainly to WO 2008/ 155533
gigg@ oiddhGdoth ggnnlﬁgly[rgwmq thaisgapajlamine-induced learning

rdeﬁafsw ragzka R (169 4Py3.447 pvaho 661 3)hﬁn§m§@fk1 &3¢ Eg@%d p&EH001)

traini n | S, owever, id
d?‘?té‘(ﬁ t°tth% Isfa"%&;* |SP?8P'%mPﬁ@rpHp)aﬁwag@we¢ Alsp WP%‘PL%%IY reyersed the
tsRSKolarfink- |H&Jl:%6| léﬁrﬁuH%%eﬁéu@(f@ﬂé@Q W 58 st mdo%). SW m
ea Vv

speeds (F < rni ng phase - anced
anal ysi s Pathlength data from-all aninmals and

tThRayAMEHUGGinGR EHigrAttaki¥ PisshaviDUREE the FlideVis web.c@aah Fﬁjuse 2.
paradi gm in which swmdistance is the variab

dovamelariais erneraly taanasan indest ofApiiety andri Befineg as the fraction of

A Beht Mthe 6015 IR & ¢hd Sool SLUHdéII))v’Gundg"thé hest ahpblusaifihg,
W nmer reach the 10$Iatfor The results

6'F'QWHF9§'SggHﬂh\P§I th%PB'f"aélsé“’é‘f%t\%h feskpgd ftdag a ’l&é“'é%\tﬁ"‘if’é‘cy to

$eEKto édtape BloPg e bdide/ofthe pholani mal remaining a
swi nmer decreases to approximtely 20% as the swim

di st ance |_ncreases over 1500 cm That is, animals have
FtwoAEEAROVA #HaMaaoflthd Jhigmotaxis data, with drug treatment and day as

factors, revealed main effects of drug (F(5,192) = 5.954; p = 0.0001) and day (F(3,192)
=51.70; p < 0.0001). The group treated with [scopolamine + saline], showed the highest
thigmotaxic activity over all the training phase and this did not decrease over the time.
By contrast a decrease in thigmotaxis over days was observed in all the other groups.
Therefore, both MTC and rivastigmine reversed the anxiety-inducing effects of

scopolamine.

When the speed of the mice was analysed, a drug (F(5,192) = 4.438; p = 0.0016) and
day (F(3,192) = 6.261; p = 0.0004) effect was found (Figure 3). This was due mainly to
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of finding the platformthe greater the distance swm
15 The treatnent effects can be nodelled formally

W@ 3008Q53aX proportional hazard nethodol ogy. QrCEGBR®S/002066

treatment effects have been accounted for by differing
swm survival probabilities, the residual

distribution is very close to that of an underlying
exponential function, as showB9n Figure 5. The fact

t hat the underlying di stribution of pat hl engt h data

i tge {scppolamineat ritasigmine] aeLpP JamMiNFhH B 8Rees fegreased over “the last two
| tiGhe HS}t/satthnhoWéveaQP@ﬁ&t%f@Qt tBBl?Eblﬁt?Xo QaYr?anPBéerf‘rln this spatial
sw ns at' randomuntil there I s nomenf when the ani nal

rtaglo gVl atber @rosreﬁamea?nte@ with similgr awisr sraeds (prat4dorm i s.

Once the animal has recognised this cue, it then

swins directly for the platform The differences in

thé iRagnRg phase 1Ad\@nNaedharalYSHm t he Cox proporti onal

hazard anal ysis required to normalise the data

reflect the differences associated with the various

tPathlenethidatadione 13!l ipnisaals arshireateents ware BRSPS ysing @ puryival analysis

A adlmen WFP&F?Mlnﬁ&st%Hbérﬁlthd\héﬂabTm%?&i # thH8urvival parameter.
required to solve the problemof the water maze.

REa i PRIMAP amEonsidRier e riynéve hibrstaiys ef simmenunytheyrreach the

Jh&fdiﬁ\t Rhe festitabf sl éaa}.véwfat ¥l s‘ho%ﬁn i) t@é@h BeOseen, the
etermne treatnent differences in terns of

| ygahilitn af 20 animakreatainieg a syinyaeHIeSRASES tOrﬂ@%reX@@telv 20% as the

Pkt fisande lﬁbrﬂ%é‘% Sver WsBdcra OTH S0 RN AMInAreVaH iHEBadiRY probability
treatnment condition differences on each day and on an

Rf dindiga th/Rptferayihe greaterifie distansg gwull | of the
treatnments have the effect of reversing the

scopol am ne-i nduced | ear ni ngo deficit tC>y day 4. In
pHi& ireaingpt eflectpLaningmerelias Frrmtly waing Cox peqnogiongihazard

C#ﬂéihﬁtlélo d)' deé:érﬁlhé‘ﬁeéth\%npéﬁefcfg WEvR GReR facadUntd for b differing swim
| evel stingui shable fromcontrols, Therefo

| Siayal PERpADUET fgeusianiban s ey Foe HoltahOf ar underiying

@é{)@héﬁtl&gfdnbt%rﬁﬁglﬁb\ﬁmm Ured. Mhé eact Biat GHetundeyigy E&tribution of
WO 2008/ 155533 PCT/ (382008 f%ﬁOGG -40 .as CTB‘}g be

rRasETtR d3iAds expaneptial dies e Tofloipg beBaviiraljrigenietalio dappears

Tl\firl]is} argw@h&mmblwms RYrapdem Ul thee: is it wiieh €he animal
ere

tradi t .
MPEOHRES %%ﬁa?'?ffsl%ﬁgo I“@'&if%oﬁrf]' ?qtfﬁ"af%maei%e awm%ﬁ#srfséégmsed
nmiétﬁbﬁeﬁt Mn%&ﬁrﬁ@ﬁ}r@ﬁtiy)foﬁ tee ﬁfatfﬁmh tm]t‘dlwﬁén%ann b}e [ﬂ%@ﬁeters
in e S .0 0 nd the at f or
Eeteingt ot B aPerrePogon wergi Aressdeqtred e Pafthaigh fe data
breheot itiea differentétcagdboiaiedtviththe Oélndi&y(re‘htrﬁeme whigarmipgct on the
f,;rgtggpqlﬁgh]ag )'at wsgl\ggﬁr@ﬁ%%gﬁ qryargmﬁ{ wlgs'eqogplsgﬁecue requuredqo solve the

PeoBIERE &Fitise weRs Blazéed bel ow. Therefore the concl usions
are based on the pooled day 4 and day 5

Recognising the underlying exponential distribution of the data, a statistical analysis was
undertaken to determine treatment differences in terms of a logarithmic transform of
pathlength. These are plotted in Figure 6, with corresponding p-values for treatment
condition differences on each day and on an average over days. As can be seen, all of
the treatments have the effect of reversing the scopolamine-induced learning deficit by
day 4. In particular, rivastigmine and MTC both reverse the deficit, returning the
performance of animals to a level indistinguishable from controls. Therefore, MTC is at

least equivalent to rivastigmine in reversing the scopolamine learning deficit. However,
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data, although individual day-w se conparisons are
shown in all the plots. 15 The primary paraneter

W@e@BAS®Ee was the proportion.of tine spent by PEEGB2008/002066

animal in the quadrant in which the platformhad been

| ocated during the |earning phase of the experinent.
The analysis is shown in Figure 8 The nodel used for
statistical analysis was a |i49ear nixed-effects

nodel, allowi ng for treatnent and day interacti on and
@rcangetﬁegatfr%thpmtqs in ig;gt(re %thegq;ﬁ@omvgg@nﬁgywat MTC improves
némﬁrnsr&bysarﬁﬁéft@%{@d%.fcé eFtRAdrb, IntohtSdiBRIMb Y d1awky &Gl (2004),
irrespective of treatnment grouping).

e drammetdmpravgtlearning deotiemdser WiknBaites 'PE.f or m no

better than chance (i.e. the tine spent in the target
quadr ant was not significantly different from 25% .

RAN@SSENtiatY identical natigi cagi ke seeb in beanalysis b timedatgnantorfied the

dtiorint as BowrFRHigpety, MIC at doses of 1 ngy/kg and 4
my/ kg reversed the nenory defect produced by

scopol am ne, and returned aninmals to | evels of

Res MRRBAN Rt Ndi stingui shable from 25 saline-treated
control s. MIC al one had no discernible effect on
menory relative to saline-treated control mce. A

OVEPAFthE %eﬁé\ﬁ@urﬁirﬁhe prdb@Qﬁél'oﬁQfaé/ an;. e VPﬁémG@' tééﬂe@%?d 5 hours) and
based on: the number of visit he aréa in

1Ry 6l £ OMAMRBSIERIGE At &4 howrshwas e%ﬁent;?'bnsurg"qréortthe parameters

HesEeatHensv. R Aeforddnél SdSﬁdﬂ.%?bn@%r@Bas%rdQﬁ\ thé"p@@leﬁ iy 4 and day 5
di anmeter of the platform tine in this surrounding

&aka 2ltheugh 'F?'WEU?WWB‘N‘%?O%@P%W‘% sfRwg dn ﬁ'bV‘&rl%‘?ter s
are all simlar in principle, in that all reflect the

atial accuracy of searching behavi our of the ani nal
rﬁ‘etﬂﬁ'g‘aé)‘ paranetelaAnelysethwap thetRreperiomsfiinge RRML by éhenanimal in the

eﬁ.aeﬁahtsm v&ma{nhtefmat#&.amu %eﬁ’ hRaRd dlhR frféﬂléérh&f%se of the
own in Figure 9. doses

(SBefiee- Eh@ﬁnalv%%mshewmré?'e\ﬁr@& T\WF%qeggi?é’cfP' ptgtisy 'Sg' analysis

SERRPIrRAT Afkedldtierts! 8dedf d18™ingFbr tNEtmBRSandUdyamerat8ort B8R per-
scogol anmi ne deficit, whereas WO Zoq%gf[ 1555

eiangBiliydbedgeme mice maw/aR{reRflY; RSO & f%é?”t%{b" the;rgemory task

rf?@fe&ﬁ/et &Qre@ﬂﬁétﬁtlgfroudlﬂb(): @do@ﬁl@lrd r&ﬂt trébﬁted hﬁé‘eewl élrletft)ﬁhd tto perform no
e e accur ac ref atl ve sall ne-tre
@GH?f%P" &h?’ﬁ% (ée t}& f'metsn?sP biiedAtdeb fuartat yasakgignit Cafﬂ'y
glfﬁrgﬂ%’)m %5”%? satwa?sugmfel tﬁélah??rﬂdhdlm@ﬁdrwéth@?ca?@émrne deficit. By

ase (0] at enc or ar ea t he ate
eonizast JNTL B doSedl tmofarpd 4o fverssdidne miman ai8&produced
{H_y%bf)gdlmir@, ahwrdét@heh ahi&mﬁog@fels&ﬁtp%{]faﬂﬁaﬂf cadiydistihguizBable from

| omaln, a t he. |l engt ti ne spent
isplivesfisaTas Sorrs T AR B2 50 Giace i efltet b TharBlry TeratVe to

Fahid-pédtedvaohtebl ifive been expected fromthe | earning
phase of the experiment. The results are shown in
Fi gure 10. \Wen averaged over days, there is a highly

A eimpasitaparabietdt, flbedlieaien” hetswlenla{eﬁcbmtddaoﬁ treetidfeBer of visits to
%ned al%atlrr\] \%.cﬁﬁ la?forrrrl] \(fevag o%gteed number of visits to the surrounding area,
defined as an area twice the diameter of the platform; time in this surrounding area; and
time in target quadrant. These parameters are all similar in principle, in that all reflect the
spatial accuracy of searching behaviour of the animal in the area in which the piatform
would have been expected from the learning phase. The results are shown in Figure 9.
MTC at doses 1 mg/kg and 4 mg/kg produced significant differences with respect to

scopolamine. Thus the effect of MTC was to reverse the scopolamine deficit, whereas
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[ scopol am ne+rivastigm ne]. Al though the deficit
produced by scopolam ne did not reach statistical

wa@e@nilfiseance rel ative to saline-treated ani nePGT/GBEGS8/002066

was able to inprove on the deficit significantly.

Ri vastigm ne had no effect at all on the deficit. MIC
al one had no discernible effect on tenporal accuracy
relative to saline-treated coft'rol animals. 15

Thi gnot axi s was I so exam ne h
6'?’3‘%}98"%‘3&!%? K e toigygrse %?ﬂfcil# H\"f‘ﬂé‘ Wﬁlhgﬁﬁ‘f’a@(%cg"ﬁ% gffect on
(spefidl aeclirasy fehvetd Sdlindd¥arld dohgolzdhalarea) is a

neasure of anxiety. As can be seen from Figure 11,
scopol ami ne increased thigmtaxis relative to
efurtRér gargraeted measirea was(‘Ritdregu Thistida saldilbfedrcdnrpesitesparameter

not i ficant wever treatment 20 with .

Poted of e G, e P R RAR P AR ates gefingd asduice the

tdindten &Fnms a&tf@mbelw'n@u rateﬁls? eéﬂeetsrm;amedy it thé titneeiomain, and
ce tre

scopol anjl ne-treat rou
%ﬂggﬁs B§ ﬁ@gfgrfg E)hﬁhpla@g?ﬂl bﬁ S pwéséﬂlthef argawhere the
%Idtﬂbﬁﬁ vﬁﬂ@ﬂﬂiv@fﬂeﬁﬁ erea@dl fron thele@ANY prRise S tHeréXeriment. The

Exa s confir a ear.n -
R e e et B P AVBER 969 YR AHE /P PR Yesianifcan
@mrerfbenﬁhﬁednr[bwyotamﬁmsmpo] &0 dlttier fcopohaptd sldne or

iaa0Ba e s B TE MRS 18 ol BredioseL Py eeopaP R Pt reach

istatigtidap sfgﬁlflémfrél%vé foesalieatroated afiefats; MTC wdsiablé tbymprove on

mne of .a,w del e
TSR Bficay BRentimAg sod ndsefian B Pb 51 d5ifc Migeaione had
ind didverritsle affea vh termpéiat Aedunamy relatiesteaatinatneated ebmttat dnimals.
denentias. Rivastigmne and related drugs are al so
used in the synptomatic treatnent of MCl and can
Mhigthistexisreas disaixambreaefurihg theomemibsy phased of therexpsrreent. Time

%:pght,\i)&ﬁ%: tgﬁg\%tq_xlg quqg (ﬁ%ﬁr{éd}:’lﬂeﬁgﬁﬁ ’out\é\.{' l‘?&‘%‘}? ngdeoAgrfeialf %Sai measure

©fienxietg SAs dan beledenJesm Figure Hm,zs'cbpmliamlnB incréasgighigmotaxis relative

o st conplap @iftteh R giferance s w6 Yehiiany Figwever treatment
fwitk, [sddpOlam8nd+AMEC] drd m:cm&/s]giﬂ&aetm@an@za@m@ﬁmﬁe behaviour
dfkﬁé\%:(gmpg egfw&] L o{z&#lér‘é%%&n" egrﬂ?% r@‘re'né ﬁgatgg with. r%vastlgmlne are
inwpsignifieartly dtﬁleeedt frbbEeithet scbpoldnane et saliselr ol ogy 6

501-512; Grundman, M, Petersen, R C., Ferris, S. H,

Thomas, R G, Aisen, P.S., Bennett, D.A. , Foster,
M._ConclusenkfroftARamplr{ Gal asko, D. R, Doody, R, Kaye,

J., Sano, M, Mhs, R, Gauthier, S., 5 Kim HT.,

Jin, S., Schultz, A. N, Schafer, K, Milnard, R, van
hekesulls donfirM thatza tearning deféefmanriie, préduced irCaine-ljdreatment with the

golgherglg |rfh|b|‘toi;| SCO&)%%QOAPB M\ &pg&ggl ﬁ\)agf?gnlunpaér{ ﬁ%ch%ﬂﬁesterase

inhibitor which makes more acetylcholine available at nerve terminals, is able to reverse

the learning defect produced by scopolamine. Rivastigmine is one of a widely used class
of acetylcholinesterase inhibitor drugs used in the treatment of Alzheimer’s disease and
related dementias. Rivastigmine and related drugs are also used in the symptomatic
treatment of MCI and can produce measurable benefits in this condition (see e.g.
Feldman, H.H., Ferris, S., Winblad, B., Sfikas, N., Mancione, L., He, Y., Tekin, S., Burns,
A., Cummings, J., del Ser, T., Inzitari, D., Orgogozo, J.-M., Sauer, H., Scheltens, P,
Scarpini, E., Herrmann, N., Farlow, M., Potkin, S., Charles, H.C., Fox, N.C. & Lane, R.
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di stingui shed from Al zhei ner di sease and normal agi ng
for clinical trials. Archives of Neurology 61, 59-66.

wdodhisdsezigh rivasti gm ne reversed the | ear ni NBCT/GB2008/002066

deficit, this left no discernible trace in the nenory
of the animals. This can be seen fromthe anal ysis of
the nmenory phase of the experinent |ooking at a range
of paraneters. The specific pé‘lzameter time in target

[ , : ot different fromthe 0/ex ect ed

TG Bl TRafioening o FEISE tastiegritsic 8 AAhoigens digaserom mid
tdbga.weempmelm rtthe/mﬂuarstm Lén@t Nbb:aﬂogryeas ebt-sm@s‘erehérﬂan M.,

een 15 I roader conpaosite_para
%%ea?n &[33 %%‘”s i-c hNQmRass - @s AISRE: 'é’&atﬁ*%ﬂ”etta@é\ﬂ':é’éiﬁf N.L,
Qlack, eRank, r@énambetmvoew RN Kegar £hsaeb, MEMBRER. v@@atrner S,
3{1 ﬁc}at‘L uI d have been exBect ed. R vastla

ing. @"Uétﬁe/* Nosihater.dpall lprdy Retady ek trhd\é'atzef J,
Ramrg @0, @JﬁhﬁWVelhéﬂ(@V\&%al Ligyy @M)Hgmltﬂ'@oghlﬁi/eﬂﬁ\balrment can be

reverse the e} of tenporal accurac measur
RtingyRhraireE %&ﬁ%tdéﬁea‘i? ét‘%ﬁ%@wa ap%ﬂé inical{gals. /\)058’};93 of

avmg@sm @y-gdhat 20 rivastigm ne may have sone
calmng i nfluence in scopol am ne-treated nice as
determ ned by thignotaxis behaviour. The ability of

erIthaﬁgh @\Vﬁsﬂgmtr@ réﬁét@étﬁﬂ’xeﬂél#niﬁg apfditathideftinddiietehible trace in the
earnin

i.cit sbro consi stent with the
VIRIBPrY gtedawaetso i ﬁ%.'t 6%3% anglysis i F%B}EQT%Y phase of the
axpénthént Ibekaritsattzorang® of mammerea Thé spacifid watriewn tohos inftgrget

t he | i ft

iR s oL BERRTL o s 25 eSbeded by cinsesRof slner iy

%Ueﬁolzﬁimrnlelwbdd‘tﬁ diteptreatmgnpligsevastigrine. Aiilani Iré?su_lt was also seen

LRBodNe BreRge o pora RS Geh ter hAh frasstres the Skl

laﬁwreweaﬁﬁé a&fniaﬁ’s behaacUrirgsediéhing thatareamtvhial tal plwdrm would have
ol.am

DESH eyiiod, BN g R S0 R v e e o shatial sdp ey roduced by

tsr:apmarmnenLnkeste drivaptigmihée dial Hoy reaersertheidss aif teompdmlrmwracy, as
SRR D B R Bt P & o Rt Sbeston tat
elvhh@mmé.rrﬁy(mavééorhe caning influercenimpseddotaminé-treated micgas
éﬁ refor%y lva %9Hm ne. does not enhance either

it

ineg; 'ﬁﬁmaéﬁ' SPENBHG al t hough it i mproves

operational or performance nenory during the

TR E O R RTS T B pR—
rcossistent Wit therwidely eeldLnohorgthahenhamemengofmhamerglé attivity leads to
SHR5h R Bl St o B U Dty comotmine-
ﬁmpm&dantceadrs abléhe make betterdise fof tearmirng betsvdbaing Miiedeamihg phase

Y(agrtu'i gns fpttprovement persists from one day to the next, in that there is evidence of
restoration of day-wise improvement after rivastigmine treatment which had been
abolished by scopolamine. However, this effect of rivastigmine on learning leaves no
apparent trace when tested specifically as an effect on memory. No evidence of memory
for the platform location can be detected by any of a wide range of measures at either
1.5 or 24 hours after completion of learning. Therefore, rivastigmine does not enhance
either short- or long-term memory, although it improves operational or performance
memory during the acquisition phase of the task.
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energed only during the nmenory phase of the
experinment. Here, there was evidence of 5 nenory

WO 240853580 i n a broad range of paraneters. PCT/GB2008/002066

Specifically, the time spent in the target quadrant
was significantly higher than the chance level, i.e.
25% after treatnent wth either 1 ng/kg or 4 ny/kg.
The broader |ocalisation paraneter also showed

BT o ehaaRr TR GRlieetoeniafitol g earing piase o the
rexpedmant] brthatffthg ebilignosaneesette Wrﬁdehwubm@ﬁoﬁlwas

accur ac) 0 .Finall C rodu | ete_reversa

R0 ngRR Lom i b TR iy e b TC g pastiamine

témerhbd gnip darngtheanempiyqhdse of thy esmmdrmrmere, there was evidence of
er_.at

SREREVIREREST i Fed ERNOR T parameistS. SHRsEnlt Fikige Sbnt in the
da"g@t qdlatﬁatt iwgsgi sighificAhthhisigdr tharothe IchiasdeteVelyi.d. R5%E bR treatment

th [
SR RO BT SRS Sk 19 LSBT e
brestoeation of mbiagﬂmm&e:&ted aMh{aleihankde thdludontrgl Iém offpérfurshance.

{
s e S FRanrelh " RAckE g R AR SRUFER (BPora) ageuracy.
| Iﬁmllly eMTOfDrocﬂJ’a:y&d @fcoﬁﬂ]:ﬂ!ete acvengd of the Beasd irapairndrCirs StsMg @ escape

t The MIC eff ect t
Toet PR 2k A FAER RS PeoRAR o di 1 oronces |

bet ween MIC 20 adm nistered at 1 ng/ kg or 4ny/kg.

ﬁﬁvg{e PICA &Ijﬁglassgt?sqg%%gget{teéf Eetve}('ﬂpq{%glpél;%r@eenl%guéedi cpeficits than
dheromsinemicedtug rivasigmirde. Altaough2skodiyi signilaf ingdeérms of operational

| et i f the | ' f.th .
TRl eR e oo i Wit BLER ReSerinhe; bl ve Bpiamcts
a:(etwseari rivastigrhiok iane IMjil @ emedeaduriagthe MBmsynat@ase of the experiment.

¥§§% (Y sﬁSrrn@xeeq%c‘m%eH'r% Y rﬁeggé 5P mén%?éﬁ?pe ion hpmn}as%earned on
sang p@truemanmnetﬂsemeémed NI shower enidenae qfi adentoay referitipn. The MTC
Uikl P! not TBELABESIERE of FUPHER (IS BTRSL G FEhREh iifc

scopol anm ne atur NKNown.
Sdnwmstehaei aldhighig o egrkg. |Tnneeamerstalsp mﬁlgmﬁfmmtlmMﬁdrgnces in
r‘@“ﬁ&@gﬂ?"g@%&ﬁ {Hé&';s{ com.'ll(% be 8%%8%@&&{"& IMII% f5 aé’tsl 24 hours after
Nb]nplqmantof thellearhmganhaeesbi tbefeupemneuﬁ MCl. Ri vastl gm ne

is already used in the synptomatic treatnent of M.

Based on the results herein, the potential benefits

dfis unhkedtin g‘m‘vmf tbie pasulls bblaipet yhat M} aeds via aochadinergittmeshanism,

%H%% '?gaéc}%ﬁgn z§t' h‘igm%gd 8% (Hﬁ{aé@? ﬁﬁ;@\v@ fv¥a’e Crto& {Bﬁe oFerse the

@mmeistic effand nﬁsqoaobmlrm;tﬂhemmrewwaa@ts \az g quglitatively <’astmct
HecBRIto MR 2008/ABRSASCRIT oER0001 02958 nartd ot

be expected ave superiror e
miechgtisgris nekrowh. Sirtethe Hefidita eeefi in-amnestic MCI are primarily in the

domain of memory, it follows that MTC represents a candidate symptomatic treatment of
MCI, particularly amnestic forms of MCI.

Rivastigmine is already used in the symptomatic treatment of MCI. Based on the results
herein, the potential benefits of rivastigmine depend largely on effects on attention
during task acquisitibn and not on memory, it follows that a drug such as MTC, which
has effects which can be demonstrated both during task acquisition and on memory,
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enhancing drugs in the treatnment of ammestic MCl. A
recent concensus of international opinion has

wo o0oss3s8rd two forns of MCl: ammestic 5 and PCT/GB2008/002066

non-ammestic (Wnblad, B., Palner, K, Kivipelto, M,
Jelic, V., Fratiglioni, L., Whlund, L.O, Nordberg,

A., Backnman, L., Albert, M, A nkvist, 0., Arai, H.,
Basun, H., Bl ennow, K., deLéd’ﬁ‘ M, De Carl i, C. ,
Erkinjuntti, T. Gacoblnl E. Graff J.

J’&QH@ L@expeygﬁd‘ﬁ) hAve SERarion p@caqx ove(,gyﬁsmm rﬁ ar@ other chohnerglc-
\énﬁﬁﬁélng B’rug&erﬁlefe‘é&ﬁbnt Bf Smnéste@dgi. M 1 d  cogni t ive

i mpai rment - beyond controversies, towards a

consensus: report of the 10 International WrKking

Q& ¢Bntsbnbbhsilis @ titdrhhtichal ?’Pﬁlbrﬁ HE@formdl@tHd}Wo f6fms of MCI amnestic
I nternal Medici ne 256, Si nce oper ati onal

i nenrannestic, G inbiagn Pr. |P\?E“‘?ioﬁal"(ﬂé°egl°e cWEIQ M dirptiglipn. L.,

fwahiun€ 1. of meubeiégmesaa&nfaﬁrmmfertw Alrnkvig®00! ArfieH., Basun, H.,
woul d represent _a ossi bl e

ted that
SRtk 5L A mERIC. CagH KRS T CRETR, G GRS C., Hardy, 4,

aekid.i garh, M., RfERie, RXQ5h Buin, ./ ViBgerePf & Petedsen, R.C. (2004) Mild
t hi gnot axi s i nduced by cogol am ne, which is general r¥e

tCRREHVe BnRament 1 RRkoRd GPYersias, towRirdsd CPRRAMNILS: FeRRs At

dht@rﬁé‘ﬂbnéllw&kfnfg@ahﬂ) ¥n BB ICYghitit& IrfpathérNUoutial bSinternal Medicine
therefore |ike that MIC coul d have_ benefi ci al

APt ahes gp@,ragq)mal gefifds maen- CWW?Q%'@&%GWF‘?@”SUC
Géatlfels, of AUF-AmAes@RPRENY of MOE iitatoud Béldkpﬂébﬁid, thhtaA$C ould represent

confi dence and deci si on-.maki n
GRiRsEe SoRanats GeRiRRe i rop s eairlogn of AR Srertdy, MTC
M&@/—il@a svbaﬁgigfféﬂlibﬁ tHthgbfabd@gndu&eN esé eeo;ﬁiluinh_ iap ewhibiVBigent @y taken
m, an ackground to e stu LS. stu S ... . .
oK 3 oS SL B aSTm s Pt e S ARG RO L PATRdrS action. s
RRSERFERRNEthahMIC &'aldsrmtelbaheﬂcﬁ effedts on laARiEtyi ahd ol non-
g;gggiiiyezgg%g%\eg Z @yﬁﬁ@%@hy&%ﬁ@%th@gﬁdg&f& confn dIence and
(decigansking Kbility vesweli ssgdnees sbeiavaigagemestral e NVRI
m ce aged 2-3, 6 and 13 nonths were grouped after
excl uding any animals with abnormal sw mmi ng behavi our
| Bxaniple 2wEffactsTef M TCasrkwatdf hazé learhk) inssungy arghaged NMRI mice
intraperitoneally (i.p.) at 5 m/kg. The nunber of
animals at the end of study was as follows. WO
20) Oh Bt B3AckdreiliidIB2AO 81EP2066 - 45 G oup Age (nont hs)
treatnment 2-3 6 13 Saline 10 6 7 MIC (1 ng/kg) 10 5
8
This study was designed to assess the effects of MTC on cognitive performance in a

spatial reference learning and memory water maze task in NMRI mice at three different

ages: 2-3, 6 and 13 months.

2) Methods

MTC (Simpsons, UK.) was dissolved in water. Female NMRI mice aged 2-3, 6 and 13
months were grouped after excluding any animals with abnormal swimming behaviour in
the water maze task. MTC (1 mg/kg) was given intraperitoneally (i.p.) at 5 mi/kg. The

number of animals at the end of study was as follows.
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Behavi oural testing was undertaken using the Morris
wat er maze spatial navigational task (Mrris, 1984)

WO 28980835383 i bed in Exanple 1]. Mce were first PCT/GB2008/002066

habi tuated to the water nmaze before treatnent and
reference nenory training. Mce were treated with MIC
or 5 vehicle 30 mn before tri 1 of each daily
session. Probe trials at the e of training assessed
short-term and | mory {15 —and-24-hours,
respectively). 3 %%‘dﬂts 10 3 Agiéﬁ?’ﬁﬁﬂg phase -
Conventi onal anal ywehtndntgur e< 3323 andgl3] shgw|t he path
| engt hs, | atency| _speed and tlthi gogt axi sl acrogs days
and averaged ovel S@#& for 213,106 |anf 1B- rfonth ol d
mce treated wtims&l 1n,g)%|quo(1 A0/ KQg)g Aged m ce
were inpaired inlacquiringt flerence nenwry water
maze task. 15 Exam ning onIy the data of the control

(§é?1|a\/i'39hatl fﬁ‘igﬁ%@bs Tha&rdkeh %ﬁp Irﬂ@mbn&%tégﬁiﬂ %égﬁl’ navigational

3- nont ce were | he tas tive
ttasioMpriie 1984 olad daseribed ThExample]. Mice averfirst bakjwatagde the water

I I I

g 0B ATe G ang e encS TR Ty Bnig Mles aerspirested wih MTC o

eRicler 3013imsterne taald efiegeh daly sereions Brabedrialg 3t therend abirdining
' I

BSSesaRnol M APRhoYerAEh Bl AT he B rhopaRaven).

significant difference between 2-3 nonth old MIC -

A HeSisi Ne-treated mce, nor were the two MIC-treated

groups different with respect to their escape path

I engths. The 13-nonth ol d saline-treated group failed

U1 L TRAAME HhdSE LR Batidal ShdhRR0t hs) across trai ning

days; the other groups had acquired the 25 reference

nennry wat er maze task. Al groups started at the sane

| By ks 38 aﬁBQSBﬁB\n thd Sélﬁtlaﬁ;tﬂsnlatté'dﬁl spkediafld 'ﬂ%mgia&fsearcross days
The paraneter of swms enabl ed not or perfornma

tadipveaged Sy edays 3. ﬁ@d 1%m9nﬁg@d gres trrate witp éa'me or MTC (1
‘Iﬁg?/ﬁé)m/(b%d\ml@é Rte ﬁﬁ&ﬂ{emﬂn&cdﬂirwg ing thdl feferbRéIREmdryWARF maze task.

ect on m ce swam
e e ﬁf"wh%ﬁ"ﬁﬁé’f “’t‘ﬂ‘Fé’Iﬁ’WHﬁ?I@erH e@ted) AHer 24PSs thedree age groups,
aSmohtA GRPeReadre hp élFé%ﬁh Ithnltask m@@@@é-lﬁﬁéﬁﬁ old mlce The older
PCT/ GB2008/ 002066 - 46 In 13-nonth old mce, treat
\inie haghtongpepatBlengthscacrass alh daye.c Bscans pathblengths Oéﬁénonth old mice
MRh& et it Bosé BOSithel DERdrEB-mbith oMrkicewam si ower
t han age-matched controls during Ilater training
sessions. 5 The wall huggi ng behavi our (thignotaxis)

Wﬁc-@:‘éhfé@m’mﬁbnﬁ{ bldHhie€ had sighificaritiqishor®dr patrRieAgtAS thanPtd-month

aI I é%rou ps showed_a progressive decrease wth
@grt(p@tqqrg|Cﬁ| 'ﬁl@erg ,qgrggmﬁcant difference between 2-3 month old MTC

- and saline-treated mice, nor were the two MTC-treated groups different with respect to
their escape path lengths. The 13-month old saline-treated group failed to improve
(decreasing path lengths) across training days; the other groups had acquired the
reference memory water maze task. All groups started at the same level as the path

lengths in trial 1 did not differ.

The parameter of swim speed enabled motor performance to be assessed between the
two age groups and to determine whether treatment with MTC yielded a motor effect on
the task. Aged NMRI mice swam consistently slower than young mice, and this trait was

independent of treatment.
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Lear ni ng phase - Advanced anal ysis 10 Age-rel ated
changes were examned as in Exanple 1 in terns of the

w@anametsey s  pat hl ength, |atency, speed and  PCT/GB2008/002066

t hi gnotaxi s, conparing aninmals treated with saline or
MIC at 1 ng/kg. These are surrmari sed in Figure 12.
Exam ni ng the crude neans, %re is a general
deterioration in all four quantities with age There
IS beneficial , treatnen in t
15 1R FEe RABR I M T et U S Peefipser, in 23
anshth aldanicy, thbse tfréted wile MITC $lare BRIWX tran dYbnatahisesontrols during

sen at .2-3 months and 6 nonths, and has no
6%tﬁ'éf(?'["“g§ei%5°'?§om hs. The day-wi se changes are plotted
in Figure 13. Younger mce inprove nore fromday 1 to

4 than ol der .mc uncl e I f C h an -

FoianniBEng HeBrvS Fiansiar Ry es et b abice b St of raining.
DU gegiloups sihdvadd dplogredpive \desrehbe withguvdessive trainihg sebsions.
older mce. As in Exanple 1, the pathlength and
| atency data were anal ysed using a survival nodel. As
learimpshase L Advanoed avalysieanal ysi s cal cul ates the
probability of survival in the status of "sw mer"”
with respect to pathlength. The survival plots of the
PajelreRitgt &hadgéﬁwafeee)éﬁllﬁdmﬂmniﬁkaﬁipgiﬂ i tédns ditBe parameters

13-.nonth-ol d salin at m ce achi eve 0 6% ..

ST 505 SpeshEa R BRE I EP BRI, A e Wik salne o

T Crat nmgll@Othesﬁ ardisamntdrised &t Biguer £2. Erammirlg taedrade means,
renove e trea he resi dua

nt ., .
RIS 8 Beresf STty n o sk P TER b AL & ik benefical
Fiegtment Efgct of MTGomlyg @Y thaiiGenonte nddd, \aal ynlyom eespect of pathlength

pr bili mass s found | ow val ues of

Bafimengt I nfiate etfbmetii fts efiis 2uSe Trgat 23mpgths and 6
mMarehs3 @nd Wasmo dedefitlay 18intanthst hey detect a spatial cue,

after which they swmdirectly to the platform

Younger mce are nore likely to have al ready
rTeueagammmjcrmngae aveeplyttexbinl Fjgurand. Y&mgspmluda impsveatore frem day 1

kﬁ? Ipé%i‘ Ith rf(ga?()rﬂgf?:gm Ipmtu?%lre%{a ?8@?2 ef A E@%]‘%%F&t on learning,
REROUGBG O/ |§)@30§§estloﬂhaTIM3T(S unnprovessl the day-@dsevaiaege in older mice.
paranet eri sed usi ng Cox proportional hazards

esti mates. These are shown as | og pathl ength

rAslib iEpbmglei 1 tie pathiendtB.andHateecy datawete amajysediustpgef surgyal model.

ﬁepﬂﬁ‘i&gﬁ‘sﬁf 3%%%‘6%'92' atnaggﬁ%%m%%}l{%lg? .pr%l%%k}%é%}{%ﬁg{nftﬁg Ltatus of
I8vinomerhwith cespest to pathidrgtaThesutyvat pldtsod thehpatbleagthldata are

%ﬁ&'ﬁ}h ‘ﬁplgléUre P4r I'I'ﬂg '1§gnc?r%t{1 %Fd %‘?Bé ?Je%ﬁ‘f@c@ f’—.\cﬁ g\f‘e Q{I)ﬂg '56%

m ce bac ormance o
Grokability ofdindingitie plaifborm e\(ﬁm after seiniminget$08 cap Mvrmdhegata were

%toﬂfﬁlﬁteh ‘& erﬁé\ggﬁlfffe%rgﬁ&geq‘u%% {rﬁgtngenf’)the ’rAészd Jj @ﬁiﬁlétion was very

'S Was e lat'enc
rdnsalto sxpamential (seeckiganec! 5.dp anumgsrinyice, relatlvely more probability mass

was found at low values of pathlength. This can be interpreted as follows. Older mice
swim randomly until they detect a spatial cue, after which they swim directly to the
platform. Younger mice are more likely to have already recognised a cue very early, and
so spend less of the initial period swimming randomly before swimming directly to the
platform.
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identical to those for pathlength (Figure 17). As can
be seen from Figures 16 and 17, the effects approach

wee@Bi1s¥ssral significance for 13-nonth-old m cRCOGBAES/002066

4 for both 10 pathlength and | atency (p val ues 0.059
and 0.085 respectively). 3.2 Menory tests As in
Exanple 1, aninmals were tested_either at 1.5 hours
after conpletion of the |ear r'1i4ﬁg 15 phase ("Day 4")

24 hours after conpletion of the |earni hase
eyl curype wETe RS EHsRA Wine e BRoBgNoaligates gtimates.
zmeaéd aie’bﬁo?ﬁ dsag@ Qét{!ﬁﬂ@?rrﬁlﬂﬁplizs—r ini Fgure 1sh1mgeﬁm Egr&@/@ing effect

an W an .no reat nen C 1 n Flgure
3851 e FatesFrted Ml There s PoFfRalp Q‘H%T'p ypungse Biice, The effect
lof M@ oriMihseid-abhtAchise BRE elibstatlaMptedfcé tie dviefit paIén gl tringing

day 20 inter i on. and per-subject variabilit i.e..

SR RdTrrdn s ihe Qb iaebask 1 SiatetatiredpTTancedhsbvaipity 6-monts

tows&mdemﬁ@emmi alnge@hc? BeEbaEHRE sEitietial ﬁighificzgﬁ:gqgﬁ dxemr)]. A similar

2AeVgs i heae foSiBp iaeuey B The ferita L fignry are essertaly

Itid&mt;él?@tm%_e Iorii:;tswhgﬁh (Fduré he). Aédnbatbtte stebm&op?rig&res 16 and 17, the
eir tine jin e jarge adr a S no

Shgis epEmach jratiebr AR RS far e L iog ey ey g both

Iplattidng@aasd Kibnck &b Valldwd.05asd 0.988 sspettiviedl)| ure to

recall, as there was evidence of recall at 24 hours

in Exanple 1. Rather, this may reflect extinction of

t3®e Measpleédtg behaviour in the target quadrant due to

presentation at 1.5 hours of no platformin the target

guadrant. Younger animals nmay learn nore efficiently

tAsdh Exbaple 1, anintald aagaestad plttdrfadn b hours\bfédr cathplaion of the learning
uadr a t hej

i 'y, .th it , d di f . .
Bhase B3y ¥iolag maLeaal RyTeter e Rt Pa st
MIC at 1.5 hours in the 2-3 m)nthorri ce (i.e. they do
BRI b PR G B U o b IR own o
iage4 alll 6 veithpeal witHoot peatcheaewitMMITCpaFiguest 8.4s indbatriple 1, the

gt e B L SR R B AR en o
interaotiat anteerasublect Varibblityginel sdéhe rhioeinsay ifherabtiyepdrformtbletter in
reca urs.. IS not possible

. [l .5 h
s e RhyfaER ifeEpattive B teaeBfothBRindlnet nor MG fail o
to (rjest gre reca:c:c i at .:_]4 hg;Jirs, or vvihet ?er MIC t
e r.e .

st B Rs R BUIS, . RSy Seh b\l 2 ol TR Tmanyns were
@blectotrécatiltbe Eiatfer.m I@erﬁw&ﬁht&ho}w& Atther2p-hobistinge peint, their time in
E 1 W._C .et.e 1 ) o
O g OUE RIS Eahrb gl e S bl
tappeameintikely thbt fWisGs dbe tafailing$o secafl, dsdberiel wast ¢évidense ©f recall at 24

ARk R et dr SthiR RN relBet kBB 2P the’Seak dhirg GEHRLSur in the

target quadrant due to presentation at 1.5 hours of no platform in the target quadrant.

Younger animals may learn more efficiently that there is no longer a platform in what
was previously the target quadrant, and modify their search strategy accordingly. There
is no effect of MTC at 1.5 hours in the 2-3 month mice (i.e. they do spend significantly
more than 25% time in the target quadrant, like the saline group). In the 6-month old
mice, MTC appears to produce an impairment of recall at this time point.
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10 1, "localisation" is a conposite paraneter
reflecting spatial accuracy of search, calcul ated

WO e@aisyseber of visits to the previous pl atf oP@T/GB2008/002066

| ocation; nunmber of visits to the surrounding area
defined as an area twice the dianeter of the platform
time in this surrounding area, and tine in target
guadrant. As can be seen from™Figure 20, |ocalisation

et Sl et SDhEshom koMot PeopEERtS thilh Ts%aha 24

$ogrsl Trezaanéntdiithf T € nestores addanaugls mburse cttls notadosyibkE determine

BT PamRrC Ao e AT 1R A hofte g 3P B, raneter T

tpPodueE @ Aloré Bffi c&ngmhcmanh tief 1 :Bﬁbnthfmub’&'@ompaﬁbﬂa to the sallne-

ncl ons,fro stu has. de nstr
TR 2 B b PP o f o, e v SR BARRAREPH n Fgure 19
show compleite restiution bEsvdanminis tikadtiodalty iara 13 modtht gid frause after
|?ot&] tBL h and latency. In the water nmaze

EPEPEIR -

ry task, 13-nonth old m ce were unable
to acquire the task. 25 Furtherm)re t hey shovved no

vi dence qof recall of e task ho [s
B ASRDER o oG ATRE PSP R weh BT TRl 29 didn Examele
by d&lisativhhis a)éorﬂgmte I}dmmmmﬂeduagvspaiag accfurmnif search
Egllgfﬁdr{bong?rf @r RBWS'PS t83'fﬁ’ pr e\\;|8u?) gﬁﬁ%\? é)f:atlon numger of visits to the
tsbrrgmmﬁ@(ama defitdd aggam greaThlce thesdibmkten of e lptatrmetise ingthis

3B e AR V€ el HERorR) AGTRES el G Pigthe 26
ficafisztibh dnsignificartly impravedrey MTCsatl B@morh)leohlumee at the 1.5 hour probe

et n- subj ec vari abi i over I

IFieeEigea bR et HebRican' dterfieet el gy et AT CRfboars o
drhpaieldcalization dtehs @oorfs in Bpnantle olmice.n cogni ti ve

function in 2-3 nonth and 6-nonth ol d ani nal s.
Specifically, there was no inprovenent 35 in the Cox

[y spdartanaiyals didetemay fpiteddowe\wal st significaint eifedioeMdCh or

| at ency. Anal ysis of the WD 2008/ 155533

PCT/ GB2008/ 002066 -49 thi gnotaxis data was

i4n Condlusigns/feom ' 2y MIC failed to produce any

evidence of inprovenent either at 1.5 or 24 hours in

the nenory phase of the experinent. These findings
tﬂmerst@dgﬁfmsrcamwsa*atedtdm refateekepatidldedrning impaifmery in MRI mice.

éou[g t;{'ger%érgéérg? c{?&ﬁ t%t%rlbgﬁ@/attﬁgn% *ragé gﬁné%ﬁﬂqe water

Bndzeneferenceinmenndny tadks 4 Borontf old mecewerst Unaglel topsavireete. task

| | oA ,
R hor il PRALAEHb ERABICL PRCPEBOES1 (AL Bl Bompion
iofi the-fowrtit tiayaofilearning. Therefope toy dBrmorthgofiage, MR erie;show
gsgg?emg%mzctoggﬂ?g‘ ﬁéf{cﬁg f“erg |sT%£G)§an§ew¥@‘ﬁ:@ mr%%grﬁ? the non-

cognitive parameter, thlgmotaX|s with aging. This is taken to be a measure of anxiety.

However, it was not possible to establish a model fit to this data set using the Cox
proportional hazard parameterisation because between-subject variability overwhelmed

the treatment effects in the analysis.

As in the Example 1 data, MTC showed no evidence of improvement in cognitive
function in 2-3 month and 6-month old animals. Specifically, there was no improvement

in the Cox proportional hazard parameterisation of pathlength or latency. Analysis of the
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10 suggestion in the data that MIC inpaired | earning
as neasured by the |ocalisation paraneter on days 4

W@ ees3s555Iherefore, MIC is able to inpair both PEHGBRMVY002066

and nenory in adult mce. The nost striking effect of
MIC was to produce an inprovenent in performance
during 15 the nenory phase of the experinment. This
coul d be seen particularly i m4%e anal ysis of time in

(Pl 9 53 ncahpishenomiany 076l 16 B AL yehoe o

Pm\o'trdw,gmqe&weqladts 1.80p 24 hgudh &fetmdr:neﬁj_rpil‘ﬂ‘sdﬂ fat theexpériment. These
St e on . ours after co t [ .
AFRISES (2Rt Sae WoR & EXARS T Biing s Sonfh herip i made by
i cnwiaﬁﬁay &galL&hb_ﬁbj and ﬁmm% BE (3095 thatMlCds ableno mhpravesmemory
nths. |ikew se, the .conposi te, paranet er
Inng%H°Pé'éhec?%sgmd’r%'%'émq' PRJMER IOI ete restoration
of performance to that seen in saline-treated animls
t . 2- ths. of age at the 1.5-h be tr.ial.
AT it oY hetgarics o MpmawBd By me b Broet avadrant
iﬁﬁdﬂﬁéfi;ﬂfolndl\ﬂ@_.s ram?s e hthsargmalki This pfetteﬁn isg?yte@ifr]dnent from that
- non m.ce for t ra er at th .
bR £y mOuRS e T SR G Fretal ol on Bikmork Pile is atso a
rsuggBstionnin tHeakta that MAICSImpalted Ratridieas @easured dg the 1bertisation

MCI and age-rel at ognj tivy ecline.in h s. The
el B Sancs b b BikiPlere. MighRaelSotRaf PR sl g memory
noddllt mivd. cat es that MIC nay be useful therapeutically

in the treatnent of age-related cognitive decline and

MCI syndromes. 30 Exanple 3: Ceneral conclusions As
strevwostrstrikirgfieet df, MM Wasdo preziste ae imerofementric performance during
SBERAAEY BRI 5E Lt a5l od eehBbubibfig p e anas o
Athae tni target fyadraid RAOTBMb6HS 3iRCTE 8B @8 BiDOROECentirdPincompetent
MT rodyced a co ete revers f e N
LAREREH 8 e B g UG ardRl b ARBC e Brngtign ren tested
zanmhe1 Brhodescafier bympletigrobideaming. AterdreaimentrwitBiddhp) tamin target
MIC was able.to pr c ' ' n .
MR B ot PRAGVBIEL o o228 R i, e
amenposita paanbtdrdadadisativershawed 8ssemtialtyneniplete hesteration of

aniyal s can n | .

g o sk Flrse RefRHEnmAl, ol sPHihs ot age;at e 1.6-hour
irobdl Hiat. Simitsslypdwingdye atquistidruphEseothe ipositive sffeatp ofdV 5C

! anpdplrga%%gg ngﬂ%EarME%nn@@ 4 in 13-month old mice for the parameters of pathlength

and latency.

The age-related defects seen at 13 months in these animals can be taken as a model
for MCI and age-related cognitive decline in humans. The ability of MTC to restore
cognitive function in this model indicates that MTC may be useful therapeutically in the
treatment of age-related cognitive decline and MCI syndromes.

Example 3: General conclusions

As shown in Example 1, MTC can restore performance in a scopolamine-induced deficit

model in both the learning phase and memory phase of the experiment. Additionally,
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10 be useful therapeutically in the treatnent of
age-rel ated cognitive decline and MCl  syndrones.

wolomensss3d n both Exanple 1 and Exanpl e 2, MIC BGIDGBR00R002066

evi dence of inprovenment in cognitive function in
uninmpaired animals. 15 It is clained in two of the
studi es enunerated (Callaway et al., 2004; R ha et
al ., 2005) that nmenory conscdlddati on can be i nproved

[ therwi se uni npaired imals. That .is,. .the c]aim

TS RfREREE cBPRIERS fevEsal s ovsee SHHARIEGt DAPIEtc e from
ttive thyreothsis 6tie plodiced sy stapblammepect ed menory by

treatment with MIC. 20 The present findings therefore

fail to confirmthe clains nmade by Call away et al.

(AXMevn imEslaiiplec?, MTGvas GBIB@S prddned aMbiproseraditén performance

HBOE e TPRG, RHEP PHEREPRARET: Jhe PEEdalaisd defests fRamat 12
whérithdihGheéde drfvald @R HepakEpasemodéldoreM@l dndad&kelaed cenitive

:@/. . ‘?-.i d not produce enhancenment of |earning and
ﬁ@%"i HMPBS -0t herwi se uninpaired animals in a well

val i dat ed behavi oural paradi gm of spatial reference

nory. the Morri.s ter maze. Furthernore, i
el e rfes® soenile pctonrt ese ElorEBIRIarig el MTC may
ensafut therdpzaticatin thal tidatVlit of age-regtad todrtitivendetting aind MCI
ot herwi se uni npai red animals. Therefore, it cannot be
?@5”%85‘8& ed that the studies enunerated provide a
basis for the treatnment of nenory disorders on the

SO0 LSS o 5,000 A 3B g morvemen

finneddritivedamdtioniin usimpaited adisalsear | i er studi es. For

exanpl e, they generally do 35 not suggest, and indeed
specifically argue agai nst the proposal, that MIC

¢s kchinied inged of\(beXd0déd Smbiatafed [CaBRAYSt @0 2P\B; Ritalet al., 2005)

to .enhance | earni.n s the authors argue that th .
e ROty ConmetedidPaptin imbFoffHy S Bofhe Himlpafhe pilfapl Thatis
tloaslaim dahadenthahocthemmtisd wampairegl artifoals\can beirbadsctol hevé better than
expected that the consol i dati on
é‘P?'S%‘tyse)ﬁ‘Fﬁg dé‘?%“&%?’g E@Sﬁﬁeﬁt %%ﬂ%se of |earning, as

the drug is adm nistered repeatedly over a prol onged

ti -CO N i A S i .
RS FRhdh LB RBLGTERN B BHES KBS rpyet g 000
@ndRiima ef alt (2a05)thatr M§Qiis able toimppeeduemosfppativadn themiisgnce of
Z}f{é-ggl%t%ﬁg i%ea%wfehf aﬁla\f is, %%a?e%qpera?rﬂér#t%itw I\ﬁTe %'i tH%ad’oeseQBroposed
(namely 1 mg/kg and 4 mg/kg) did not produce enhancement of learning and memory in
otherwise unimpaired animals in a well validated behavioural paradigm of spatial

reference memory, namely the Morris water maze.

Furthermore, it is shown in Example 2 that in certain circumstances, repeated treatment
with MTC can impair learning in otherwise unimpaired animals. Therefore, it cannot be
accepted that the studies enumerated provide a basis for the treatment of memory
disorders on the grounds that MTC has intrinsic and universally applicable memory-

improving properties.

There are further ambiguities in these earlier studies. For example, they generally do
not suggest, and indeed specifically argue against the proposal, that MTC could be used
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if given before training, but only after training.
However it is difficult to reconcile how a 10 drug

w@owBdsIsave utility for treatnent of di sorder sP@F/GB2008/002066

menory if such administration were to be restricted
only to tinmes after those for which enhanced nenory is
desired. This set of circunstances could only be

envi saged i n the-context of §6361fic traini ng regines

S B S AP eSS S i ooty

&éﬁtﬂ@tbaltcb manfommrtsbmamea@ha At |embigeelo\bgfvetrhewsmu te@xpected that
urrerate(g that MIC l}l(gqcould be u eld to enh
|1Re PYRROS D MEMASH RO t'@"geéfﬁ%tﬁmaswmm £ SPurog oL lpamning, as

tthe HAM is biminigerell relaeslly dVeda grélesgedainid-t®Irss inltbé espatitnents
gqot credi bly teach whether MIC, or any of the

ﬁﬁ'tﬁgphenot hi azi ne conmpounds di scl osed herein, are
agents which coul d enhance 20 Iearnlng and nmenory by

ani sms_ ot her than specific ur.otr
TR e B P RURIPS 07 10 LRALIIC R rallon required to
Pro@ieGugpdsHd mErhatyaifiests) Sdéuificafly) Mmap;fwemtytdnd actdtave an effect
utrli

b ainth BB o oSl P Slorcierow

tdrag Bowg hhws gty fantleatinegt sfefiscadiers of tnamary&pamhfadrmmstratlon were

t 1.th
78 estige E8n 1 oS pyerhrestipl BN el iR ey ey, Th set
I01 chcumstahcesttioall dnty henemlissged it tbnemohte&mmdemﬁd trainiag gggimes,
ﬁbol i sm Therojf ar

PP B T PRSI Tipasre thiany. There
rv@cmldl bé aatkekpartatfon fabef thetteadhingnertabidddiydhe sfudies engmerated that MTC
olism Futherrme otential utility of C
U e GrbenRignge aGTY dirByetirehy Miudl snce to e
amﬁ@ofedasfes.dl sorders of mtochondrial 30 energy
nmet aboli sm Rather, MIC nmay be able to denonstrate

positive effects on learning an nenory when there are
demms nisé seadarier diidiesi dosngp credibhyetacmwhethed§ C, ohartysaldiveer

e rpo e indits BRERURER. 85 sdalsdic sopd ennance
REAThIBE 200 3ME0Q9 ®F mechaniBramther tHan spenific netrotransrhiiersgygtems, and

TPst sty lpben e R FitoP R heBublsRe B ey Srhat teach

adtetm MTC cbad bbed moes generalyuititgnothér thar figives at SpeC|ﬁc times with

B0 Dot e P AP ot 11 o

mat eri al s and net hods (drugs, and behavi our al

@Wé‘&n%tagts |t‘ri'§18'10"\nﬁ1sr1 'Er)](gmB[ of &%P}VI)TCV@ﬁbIe to rectify defects of learning and
memory in a model which is unrelated to mitochondrial energy metabolism. Therefore, it
cannot be accepted that the effects of MTC have anything to do with the rectification of
defects in mitochondrial energy metabolism. Furthermore, the potential utility of MTC is
not circumscribed or restricted by the presence or absence of disorders of mitochondrial
energy metabolism. Rather, MTC may be able to demonstrate positive effects on
learning an memory when there are demonstrable deficits produced in any way
whatsoever and irrespective of any presumption as to the underlying mechanism of the

defect.
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10 generally as described in the Exanpl es above. The
experinmental design was as follows: The present study

woer®spssstdrned in 8 replications. In these, nmuPCT/BGB2008/002066

treatment groups were present and ani mal nunbers of
each group were small. For the sake of clarity, we 15
here split the analysis into three arns: Exp. |
confirmed the ability and doséﬁresponse relati onship
of dif 0 reverse

wiClihitll : PR AR: 5~ § s; 20 Exp. 2
establ i shed whet her and at what doses MIC effectively
reversed cognitive deficits induced by scopol am ne;
Atctsgabeye; BietiEatmens oM VBOAR T4 60meRtIE belerishioget not
$hrBugh b atliorForfihe@folerdié ¥@tdrhgm ne and MIC in
reversing scopolamne etffects. 25 The data from Exp. 1
and 2. is based in part on that described in Exanple 1
FDRMRer BtPerimeht WaS pS¥ErmRE 3 BerdBktiate MRAltNIS A DAPTZ&BAPouUNds
of conﬁﬁrlson with the nodel used in Exp. 3. Aninals
g Wil theraPY-ocat ed to one of the treatnent groups
as sunmarised in Table 4-1. Subjects received the
first i.p. injection, 35 ninutes_grior to test; this
i TREARPERIS 800 Bsiqds (dgBrang;hefiRyiowa| aRparaiis aedissingRralocol) was
Fafeitfy aé abipved ibtheIERHInBRslaBbes. by a second and/or
in sonme groups third i.p. injections of vehicle,
rivastigmne and/or MIC. MIC was injected 5 m nutes

aftk_a;xpaﬁmd tagr&e@mfmds 39f6[}dW§_:eS prior LO test. ThebI
timn an ose r sco am ne were chosen to en
Jins iekesk SHE 4S GERCrTAA 1B roficatons, Ja fiashi Bulipl reatment groups
WREE PEeRBAt Ad Himbhunitend Bfdich IgPALR Were snidllS &dr theGsaké bbclarity, we
RgarQ% ki netics. VP 2008/ 155533 PCT/ GB2008/ 002066
e 8@ (Y518 IRQdNTEeAES of 20-40 minutes fol | ow ng
i.p. admnistration (Kimet al., 2006; Janas et al.,

05). Initial experinents in our borat ori.es
E3pob Pt Jae OB and cPasissBorseyplalipesrgo St erent oses of
aivhstigningto @dersBissdpgatdmina-ifdudedibbgritivediefieitsa) . MIC was
injected after scopolamne with the intention of
acting as a reversing agent on a pre-existent 5
Epdp establisied Wieithen and atwhiatstosed MIIC. effiictiesly chvagsed cognitive
adm.pi.stration, animls re kept in their honme cage
Lﬁf‘?g%'{]s 'B Lf?ﬁ\‘?ibcylﬁcgi)a?'@@?i W\Sf A | ow dose of scopol ami ne
(0.5 ng/ kg) devoid of sensory side effects (Robinson

Fop eiestef R Hapiol SR 3MiptalPs i brikile BecfaE Biastigmine ana
M in Mdeekdingtscapolamir@®tfectol of f et al ., 2007) was

358 By T b ARl B gy e 1 abor, b

dosetout agailifd re-analysed for ease of comparison with the model used in Exp. 3.

Animals were randomly allocated to one of the treatment groups as summarised in
Table 4-1. Subjects received the first i.p. injection 35 minutes prior to test; this injection
consisted of either saline or scopolamine and was followed 5 minutes later by a second

and/or in some groups third i.p. injections of vehicle, rivastigmine and/or MTC.

MTC was injected 5 minutes after scopolamine and 30 minutes prior to test. The timing
and dose for scopolamine were chosen to enable pharmacological occupation of

muscarinic ACh receptors prior to treatment reversal, based upon its pharmacokinetics.
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were based on literature (Callaway et al., 2004,

supra) and efficacy for reversal of tau aggregation

, 1996). Side-effect PeOGBRI0AH02066
was conducted only with highest effective and safe

doses of MIC (4ng/kg) and rivastigmne (0.125ng/kg) in

15 saline treated mce in order to reduce the nunber

of aninals used. Initial studi®ds with rivastigrri ne at
doses of 0.5 a n the abse

i
Seopopaineiona bl io-saniies BLONGS ABmEretiondiipial. 2006
AN Steal. efzo t mitiaNeXPefifenf¥0h S0r |§@&amua§éstasusméel@bmram levels

SorYC o0 B ER1aeT GaaomuGRPD R blshed cgiR). HTC was infected

%ﬂ@ﬂé@bblaﬁ{hé ﬁmﬁ men@ten@dreof%aﬁg@@ﬁi réVeray N bA RPre-existent
statjistics Pad Prism version 4.01)

FaBaen of holRrab AP ioa AL SR PYUNSUgion, BpiTii Bere keptintheir

HoMe\Ahe Wntilbehagielirttstidp bet ween- subj ect and
day/trial as wthin-subject factor 25 foll owed by

pl anned conpari sons between sel ected groups. Probe

A low! dod@lofts t¥pofamiad &5 fffkd) e i€ o Eins iyEide étfedtst (Rebinson et al.,

ropriate post-hoc tes onf rronl
ZBBARI kBiven POt RenfizhmRInoe ok paep igdet § Stepiger and

RSBt 2601 Meodeostat e 19d1; Roloﬁlaal fzooanwagraséu eﬁﬂ QOést@mlne was
[ ntera tion, Analyses

BN D13 MRl G R S ESERRE R Bt 2o GBI APy do8es for MTC
lwee basef orblite 7@ (OBl)awalpeh ¥l 1 200aBsUped) afn6|dff&1bb¢fo'3 Peversal of tau

di fferences ar .mentl one he text for

RS aaion 534 HER e oaP 30 Bk cres profipg fapEongisdd only wih
hlgg&wﬁﬁctlmmﬁséfe‘deééﬁﬁ mmmﬁlkd)%ﬂl’ﬂvaglgﬂﬂﬁe (0.126mg/kg) in

i nduce ne

m Acqu

spleeay Sr 1 FocuBe ek of g Riagd” el studies with
Ql;ést@nﬁnén@t/ ddget of egtaahljo 2 mplkg, iafthd siseyice bﬂsdo@\mfrﬁﬁentgeatment
t he am elnuce ogni t.j ve .i npai nt. | .

i BRGATnGA O LLSSHERe APy dflHah T P oordipatgn problems,
aaiatxw bei&f épisvdes opesrivalsiors).de- ef fect profiling of the
drug. 10 Analysis of the swimpath | ength (data not
shown) revealed a main effect of treatnent
(DAt ® anysisvdd8s fglkvdd001), an overal | day effect
(F(3,207)=25.6; p<0.001), but no interaction (F<1).
Performance achieved in trial one was al so anal ysed
Bethaviouraveatalof acq&ﬁélm learingrwege tanalgsatnyt conxentiomahstatistics (Graph

b RO ol AL B3R AR 5 RO P prance
IENIWiA‘) with ér@atryers s hetvweent dubject awl ddydtialsasopitilireaubject factor
fol% H%ntplan%g cro%%alngéinrsrbelgvge sre?e%%boéjrgups. Probe trial data were
analysed by one-way ANOVA and the appropriate post-hoc tests (Bonferroni's muitiple
comparison test or Newman Keuls) were carried out to determine the source of a
significant main effect or interaction. Analyses were performed two-tailed and the null
hypothesis was accepted at probability levels of 5% (p<0.05). Only terms for reliable
differences are mentioned in the text for simplicity.
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the training period, and that rivastigmne is able to
reverse this deficit. Further planned conparisons of

WO pBtssedal groups supported this inpression oPCEGB2008/002066

dose-related reversal. R vastigmne at doses of 0.5
and 0.125 ng/kg fully reversed the learning deficit
(F's>2.5; 20 p<0.05 conpared gh th scopol am ne, no
difference with saline); by cofitrast 0.1 ng/ kg
rivastigm ne was ineffective (no different from
s%cﬁb' am ne, F(3,63)=9.6; p=0.003 relative to
saline). Strangely, reversal of the 0.25 ng/kg group
i . iFrtlaLvaS'the tin e.deLer-d %5|from

(F(3 63) =4.9; p=0. 039) CI ose |nspect| on of the
\ﬁg’gl wduz%r}?erforrmnces however; revealed that this
uisiign "Yue to one animal in the group, which
showed no | earni ng at all. Qm ssion of this individual
i.rmed full Vers this riyv e dose
P e 7 TIGRIERER By oHReedPRed oy ZP PolgLq papoish s effcacy

||t$&fv§rsﬂ@ tha st:diboﬁ?arﬁ|&6kndu8e41bbg}fltl\lfe€lﬁlpbimem€rrﬁaddttkwethweldse of
earn

th [
SSTaonag Was Sarmndiare i Painas Peron Sdeitestariing alife cruo.
shawer of tHEdvimqsih Iengm(duﬁrmtslsowm raVdaleg ®rain éffect of treatment

(B3 B Y5 i ARG o VB B2 B ot v

antekgati¢rt (FX1).;Pepfofm&nce. achizved antialnaneseas alentindlyszd amdameverall

in.an _out | ter qroup. .
etr SRy Reantolhg [ B MoiBlerPest fog anpisis showed that
8/01655&3tn%ﬁ[/g@2ﬁ@ﬁf@@&6&6 conb@lsri vasti gm ne
presented with a substantial overall inprovenent
despite a |l ack of reversal for the overall daily

prhid cearyrsupporidiihe viensthabscuppladhiee treatimest |ptparredi Emrninghroughout

36 8,5 A D Ry LR oo

p:ofhp@ﬂébhb of Redividual groups sopparted this owprdesiers ofod dose- related reversal.

ik 2 ) Bt TPl ke g e

fg<0m50mm;:raoédsw1tt( $copalanese; fo differehaecsittOsaling); bpgontrast 0.1 mg/kg

SRl e P RART RSy PS80

welstiyer torsatind)y due to the scopol am ne al one group,

which differed fromcontrols (F(3,69)=9.2; p=0.006).

Al t hough all other groups started with high proportion
cStrangéIb/ revergalin then0.@a yngikgegroup ivas pntygpastiz ias ¢he tirge course differed

G735 LRt LS55 ORGP B -0 o o
tuhEpelctlmt ofttheindividyat pérfdrmasces;, hewsyssmevéaied thet thirewas probably due
es t a ‘?Q\rtﬁgb Jug:h{lvﬂlcﬁ%ho@g@ﬂ@ ean’\Ah& Qfaéll @im@én&?owﬁé individual

conﬁrmed fuII reversal of this rivastigmine dose.

Finally, rivastigmine alone did not alter spatial learning in this task. Similar results were
observed for the overall learning between day 1 and 4. This is expressed as an overall
reduction in path length and showed significant improvements in all groups (t
values>2.3; p values<0.05) apart from the scopolamine (t=1.2) and the 0.25mg/kg
rivastigmine + scopolamine group (t=2.1; p=0.07). The same mouse identified above
was again an outlier in the latter group. Interestingly, animals treated with 0.1 mg/kg
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scopolam ne + rivastigmne 0.125 ng/ kg treated mce (p
values <0.5 relative to 25% chance); all other groups

wo 200888558 show t his preference. Conpari son toPCDOGBR@®BS02066

confirmed the nenory deficit in the scopol am ne groups
as well as scopolamine + rivastigmne 0.5 ng/kg and
0.25 ng/ kg (p val ues<0.05; Student's t-test). 20 Exp.
2: MIC reverses scopol am ne i TRRced cognitive deficits

in a dose-rel ated nanner ui si.tion | earn
(BBiTE B8 PrseRied iR SubsiAyS buaTal BroYE N UAsBLG A Ak of reversal
${z13 iheb%@ll@aﬂﬁyaﬁirmdn@é] T!thEWa’JH rham@fdcu@% tHef pdbr Warning on day one in
t r eat nent 240 =6. 531; Olz% %qd ef fect

2 YRt

(tplegr%)%@ speﬁ 360%9& aI treatment
(F(e2 20848 894, p&0.qvB9). BR)ativd kd @dnt:@n PowW\BSseS P Avatightine (0.125 mglkg

anal sed and no bet ween-group differe
SR Siibt TR oGt neBRem B SRR SN cURied fropa gontrol
a(FI \Rfle8b NG dRlidsx0102). MBySEPRAIATTEARN Epeal B1é raif & ffect of drug

relative to control (F 9 <0. Q001
HERpPRor B TR 5B GO sF 08D P00 a8 pHpdl ciye ' the
NgBpelaimirfe alérﬁbjgrbufmbﬂﬁgw diff6redgloney@troflsUF(3,6%xe) lzspio 066). Although

vaI ues>13 s<0. 002 co wi.th sc o
atE o sthind Wb Bh PRERRIODRpAN BiSUINY An SaY Prestis Progressive
Qie'éuﬁ@f & WaOAsGRTEreMaroh éntiorver sal  (F(1, 60) =4. 8;
p=0. 04 conpared with scopol am ne, F(1,63)=4.6; p=0.04
conpared with saline); 0.25 and 0.15 ng/kg failed to
r Sptiabelrilof, scopol am ne deficits 35 (not significant
wi th scopol am ne, F values>8; p val ues<0.01 conpared
with saline). WD 2008/ 155533 PCT/ GB2008/ 002066 -56

NFHortterd/miamovg vas|récoraetimi Binsuarfedr thegasthmining trial as time spent in
tEI i ne,, but, di & not affect .nor
|

& Tpet LA o herBrhY A, ACRelR ot s s fos fonjpols and

Swoﬁblﬁﬂﬁr’(é oHedstigaie 0. CZBingikgedatdadimicel g valuds I418 relatvesto 25%

BB‘? r %1]:' ﬂtgepgr oV egqiéto %}?wnglsiggfﬁ%ﬂﬁ% SS@ﬁggsmolcgntrols

addnfnnﬁétﬁWetm@ﬁxbrvmﬁcugnhm&obblaamajgmgpsasnwell aST'SCl‘ﬂJdehlhe +

hﬁ%&g@g%%%g%@%%“@g e SRR 11 oo

bet ween groups (p>0 05). By contrast, thignmtaxis was
ghe b t ,

g—r‘QXted manner

factori aI anal yS| s confi rmad a main effect of
eatrrent 7,243)=3.9; p=0.001), a day effect

( p<0 0001), and a day by treatnent

i nt eractl on (F(21 243) =2. 096; p=0.0042). Only the

S/&soggslc%géé] % g(r At e \f’%%o\i/e'T%ﬁ%SQ of Fﬁle%WHM %a{hqength revealed an overall
effect of drug treatment (F(7,240)=6.531; p<0.0001), a day effect (F(3,240)=32;
p<0.0001) and an interaction (F(21,240)=1.7; p=0.03). Trial one was separately
analysed and no between-group difference was found (data not shown). Planned group
comparisons confirmed a learning deficit in scopolamine-treated mice relative to controls
(F(3,69)=24; p<0.0001). MTC reversed this learning deficit in a dose-related manner: 4
and 1 mg/kg MTC achieved full reversal (F values>13.6; p values<0.002 compared with
scopolamine alone group, not significant compared with saline), 0.5 mg/kg produced
partial reversal (F(1,60)=4.8; p=0.04 compared with scopolamine, F(1,63)=4.6; p=0.04
compared with saline); 0.25 and 0.15 mg/kg failed to reverse the scopolamine deficits
(not significant with scopolamine, F values>8; p values<0.01 compared with saline).
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saline (F(1,69)=9.2; p=0.006), all other groups were
not. 15 Spatial nenory Spatial short-term nenory was

WwW@s®edswes by nmeans of the probe trial 1.5 hr pPSL/GB2008/002066

training. As for acquisition |earning, controls and
the two high doses of MIC in 20 conjunction wth
scopol am ne supported nenory faormation and m ce spent
reliably nore than chance i 11 %Pre target quadrant (t

s>2. 3; val ues<0. 05). Scopal anm.ne al ogne  and. the
;@l&gg "M?"@ W6§@§°®§F@'ﬁ859d)é999éﬁﬁfi"\’)@. Sg]é&%.b“é.g' not affect normal
Geq@sifidrieainiy. | Overail ledtHneEdIQAdted Bs eERESorDdf swim path over days
riv Stlgfglﬁge and MIC 25 As established in Exp. 1 and

sonfirmgg Alde and MIC dose- dependently reversed the
cognitive inpairnment induced by scopol am ne. Since the
chani sm of tion for MIC in vivo differs from.
Thereawas i Areralnreleraent n s seoRaamiBe £BE the, seogp@mInest MTC 0.15
kad . 2s0H @/t R Q@rtﬁlpgﬁ\)hl ilg_@ﬂl o&?z@l 'trfbétl\/r?ialny g@hp@ﬁﬁﬂuc}i‘in% ﬁcopgl(?mine with
nergi sti eading to full reversa e .
Tt feses BBy shomed 1alabieating (Sl ahipe2.2; B VgugS<0.05).  Swim
gﬁcél_dle’cgdlgglgts §lggl5%dtgé&ﬂ%r$@§99ﬁt0|06$|t8’y cd(’lﬁag@ﬂﬁdrﬂ&Eﬁgalas higher in the
_ -57- Acquisition learpin
SERARTIBE AP T8 Sayersra T e SR aest ofdes

length (Fig. 21A and B). revealed an overall effect

trea nt. (F(3,132) =15.52; p<0.00 ,, Of
Jbe svaiah fickorial ghalis Sonsiyed adaih sfsrof edrgnt 677 2vsa s
foaotoon s a(dﬁ@%ﬁé_&zﬂ:@_z&)?w (b-<0.d2)l)01 )',cl':bﬁd & @_ﬁ’? by &taiat;m’ént interaction
t t ment ri g an significantly .
(3 e e brt B34 “BnlyTod penpolaciite. fioup iR dbrditsy retative to
saeo(FanB9e9 CFp¥@ D0 altothpr gralipewere. f. f or anal ysi s
with treatnent as factor) and al though acquisition
appeared slower than in controls, this was 10 not
ISplatigithendry val ues<4; p val ues>0.05 with treatnent as
factor). Simlarly, rivastigmne and MIC adm ni stered
in conjunction did not significantly inprove controls
Spgtis Shomternt thamonowhs astesssd I9f medlres dfitbe drobvgsriadi1ch mrgiost

TR e B R Ph FRhoe st P ok 2SN Bl go s ST
Chnjundtioy withescopalpmirensupported memogy formatiomcandotice spent reliably more

i,.nproved. . while all qth treatyhents did.learg the .
SR aREs nde ool g TR Gl o) Bodifapine aone
apd ¢k IoWegMTE1ddses wese natteffattivect ed by any drug

adm ni stration, conbination therapy fully reversed the
scopol am ne-dependent increase in thignotaxis (Fig.

EkpE}. Qd-administatidn ofsubadffeetiveddddes bf fivastigmieadnd MTC

anal ysis with

As established in Exp. 1 and 2, rivastigmine and MTC dose-dependently reversed the
cognitive impairment induced by scopolamine. Since the mechanism of action for MTC
in vivo differs from rivastigmine, we reasoned that sub-effective doses of both
compounds may act additively of even synergistically leading to full reversal of the

deficits. Doses for rivastigmine and MTC were 0.1 mg/kg and 0.15 mg/kg respectively.
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treatnment as factor; F(1,69)=9.2; p=0.006 for
scopol am ne versus saline, all other groups not

waledoBassss from saline). 20 Spatial menory R vBGSI/GHR008/602066

and MIC al so reversed the nmenory deficit induced by
scopolam ne (t=2.5; p=0.02 conpared wi th scopol am ne;
not significant to saline), but conbined 25

adrri nistration did not alter "mérnal spatial nenory per

1 F groups apart from
H’Sit’gﬁjef‘?é”’%geat ed nice presented with a spatial bias
(t val ues>2.7; p values<0.02) confirmng that

reversal o e learning deficit was S ansfo
|C}ﬂ”b°a”§ﬂ'bP{thF2?%%Pér%? h%@%@&&ég?@ﬂe'ﬁh&%rﬁﬁﬁa% revealed
%ﬁ@@&aarefféet dfa@abﬁ@nd (wed@by-uss@l p<0.0B0i yref ?arm@m $3z)ezzd

mc nuscarinic_ decl | ristic.o ei ng an
PsAO0P! 2 %@Fﬁ?ﬁﬁ'%ﬁ&ﬂﬁéﬁgﬁl%’s %'%(gﬂi@) “2%P5808) 155533
PCT/ GB2008/ 002066 -58 As described in the Exanples

ove, [ OV] de dose- depe reyersal of .
32‘5&0{“"\/?“881‘@6 fmen 8 ”"6‘599'8'86 %Biggﬁg@ §'V improygdthe spatial
aéaﬁrﬁm glkRet ihdgcedhsscapsra :ﬂln&t(srveniesm pa/amst«eb@w’canms.s with

ose |n C uncti o b-ef f ect dose
ettutn ok Trac abe éE*equwb ScfShon Sonreyed, HowEaRgn M sprigols, ths was
GofRiigEe I(EJIOaKJB@f@I@WaIu'EBNSEOME&eMﬁ@m aé Qﬂmrj ISDrhllarIy nvas’ugmme

%BB mégg@?nlﬁ%@ Irg?gryﬁg g{(}mo Slgplég%itlggrg'mogg contFPIs suggestlng
Tﬁﬂﬂc@mﬁin]atlorh/ﬂiﬁhémdo diugasiid titienRartbel formandnimblsy Wieanesatilated as

aEpe [rSutBn ot P gsi Fa <Rk Al Ao pisn: o9kl scopolamine

mrgroxhpshwmbtl imptoved Ywisiersiiothier erebindrito didageen te spatial task (t

ipiies S5 0p<Cedef WIS Stineeet 1 EBcr 1 o el By Spbros

&ﬂrmrﬂﬁhatiohi obrﬁlﬁlnét&iﬂipﬁél’éby fuly edversedithd scopaldntine-déperglent increase

was . readi.l y_.obyj r t
S it deer S0 d6 viles™ honlis ePud LRE prsrgh apasis wi
It?‘a&h@t €13 fédlbrgﬁ’(‘ft BRES. 21|5=mmﬁobh<&>pdlmm®valsus saliney atieother
of sens erin nd enhanced anxi ety (Snythe et
&roups np ggéff nﬁ/ﬁ'?@o g?% swi nmi ng away fromthgyedge of
the pool requires procedural mermory and indeed
aﬁwri.a’l al cholinergic activation (Bl okland, 1998). This
633 T8 be conprom sed in scopol am ne-treated mce
and particularly relevant during early stages

Rivastigmine and MTC also reversed the memory deficit induced by scopolamine (t=2.5;
p=0.02 compared with scopolamine; not significant to saline), but combined
administration did not alter normal spatial memory per se (Fig.21F). All groups apart
from scopolamine-treated mice presented with a spatial bias (t values>2.7; p
values<0.02) confirming that reversal of the learning deficit was also transformed into

short-term memory.
Discussion of Example 4

Scopolamine has been widely used in animal models to mimic muscarinic decline

characteristic of ageing and dementia (Drachman and Leavitt, 1974).
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of spatial training. We therefore suggest that both
rivastigm ne and MIC nmay act on 20 reversal of

W@ bmstis3583 m procedural nenory initially to respPOr/eBRIv8/002066

animal's capacity to learn the |ocation of the
conceal ed platform Non-specific nmotor effects induced
by scopol am ne were not observed, since there were no
di fferences in swi m speed, an®®we have previ ously
excluded visual inpairnments for |ow dgses
f@&ﬁéﬁ&?ﬂﬁ@ﬁe@tﬂ"ﬂr@%a@ve MITC providep)a dose-derprdentgrygieal of

bghifll dlFicRSofl RREEOPOILRINE TR SIERBShidgleffectivB AHeRthdministered in
spatial short-term nenory deficits (Bejar et al.

2FYY;efipplive dosa iy Fonikmntion with @aubreéfeata@éioae P& ARsigmingsuggesting

KR Wik Bb SRR I8 cORBINANSK Sy m|§hﬁké§i MEQU4 8bdhitidh enhancing
fully restore spatial |earnin his is the first

dBiRATSt 2 eRtPaiel BPaRnh forMG) %ifalleﬁ SNmmarVnOE@e resiligAre presented

i eahiernt may be 30 efficient at | ower concentrations.
Qur data offer the interpretation that ChEls enhance
attention (Lindner et al., 2006), reduce anxiety (van

derc Zﬁ@n%ﬂgrhmetcﬁ#ereﬂt%?@ reveRsUsRAitivé BERBNBYiKicEd by stdPhotamine in

paper and affect to sone extent procedural |earning
&te WelghMmare skt unction, i.e. short-term memory. WO
2008/ 155533 PCT/ GB2008/ 002066 -59 Our pr evi ous mork
sug ests that nuscarinic activity is critical for

Rata Wesringepd PROM-EFR e MAN o RRTROHIRf IV Seapiting to @B@Wez?ﬁd

tchéﬂnefrd’@b(arﬁis%ﬂs@@'\ Buddcétal. e today HaR 204!, Foob] Bﬁlard and McAllister,
consum ng nodi fi C‘?tl ons of eri nt al

853radid 1o it Binaererin Bore, BloTR otk WS ey vious i

toﬁﬁt%%kﬂ?ﬂhat éaop@lanﬁriéaffreétwaﬁdd gisvee peRvbienl HgroeLéls vethigmotaxis
rovenment was coi n?| dent with reduced thi

Pﬁ iRle dye tq ﬁ%t'“‘?ﬁ*&"eéw sensgdtaHng andephanagd 8 etﬂémythe etal,
9P98)i morefown Iswrmmr@ratwdw fEHhﬁ tHe ddgBleethe(pdot RalteSprodédural memory

§8? 9 rhSlingrdie, Setiation (ETKRrde Foagy othif Appdan [ohe

(cblh@h&nﬂﬁé&'fﬁ lé@o;@dlaralnertré%@&ﬁhlce abiehhieulanp rerVdns audirearfy stages
rni ng | eads t rsal

r al o r of .co

8@?9 ‘A teainigg WS RVatd %"’%‘H@&s‘r@ﬂﬁ?q‘i%” EQ?S‘I"I?r%HJ s may act on
G@)b Redab begHortweinh pwoeuumum_emnol intially fooustoe the Ialalntahe capacity to

servation that over-sti at i [
72 I grthn oh PssQBEeaiE pHPE; Noniophii pldlierPe idiced by
FEERYI3Mihe weed h@trotisewbat $ingw tele widre alo difmﬂei\@sarm swinuspeesl, and we
%@&4 prﬁélgpslglexg\.ldedg \gm 'l\{lnlg%%%én %//g)ﬁ Io%;gﬁastgﬁ oglscop%g? (Robinson et
pNsx0a).y because of hyper-stinulation of M2 nuscarinic
autoreceptors (Braida et al., 15 1996). This expl ains
the narrow therapeutic wi ndow and possibly the
Fivaistigrhinetat v dedebeeadily oévetldd sdopelamirenindiiceddspaiBaltshart-term

memory deficits (Bejar et al., 1999; this study). This effect is dose-dependent and
required doses >0.125 mg/kg administered acutely to fully restore spétial learning and
this is the first demonstration of such an effect in NMRI mice; chronic treatment may be
efficient at lower concentrations. Our data offer the interpretation that ChEls enhance
attention (Lindner et al., 2006), reduce anxiety (van der Zee and Luiten, 1999; reduced
thigmotaxis in this paper), and affect to some extent procedural learning or cognitive

function, i.e. short-term memory.
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MIC 20 In contrast to rivastigmne, MIC presented
with a different pharmacol ogi cal and psychol ogi cal

w@e@Bibw3and proved safe and wi t hout obser vabl BCEGH2008/002066

effects even at doses of up to 4 ng/kg or higher (not
shown). This offers a w der therapeutic w ndow and nay
al so prove safer for continuous treatnent regi nes. The
dose-response rel ationship f o9 ear ni ng and nenory

formation was |linear with saturation at afo
ToHr Premiguswork sHgTshY Bat mesRagnicrasH s B‘I‘tP}BEPf P%@*eg? P%I%@etefs
V(‘Wr?ﬂnéte\?v' RBI’&f &l Joveshed fh%?thb{ﬂ bhbbé dRBoCi4tBE af hesadebf time-

, .anti-oxi dant ac , anti-ta

a‘gg;slg‘gngg ,n@mil ICRKDS; q{wm«prtmqmalggallg\rlmlgbée%wemrg GRlY interested in the

(né'?‘leﬁédt %f e d'i‘t'ig t\r/eétﬂr%ﬁt é@érﬁ {Hat ﬁ&asﬁbmmeﬂ:ﬁ&ﬁzedl&ymﬂveﬁnprovement
a

mowgﬂﬁngwnw%d@ﬁ?qje(tmgmggms m_gg:ggas thatanxie Xrt)é& Hyrgwﬁarmng and
b |al'cBgn|ﬁ|6rf LRty firfkeBgMmrheSEBEAL Q@O‘ﬂnﬁd may indeed all be regulated

ur odegener ati ve di seases so that r ov
IR Gy o BV TRES@RREALER BT RURP BB Al 2008)
]Indeed dscoIooI am ne can trigger the production of
ree F I
d&(h@!ﬁtr?fa ng&.g’g@gg %? El%fcec%ngl Iggrgggé?a%ggo Irev%g%gyfe cognltlve geﬁcnts or
eI Ains &%\)’(Fbﬂéd SBhsiehORIf Bresidad repdria Cicasved és the
(extract fromCallicarpa dichotona, Lee

wbevatien il evesrstigyisler REP GROIGET SYSTem Hyi"rgghd%ﬁs of ChEls is

Eﬁetnmgrqgﬁflw memen/ fBtBatidmiifl botﬁ‘iﬁedﬁﬁ@ﬂl m&dés dnd-tumans (Bejar et al.,
5; Parl e and Dhi ngra, @ ?%% r in A

(1838) Wiiveievic b0 73001, Boingetowilo A0 0RE. VAL RRES" ol 2005).

C&ﬂ@i‘bty' Bé%aﬁ'ﬁaf bfTiyper-stiifiA AT Mebhdscantit/ ﬁﬁﬁ@é@ﬁ&@l@r@ﬁia etal.,

e}ﬂ&g}]@'@és er%,tﬁgguﬁaﬁtagﬁ%qe{g%ﬁﬁ%%yﬁ %ﬂraﬂa P%él\/ﬁ)& @e Rort- lasting

SeHAICRCIF ChEPPXatdfdnt W demet@al i nes in denenti a
(Gonzal ez-Lima et al., 1997; Kish et al., 1992; Valla

et al., 2001) and in finbria/fornix transected rats
wytre | owered cholinergic tone in hippocanpus (Krugel
et al., 2001). Also, COX decreases 5 significantly
after ChEl admnistration (Ito et al., 1989)

emR:loﬂtrélstlﬁ@nﬁéﬁﬁgmﬂfe MTE prebertedith agilffméntd:héfrmceiugmal and
bet ween vast i

cor I I ar e
CRCRRPY A oIS a0k RN 8 e oS e e B i o coses
IOdleQ%U(l@W fAgikg bof highert (hUSusm&I Dhie offerata WHIEr therapentis window and may
gl oba |veenanero to i
eﬂﬁ%ﬁ@éﬁég{é %ﬁ' CBP'HI‘I‘?“@?E@W@ Bq%Hn%SI'Pﬁbeeﬁer a? %%c%!se r@iionship for
aﬁéﬁﬁh@ﬁéﬁd mifbryf formtiogwdshintar withusaismationlaf abcst # ad/kga This may
can enhance nition.in ol am.n
oA 44N ORI PE R AP A e B Hibron
féffbnd3f?@9)al 1©ge)r ahli-oxityiit getieitye antstau aggregation, NOS inhibition and
[ Taco a t..differ I I
B e B L5 BeriB Ll e haferup 5t prDa s 48l 1URE, o volke ot
f g 10be; Calpaapentl. @008 oguprd; iWiechik et al., 1996). These mechanisms fail in
different forms of dementia and neurodegenerative diseases so that MTC may prove to
become a novel cognitive enhancer for their treatment. Indeed, scopolamine can trigger
the production of free radicals (Fan et al., 2005) and increased brain oxidative stress (El-
Sherbiny et al., 2003). Consequently, several antioxidants such as acteoside (extract
from Callicarpa dichotoma, Lee et al., 2006), acidic oligosaccharide sugar chain (Fan et
al., 2005), ascorbic acid, (de Angelis and Furlan, 1995; Parle and Dhingra, 2003), and

oroxylin A, (Kim et al., 2007), reversed scopolamine-induced cognitive deficits.
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i mpai rents in neurodegenerative diseases.
Co-adm nistration of MIC and rivastigm ne 20 The

w@omBilssEB3 on of sub-effective doses of two or POI/&B2008/002066

drugs can lead to an additive or synergistic
t herapeutic outcone coincident with fewer adverse
ef fects. For the conbination q%1rivastignine and MIC
we observed synergistic revers 'given t hat each
constituent contributed t h ef fect abqgve its.
ol Byt iRgetERaons dhat a6 aiep SPhers Breredy fHmatdf in hypo-
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sarcun ahas Cni Jamvsaon i SLal B bR e
ggmrmbé& ie4l diffefented BatweenivITC aﬂ@ Avdstiy@ine. afdoesliaiwef enhanced

ses and cannot he attri bute dd
PP Ecachuty i cBOPTORG GEARR MRIABRLST G PRBPERTS ¢ hat
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their tial [ '
rlt {s48vs I@qﬁsef{ipfg'pi ﬁﬂgﬁclglglég%remcy on%ii'vg\é?éér{ecgr owing to its universal
n&f%kérﬁéﬁt'dmréi’rﬁ glubedd &y ATR gémét.lori\lﬂ'@gcawie!ﬂwt with éndings that
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L 9lHgosrASniplrafion s oA an e N Hap B HBRD IIGBPdeIF (P eragn and
WSHR. 1 ®: MASRau@nal., 1998 Hamweﬁd V\mnbaﬁsb).m al outcone

of | onger term conbi nat i on t herapy. MIC co WO

2008/ 155533 PCT/ GB2008/ 002066 -61 treatnent may al so
VD&l IEC iofsyeaamitt & pharfdievlogioal profilatat giffersefram itheecommonly

S8 A A kg s BATSL i P PR o

Vipairhfenisdn seonakgeeanstiveQliseaseshi cle 12 4, 4,

scopolamne (0.5) MIC (4) 11 f - t scopol am ne (0.5)

MIC (1) 12t t t scopolamne (0.5) MIC (0.5) 10 1 | f

| &o-emsiraisn v MTT nd KlEStigminds) 10 f scopol ani ne

(0.5) MIC (0.15) 10 4t 4'° saline MIC (4) 11

scopol am ne (0.5) Rivast (0.5) 11 t scopolam ne (0.5)
RTN&&dmbifat?dn) of 5db-effective doses of two or more drugs can lead to an additive or

synergistic therapeutic outcome coincident with fewer adverse effects.

For the combination of rivastigmine and MTC, we observed synergistic reversal given
that each constituent contributed to the final effect above its own potency. We observed
full reversal of the scopolamine-induced deficit with a late onset (after day 2 of training)
whereas additive effects of equivalent doses of both drugs would only result in partial
reversal (rivastigmine) or no reversal (MTC). A time-relatéd normalisation of learning,
however, also occurred when rivastigmine and MTC were administered individually in
cognitively effective doses and cannot be attributed to the combined drug effects. An
important point to make here is that synergism of rivastigmine and MTC might arise from
their differential cellular actions. While rivastigmine at low doses may contribute to
normalisation of cholinergic tone, MTC could more globally provide nutrients and energy
for neurones that are activated in a task-dependent manner. If this were the case, one

would expect a beneficial outcome of longer term combination therapy. MTC co-
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declines or the precise diagnosis.

The foregoing Examples have been concerned with the ability of MTC to rapidly restore

cognitive function in various models based on learning and memory in impaired mice.
These included aged wild-type mice, in which no tau pathology, neurodegenerative

disorder, vascular dementia, disease of impaired oxygen-consumption, or mitochondrial

defect would exist.

This indicates that MTC may be useful therapeutically in the treatment of age-related
cognitive decline and MCI syndromes irrespective of the mechanisms for those declines

or the precise diagnosis.

This finding is corroborated by results from a phase 2, 24-week exploratory, dose-range
finding, double blind, placebo controlled trial of MTC monotherapy. The study aimed at



10

15

20

25

30

35

This finding is corroborated by results froma phase
2, 24-week exploratory, dose-range 35 finding, double

WhLiosds5s5pd acebo controlled trial of MIC nonot heCHEB2008/002066

The study ainmed at WO 2008/ 155533 PCT/ GB2008/ 002066

-66 determ ning whether this therapy del ayed cognitive
decline in mld or noderate A%G (usi ng ADAS-cog change
as a prl mary out come rreasure) However the study al so

e uor Gl uc Pasi t.r.on

@Pesl"griy wﬁ% 5,8 6 tgep ﬁ% 8%‘I H‘?’ﬁ%ﬁ%@%&ﬁ&‘? or moderate AD
(tengAPRISydogRihapye esa-pAmanceuixome nfsiasgile Phot on

Em ssi on Tonography) as a secondary outconme neasure.
Neuronal function (and hence cognitive perfornance)

iHowevemnthetstudyealsdd erspibyed: EOE- EET\AFIUbroHDemd Gluewwedtditron Emission

Sl bhd S WAy B RSBl ST B S

tRhoben Praistion momdgyaptng)eésub secondagesscante easwef Neampabflinction

ceutic use .i.n the treatnment of .
185 s Fonfidhs e fmadte) i BN clpjedypitnpioed flow and
(gWaasda utljsafion that can e iNeasurbe by SPELT aritePETD mespectvely.
whi ch are specifically incorporated herein by
reference). 15 Inportantly, the study was stratified
tTdnepe rrmglngimatly)dis svead shidwn torbegerticafarlyaseful lmessessmg the efficacy of

cul a agno es
n&s_rﬁacigg[mal nf r?gth g@ lTIt éta F?QJP Ve ot so{rﬁ?rg Senqﬁg provisional
tGI@éﬂ%plé’l]t(V\bsahﬂd) lf iedopn.5 Novenitesr 2000 \the bemtent\sMWhmh are specifically
| de far. [ ce in treatnent effect between
ﬁégg%or%ﬁ%gfh%feéﬁﬁbeﬁé gﬁ%}l ng pat hol ogi es. Rather the
suggestion was that DAPTZ therapy may be of benefit

rI}l’é %)rg?entlg t%g%sasttljaﬂpec{ {3 &%lrrgffmaﬂg% to?@ne%??@ok Bgsellne

ener a nirres I VE O
smdgcmlarnmagmg dx=gooss bired p&senm ofymore€ADHike” eiraggrostte vascular-like

?é'%? Pév\gg’n g%p%&hﬁégﬁf&écy Inttng sﬁihgﬂyerg(/v%s%!dm%rehéee%r QYifference in
ar “bra Imagi ng was 1 ncluded 1n
ttieatroent affectmetvkreemthasdod!ﬁeienhmdeﬂyiag ipatholngiasn Rather the suggestion
s A e el e S oRatth WE g BESYSlon T BBl o
kamehtlrm nehgefidrillary degeneration |gespe¢ti(/qgf Braak gyagasrlsx factors and strictly
t wwth MIC and 20 bjects in th
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'NHOL it b‘?alﬁ% @ﬁ@l’va@ir&%ea lirDiffe! tﬁﬁgﬁ%E%E%' Sé%gllne ditatifidation

pass’ after venous I nj ect orts an
iverdiate, @fndgamweogafﬁ effieacyearker. Therejwsrie 383 subjeels in the SPECT
g:%?% r eBJhgmthébs t BB atEAVNIAS (18UREsPEs & Fesponse to

nt wa
treatment with MTC and 20 subjects in the PET cohort who had paired images.

When used diagnostically, SPECT and PET both reveal a characteristic bilateral
temporo-parietal defect. However, the underlying biological mechanisms of action of
these imaging modalities differ. SPECT reports a cerebral blood flow image obtained
‘first pass’ after intravenous injection. PET reports an image of glucose uptake over a
period of 3 hours after injection. Both report neuronal function in different ways. SPECT

depends on local blood flow over a short time-course, and so provides an indirect
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in the left medial temporal lobe (hippocampus and entorhinal cortex). When the data
were re-analysed, making the assumption that changes were expected only in the
medial temporal lobe (ie a small volume correction for multiple comparisons), the

increase in FDG uptake was significant in the MTL structures bilaterally.

Discussion

The PET data now show that treatment with MTC exerts its strongest metabolic effect in
the medial temporal lobe (MTL) structures. This is expected to produce a corresponding
increase in functional activity as measured by enhancement in glucose uptake. The fact

that a statistically significant effect could be demonstrated with such a small number of
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-68 cases indicates that the effect size is large
relative to the inherent variability of the data, and
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will be readily denonstrable in |arger case series. 5
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reduction in_ vol une an reduction i cer ral d
FAijor 38T ARSI S R Wi BV AN AIeRS AOUSA Ehf. 2002).
W t hout any corr espondl ng | oss of cerebral blood flow
i-fqvée%i%@ggenls BIQF g oca ﬂatIO?%g?‘t\N@gﬁﬁ%I qsh(%ée&ucgg perfusion and
Iregiand bf?bé“saéf_sﬁéuﬂdcédmtv;:tﬂhmleny\ﬁﬁdlﬁbr&ﬂprdéalfﬁed tb efose erain
ar eas egi on atro .and. are creased
3rgate. Frehehere therdi s ARGy Tmeicr e RSBl SREE FEas gbarorhy.
dﬁédlshféﬂ bdyi MRb|aﬂd<$R°EIGTN\perfu$lmQ!Bﬁédt£>Thus in affpeted areas, there is
expl ai ne esi.ons n_entor hi nal .

GPely s oxrleraERuany YaIde HiFr BgvaiRe orSIsPrengpge fow. and indee
dﬁédra@en b& WeductisnseitvalUMeRithato ahy_exorrésossdnag)lagé ofwerabral blood flow
i nduc routi.n ni n ibr
E 5 STmrngBu 8 A e ERNEE S nTask WyRudi st @002 found
ath Ildﬁgituclilnﬂlwhd?&h@t&hérlem discovdanice @atg«ﬁea%ean‘ oftrbgismal atrophy
potenti a e present disco

BP0 oan ot deSRacdblobg Bov i Sriarghibns bEEH fieob Eeifcaecine

tulﬂ Blod@ flowv$n AcodorteR s iapiartfeixplidined by 3&mote lesions (e.g. in entorhinal
cortex), and secondly that in regions of primary damage, such as entorhinal cortex, loss
of axons induces sprouting of the remaining nerve fibres replacing lost connections and

maintaining synaptic activity, and hence blood flow.

Regardless of these potential complexities, the present discovery that MTL structures
are metabolicallty highly responsive to MTC therapy is an important finding.



WD 2008/ 155533 PCT/ GB2008/ 002066 -69 The present
evidence that it is possible to denponstrate sel ective
woredoahsdssx enhancenment within the MIL struct UPEBGB2008/002066

rai ses the possibility of undertaking a trial to
prove efficacy in MCl in which the use of PET as a
surrogate end-point plays a maé'or role. 5 Brown DRP,
Hunter R, Wper DJ, Patterson P - Kel ly RC, Montal di D,
et al. Longitudipal. . changes in cognitive function and
g RSt EURRIREANaY L/ PP BHe i PmIRRSIR FoIECHF Shetatplic A
SRRGAcdmar dithinake MTUAructlirddSiuRBS eel pd3eililydSFinddRaking a trial to
109-26, 10 Matsuda H, Kitayama N, Chnishi T, Asada T, .
IRERUE RiTiegcy iy MGt whigh the usgiof FEJ /5 4 $IHT993fe ecyRRInERIPYS R major
@blebot h nor phol ogi ¢ and functional changes in the sane
i ndividuals with Al zheiner's disease. J Nuc Med 2002;

5 43: 304-11. |banez, V., Pietrini, P., A exander, GE.

Hrowh DRFL $ifler iR Ygiea DIOP tte?Séh MKeP RO, Mohtaldi D, et al. Longitudinal
abnornmalities are not the result of atr_orﬁxh in_ .
RNPRAESHA cognitiyssiungtion aqd (rgipagFeErbral funsgo %@éwelms disease: A
g1l bload AoWEiUdyB? POWHHIPRES 19967 Bo: 1doaeers 1 Use of a

di am nophenot hi azi ne conpound in the manufacture of a
medi canment 5 for the treatnment of mld cognitive
10 %ma&qdm,nm_t:gwam,i@hrgsmat A@lma ﬁwékfahb sgstalkwﬁ@tb(;rs,)m al. Longitudinal
ereji.n sai d compound is selected from conpounds,.o ,
(eNaluplian kol MBI AR N sers RENGES ) R SRRyl with

IAIFEAels disdasy. J NIbIRdIR082; RENB4RI. R Ra N R2 (2)
R7N S N,3NC I|R7NB R6 Ra R

Ibanez, V., Pietrini, P., Alexander, G.E. et al. (1998) Regional glucose metabolic
15 abnormalities are not the result of atrophy in Alzheimer's disease. Neurology 50, 1585-
1593)



RO RL Ra NR2RINA(3) R/NC-N S NR6 Ra RBNB 10
RO R a2 #r+S XO (4) E7/NAR3NAL N R 7NB Ra Ra R3NB
wobk@sasisseach one of Rl, R2, R4, R6, R8, and RECT/&€B2008/002066
i ndependently selected from -H -F -d; -Br; -I;
15 -0H -OR -SH -SR -N®2; -C(=OR -C(=0 OH;
-C(=0) OR, WD 2008/ 155533 PCT/ GB2008/ 002066 -71
-C(=O NH2; -C(=O)NHR, -C(=O)NRB- -C(=O NRN RN2; - NH2;
-NHR; -NR2; -NR N RN2; -NHC(=OH, -NRC(=0O H; '
-NHC(=O R, -NRC(=O R, -R 5 wherein each Ris
i ndependently sel ected from cypgybstituted aliphatic
-Cl_6al kyl ; substituted aliphattc Cl_6al kyl ;
unsubstituted aliphatic C2_6al kenyl; substituted
a | phajéecof%.mlﬁéeﬁaﬁoth.aﬂnéu&ﬁbéddat.ﬁ%e%aﬁw&h%fl%ed.camem
substituted C3.6cycl oal kyl; unsubstituted
5 dar the drgptsest pf mild GB@@W"@N‘@G"@G"H(MCA} W Fahafent suffering therefrom,
uns ubsidreth @did(CampuRl & @M fdd frérH REMpbiRCbf the following formulae:
C5_10heteroaryl; unsubstituted
C6_10car boaryl - Cl _4dal kyl ; substituted
C6. 10car boaryl - C1. 4a|,$y| NfO ot

a I

R N R
1)
R7NA R3NA (
N ~s Ng
|7NB R6 R4 I‘QSNB
R® Ny, R?
2)
R7NA\
S N R3NC
7NB R®
R2 N R?
S N R3NA (3)
R7NC/ 1R3NB
10
R' |
/N R?
7NA ~ R3NA X @ (4)
s N~ ‘
7NB R® R* IL3NB | ‘
wherein each one of R, R%, R*, R®, R®, and R® is independently selected from:
_H,
-F; -Cl; -Br; -I;
15 -OH; -OR;
-SH; -SR;
-NO,;
-C(=O)R;

-C(=0)OH; -C(=0)OR,;
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wherein, in each group -NR "' RN2, independently, RN

and RN2 taken together with the nitrogen atomto
wokioshsiskey are attached forma ring having frpen/8BR@sB02066

ring atonms; 15 and wherein, in each group - NR3SNAR3NA,

if present: each one of R3NA and R3NB i s i ndependently

sel ected from -H, unsubstit| 1e_d al i phatic Cl1_6al kyl ;

substituted aliphatic Cl_6al kyl; wunsubstituted

al i phatd ¢ 6 . SUbstid ut ' kicC
2. 6al ‘Féﬁ?ﬁ"?' THEOMR. ARl cé%é@b't*?’é% e
subst i NrteNHER -BRycNBAIRY ; unsubsti t ut ed
C6_10c afryil. skl .U C 0 (SIS
ansubsirl o REaR bl N T RRERRR
C5_10h&;eroaryl; unsubstituted

vl - 4 | tituted
%ﬁgg‘}{a@gg{%I'Q%@%W;selg%%%g and R3NB t aken
t oget havsubstititet laéphrtic G galkyl adubstituedwipodtictCeglkar e
attach L i. 1.0 [ ,
at oms: g NiHer 2o 2 EalReHYY Bosh R Apptif il
R3NC i unsubstépted daptyicipaigl; satvstithitéd Gpacycloalkyl;

b . | . . N . . t d
e e
C2. 6al Wwesubstituted k1 dhetereatylas ubshitutedcCLahaderoappy | ;

bst | 6 | ; bt )
&5 boylshpitetron bRk Eialyt B HMRG yesrboanCraliy
swiareint intesgh @eoupONR RN iptependestiyb &' and BY taken together with the

; ' t l . )

eodaBlg phich GeiPae bt e JHAGRVABIRE 3 o7 tnp atoms:
C6_10car boaryl -CL. 4al kyl ; 35 WD 2008/ 155533
P 8/.0 - {13 NA LRy | h
R PR e oup (RO RERBEE e A ana RN i s
i eatbpordd R \anddR B isdetepeodently sefecteddst i t ut ed

al i phatj.c Cl6al kyl; substituted aliphatic Cl6al kyl; 5

unsubstituted aliphatic C2-6al kenyl; substituted
al i phawrisgbgiituted [akihrafic C.salkdsnbslitutedetipicgicdensakval kyl ;
subst i {44, 6GirGrda B lgalt'ei‘i Kafikenyl: SOBLRGEY bl Hﬁ% Caalkenyl;
C6_10car boa!r%; lE et e%‘yoéjﬁcargoa%r & Suodlienyl
uns ubsurisubstéded S, io/sipaliy ) aviatituted B secyclaalky;
C5- 10NGHGBQRIEH Cq 1ocarboaryl; substituted Ce.1ocarboaryl;

unsubstituted Cs.icheteroaryl; substituted Cs.ioheteroaryl;

unsubstituted Cg.qocarboaryl-C4_salkyl; substituted Cs.iqcarboaryl-C,4alkyl;
or: R* and R3M8 taken together with the nitrogen atom to which they are attached form

a ring having from 3 to 7 ring atoms;

and wherein, in each group =NR*N®, if present, R*\¢ is independently selected from:
-H:
unsubstituted aliphatic C,.salkyl; substituted aliphatic C.salkyl;
unsubstituted aliphatic C,salkenyl; substituted aliphatic C,.salkenyl;
unsubstituted Cs¢cycloalkyl; substituted C; scycloalkyl,
unsubstituted Cg.jocarboaryl; substituted Cg.jgcarboaryl;
unsubstituted Cs.ioheteroaryl; substituted Cs.igheteroaryl,
unsubstituted Cq.1ocarboaryl-Cq_4alkyl; substituted Cg jocarboaryl-C44alkyl
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unsubstituted C6_, ocarboaryl - Cl_4al kyl ; substituted
C6_, ocar boaryl - Cl4al kyl ; 10 or: R7NA and R7NB t aken
wo ogetiksss3 Wi th the nitrogen atomto whi ch t heyP@r/€B2008/002066
attached form a ring having from3 to 7 ring atons;
and wherein, in each group =NR "C, if present, R/INCis
i ndependently selected from H, 15 unsubstituted
al i phatic Cl_6al kyl; substit ut’éd al | phati c Cl-6al kyl ;

unsubsti.tuted aliphati 6wCAnmbal kenyl; substituted
eﬁ’\dﬁﬁ‘zﬂ?'f}' 'Etffe%w&@ﬂ?y'f‘? %ﬂsu‘gg'ieﬁ?'ﬁt ed C3-6cycl oal kyl ; -
Sg4eR bhé of ROV GRd R YTk aaddpighdentlyiB6lBbI8Y ifront: ed

OG_lchr boaryl ; substituted C6_10carboaryl;

unsubstt tuted C5-10heteroaryl; substituted

%- ighﬁt&gﬂssﬁﬁm.&a 'éliﬁl%tifl m,k&m;iwbﬁtﬁded aliphatic C,.salkyl;
car noar - osupstlt, e . .
o TodaPHioRiYpd dliel (rsaierih SRS piokrtie C:qapkenyt
pr esSnm_subaitdté@lF:p_@a;]ydb_amwia%kiwm.&yagmlkyl;H; ;
unsubst i t ut | atl C - . Su titute
s Pt e e oo g Ut Ge atrrapihas s c
C2- 6alunenydtituted 35t sheter ety adubstitatedC(sheteabigny | ;

& boperusiies Cripdndl Ehb® St Boupypoans-c.ayt

R bind *dV°Gekerogetheawit the nitrugeh sitant td which they are attached form
C5-10het er.oar %I ; 7subs ituted C5-10heteroaryl;

PN ANG AR 3¢ 7 TH9AYBYr yI - C1- 4al kyl ; substit ut ed

C6. 10car boaryl -Cl1_4al kyl; 30 and wherein X, if

present,. i.S one or m anl oni c Wt er, i on 0 )
ooy 18 eBrT BHP TRET © HFRSr dhe BHIERaRGRITY sgleplyd from:
accept-Hpl e salts, m xed salts, hydrates, and sol vates

t her eof . L 08/ 155533 PCT/ 0P8/ 00206 -73 2.
The. uasUpEN AEPPRDe &t £ AIP e G diound | <
sel ectundulbstituted aliphyatic Odgalkdnyf, sutratituded A)phaticr G, salkenyl;
pharmaceutical | & acc bl | t m xed, sal ts,

hyar acpetbaifiied & ERRIIY hibsIR e B il

accor dinsgbdtituted &% fpecarboatyt isebstitited Ge.poarpoanyt] i s

sel ected fr. 0 of .f I

ohar mit Uty S REeRah ool CrtleroBf o

hydr atuasubstituted €alocatbearyt-Geratkyf, substituted Ce socarboaryl-Cy_salkyl;

and wherein RN', if present, is independently selected from:
-H;
unsubstituted aliphatic C,salkyl; substituted aliphatic Csalkyl;
unsubstituted aliphatic C,salkenyl; substituted aliphatic C,.salkenyl;
unsubstituted C;cycloalkyl; substituted C;scycloalkyl;
unsubstituted Cg.jgcarboaryl; substituted Cs.1ocarboaryi;
unsubstituted Cs.joheteroaryl; substituted Cs.joheteroaryl,
unsubstituted Cg.jocarboaryl-C,_salkyl; substituted Cq.jocarboaryl-C_4alkyl;

and wherein X', if present, is one or more anionic counter ions to achieve electrical

neutrality;

and pharmaceutically acceptable salts, mixed salts, hydrates, and solvates thereof.
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4. The use according to claim1, wherein said conpound
is selected from 10 conpounds of fornmula (4), and

w@basnssseuti cal |y acceptabl e salts, m xed sal t BCT/GB2008/002066

hydrates, and solvates thereof. 5. The use according

to any one of clainms 1 to 4, wherein each one of RI,

R2, R4, R6, R3, and RI is |nde endently sel ect ed

from 15 -H -F -d; -Br; -OH -OR -C(=0 OH;
-C(=O0OR -R The use accor t o any one, of

@ ai (@%58 %°°Wﬁ@rt8|°ﬁ"édcwh%'ﬁé‘ ?ﬂ"? Pgd Iggelectpgsfrom
F@samp@i]ddw fofnuiA (B PARASHY ¥ cSRic Bt :ﬁ!&eﬁtealmsan# m.xecPsalts hydrates,

The use%accordl ng to any one of clainms 1 to 6,

vﬂ%‘rsé"’ﬁteééEWe i s independently selected from
unsubst ituted aliphatic Cl_6al kyl; substituted
gl |c Cl 6al kyl: unsubstitute aI| h tic

6al Il’@ﬁiﬂe CERNFLE; P Glae TR § é?]??'ec"e%fwm

Lbbﬁ‘g%ﬁhdé bﬂf@ﬁnﬁ@?ﬁh‘d &ﬁrﬂﬁhbeuti%ﬁlgﬁédcbytbﬁld salts, mixed salts, hydrates,

cl oa] 8. The use according to any one of
é’]"&l alesyt BG%Of wherein each R is independently
selected from unsubstituted aliphatic Cl_6al kyl ;

substl uted aliphatic Cl 6al kyl. 5 V\D2008/ 555
2 os0Ra th $laTy 1. P AL eI Rt e £ e%tﬁiﬁswe
Qfoncdoahdssoﬂfo'tnmlﬁm)vxé}&f shammabéfichilyusiebptable sRlts,irkixed salts, hydrates,

prese dependent ly selected from -F, -d;
ag,dsonlatesa*,:l P OR: 5-SH -SR:

5. " The use according to any one of claims 1 to 4, wherein each one of R' R? Rf',
R® R®% and R®is independently selected from:

-H:

-F; -Cl; -Br; -,

-OH; -OR;

-C(=0)OH; -C(=0)OR,;

-R.

6. The use according to any one of claims 1 to 4, wherein each one of R', R? R*,
R®, R®% and R® is independently selected from:

-H:

-R.

7. The use according to any one of claims 1 to 6, wherein each R is independently
selected from:
unsubstituted aliphatic C,¢alkyl; substituted aliphatic C,salkyl;
unsubstituted aliphatic C,salkenyl; substituted aliphatic C,¢alkenyl;
unsubstituted C;¢cycloalkyl; substituted Cje¢cycloalkyl.

8. The use according to any one of claims 1 to 6, wherein each R is independently
selected from:
" unsubstituted aliphatic Cq.salkyl; substituted aliphatic Cq.salkyl.
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-N@2;  -C(=OR; -C=004 -C(=0OR; -C(=0 NH2;
-C(=ONHR ; -C(=ONR 2; -C(=O NR NIRN2; 10 - NH2;

wo MNiIR15553NR 2; -NR ' NIR N2; -NHC(=O H, - N RC(=E)TFAB2008/002066

-NHC(=O)'R;, -NRC(=O'R, -R; wherein each R is
i ndependent|y selected from unsubstituted aliphatic
Cl 6al kyl; substituted aliphatic Cl6al kyl; 15
unsubstituted aliphatic C2_6&I7I(‘e'nyl ; Substituted
al i phatic C2 6al kenyl; wunsubstituted C3 6cycl gal kyl ; .
subst i tGtusq aéggréwei\{ 8ay Rys of claifis i RPN Substitvents on R,
PPeskde Ard PREYERdeRtPSIEEEd BIMCE_10car boaryl ;
unsubsti t ut §?I |CB_10het eroaryl; substituted

'y

C5. 10nktéths unsubsti t ut ed

C6_10carpa@ry! - C1_4al kyl ; substituted

CG_lOc%r_l_boar,yl -Cl_4al kyl; 20 wherein, in each group
-NR NIRINBR ndependently, RN1 and Ri N2 taken together
W th tRe, nitrogen atomto which they are attached
forma_ring having from3 to 7 ring atons. 10. The use
accordpﬁfé))%o' any one of clains 1 to 8, wherein

subst i-tpemioH; c0(HR)OR: present, are independently
sel ect%'fr m 25 -F. -C, -Br. -1, -CQF »OR
-C(=Oy ;O)- :'@(tﬂ)NHR*F@(TO%R&IP(WRJSB according to
cl ai M-QHYI-NHR': -Wrer eNRNgelth R is i ndependently
sel ect '(_j' from | 598 ituted i%i natj c. Gl 6al kyl ;
unsubéﬁ p&‘fwgﬁ\'%é ?"f’: '&g'-cgéﬁ) -n'ﬂ}:;?&‘@gbst ituted
C3_6cyrtoal kyl ; 35 unsubstituted C6_10carboaryl; WO
2008/ 155 Sg, PCT. GBZ(S%EI/ 00 068 - 75- unsubsti t ut ed
SRR ERE} Bl 19ePERAIDY SFieated drom:
C6_, ownslisstitutéd liphafid Rylalkyl; substituted aliphatic C,.salkyl;
unsubstituted aliphatic C,.salkenyl; substituted aliphatic C,¢alkenyl;
unsubstituted C;scycloalkyl; substituted Csscycloalkyl;
unsubstituted Cg.jocarboaryl; substituted Ce_ocarboaryl;
unsubstituted Cs.joheteroaryl; substituted Cs.igheteroaryl;
unsubstituted Cg.qocarboaryl-C,_salkyl; substituted Cg_ iocarboaryl-C,_4alkyl;
wherein, in each group -NR™R™?, independently, R™' and R’ taken together with the

nitrogen atom to which they are attached form a ring having from 3 to 7 ring atoms.

10. The use according to any one of claims 1 to 8, wherein substituents on R, if
present, are independently selected from:

-F; -Cl; -Br; -l;

-OH; -OR;

-C(=0)OH; -C(=0)OR’;

-R".

11. The use according to claim 9 or 10, wherein each R’ is independently selected
from:

unsubstituted aliphatic C,¢alkyl;

unsubstituted aliphatic C,¢alkenyl;

unsubstituted C;scycloalkyl;

unsubstituted Ce.qocarboaryt;
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12. The use according to any one of clains 1 to 6,
wherein each Ris independently 5 selected from -M,

wo Bi08/15338% , and -i Pr. 13. The use accordi ng t oPENEBRIVE/002066

of clains 1 to 4, wherein each one of Rl, R2, R4, R,
R8, and RO is independently selected from -H -M,
-Et, -nPr, and -iPr. 10 14. The use according to any
one of cl alrrs 1to 4, wherein ®4ch one of Rl, R2, R4,

R6, R8, and is [ ndependently selected from -H,
- Me, é‘rﬁ‘&“b%fme‘igrﬂo‘?ﬁt@’%ﬂ according to any one of

cl ai myndubdtitfted BREESLBaNREl Rl each one of R1, R,
R4, R6, R8, and RO is independently selected from -H

and -Me. 15 16. The use according to any one of clains

Hato 41' heV%@fa%b&dW@% ah{ oR@6ici@msH to 6R&hereiffleadRtR isRBdependently
and he use according to any one of

cﬁeéﬁcF?foP"E oMfﬁ Et\/\ﬂé’l’éﬂﬁ’ IR each group 20 - NR3NAR3NB,

if present: -H unsubstituted aliphatic C, - 6a| kyl ;
substitut ed al(lé(phatl c Cl a unsubstitute 1 o2 o
% phatiedsescs FK’QHW”W%QE‘%/?'HFM%I WRREAN %aCh one of R\, R%, RY,

& _RaldnamR’lis indepsndesitly belt&8d E3mbay.civealetynPr, and -iPr.
subst’ituted C3 _6cycl oal kyl; 25 or R3NA and R3NB t aken

together with the nitrogen atomto which they are
atat ac e Jserdecérdi ltB@niﬂaﬁé BOclAir@M t3 4 Whérdin 84chadrigi R, R?, RY,

1 he e accor to an one f cla 1to 16, .

E%e ge-larﬁ‘dthgds@é’EHe’ﬁieﬂﬂbse'ﬁﬁe a3, Ffa?f{r'g:éent, each

one of R3NA and R3NB is independently selected from

-H, - .30 Me, -Et, -nPr, and_-iPr. 19. The use .

a??cor &%ﬁg}‘sﬁé"aﬁ’ﬁ?'"&r{% agy oge gf ¢laims %18 ﬁ@’!T‘eW'{éP’B‘Frﬁ!" gggh one of R,
REICR* RPORP anbiR*INNDEPEhdenfly pslegedfromeas Bndge.0f R3NA

and R3NB is independently selected from -H and - M.

35 WD 2008/ 155533 PCT/ GB2008/ 002066 -76 20. The use

aee or dinedisk aicadndingte adf ofé af ¢BImE 110 4] WhemdrewRérdin dath of R', R?

3BT HeTes R B Mt | nsubstituted &l i phati o L. 6al kyl
substituted aliphatic Cl_6al kyl;
17. The use according to any one of claims 1 to 16, wherein, in each group
-NR*AR3NB if present:

-H;

unsubstituted aliphatic C,salkyl; substituted aliphatic C,alkyl;

unsubstituted aliphatic C,salkenyl; substituted aliphatic C,.salkenyi;

unsubstituted Cs¢cycloalkyl; substituted C;.scycloalkyl;
or R*™ and R®M taken together with the nitrogen atom to which they are attached form a

ring having from 3 to 7 ring atoms.

18. The use according to any one of claims 1 to 16, wherein, in each group
-NR*®R3NB if present, each one of R** and R*"® is independently selected from: -H, -
Me, -Et, -nPr, and -iPr.

19. The use according to any one of claims 1 to 16, wherein, in each group

RSNA R3NB

-NR™ R if present, each one of and is independently selected from: -H

and -Me.
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5 unsubstituted aliphatic C2_6al kenyl; substituted
al i phatic C2_6al kenyl; unsubstituted C3_6cycl oal kyl ;

wQapst5Ises ed C3_6cycl oal kyl . 21. The use accorRETGBR@S8/002066

any one of clainms 1 to 16, wherein, in each group
=NR3"c if present, R3NC is independently selected
from -H -Me, -Et, -nPr, and -iPr. 10 22. The use
according to any one of clai m5r to 16, wherein, in
each group =NR3"c if present, R3NC.is {ndependentl
F ectldl PRFOrNgAR ANy RRS opeRimaro, 18awhErekt i ?@ht%gup =NR®™,
afpresert, RTC &l inddpgendenty séibctett¥Rdngi N, in each group 15
-NR "AE{"B, if present: -H unsubstituted aliphatic
Cl_6alKyl; substituted aliphatic Cl.6al kyl;
unsubsinstibetiede@blighagé Ce.diidi; Gabkrmed alighdns 0, Lakad
ali phatic C%&g?lk nrl' unsupstituted ¢ .GCéFIoalkyl;
Subbt | aNeRTESd BLYeHG Reafenyb sURati e AIRRAHE Krsherien
t oget hpkuttitdled BgsdytibaR@CSULRRREA O; fdisdIkyihey are
attached forma ring having from3 to 7 ring atons.
24. The use according to any one of clains 1 to 22,
wher eiThe Us8 2Ra6r8INGe 4Ry oARof/dNRE 1Bo 1i6f wRERFE I eadhafibup =NR°\,

?frqu)eregogrﬁg??&w@isa}g p%?\&lgmlpjsseggg?%%ﬁq%éﬂ;g\?{eiﬁg ?rgér:gnc]; [|I9rm

according to any one of clains 1 to 22, wherein, in
ch oup -NR 7NAR7"B, if present, each one of R7NA
0" R e aChdbeaant pye oERERS actorBonersi, Mhrae L NR™,
Hréent, HEC Isspdaenaerty@ldeedirym:onanaf-Mel ains 1 to 22,
wherein, in each group =NR' "C if present, R/INCis
i ndependently selected from -H  unsubstituted
@3l phathewus€acbardinglto afy baé bt dlhied 1abiz2hahe@irCirbéddhnydroup
Sﬁ Hﬂgﬁﬁs-itUted al i phatic C2_6al kenyl ; substituted
aNRphB&ti cf B£8R kenyl : WD 2008/ 155533
PCT/ GBRP08/ 002066 -77 unsubstituted C3_6cycl oal kyl ;

substi t ut ed ecycl.oal kyl . 27..Th e .according to

any oms R APREE B S B Rd U STk

=NR " wnsubbstiputes aliphati®RChEIKehys; Bﬂiﬁﬁmﬂtdhytis €l gutitenyl;

from .t psitied eEleyciotin: siifhuidd E;ecycloalkyl:

or R™* and R"™® taken together with the nitrogen atom to which they are attached form a

ring having from 3 to 7 ring atoms.

24, The use according to any one of claims 1 to 22, wherein, in each group
-NR™AR™8 if present, each one of R™* and R"™? is independently selected from: -H, -
Me, -Et, -nPr, and -iPr.

25. The use according to any one of claims 1 to 22, wherein, in each group

R7NA R7NB

-NR™ AR B if present, each one of and

and -Me.

is independently selected from: -H

26.  The use according to any one of claims 1 to 22, wherein, in each group =NR™C,

if present, R™NC
..H’

unsubstituted aliphatic C,galkyl; substituted aliphatic Ci.salkyl;

is independently selected from:

unsubstituted aliphatic C,.salkenyl; substituted aliphatic C,.calkenyl;
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5 28. The use according to any one of clainms 1 to 22,
wherein, in each group =NR' "c if present, RNCis

wo pepssseent |y selected from -H and - Me. 29. ACEGB3®8/002066

according to any one of clainms 1 to 28, wherein RN10,
if present, is 10 independently selected from -H,
unsubstituted aliphatic Cl1_6alkyl; substituted

ali phatic Cl _6al kyl; unsubstit'uted aliphatic

moubsPER LSS soER B Byt Costrendleh™™

C3_6cycl oal kyl . 15 30. The use according to any one of

ins. 1 to 28 wherein RNLD, jf "
HaepambalsBidreuatip &y oo ciainfs.Fie Zananpetn in e oroup =NR™,
af prpbeattj R™Eis ifidépeyidentBlseldote fusre: -bi; e, GEQ GNP aadyiPone

~of clains 1 to 28, wherein RN10, if present, is 20

i ndependently selected from -H -M, and -Et. 32. The
28 actheruersgcbairgyty abpenebf dhiaismsto22, wha@in, hesadki group =NR™C,

N, i f i s ind ly, -H 25 33. Th
a5 ligpeshenbr SR At Mencreim 11

present, is one or nobre anionic counter ions to

ie el ectrical neutrali . optiapal seleet.gd .
480 e sgaceiy i (B3} oRe ol B B yntis s ) Eptapant.
\ildEpendernttlyeseeatgudont 1 s sel ected fromthe 30 foll ow ng
corrpou_plds, and pharmaceutically acceptable salts,
m xed salts, hydrates, and solvates thereof: WO
2008/ 1nso3ditReT albido &) R0 Ghbstitutdd \aliphdtic/C Galiyl, Me, Me

A MIC Jns%ﬁ%te%lip’#atic '&ganwén'yf; LORkRLY glllp%glig biz_ga?keNyI;

unsubstituted Cj gcycloalkyl; substituted C;¢cycloalkyl.

30. The use according to any one of claims 1 to 28, wherein RN, if present, is

.independently selected from: -H and unsubstituted aliphatic C4salkyl.

31.  The use according to any one of claims 1 to 28, wherein RN', if present, is

independently selected from: -H, -Me, and -Et.

32.  The use according to any one of claims 1 to 28, wherein RN', if present, is

independently -H.

33. The use according to any one of claims 1 to 32, wherein X, if present, is one or
more anionic counter ions to achieve electrical neutrality, optionally selected from CI', Br

,orl.

34. The use according to claim 1, wherein the compound is selected from the |
following compounds, and pharmaceutically acceptable salts, mixed salts, hydrates, and

solvates thereof:



/1 va G E,, \ Bt BETCI as Et Et
ethyl-thioniniumchloride Me Me/ N\ Cli(r) C DWIC
wWORQsMS3s3ms NMe | | Me Me PCT/GB2008/002066
1, 9-dinmethyl -nethyl -thioniniumchloride Et Et C 0 /

)6~ D DEMIC M2, N\ M OS N M M .
1, 9-di et hyl - net hyl -t hi oni ni um_g¢ghl oride M Me / N\
Cl(r) E DVETC Et,, NS NEt &5 Et Et

9-di-et-hyt-—ethyl—thi-opinium chl-or-deWD-2008/ 155533

BCT/ GB2008/ 002066] -79 BF Et N 1G N 1

-79 Et NI N
=
cl(®
Me\N \S N,Me
I ® |
Me Me

A MTC
methyl-thioninium chloride
/N
cl®
Ets_ NS Et
B ETC N ®° N
Et Et

ethyl-thioninium chloride

B Me Me N
/N
cl®
Me_ _M
C DMMTC € N (‘D\S N e
| I
Me Me

1,9-dimethyl-methyl-thioninium chloride

[ Et Et ]
/N
ci>
D DEMTC Me<n N NVe
I ® |
Me Me

1,9-diethyl-methyl-thioninium chloride

B Me Me n
N
| cl®
E DMETC Et\N \s N/Et
| ® |
Et Et

S —

1,9-dimethyl-ethyl-thioninium chloride




C/ )6" F DEETC Et~N\ \S NEt | Et Et
1,9-diethyl-ethyl-thioniniumchloride N1 \ [MeMe a O
wW@0008/173363 2 ) G MIZi OS N Me Me nethyl -t hi oPCTIGBR008/002066
chloride zinc chloride mxed salt N1 \ Eta / ,E C
Q(0.5zZnCl12 ) HETZ Os Et Et ethyl-thioninium
chl oride zinc chloride m xed [t NI '\ O M, / M I
Ml es .Me Me nethyl-thionini'dmiodide / N-\ Me, \ /
0 H—F3—MH-—H—es M M——rethyl—thi-oni-pi-um-i-odi-de
RHydrogen iodide mxed salt N-\ Egp / |, Etgl "KHTI 0s
Bt Et |ethyl-thioniniumi| odide N
. i ~ CI@
F DEETC 1N N Et
N S N
| ® |
| Et Bt |
1,9-diethyl-ethyl-thioninium chloride
N _
-
Me-,, /@SD\N,Me ¢t (® (0.52nCl)
G MTZ | ® |
Me Me
methyl-thioninium chloride zinc chloride mixed salt
N
’d
Et- /<j:\ j@\ _Et cl (5 (052nCl,)
N S N
H ETZ | ® |
Et Et
ethyl-thioninium chloride zinc chloride mixed salt
N
LI
Me. > _Me |®
| MTI . \ @®° N
Me Me
methyl-thioninium iodide
N
L
Me- N Me | HI
J MTI.HI N ®° \ ©
Me Me ‘
methyl-thioninium iodide hydrogen iodide mixed salt
N
’
Et /C[\ D\ B 1O
K ETI \ @®° N
Et Et
ethyl-thioninium iodide




WD 2008/ 155533 PCT/ GB2008/ 002066 -80 NI \ Eta / Et |

(r) HH L ETI.H &S Et Et ethyl-thioniniumiodide
whyasosiEss | odi de mixed salt N1 \ Mew / |, Me NEBI/GB200B/002066

MINI Os M M nethyl-thioniniumnitrate N1 \ Eta

/ ,Et NOBG N ETNi OS NI Et Et ethyl-thioninium

nitrate / NO)aMe CIG M2N\ S N H Tol oni um

chloride NC G P H Thionine 88 2008/ 155533

PCT/ GB2008/ 002066 -81 H | QL 1 N1 \ HCl M/N\ S
I \v M HO Me Me 35 The use acgerding to cl=aim 34,
vherein the conpound igs / C - :
Et NS _Et |® Hi
N S N
L ETLHI | ® |
Et Et

ethyl-thioninium iodide hydrogen iodide mixed salt

N
o’z
Me. /CE\SD\N,Me NO,(®
| ® | |
Me Me

M MTN
methyl-thioninium nitrate
N
’
Et< /CE\ j@\ JEt | NO,(©
N ETN VTS N ’
Et Et

ethyl-thioninium nitrate

/N Me
X0 | e
O Me,N \S NH,
®

Tolonium chloride

N
cl®
P \S
H,N S NH,
®

Thionine
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wherein the conpound is
wdad.208/75553he use according to claim 34, wherei nPCTI6B2008/002066

compound i s
Me WO 2008/ 155533 PCT/ GB2008/ 002066

N* |

H I

N HC

Me, \ | |

Me Me 5 36. The use according to clai m 34,
ZX)C N Et,

N: Et NO3 Et Et

/[ M HO M '"INS

-82 38. A

nmet hod of treatnent of mld cognitive inpairnment (M)

in a patient suffering

ac adm | st

t

er

GorpH
i am nq
| ai ms

f mld
uf feri
ccanpa
roduct
ont ai 1
onpri 9
XCI pi €
ure di
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o

DT DO OT QWO O

E AR %%

phenot hi azi
1to 37. 5
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ini ed by a |

is for the

er containi
ing at | eag
Nt and, ag
am nophenot]
clains 1 tq

ccordi

her ef

dh; whi ch net hod

ne conpound as described in any of
39. A drug product for the treatnent

i mpai rn
DM CONy
abel in
b treat e
ng one
t one ¢

ent (M)

|n a patlent

Iabeled or

r|S|ng a contalner

dlca v
1.
li do @e g

an act

live ingredient,

h&PWaceutlcally accepﬂ@bl
an i sol atied

rug

N{ eac

h
e

HCI
HCI

hi azi ne conpound as 10 described in

) 37. 40. The use,

nn to

synptonatlc relief of M.
product according to cIa|n14O wherein the M

ammest
atvel i

met hod,
41 wher
sqi d di
with a
a¢t Meq

D oduc?

Sy

and the s

SpoGPong THSAT 28

met hod,
15 41. The use,

tic rel is the

SVsidens

met hod,

i s

he Sompatitt sse.

or product

or

or product according to any one of clainms 1 to

ein said

acc

36.

10
37.

am _rnophenothi
Ot S

ng to

treatnent conprises adm nistering

zi ne cgnpound in conbi nation

ihemed
ﬁhy one of clainms 1 to 42 wherein

Me

JCU@

hat

e

ances or

use, nethod,

The use according to claim 34, wherein the compound is

The use according to claim 34, wherein the compound is

HCI
HCI

or

2

mmcs the
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patient is not diagnosed with Al zheiner's D sease
and\or is not denented. 25 44. The use, nethod, or

w@emdasissaccordi ng to any one of clainms 1 to 4BCTOBR@®B002066

said patient has a Mni-Mntal State Exam nation
score of less than or equal to MVBE 24, 25, 26, 27, 28 or
29. 45. The'use, nethod, or prgduct according to any
one of clains 1 to 44 wherein*¥aid 30 patient does

B abdt relnoc Feeien 8Emd Eodih TP R MENTh Betieny guering

ttﬂerafngimowmcl@fnathc&i t@npgrisks aéﬁaln\mafr@l an éffectigaardount of a
tre a'tﬂf’ [ﬂﬂa di am nopheno |nec und i s

Zijesgqropouiip as 8‘7 PedimanEeraims 08 502066

-83 47. The use, nethod, or product accordl ng to any

X O%%ug%uc&f%th%gt@mgﬁent cgmlgoé:@gm \se m@?alrm ﬁ,@h%lg |119 patient
tsfo&*mg’iﬂéerbm c&:@lﬂhsﬂh@h ebedineblaB8led Bh Ecmantwtﬁwwbélnndlcatmg
g%%g tgrug%(%g%lt g%er t%g&eggreﬁ %ebsa@éEE&?d Rochr i%{»‘érthT@lmng one or

Tadte dosade3thitdtaah comprising at Ieéﬂdmetphﬂmﬁhobhl‘My acckﬁable excipient
49. The use, .nethod, or r(guct accor

vindr 2 A aﬁysg@faﬁ'ﬁvtsaafw%ée BYE NG e”%'az’o“ﬁ °°!ﬂ?°””d as
a@scrided i @ny 80claiff3, 1 &, 110, 120, 130, 140, 150, 160,

170, 180, 190, or 200 ng or admi nistered twi ce a day.

50. The use, nmethod, or product of any one of clains 1

t40. 49 Thaarse| MettﬁESorthadmdB@%orﬁiﬁg tdanyt @ieadf ciimsintto @9 for the

di a %henﬁ)iS %,@lg;l ne conpound in the nedicanent is a
fggtﬂ%ﬁﬁﬁ f |Jrrula(1), or is a pharmaceutically
acceptable salt, mxed salt, hydrate, or solvate

t4q¢r eolfh'e use, method, or product according to claim 40 wherein the MCl is amnestic

and the symptomatic relief is the amelioration of amnestic symptoms.

42. The use, method, or product according to any one of claims 1 to 41 wherein said
treatment comprises administering said diaminophenothizine compound in combination

with a cholinergic drug that enhances or mimics the action of acetylcholine.

43, The use, method, or product according to any one of claims 1 to 42 wherein said

patient is not diagnosed with Alzheimer’s Disease and\or is not demented.

44, The use, method, or product according to any one of claims 1 to 43 wherein said
patient has a Mini-Mental State Examination score of less than or equal to MMSE
24,25,26,27,28 or 29.

45, The use, method, or product according to any one of claims 1 to 44 wherein said

patient does not suffer from a defect in mitochondrial energy metabolism.

46. The use, method, or product according to any one of claims 1 to 45 wherein in

said treatment the diaminophenothiazine compound is administered orally.
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47. The use, method, or product according to any one of claims 1 to 46 wherein
more than or equal to 400, 300, 200, 100, 50, 40, 30, 20, 15, or 10 mg daily total dose is

administered.

48. The use, method, or product according to claim 47 wherein dosage units of
about 5, 10,20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, or 130 mg are administered

three times a day.

49. The use, method, or product according to claim 48 wherein dosage units of
about 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180,

190, or 200 mg or administered twice a day.

50. The use, method, or product of any one of claims 1 to 49 wherein less than 50%
of the total amount of diaminophenothiazine compound in the medicament is a
compound of formula (1), or is a pharmaceutically acceptable salt, mixed salt, hydrate,

or solvate thereof.



