- 1 - Conpounds for treatnment Technical field The present invention relates
generally to nethods and nmaterials for use in the treatnent of MIld
Cognitive inpairnent (MCl). Background art MId Cognitive Inpairnent (M)
is a subset of a broader clinical entity terned "Cognitive |npairnent

Non- Denmenti a", or CIND. There are many potential causes of CIND including:
depression, alcohol/drug use, psychiatrhc disease, delirium nental
retardation, vascul ar causes, Parkinson's disease, epilepsy, nultiple
sclerosis, social factors, andc% sl fAPALERRH:. MCl subjects are not
denmented, but are at risk of d Nt a such as Al zheiner's

Di sease (AD)(Larieu, S. et al. (2002) Incidence and outcone of mld
cognitive | iié fgin a popul ati on- based prospective cohort. Neurol ogy,
59: 1594- M@tt D.A et al. (2002) Natural history of mld _
cognitive inpairment in ol der persons. Neurology, 59: 198-205. In fact it
has been estinmate I uscoli and
Lovest one ? en ”%V%ﬁ/&f'%%(&% %é’{m tﬁﬁgﬁﬁf}, eanrgﬁﬂél(tg éls §C‘s?fljéttper(rrtgté ic review of
conver si ontrsétmén'em‘ MildnEodrétiverogarmentt. (MLB:. 2, 129- 140). MCl has been

recogni sed by the FDA as a valid treatnment target (FDA (2001)

htto://ww. fda. 00v/ ohrrns/dockets/ac/01/slidest3724s1 6 orundman/). This
has | ed t oBabiegreppdgence of a number of clinical trials for M (for
exanple Thal et al., (2005), A random zed doubl e-blind study of Rofecoxib
in patients with MId Cognitive |npairnment, Neuropsychopharm 30:

1204- 1215) wiid lcagfuvararipainfechit (MC1) &speattsepoioe bubeseraciivgel gttitydermed

di am nophenpot hi_azi ne ;com acture of a medi canent for the
treatment of°dwvg “BB@FW? %ﬁb‘gr?tﬁenq‘%‘?“ in a patient suffering

therefrom wherein said conpound is sel ect ed from conpounds of the

Fol I owi ng ti‘(r)nrerrlua!re many pog\lenﬁela:ﬁggsegof _Cﬁggﬁncmding: cfepression, aicohol/drug use,

psychiatric disease, delirium, mental retardation, vascular causes, Parkinson's disease,

epilepsy, muliiple sclerosis, social factors, and sensof'y impairment.

MCE subjects are not demented, but are at risk of developing dementia such as
Alzheimer's Disease (AD}(Larieu, 8. et al. (2002) incidence and outcome of mild
cognitive impairment in a poputation-based prospective cohort. Neurology, 58: 1594-
1598; Bennett, D.A. et al. (2002) Natural history of mild cognitive impairment in older
persons. Neurology, 59: 198-205. In fact it has been estimated that 10% of those with
MCI convert o AD (Brusccif and Lovestone {2004), is MCI réally just early dementia? A

systematic review of conversion studies. int Psychogeriat. 16:2, 129-140).

MC! has been recognised by the FDA as a vaid treatment target (FDA (2001)
htip:/iwww.ida.govichrms/dockets/ac/01/slides/3724s1 8 grundman/).

This has led to the emergence of a number of clinical trials for MCI (for example Thal et
al., {2005), A randomized doubie-blind study of Rofecoxib in patients with Mild Cognitive
Impairment, Neuropsychopharm, 30: 1204-12135). '



wherein each one of R, R2, R4, R6, R8, and RI is independently sel ected
from H F -d; -Br; -1; OH -OR -SH -SR NO2; -C(=0)0H -C(=0)0R

| b -C(=0) NH2; -C(=0)NHR; -C(=0)NR2; Cg O)NRNI RN2; -NH2; -NHR, -NR2;

-NRNI RN2: - NHC(=0) H;, -NRC(=0)H; - NHC( ? - NRC( O)R; -R, wherein each Ris
i ndependegt | ﬁ ﬁgl ected from unsubstitut ed aliphatic G .eal kyl; substituted
al i phati I yl; unsubstituted aliphatic C2.6al kenyl; substituted

al i phatic C2_6al kenyl; unsubstitut ed C3 6cycl oal kyl ; substituted

Cntycl oal ky t DAL Yk
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unsubst i t medidarasnt fgdiae Mﬂ?@ﬂf)mllmwwwe ifemﬁb@ﬁﬂt ﬁrﬁ(édm a Datiem suffering therefrom,
C5. 10car boar y1- 014al k wher ei e rou RN i ndependent |y,
RNl and RN tak¥ efedbé'%?mﬂ?‘ﬂ‘?q? ﬁeeﬁﬁeﬁﬁe OO %%'l?‘"{"h% rgﬁl'gu-
attached forma ring having from3 to 7 ring atoms and wherein, in each
group -NR3NAR3NA, if present: egach Nq,ne of RNA and R3N8 i's |ndependently

selected from -H unsubstltutd dﬁ
Cl. 6al kyl ; unsubstituted &R

%1 : substituted aliphatic
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wherein each one of R'. R% R* R® R® and R%is independently selected from:
R
-+; -Cl; -Br; -I;
-OH: -OR;
-8H; -SR;
-NO;
-C=O)R;
-C(=0)OH; -C(=O)OR;



unsubstituted C6, 10carboaryl; substituted C6_10carboaryl; unsubstituted
Cs_| oheteroaryl; substituted C5.10heteroaryl; unsubstituted

C6_10car boaryl - Cl4al kyl ; substituted Cgj, 10carboaryl - Cl4al kyl ; or: R3R3NB
taken together with the nitrogen atomto which they are attached form a

ring having fro 0 nd. each group =NR3Nc, if
present, R3Nc i rse( ﬂh@%n%ee%ek g( E’ﬂ‘én@z V&ECEN&HF{ unsubstituted aliphatic
G . sal kyl ; subsMHzptMGRaNRahm“b?“@l 6alkyl; unsubstituted aliphatic

Cmal kenyl ; subst aL.i,c | kenyl,— N stituted C3.6¢cycl oal kyl ;
substituted C3. é’h’sﬁ(l“ﬁgh Mﬁﬁﬁﬁ&ﬁ?ﬂé@ﬁ “Qgﬁ{;@gﬁ?boar yl; substituted
C6_10car boaryl ; _Funsubstltut ed C6_10heteroaryl; substituted C6_10heteroaryl;

unsubst i t ut ed 0640 boanl | - C1. 4al substituted C6_10car boaryl - Cl4al kyl ;
| ¢ and wheWB?rﬁm‘? EH“ gntWﬁéﬁ!ﬁdtf?é’flA if present: each one of FeNA

c'and R7:\IE It S i Bd.?@%astitatsala?ﬁpsaslc@tﬁ@ldytf sﬁuvitttuidrd,ailphs’tw)@matkm edI al ihphati C

..eal kyt; substituted al| Stlt al.i phatic

C2. 6al kenyl ; subRYuPetivisg alip %ﬁé‘lﬁsﬁgﬁnﬁ %é?‘ié&&?@@l‘l‘? lj%§$‘g?ly bed

Ca. scycl oal kyl ; ussiibtituieat @l cfoloaligy eubsttltpt Coun@ioalidyi t ut ed C6. 10carboar yl ;
substituted Cs.|ocarboaryl; unsub %15? t%(‘% V\hDeot eroaryl substituted

C5. 10het er oar y| UngHesHEd Gerr@iPBs 1ORSHHEL e B8 ky | © substi t ut ed

o 10car boar ! Gsttlss o roiibiyad ik Camersagg et with the ni (1 ogen
and wherei n, i nUBSHOsHyES e RERTREY qénﬂg]5¥[e§g%§?tU¥e(°2(g‘c‘ﬂqa§b?W cgé ént | y

sel ect ed f%@eunfﬂzew}s?'rbﬁ LRI REP, mdepéredaney @' @ab IR)F taken befettentvitd trel | phat i ¢
Cl..6al kyl ; unsubstitu

ed ali phatl 6al sti ed a hatic
C2. 6al kenyhitrogas aiest 1o Wiidythes 36%?}?5108% K]y 2 E’Eflvaé%‘i“?%'? 3é8r7e‘&9@| T kyl ;
unsubstituted Ce_l ocarboaryl; substituted C6.10carboaryl; unsubstituted

Co40het eroaryl ; substituted Cs t.eroarvyl ;
anéi/ wherein, in each group - N‘Rvmgﬂﬁx, ifa prgsent:

each one of R* and R*™ is independently selected from:
M
unsubstituted aliphatic Cysalkyl; substituted aliphatic C..ealkyt;
unsubstituted aliphatic C,.salkenyl; substituted aiiphatic Co.salkenyt;
unsubstituted Cs.scycloalkyl; substituted Cascycloalkyl;
unsubstituted Cs.qocarboary!; substituted Ce.qocarboaryl;
unsubstituted C_:,_wﬁeteroaryt; substituted Cs.qgheteroaryt;
unsubstituted Cgocarboaryl-Ci.alkyl; substituted Ce.socarboaryl-C,alky!;
or: R™ and R taken fogether 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 sefected from:
M
unsubstituted aliphatic Cy.salkyl; substituted aliphatic C,.salkyl,
unsubstituted aliphatic Cysalkenyl; substituted aliphatib Coealkenyl;
unsubsﬁtuted Cs.scycloalkyt; substituted Csscycicalkyl;
unsubstituted Cs.iocarboaryl; substituted Ce.qocarboaryt;
unsubstituted Cs.joheteroaryl; substituted Cs.oheteroaryt;
unsubstituted Csocarboaryl-Cialky!; substituted Cgjocarboaryl-C.alkyt;



unsubsti tuted Ce-10carboaryl - Cl4al kyl ; substituted

C6. 10car boaryl - Cl. 4al kyl ; and wherein RN', if present, is independently
selected from -H wunsubstituted aliphgtic G .salkyl; substituted aliphatic
C . eal kyl; unsubstituted aliphatic C2..sal kenyl; substituted aliphatic

C2. 6al kenyl ; uynsubstituted C3, 6euch@al kyl: .substituted C3_6c¢cycl oal kyl ;
unsubst i t (ANEY .E_RL'GEE?PB%QRHP;'NngEI i t‘t?’éﬁé%. 10car boaryl ; unsubstit ut ed

Cs_whet er ogchilone SHRSPindtREEE Eshdpehdsntiassitctedfreabst i t ut ed
C6. 10car boaryl - Cl4al kyl ; substituted C5.10carboaryl - Cl4al kyl ; and wherein
X, if present,”s one or nore anionic counter ions to achieve electrical

“neutrality; andrabedtitmes atipeak|Qy Ak enbaliited aipiiaic Ovisxleg;, sal ts, hydrates,
and sol vates thereof, A second aspect provid i aml nophenot hi azi ne
conpound as def‘i’ﬁéas%lbtﬁgé‘“?*ﬁicﬂéa'ﬁ?&gSH‘%#‘F‘I%%A 8‘?"%??8??“ etnygf mld

cogni ti ve i npai §iEepdtitltMEI0. styticaligaeisstiutalt ] eydiogigther ef rom whi ch met hod
conprises admnistering an effective airmuné,( of %ai d. di am nophenot hi azi ne
conpound. Di scl8upPitged GraocriRPaRt:SHPSt e a1 oG PS8 t hat the provision of
al ternative treasuBsiuEndal iHet@sarkOsud¥iutddat; . Jteepunpose of relief of M
or the synptons of MI wauld provide ontribution to the art. WO

2008/ 155533PCT) “EHbYBKenSBEEBoAY-Cr Ak i %t't‘%gvc@é‘&ﬁ%ﬁ’ﬁ@’;&@ﬁ'%l y found by
the present. RMeREE™S® Rak idljetidr RAR IRNOFdYeAZioe 1§ RARZhecanpabtes fomy be
used to provide synptonmatic relief of cognitive inpairnment independently of
the presengd&nghaudg ramdelol ATvf28%Ehol ogy of 5the AD-type. |nproved spati al
reference nmenory has been denonstrated in a nodel conparing young and aged
m ce, and also normal and scopal aai ne-treatqd nice. This represents
an al t er naghd/whereBaiRash SRdRFNRy t’gp@ﬁ?@ta%‘ ng'sl\iﬁ‘geﬁerngﬁ?%ﬁ%c.te“jllf?ﬁ’?‘evi ous
uses of di am noghenot hi azi ne conpounds Di am nophenot hi azi nes have

previ ously been shown to inhibit tau protei n@ggregsti nl‘ and to di srupt the
structure of PHRRsubatitatedaliphallc ¢walky; SHhsBiviad PERUG 153ty  of the PHF core

(see W96/ 30766,d5nE0f fumiiiphaidiogBfkeny SiekitGeERAAR ORERedl;sCl osed for use

15in the treatnent and prophyl axis of vari %us d‘i s&ages, i ncl udi ng AD and
Lewy Body unsubstituted Csscycioalkyl; substituted Cyscycloalkyt;

unsubstituted Cgqocarboaryl; substituted Ce.socarboaryl,
unsubstituted Ce.qoheteroaryl; substituted Csgheteroanyl;
unsubstituted Cg jpcarboaryl-Cialkyl substituted Ce.qocarboaryl-Cqqalkyt;

and wherein RN, if present, is independently selected from:
-H: '
unsubstituted aliphatic Cyealkyl; substituted aliphatic Cq.zalkyl;
unsubstituted aliphatic Casalkeny!; substituted aliphatic Ci.salkenyl;
unsubstituted Cascycloalky!; substituted Cyscycloalkyl;
unsubstituted Cs.qecarboaryi; substituted Cs.qoCarboaryt;
unsubstituted Cs.ioheterocaryl; substituted Cs.qcheteroanyt;
unsubstituted Ce.qocarboaryi-Cqalkyl; substituted Cs.socarboaryl-C.alkyl;

and wherein X, if present, is one or more anionic counter ions to achieve electrical

neutraiity;

and pharmaceutically acceptable salts, mixed salts, hydrates, and solvates thereof.



D sease. Additionally WO 02/ 055720 (The University Court of the University
of Aberdeen) discusses the use of reduced forns of di am nophenothi azi nes
specifically for the 20treatnent of aqyariety of protein aggregating

di seases, although the disclosure is primarily concerned with tauopathies.

WO 2005/ 930676 %J{b‘?Pllclol'dgé?é]%iaWnoQﬁéH&th;Qﬁmetd%@ndéfﬂhﬂaé Bifnsaabowior siean;

di scusses radio enot hi azi nes their use gh OSIS and
ther apy weethiod of trezsmepat Wi*%§°9“2'33 W@WF%”W%W“FW@”%FW er ﬁ%“‘present

i nvent i opniRLRIRE chbRplides abirfdemptaneifeddvh afpeai dfisadldigmindtesstaibzise udi es
have proposed that P woul d be desirable if drugs (such as Mt hyl
30Th|on|ﬁ@DW¥Qﬁlor|de (Mrc), also known as Methyl ene Blue) had effects on
menory whi ch coul d be nedi ated by enhancenment of mtochondria! respiration
(e.g. Callaway et al., 2002; Callaway etal., 2004; Ri ha etal., 2005). None
of t hese pisviwmureof tik Bwkotent he use of MIC in synptomatic treatnent of M
WO 2008/ 155533PCT/ GB2008/ 002066 - 3 - Martinez at at (" Met hyl ene bl ue
alters retention of inhibitory avoi dance responses”. Physiol Psycho! 1978,
6: 387- 39()canbeasth tat éek drheisihfof skarnativeNBatmentan odaiities foa MG! it t or y

avoi dance ste Th h t e has
Dot h an_ ZHIESE PLroUPr MO tog SRR el et ARGl eSS o NO R I e
effect within the 5conceptual franemork of the paper. They claimthat the
different effects are seen at different doses, amestic effect at high dose
pre-training, and | earning enhancing effect post-training at | ow dose. The
key conclusion of the paper is that nmani pul ati on of the pentose phosphate
pat hway may act to nodul ate menory storage processes. 10Cal |l anay at at
("Methyl ene blue restores spatial nenory retention inpaired by an inhibitor
of cytochronme oxidase in rats". Neurosci. Lett. 2002, 332:83-86) proposed
that MB corrected behavioural inpairnments induced by a mtochondri a(

i nhi bitory agent (sodium azide). However, an objective review of the
techni cal disclosure shows that there is no evidence that MB corrected a

| ear ni ng defect produced by sodi um azi de, and 15al so that the
interpretation of the data suggesting that there is neverthel ess a
selective effect on nmenory without an effect on learning is inplausible in
the light of defects in the experinental design. Specifically, the
experinmental design did not control for the change in the task from

ol factory cue detection during the training phase to a different task
during the probe phase of the experinent. 20 Notwi thstandi ng the above, the
authors present the inference that: "The results fromthis study suggest
that MB has the potential to positively affect the clinical outcone of
menory retention difficulties in neurodegenerative disorders associ ated
with mtochondrial dysfunction.” However neither the data nor the authors
suggested the 25use of MB could act as a cognitive enhancer in the absence
of mtochondrial dysfunction.



Gonzal ez-Lima F and Bruchey AK (" Ext| nction nenory inprovenent by the -
net abol i ¢ enhancer net hyl ene bl ue". Learning and Menory, 2004

11(5) : 63BOBABYISERAM ned post - 30extinction adni ni st rat PERGHROMGME66

det ermi ne whet her MIC coul d enhance retention of an extingui shed

condi tioned response. The authors draw the inference: "MB admi nistration in
conjunction with extinction behavioural ,therapy in humans may be a useful
therapeutic agent to facilitate retenti on of extinction of conditioned fear
or other traumatic nenories.” That is, the authors are advocating a
targeted use of MIC to 35achi eve an amestic effect in certain specific

ci r cunst antisias N REONEHFEIIMCHUGRRY B8 wegsBdventorCakt away et at

( ety ensaldEnddBRGIES (OAPLA AAghin Ralfhe J08) LahAld s BRI Rl | "
behavi our adf cognitidi lgmaamenhtn@amemimtw gittha pres¢r@0djany odelying pethatgyett i ve

revi ey of thQ%.DBthrgghm\é‘r Sf‘rtefe‘?énéeh:ﬁe EHas q%téﬁ%l?ﬁmﬂé’cr f) HG%S?éthat MB

i nproved | earni se unlnpalre nlna he TRt erpretation of .
t he data swgyesing rygurtghatd am@rcesarwbatem térelabgbd scopelaptné-treatefiiméet on nenory
wi thout an effect on learning is inplausible in the Iight of defects in the
experinental design. Specifically, the experinental design did not control
for the chEngepresentsaart altekndtive meatnicrd rodgplity te exlsttrgichiC bireafueintsg t he trai ning
10phase to a different task during the probe phase of the experinent.
Therefore, there is no evidence that MB i nproved nmenory in otherw se

uni np@i r edPramions LisesTifal/amunboianotlisnestawednthat cyt ochr one oxi dase ¢
activity was increased in brain tissues obtained 24hr, but not 1hr or 2hr,
after a single dose 1ng/ kg dose, and that MB introduced in vitro into a

pr epar at i dpiaginoppenghiezines bawnprelioasin beersshawi tedntebisied mqtemcaggtﬂmiim

oxi dat i on. r tﬁﬁ%g‘ i | I f MB are
maxi nmal @E‘%‘{%‘y& %‘S%ﬁ‘g%%ﬁl strati gn@&ié tﬁe%mt&é‘ﬁgget (5' ﬁﬁ%@ﬁgl ble to
ar gue t hat cqt@(q@edwe@@%@fe(ﬁ fiomeyt e Rocosie Suxi dusroustis setesdistiod®d fatusz4hr

but t at. e, nf erence
that the m@%ﬁ%@%ﬁ%nd‘;@r@ ?&0); sgﬁ§8fl\>%;'r189§ Hgéaé&g mg'P éﬁ iAg)nQ{niL‘%vbb@odgl ated to
enhancenen®isedsecyt ochr one ¢ oxi dati on" 20 RI ha et al. ("I\/Em)ry
facilitation by nethyl ene bl ue: Dose-dependent ef fect on behavi our and

brai n oxygen consunption”. Eur. J. Pharmacol. 2005, 511:151-158) report

t hat rats Additianally WQ 82/@55720nghk §nivBrsik (eounarf thli Phiversity off Alrgdesal i ne- t r eat ed
rats in |l g se |rrproved
bahavi our Al PaEr 50 SaHCaL e of BdnciHendBnky Soditpl iy o,

obj e28@i ve trasynent ot vafietytas ormieio aggwigstinmdiseases aall Ug?bﬂ}?rci!ﬁnfmmslapport for
the conte =N ecific effect on behavioural habituation
as disti ngér!n?é}g;m%ﬁ“ségevgtlhftlglégﬁ%?%%t s on | oconotion. Furthernore, the
results fail to denonstrate that MB enhances detection of a famliar object
relative t i - ion in the
vicinity 0\18/0'S GS%OETgﬁﬂgqgﬁ'\é%?itW%%ere Org&&ﬁgh@?;-g&%ﬁ&g%ﬁéﬁe of
menory f adiaﬂtota@eiias#phanomam ged theirvsain @iégm%ﬁu%andtthésapale@ of eperatis t hat

| ow ggncentrations of MB increased brain oxygen consunption in vitro and 24
hr after in vivo adm nistration, but not at 1hr or 2hr post adm nistration.
From t hi s, B tanti@gshivitiuideebovaatthe peasail isvantipn t@at@éététfwttmfmﬁmt@t b&de brain
oxygen cor@égﬁ%gg gn also facilitate nenory retention.” Fromthis they draw
the follown i'nference: "Based on our findings, it is possible that

met hyl ene bl ue may al so be useful WD 2008/ 155533PCT/ G82008/ 002066

Several studies have proposed that it would be desirabie if drugs (such as Methyl

30 Thioninium Chioride (MTC), also known as Methylene Biue) had effects on memory
which could be medtatecf 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 MCL.



- 5 - as a nmenory enhancer in humans with reduced brain oxidative

met abol i sm such as individuals with Al zheinmer's and vascul ar denentia."

W ubel &YO3pus/if3397) ("Methyl ene blue facilitates the BXUOHet®ER08¢ fear in
“an ani mal nodel 5of susceptibility of |earned hel pl essness."” Neurobiol.
Learn. Mem 2007, 87: 209-217) exami ne the effect on nethylene blue on
conditioned fear extinction in femal e cangenitally helpless rats. The

aut hors found that nethylene blue did not enhance nenory retention of

extincti O”Mbﬁmég'& ol fw@f@%n@%er@te%t@@%bﬁnwbﬁmvo@éhwgsb%es ‘That is,

MB di d not have an effect on learnin extinction. Neverthel ess, the

aut hor s 10Paysin! Peyciich 487 8vi8 38 hiake Eﬂeﬂ@ﬁ@éftff‘? gijees opMEG inaging-trialanivkiteryc
stimuli. TheyddiaWdd Rrdugh &N Cend Qﬁﬁors%&ab!dl@{?ﬁt memsém@mmsl dobredre fear

extinction as an a junct “to exposure therapy. i's, the authors again
advocat e t HBnesis SFECAINE qasSiag ﬁnwelahaméﬁﬁmqr&eémimg ¢fiectwithiniie speci fic

ci rcug’gt angsRe ptha(Rhh NG« oﬂhe‘%apel( 3’9@?%:iamﬂi"l&@ti‘?etdiﬁérenﬁe%@@@ar@@gencal l'anay et

04) use approxmate he same” form of words to articulate the
foI | owi ng @é‘n@nhﬁow@caranesﬁ»meﬁemt hightdosd pte-aiaing pard IrREBIdoYINaarng Piast ment s

to inpr Ove %Wn Qt%\ﬁ dB SPREkdy &:néMQn@RH‘ ﬁre%a%@ﬂ%‘tﬁét%aﬁwnpd@bﬁ%@lﬂec

enhancers e nmetthyl ene ue nay 1 nprove overall brain energy producti-on
and nenor ypqarép%mpm@nh@t? P@th%gaﬁq a@ﬁ@iﬁ@rmaﬂnomt@@ge PEOCRBE98bol i sm

wi t hout 20producing side effects associated with nodifying a particul ar
neurotransmtter systenf (Callaway et al., 2002). Thus the clinical
condi!ﬂi onsCaligwamg!@h (‘tl\ﬁ@wl@mrfg@ég festgies geatiabmemenhigtenten hrprirasiky-an

" neur odegepgrat, é{fec ﬁanﬁ’e%ﬁda%%%‘P&lt@t RdursEin &t tz@@@%@rsaaéaﬂyéao@@@wapn

enuner at ed nore SP I cal as Leigh di sease and Al zhelmer’'s dlsease
(Cal | anay B cgrrectegdmppyiowa mmmgtwweﬁé’mm@qﬁwamﬁi Giikitary qeent

met abol i quoafaﬁha%? )2 Y %H%&cwet QVMWEMCQ%CWMMSWW a"

(R ha et None of the studies enunerated have drawn the
i nf er ence, thety iSMW*dﬂﬁé?”‘r@ﬁMﬁ epseectpdruisainasieien Kpdiget Re spHp@ragideeand hat

uld JoMe
Exarrp?es b%?o H§a‘?ﬁ1 heZM{uHSP%rBlE?Bh Sﬁﬂhgﬁa%ag‘sdggﬁggdg? gszxt:\(%re(légﬁcé I ir‘él“g’gea f;gfdlsl/l?c has

been denpneffechpamemoninitbeiian fisghen eﬁ@'ﬂgrﬂﬁé[ﬂpiﬁ’éﬁpleh%ﬁ@l@ht plrftef ‘ﬁﬁ‘eaged
wild-type gy L@imenialWBiigh ébéctf@wuyp%%ewemaﬁws@ﬁ&@wmwﬁoeiih@%%e

vascul ar denenti a, disease of inpaire gen-consunption, or mtochondri al
def ect wouldhejgskiromseliacépry ﬁﬂ%d?@d&ﬁ‘tqq”éggh%ﬁ@&*ﬁ@@@é’iﬁ forp different gt of its

known pri ogudd the ke shas8 of R ERperifm008/ 155533PCT/ GB2008/ 002066 - 6-
contexts. Specifically, diam nopﬁenot hi azi nes (exerrpl ified by MIrc) are

showdCt o i nprove nenory in situations where there is no expectation of

m t ochondr N@{\Mfﬁﬂ%ﬁ\ﬁ?ﬁ@tthé)@bofeemé%o% ﬁ#e@eﬂ%h@ﬂﬁéﬂéﬁcé@b@bﬂ’llé RLIY fronnfi| ar
i npai rment .. 5Present “i nvention This_unexpected di scovery thus

has
implicati OFFS‘dY svagsshialMBdas\the peisalial éo p%qftilvgfy #echibe clinical outcome of

memory retention difficulties in neurodegenerative disorders assoctated with
mitochondrial dysfunction.” However neither the data nor the authors suggested the
25 use of MB could act as a cognitive enhancer in the absence of mitochondrial

dysfunction.

Gonzalez-Lima F and Bruchey AK (“Extinction memory improvement by the metabolic
enhancer methylene biue”. Learning and Memory, 2004 11(5):633-640) examined post-
30 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 behavioura!l 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

35 achieve an amnestic effect in certain specific circumstances.



for which (as di scussed above) there is a significant need for novel
treatnents. 10 Thus in various aspects the invention provides: i) Use of a
DAPTZ cOMBaadLSEF3t he preparation (or manufacturing pr 8EEE6¢GH00H66

medi canment for the treatnent of MCI in a patient. Said nedi canent so
prepared or manufactured will include the DAPTZ conpound as the or one
active ingredient. 15 'ii) A nethod for ,the treatnment of MCl in a patient,
whi ch net hod conprises adm nistering an effective amount of a DAPTZ
conpound. iii) A DAPTZ conmpound for use in the treatnment of MCl in
a patient, which nethod 20conprises adm nistering an effective anmount of
DAPTZ conpGailiavayrt ef. ¢iviadiolyi®nePilde oapmeasizlsin anxalativesmesbolisn androresodet ai |
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WO 2008/ 155538 RCE/dE3280 82002086 the grobe bhiserddhe evgleyimenoThermfgredihdreN§C show

a better t (oSN eYal: LV i gl n . r
admi ni st ergcgéﬁﬁ%%%it ?Jta ?3% p't&q?@g%b a rﬁ%nq%ggtﬂrwgte m%%’ggtﬁ[@%?eﬁia\eli'éhoésoses of
bot h ri vastisgahovedihdt WChaohe dxiggstes gityity was ingrdased evigasi tisguéeahtained)

deficits S 1 - LY 4 i n . i.nhed
wth Cnl EinsRet Bk o € bR R ST S a B RGBT

t he fact tintta pieipgrationbf adodhoome lnendpyaic 6edug inoeased cytdchranmepe oxidatioot  onl y
synpt,ens b 0,C I LGl.al Ql,i St er eby
enabﬁlgng tﬁéwgds%’ ﬁ(ﬂ?%d\%é?&'hﬁ%%ﬁﬁb@% 53?‘%8@{‘% i?g?‘%ygﬁ%"ﬂ%@e“{‘he@ }r"{]sk of
si de ef f ecpest ad@iirtratise. apk iDAREZeiomipwimEblestocEguesthMIIEBiproduebispedificon wi t h
chol i ner gi ] 17 Walp™

acet yl hol SR bfie LGRSOl IR PIARE R 1 O 417, 0% BEGd Bl ne

t he pr esenauthergamw the inferenseithaiohe reerhadismenf @ctiar ofddBrimmennayy eEntiomal |y be
i n conbi nat.i i 9Ll Satichor exanple, one or nore
chol i nestgﬁqggge}%ri%t{ggﬁé]g?@gnf% télfs {@flogﬁ'reopem ‘?%lloéo' known. as AriceptTn),

ri vagfi gm ne (al so known as Exel onTm), gal antami ne (al so known as

Rem nyl n") gin P4 f“%%?Facﬂi’fﬁt%ﬂ%iﬁétﬁylér%ﬁne:%os@%@%é]ﬁ FBLSR HERGWHLAS
and brain oxygen consumption”. tur. J. Pharmacol. 2005, 511:151-158) report that rats
~ treated with 1 — 4 mg/kg MB were not different from saline-treated rats in locomotion or
feeding behaviour, but that the 4 mg/kg dose improved behavioural habituation and
25 object memory recognition. However, an objective review of the technical disclosure fails
' to provide support for the contention that there is any specific effect on behavioural
habituation as distinct from non-specific effects on locomotion. Furthermore, the results
fail to demonstrate that MB enhances detection of a familiar object relative to saline
treatment as measured by reduction of exploration in the vicinity of the familiar object.
30 Therefore, there is no evidence of memory facilitation in otherwise unimpaired rats.
They also reported that fow 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
35 inference: “Based on our findings, it is possible that methylene biue may also be useful



Ebi xat M NanendaTm), mnuscarinic receptor agonists, and/or inhibitors of

anyl oi d precursor protein processing that |eads to enhanced generation of
bet a- amA#VEi 208/ B@3Assessi ng and Di agnosi ng MCI Wi | e t h&CE/GBR0GY/GORG66
discussion in the literature as to the nature of the MCl concept (see
Gauthier S. et al., MId Cognitive Inpairnment, Lancet, 2006; 367:

1262-1270; Petersen 25RC et al. Neuropatshol ogi cal features of amestic mld
cogni tive inpai rrrent Arch Neurol 2006; 63: 665-672) MCl is recognised as a

lid di h d o) d f
Lot L e RSE AR nRincel s iy B TR eR el e BRIl B RS gl o of

denenti a. &aﬂmaewm;atmemeﬂs ahcevdsgulbpdesymidr'omal MCl i ncl ude features
|isted below. A The patient is neither normal nor denented. WO

2008/ 155533PCT/ 82008/ 002066 - 8 - B. There is evidence of cognitive
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intact or mni etp@ h K tm iut da M | d
cognitive FOHER" Sﬁé?‘é ?) ?5v‘?é‘fr§L al mg \VI\EP%Q g Aot H € report of
}\/23 | gté gr ngizéln;gﬁ:?e;&ﬁrohlonextgmgpf QtﬂmMﬁlté}e@dgm% lh’a!@c&}@tmmbﬂémﬁthon\]?'hdtnt ern.

: ; ove, the term. nt'al" toa
psychi atri € CH Pto'??vrer?” §¢ ‘?ndﬁéfé'g’lg Qg@ﬁ%t'o'é?\’%’gﬁ}’%gﬁs PFcan
D1 Yor der s, our LI AL L1or WShn0ton D C v t““"mvfﬁﬁﬁm&e?f“r“#ﬁ?‘eiéasm v
def tnes. - dNRIHRYEnE e At I (PPl e gh AT RGP KT bt
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pr esuned et ol.o IVHV s§ts forth a generally accepted standard for

such di agn8 ?%égge(f?frbwrc glcwa;r% Y EPeat | ng of derrentl a and associ at ed

psychiatric disorders. 20The Ml may be "ammestic". By one preferred

def t di vi.d I t

e ol S Bl BB O BB EP e Py B
perfor nancmejsa&zesfbandawdrddwaarbuiafesthdaejllovmgcgunemll rrsaabajirams‘wme tadjtiecadli ve,
docunent ed_25decl| s useful in deter whi.ch _i ndi.vi dual s

have Mol . P ?vfﬂacﬂ‘8ﬁ'§ﬁh saf’l‘%“sﬁ"r'm%e BERERORay °%%Pe&é‘F YaapUgd raH%rP‘“ Pts in
two or nor emetabeiseofarcognike imathyipnediies mhanprbvéomrathﬂmrdemw prodostenbel ow

the mean, &R Fn%% %greté)r(ﬂoﬁ % tf}ggm%qﬂ?&%og&lai gQ dative metabolism, without
20 producing side effecis associated with modifying a particular neurotransmitter system”
(Callaway et al., 2002). Thus the clinical conditions for which they suggest the use of
methylene blue are: “neurodegenerative disorders associated with mitochondrial
dysfunction”, enumérated more specifically as Leigh’s disease and Alzheimer’s disease
(Callaway et al., 2002}, or "humans with reduced brain oxidative metabolism, such as
25 individuals with Alzheimer's and vascular dementia” (Riha et al., 2005).

None of the studies enumerated have drawn the inference, nor have they provided
grounds for drawing the inference, that MTC could be used symptomatically in treating
MCI.

30
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,

35 and thus is entirely unexpected in the light of its known prior art effects in these



Preferred patient groups The patient will generally be one diagnosed with
MCl, but be one not diagnosed with AD (i.e. will not show denentia). The
pati ent wil2bospissssit fromthe synptomatic relief as 35descmzbedhvabove. WO
2008/ 155533PCT/ 82008/ 002066 - 9 - The patient may, for exanple, be aged
over 45, 50, 55 years. The patient may be one neeting one or all of the
followng criteria in respect of: (i) Braak stage; (ii) MVBE score. 5 (i)

Break stage In the Braak stageing scher’n@,' di sease progression is divided

into 7 stage Break._ .stage O.(herein designated. ) 0" or "BO') to
Break st ag‘gor%e)%s" @@?C'écaigr g’a%&?ﬁ?mﬁ‘f@m%% §?@H&fe§%{¥£§§) o] 5?‘%’“ 2

char act er i igfpreveneemograsivmations wheRgheRSs A eRpedidtdnng wiiwthdidribl ary pat hol ogy
of AD (Break_and Braak (,Neuropathol ogi cal stagei of Al zhei nmer-rel ated
changes. A@’fsguqﬁg?ﬂ'6?)‘21%&”?'%82’??“"%’9%?9‘3{5%C.‘@%@@%‘)".‘"W‘t“ﬁ%s for assessing
neurofibrillary degeneration are disclosed in W02/075318. 15 In one
enbodinent _t he NMC! Batient group which it is desired to treat by the

met hods of PEREMIPEEER i nvention is at BST 3 or less, BST 2 or less , nore
preferably 1 or less, nore preferably 0. The preferred patient group wll

have a relatively |lo robability of clinical depgentia and a relatively | ow
or obabi | 1 1 JTBEneAsFBYPeONG Y dars Brsdmafiatos FoRBOBIITS SOMITERLHEI R MATi ||
suf f er Ml for whigh KA&SEsQ8B8EE above) there Bad sighifiGantaged RIMPBGS idbEndhist abl e or
declining cognitive inpairnment characteristic of 25MCl (along with the

further relevant clinical features) at a point in tine. The M ni-Mental
St at aQExanTmatih oaridusMsbcts Shainséritind prslicked t est whi ch was proposed as a
sinpl e and qui ckly adm ni stered nethod for grading cognitive function

(Fol stein MF, Folstein SE & McHugh PR 'Mni-nental state'. A practical

met hod f ori) geadf AQARTE @heegdirt the @raistdtenqbr pabifasusnd procedw othi ni ci an.

Journal of Psychiatric Research 512 189-198.).,The E is the nost
whdel'y useReRtgRraehe SERERFGT ML dRaits S mnsichEtant £ BB iEgn: 1§ ve
dysf unct i omanufecti@ddeaieiude the DEETEabmpeursngs ey lnatactie: ingtedent. s ( Tonbaugh
TN & Mintyre NJ. The mni-nental state exam nation: a conprehensive

revi &% Journal of the American Geriatric Soci ety 1992 40 922-935).. The

MVBE 35evailyuainethod forahd atblment oEMOY .2 pdtieat) Whioh ragitiot aogpags ddmesieons. WO

2008/ 15553 3P G0 008 90588872 gon_']pound.

i} A DAPTZ compound for use in the treaiment of MC! in a patient, which method

20 comprises administering an effective amount of DAPTZ compound.
Preferred DAPTZ compounds are discussed in more detail hereinafter.

The administration of the effective amount wili be such as to bring benefit to the patient
25 €.g. amelioration of amnestic symptoms.

Diaminophenothizines may be adminisiered alone, or in combination with other

treatments, either simultaneously or sequentially.

30 Interestingly, since the action of MTC in the Exampies below was specific for within-
session improvements and there was a trend fowards 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

35 may be such as to provide benefit via a non-tau-aggregation-inhibition mechanism.



Patients for whomthe present invention may preferably be used may be those
with | ess than or equal to MVBE 24, 25, 26, 27,28 or 29, nore preferably |ess
t han or wquels/1ss538/MSE 24, 25, 26, nost preferably | ess t RERGE20BHIHO6t 0 MVSE
24 or 25. 5Benefit and treatnent By "treatnent of' or "bringing benefit to"
the patient is neant anelioration of a condition, including any objective
or subjective paraneter such as abatenent; rem ssion; dimnishing of
synptonms; slowing in the rate of degenération or decline. The treatnent or
anehor ati on, of .synpt Qns. can ased on objective or sub ective rameters;
ol ol ng e YR 1 So BT MEG: SRR arth RS es R e hatgrie Bhen
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invention guopyaf@R-Bddieddn@hoguRbaitRents NeTHus SRbereedmifthedivkh CRERthPRbLY eNt
or .acconpani ed by a

suffe i ng therefr risi a container | abelle

et 5 20, P EHEr oG MTSEPHERES 1 Ko 80 EPROCTPe 468 e s ST e
C(r)\nt ai ner tmmlb?lcau ﬂ@o@h&a[@rmﬂﬁm@ r@@@?geyrﬂﬂi&rﬁs kﬁﬁ%i&o?@ﬁﬂbb@l aaﬁgﬁﬁiau%(@@st one
phar maceut i ca e excipient an S an active ingredjen an

i sol at ed 'BXE’?%%@E g’lﬁﬁﬁb%%q c@f‘%ﬁ‘ef‘is&ﬂf? é’oﬁ%%‘?frq“liﬁdﬂﬁ"é’f“@f‘h 25The

i nvention mm[m;b@thepignwfdﬁg effeltist for treating MO in a human including a

DAPTZ compound and instructional material teaching the indications, dosage
and schedul e of adm nistration of the MIC for treatnent of M.
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e

di am nophepot hi azi ne conpounds_and anal ogs thereof, having one

ol | owt ng PaACEINe g DRI L A BP! b BT aP e i Ker@ent and
sol vat es td4ien®iaé on€ embegitieviebthé efsderBavdrtioRer ei n as

"di am nophenot hi azi nes" or "di am nophenot hi azi ne conpounds"): WO

2008/ 155533PCT/ GB2008/ 002066 Forrmula (1) depicts conpounds in a reduced

form whergas i:eaﬁ@embodﬁﬁfeﬁu lhraatrieht ma(y?a)pno@m b(e4h cdmbin@ﬁch KPR dEoren an
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L | v 12 - pl e,
et ar e Rrastd nse BhEs e S b SRrames RRbamiin B AT Db, some of

whi choare shown bel ow, and all of which are intended to be enconpassed by
structure Ass)essmg and Diagnosing MCI/

While there is still discussion in the literature as to the nature of the MCi concept {see
Gauthier S. et al., Mild Cognitive Impairmént, Lancet, 2008, 367 1262-1270; Petersen
25 RC et al. Neuropathological features of amnestic mild cognitive impairment. Arch Neurol
20086; 63: 6865-672) MCI is recognised as a valid disease target by the FDA. ltis
defined by having a minor degree of cognitive impairment not vet meeting ciinical criteria

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

A. The patient is neither normal nor demented.



X (4-B) 5 ,"B3NA N (r) | ?NB4] R6R R R3NB - Carbon Ring Atom
Substituents 10 In each one of the above fornulae, each one of Rl, R2, R4,
A+6, K IVRB20WAG5T® is independently selected from -H, PCT/GB2008/002066

-8-

B. There is evidence of cognitive deterioration shown by either objectively measured
decline over time and/or subjective report of decline by self and/or informant in

conjunction with objective cognitive tests (e.g. secondary tests if memory).

5 C. Activities of daily living are preserved and complex instrumental functions are either

intact or minimally impaired.

{See also Winblad, B. et al. {(2004) Miid cognitive impairment — beyond controversies,
towards a concensus: report of the International Working Group on Mild Cognitive
10 impairment. J. intern. Med. 256: 240-246),

As used above, the term "dementia" refers {o a psychiatric condition in its broadest
sense, as defined in American Psychiatric Association: Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, Washingion, D.C., 1994 ("DSM-IV"). The

16 DSM-IV defines "dementia” as characterized by multipie cognitive deficits that include
impairments in memory and lists various dementias according to presumed etiology.
The DSM-IV sets forth a generally accepted standard for such diagnosing, categorizing
and treating of dementia and associated psychiatric disorders. -

20 The MC! may be “amnestic”.

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

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

30
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

35 described above.



-F, -d; -Br; -1; 15-0OH -OR -SH, -SR, ~-NX®2; -C(=0)0H -C(=0)0R

20-C(=0) NH2; -C(=0)NHR, -C(=0)NR2; -C(=0) NRNLIRNZ; -NH2; -NHR -NR2;

- NRNLRN2YVO 26084135533 - NHC( =0) H; - NRC(=0) H;, - NHC(=0) R, - NRELCLGHW08/06806¢her ei n
each R is independently selected from unsubstituted aliphatic Cl.6al kyl;
substituted aliphatic G mal kyl; 5Sunsubstituted aliphatic C2.6al kenyl ;
substituted aliphatic C2.6al kenyl ; unsug stituted Ca_scycl oal kyl ;
substituted C3_6cycl oal kyl ; unsubst ituted C6.10carboaryl; substituted

C6. 10car bo er bstltuted C6. 10het eroaryl ;

unsubstutu?é%bﬁﬁ%gg‘%gv%oé%rﬁaﬁ%s %éf,qve*’gﬁl%’t 5t

C6_10car boaryl - Cl1. 4alky1; 10mhere|n I n each group -NRNLRN2, independently,
RN and R e h the n| on1t whi ch t

At tached 1 TP PARM hBYREIRE #Mcilg 0B ob b SRS BB et M Skne Rt @ apoups
NRRNZ, whsege r(i)RiS&rdofN2 t aken together with the nitrogen atomto which

they are attached forma ring having from3 to 7 ring atons, include:
15pyrtolidino, piperidino, piperazino, norpholino, pyrronI, and

substi t ut ed) Bamkslagsuch as N-substituted forms, such as N-nethyl piperaz
no. In one enbodi nent, each one of R, R2, R4, R6, R6, and RO is

I ndependently sel ect ed from
in the Braak stageing scheme, disease progression is divided into 7 stages (Braak stage

0 (herein designated as “BST 0" or “B0”) to Braak stage 6 ("BST 6" or "B6")). The

10 system is based on the characteristic neuroanatomical progression of the neurofibrillary
pathology of AD (Braak and Braak (Neuropathological stageing of Alzheimer-related
changes. Acta Neuropathol (Ber). 1891;82(4).239-59).

Methods for assessing neurofibrillary degeneration are disclosed in W002/075318.

15
in one embodiment the MC! patient group which it is desired to freat by the methods of
the present invention is at BST 3 or less, BST 2 or less , more preferably 1 or less, more
preferably 0. The preferred patient group will have a relatively low probability of clinical
dementia and a relatively low probability of representing early stages of AD, but

20 nevertheless still suffer MCI.

{ii) MMSE score

Patients may demonstrate a stable or declining cognitive impairment characteristic of

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

The Mini-Mental Staie Examination (MMSE) is a standardised test which was proposed
as a simpie a‘nd quickiy administered method for grading cognitive function (Folstein MF,
Folstein SE & McHugh PR. 'Mini-mental state’. A practical method for grading the

30 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 Sociefy 1982 40 §22-935). The MMSE

35 evaluates orientation, memory, attention and language functions.



20-H, -F; -CI; -Br; 45 -OH -OR 0)OH -C(=0)O0R -R In one enbodinent,
each one of R1, R2 R4, R6, R8, and R9 is |ndependentI\P/ selected from -H
R In on¥OZM¥disnt, each R is independently sel ect edPETEHR2IBALHNE i t ut ed
al i phatic Cl. 6alkyl; substituted aliphatic Cl.6alkyl; unsubstituted

al i phatic C2. 6al kenyl; substituted aliphatic C2.6al kenyl; unsubstituted

C3. 6¢cycl oal kyl ; substituted C34cycl oal kié) WO 2008/ 155533PCT/ GB2008/ 002066
- 14 - In one enbodi rrent, each R is independently selected from

bsti i C'al kvl .: b
oot oo b bl IR bt g oAl v RRR M P Sl sty B fhope with g L1
:izrr. | ﬁl (r;nmae oelebm:htdsrmmstfzheaemazi?&& drdepabdemrieyalselees tresh o‘rreqnaii te Ve and
orbodt meot IVRALLERE wgﬁﬁ?efafﬂ%ﬁg?%&r R EBaaa b UM S B b B nbodi ment

t he 03. 6¢cycl oal kyI group I's a C3_4cycl oal kyl group. 10 Exanpl es of
unsubstitu ed @ hat F al kyl groups include: nethyl, ethyl, n-proPYl,
I so- propyl ] Vi Frea 6’ butyl, sec-butyl, tert-butyl, n-pentyl,

I so- pentyl, tert pentyl, neo-pentyl, hexyl, iso-hexyl, etc. 15Exarrp| es of

S Ut sl B 5 AT B RS DR BR a BRS 2Y
C3_6cycl oainksyidingramy Mjaawmesubpymeqmrmwier segcaograngyemetdmyssiorcycl obut yl
cycl opent ydﬂmmgi%lng oF%%Xndtoms SlOV\%!‘?g in the rate of degeneration or decline.
10
The treatment or amelioration of symptoms can be based on objeciive or subjective
pérameters; including the resuits of a neuropsychiatric examination', andfor a psychiatric
evaluation e.g. improving performance of memory task tests demonstrating relief of mild
memory loss or impairment and/or relief of other mild cognitive deficit.
15

Products and kits

{n another aspect, the invention provides a drug product for the treatment of MCl in a
patient suffering therefrom, comprising a coniainer jabelled or accompanied by a label
20 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.

25 The invention further provides a kit for treating MC! in a human including a DAPTZ
compound and instructional material teaching the indications, dosage and schedule of
administration of the MTC for treatment of MCL

Diarninophenothiazine (DAPTZ) Compounds

30 _
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”):

35



| n. one enbodi nent, the C6.10carboaryl group is a C6carboaryl group. In one
enbodi nent, the Cs _loheteroaryl group is a 06. 6heteroaryl In one
embodi maKe 2008HE588 10car boaryl - Cl. 4al kyl group is a %Bﬁ?”&%&?@ﬁt’"ﬂ@fﬁ 2al kyl
group. 25Exanpl es of unsubstituted C6_10carboaryl groups include: phenyl,
napht hyl . Exanpl es of unsubstituted C6. 10het eroaryl groups include:

pyrrolyl, thienyl, furyl, imdazolyl, oxazolyl, isoxazolyl, thiazolyi,

i sot hi azol yl, pyrazolyl, pyri dyI pyrazinyl, pyrimdinyl, pyridazinyl. 30
Exanpl es of unsubstituted C6_ {Rbﬁayl Cl_4al kyl groups include: benzyl,
phenyl et hyl . I n one enpodl nen opt i orgal substituents (e.g., on

al i phatic Cl.6al kyl, aliph
C6. 19het eroaryl, C6. 16cal bo
from WD 2008/ 155533FCT y

, C3_6cycl oal kyl, C6. 10car boaryl,
) arg. 35i ndependemt ly sel ected

3 0 FF -d; -Br; -1; -OH -OR;
-SH, -SR; NO2; 5 ( 0)0 ] Q(zO)OF; - [(=0) NH2; -C( O)NHR', -C(=0) NR 2;
-C(:O)NRN'RNZ - NH2; -NRZ; -NRFNRNZ -NHC(=0)H, -N RC(=0)H,;
-NHC(=0)"' R; -NRC(=0) 1R, 10- R’ R’ whereiml each Ris i ndependent |y sel ect ed
from unsubstituted aliphaticlCl. gal kil ; gubstituted aliphatic Cksal kyl;
unsubstituted aliphatic C2 G&l Kghy stituted aliphati k% C2. 6al kenyl ;
unsubstituted C3. 6cyc|;:@'&l\ky i Slpst d C3. 6cycl oal kyl ; 15unsubstitut ed
C6_10car boaryl ; substltut%kj m; 108arb a\N\,RaNc

R?N

Rz
R {3)
mc/ N~
RS
R
R N R
o w| XO (4)
~ N R
N S N
% ] @ Rd

|
RSNB

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
10 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.

15 in one embodiment, the compounds are selecied from compounds of formula (4), and
pharmaceutically acceptable salis, 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



unsubstituted Cs. | oheteroaryl; substituted C6. 10heteroaryl;

unsubstituted C6. 10car boaryl - C14a|ky| substituted

C6. 10card3#0§{153833 4al kyl ; wherein, in each group - NR NERURE2BRMISENdent |y,
Rimand R N2 taken together with the nitrogen atomto which they are

attached forma ring having from3 to 7 ring atons. 20 In one enbodi nent,

optional substituents (e.g., on aliphatyc Cl.6al kyl, aliphatic
Ca_6cycl oal kyl, C6, 10carboaryl, C6.10heteroaryl, C6.10carboaryl-Cl. 4al kyl)

are indep f £0) OH;
oL PR KR 1 o oy DB rbiartE st o 400 O
Cl. 6a| kyl ,whith mahown@@@w @ad Iaéng/wmch:nna/lote@deqiw be @s:otimasdsbly tiucture
C5_10heter ry C6. 10car boaryl -Cl_4al kyl) are as defined above, except

that each R~ |s i ndependently selected from unsubstituted aliphatic

Cl. 6al kyl ; unsubstituted aliphatic C2.6al kenyl; unsubstituted

C3. 6¢cycl oal kyl ; 35unsubstituted C6. 10car boar I; WO 2008/ 155533PCT/ G
B2008/ 002066 - 16 - unsubstitgted C5.k0heteroaryl; unsubstituted

C6. 10car boaryl - Cl. 4al kyl . ;I n one enbgdi nent, ptlonal substituents (e.qg.

on aliphatic G nmalkyl, alfiphatig gﬁgoalky C6_10car boar yl ,

Cs_l oheteroaryl, C6 aar boa / eyl) &l efine ﬁbove except

that each R is indepénden eCte nsubstituted aliphatic

Ci mal kyl ; unsubstituted aHth:¢i? C24§alﬁamyl unsubsti t ut ed

G 6cgc|oalky|

- - . _
R N R
4.C
RN RINA X {4-C)
é;N/' s Nig
iL?NB R" R* JRGNB
. . R _
RY Ny, R
- 4D
RTNA ~ RSNA X @ ( )
S N~
i?NB 6 4 IaN@
R R

Carbon Ring Afom Substituents
10
in each one of the above formulae, each one of R', R? R*, R®, R®, and R is
independently selected from:
M
-F; -Cl; -Br; -k
15 -0OH; -OR;
-SH; -SR;
~NO,,
-C(=0)R,;
-C(=0)OH; -C(=0O)OR;
20 -C(=0)NH;; -C(=0)NHR; -C(=O)NR;; -C(=O)NRV'R™;
-NHg; -NHR; -NRy; -NRYR™,



10 I n one enbodi nent, optional substituents (e.g., on aliphatic- Cl.6al kyl,
al i phati c Cl4al kenyl, C3.6cycl oal kyl, C6_10carboaryl, C6.10heteroaryl,
C6_10car¥da¥i15%33 4al kyl ) are as defined above, exceptP¢HEB2UEOR0EE | s
i ndependently selected from unsubstituted aliphatic Cl_6al kyl; substituted
al i phatic Ci, 6al kyl. In one enbodi nent, optional substituents (e.g., on
aliphatic Cl.6al kyl, aliphatic Cl.6al k_ep_,%/_l , Cntycl oal kyl, C6_10car boaryl,
C6_10heteroaryl, C6_10carboaryl-Cl.4al kyl) are as defined above except that
each R isindepﬁ‘@g Y. e d Pty ) o -nPr, and - iPr. In one
enbodi nent, opti onal & %’bg?ﬁ(ug F?'SNE*e. g.),R—’ g{ﬁRgFﬁ)ﬁéti c G _ealkyl, aliphatic
Cl. 6al kenyl, C3R6cycl oal kyl, C6. 10carboaryl, Cs_wheteroaryl,
C6. 10car bogt fbhin GheAR i§¥r¥c?e %@eﬂi sgﬁétjeﬂﬁgn@bove’ except that each R is

Fom and -Et.

i ndependent|y sel ecte nm . 25l n one enbodi nent, each one of
R, R2, R4, R6,urmebstivig¢dRiphalicithdapdrribaiitiipdsdipraiicddoelkgm -H, - Me, -Et,
-nPr,gand -iPr. | t sHadic 02, . R6, R8, and RO
is i n%ependent |L§,Hsggﬁg@$§?@?%@§ﬂ‘f EK/EQUQ%%J% Etﬂp‘%% PR uf)ér? !’enbodi ment ,
each one of Rl ,urRRbstited &y clogkyReubdinded0sicyclpalfdpendent |y sel ected from
-H and - Me. I : X ur of RI, R2, IR4, R6,
R6, and R9 is -ﬂsugfit‘ﬁ%gn%"‘é%@o%%ﬁ%’?ﬁf‘gﬁ C’g‘%’gg'%:"a{wm of R, R, R4, RS,
R8, and R9 is -UasubsiipizdCR/dEE8ESPICTUCERIGSIOd28e®ay17 - I n one

enbodi nent, all brifRani B2, suBBit al 1S g In one
enbodi nent, eqc%ﬁgﬁagﬁgt?e%f&%l,;%;B%‘_‘La-@gr?g Rbuﬁl?g%.“_ Q%r?] 0 &0 ps 5 In each
one &9 t hewhaseneinfeschgrewn, -NR RS cindepardpntlyNRINamBRIS, taken jpgetbenvith bach one
of R3NA a LS, ¢ AV fda0ed ¢ Lo RonRr  R3NA and
R3NB takeﬁ%o%et dé'r% t%ﬂ{iﬁ:}%ﬁ ﬁ%ﬁ%t%gg%n%gﬁarﬁg Hv?hﬁ h%?ﬁggo zﬁeg gtto trrgt:hed form
aring having from3 to 7 ring atons. 10 For exanple, in one enbodinent, in

each grou W%& ] @S inSRe R orer i iR i

[ ndepende%’f y as |€Pesd ﬂ&%e'?ﬁ%mﬁ; . o?n%%gaﬁ%&%}t aﬂﬁgn. Figg%?rher W th

t he ni t r ogeiamde smchdheharshattashgd re aginodeniag froor it ring gtamty ingliderom 3 to 7

ringqatons RO/ pifret R, Bipekdbi ﬁmﬁfﬂ&ﬂﬂﬂ, biyi, ad SB6i AL HPms NTSNAR3SNEL

i f p?esent‘?yr%g%iﬁg'opﬁfgé?of F(?ﬁg and” FONB 1S | ﬁegengent y] sel ected from
N-substituted forms, such as N-methy! piperazino.

in one.embodiment, each one of R', R?, R*, R®, R®, and R® is independently selected

from:
20 -H;
-F: -Cl; -Br; «;
-0OH; -OR;
-C(=0)OH; -C(=0)OR:
-R.
25
in one embodiment, each one of R, R*, R* R®, R®?, and R is independently selected
from:
H:
-R.
30

in one embodiment, each R is independentiy selected from:
unsubstituted aliphatic C,.salkyl; substituted aliphatic Cysalkyl;
unsubstituted aliphatic C,.saltkenyl; substituted aliphatic C,.salkenyl;
unsubstituted Ciscycloatkyl; substituted Csgcycloalkyl.
35 '



-H, unsubstituted aliphatic O _sal kyl; substituted aliphatic G mal kyl;
20unsubstituted aliphatic C24al kenyl; substituted aliphatic C2 6al kenyl ;
unsubst iYOEEE1EFEcycl oal kyl ; substituted C3.6cycl oal k¥ T/RALEHLIME ut ed
C6A0car boaryl ; substituted C6_10carl Doaryl; unsubstituted Cs.wheteroaryt;
substituted Cs.wheteroaryl; unsubstituted C5.10car boaryl - Cl4al kyl ;
substituted C6, 10carboaryl - Cl. 4al kyl ; 2ppr R3NA and R3NB taken toget her
with the nitrogen atomto which they are attached forma ring having from3

to 7 ring at el i [.n each group - NR3NAR3ne,
if pr esentl,ﬁ ogg%ﬁndéggneg?a%h% gﬁ@ﬁ%@gggee%gggﬁdent |y selected from
30unsubst i t ut edunstibgitieted eligiatie &) kyikyl, subbkitied ®iptbtia|G.palayli c Cl _Bal kyl ;
unsubstituted aliphatic C2.6al kenyl; substituted aliphatic Cnal kenyl ;

unsubstituted Ca.ecycl oal kyl; substituted C34cycl oal kyl; unsubstituted
C6A0car boanying emitesiinantitaagh Gois ifdemebdently Iseleated dtost. i-Mat €d, -6Br, BOtePer oar yl ;

subst it ut : , ' o ry - Clal kyl ;

subst 71 ut 2@ 0%e@gbﬁ%‘gf{%h&éj’a‘k%ﬁ%ﬁaéﬂt%g%ﬁgﬁfég5@%%%% 2008/ 002066 - 18
- or R3NA and R3N8 taken together with the nitrogen atomto which they are
attached fgr | | f i . I n anot her
exanpl e, iiﬁ Oowﬁ%nfadr?%gnl rféh?g;%%%pgg%dpg? (Z)l%"‘%]%h&%m& if present, each one
50f R3NA andnRENSodindnhdbe Endakeryygroeb ésca Ed.dltepm groly. unsubsti t ut ed

a1 phat i ¢ C-ERr{bdmet 15 G pofRal FBGh I Crld B hsubst | 1 ut ec
C3_64&9cl oal kyl ; substituted C3.6cycl oal kyl ;
Examples of unsubstituted aliphatic C,salkyl groups include: methyl, ethyl, n-propyt,
iso-propyt, n-butyl, iso-butyl, sec-butyl, teri-butyl, n-pentyl, iso-pentyl, tert-pentyl,
nec-pentyi, haxyl, iso-hexyl, etc.

15 Examples of unsubstifuted aliphatic C,salkeny! groups include: propen-1i-yi, propen-2-yi,

buten-1-yl, buten-2-yl, buten-3-yl, etc.

Exam'pleé of unsubstituted C, scycloalkyl groups inciude: cyclopropyl, cyclopropyi-
rhethyl, cyclobutyl, cyclopentyl, cyclohexyl, etc.
20
In one embodiment, the Cg pcarboaryl group is a Cecarboaryl group.
in one embodiment, the Cs_heteroaryl group is a Csgheteroaryl group.

in one embodiment, the Cs.qocarboaryl-C..calkyl group is a Cecarboaryl-Cs..alkyl group.
25 Examples of unsubstituted Cs.igcarboaryl groups inciude: phenyl, naphthyi.

Examples of unsubstituted Cs.qoheteroaryt groups inciude: pyrrolyl, thienyl, furyl,
imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, pyridyl, pyrazinyi,
pyrimidinyl, pyridazinyl. '

30
Examples of unsubstituted Cs.ypcarboaryl-Cyalkyl groups inciude: benzyl, phenylethyl.

In one embodiment, optional substituents {e.g., on aliphatic Cysalkyl, aliphatic
Ciesalkenyl, Ciecycloalkyl, Ce.qgcarboaryl, Csioheteroaryl, Cq.pcarboaryt-Co.alkyl) are
35 independently selected from:



10or R3NA and R3NB taken together with the nitrogen atomto which they are
attached forma ring having from3 to 7 ring atons. I n another exanple, in
one enbddORBHH15533% each group - NR3NAR3NS, if present, EaEfE3HIEN8I06R3NA and
R3N8 is independently selected from 15unsubstituted aliphatic Cl.6al kyl;
substituted aliphatic G mal kyl; unsubstituted aliphatic C2.6al kenyl;
substituted aliphatic C2.6al kenyl unsupstituted C3_6cycl oal kyl ;
substituted C3_6cycl oal kyI or R3NA and N8 taken toget her with the
ni trogen atomtc')_.v@ hey are attached forma ring haying from3 to 7
ring atons n h r exanple, in one enbodinent, in each group
- NRSNAR3NB, if iesem;, each one of R3NA and R3NB i s independently sel ected
from -H unsubgﬂ) ed aliphatic Cl_6al kyl; 25unsubstituted aliphatic
C2. 6al kenyl ; tuted C3.6cycl oal kyl; or R3NA and R3NB taken toget her
wth the nitrog&tCatomto which they are attached forma ring having from3
to 7 ping atons. 3@#51 anot her exanple, in one enbodinent, in each group
- NR3NAR3", if pr S each one of R3NA and R3NB is independently sel ected
from unsubstl ttﬂ(ed @Hj {iita®)@R'C1_6al kyl ; unsubstituted aliphatic
C2_6al kenyl bst,i tut « | ; QAQSH-155533PCT/ GB2008/ 002066
- 19 - or Zﬁaa ?‘%@éﬁﬁg {‘@t\'% A= &ﬁgﬁ rogen atomto which they
are attached foxNHza -NHR'Q-NFRLY,i- Ng”fik&ﬁ*ns to 7 ring atons. I n anot her
exanple, in one a N NWB if present each one
50f RaNA and %I@gﬂﬁg%ﬁg&tﬁ(ﬁ{i’gﬂﬁ M‘g(rg)élﬁed\‘gé Me, -nPr, and
-i Pr 10l n anot hesR'exanpl e, in one enbodi nent, in each group - NR3NAR3N13, if
present, each one NA_ an N8 .is | de,pendently selected from -H, -M,
and -Et (e 6"9'“ r&ﬁs‘ﬁﬁeﬁ%‘g?mﬁ@iﬁ%‘?m: NMVe2, - NHEt, -NEt2, or -NVBEt).
unsubstituted aliphatic C,salkyl; substituted aliphatic C, salkyl;

unsubstituted aliphatic C,salkenyl; substituted aliphatic C,.salkenyt;
unsubstituted Csscycloalkyl; substituted Cyscycioalkyl;
15 unsubstituted Cq . ocarboaryl, substituted Cgqpcarboaryf;
unsubstituted C; oheteroaryl; substituted C. pheteroaryl,
unsubstituted Ce.jocarboaryl-Calkyl; substituted Ce.qocarboaryl-C, . atkyi,
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.

20
in one embodiment, optional substituents (e.g., on aliphatic C4ealkyl, aliphatic
Ciealkenyl, C,goycloalkyl, Cecarboaryl, Cs.pheteroaryl, Ce.pcarboaryl-C,.4alkyl) are
independently selected from: '
Y
25 -OH; -OR;
-C(=0)OH; -C(=0)OR";
-R".

in one embodiment, optional substituents (e.g., on aliphatic Csalkyl, aliphatic
30 Ciealkenyl, Csecycloalkyl, Cs.ocarboaryl, Csqoheteroaryl, Cs.iocarboaryl-Cq4alkyl) are as
defined above, except that each R’ is independently selected from:
unsubstituted aliphatic Cqgalkyi;
unsubstituted aliphatic C,.salkenyl;
unsubstituted Cjgcycloalkyi;
35 unsubstituted Cgqpcarboaryl;



10 I n anot her exanple, in one enbodi ment, in each group - NRSNAR3NB, if
present, each one of R3NA and R3NB i s independently selected from -H and
-Me (e. gVO 2004R38BR3N1 A is - NH2, -NHMVe, or -Nwe2) 151 n BFE&EMSHA0gy, in
each one of the above fornulae, in each group -NR7NAR7NB, if present, each
one of R7NA and R7NB i s independently -H or as defined above for R or |IRVA
and R7NB taken together with the nitrog atomto which they are attached
forma ring having from3 to 7 ring atohts. 20For exanple, in one

enbodi nent, in eacg tg ag: hR{?'\lAR?zNB if present, each one of R7NA and R7NB
i s i ndependent | {485 &P 3560 or R or R7NA and R7NB taken toget her

wi th the nitrogemsudstaet CwWeathbathey e attached forma ring having from3
to 7 ring atoms. 25In one enbodi nent, -NR3NAR3N8 and - NekR7N13, if both
present, are the same. In one enbodi nment, -NR3NAr(n3NB and - NR7TNAR7Na, if

bot h pr esetlhtonearnaaddiirfxér&r@ﬂzbnallslnbaaoéht@(eeg obn a;nmaad:)avmamrmmﬂxae i n each
group res d ndent | H or above for
% 305For CxatisnY; B ORE Lnoar e FhoBsem bl dup- SR = g Redn

RaNc is i ndsfpedcenyd, gx @tMEB&dR&b@d@péﬁenﬂy select®@ fronfror exanpl e, | n one
enbodi nent, in eacgtﬁ g g;é ,f present, R3Nc is independently

sel ected from YUY ?ﬁ‘?qéﬁ‘f’ +&Kf'ohatic Cl.6al kyl: substituted aliphatic
Cl. 6alkyl; Sunsuisbbiititedaliphdtipllataikeryl. 6al kenyl ; substituted al i phatic
C2_6al kenyl ; unsubgt Ltut ;g C3] Gﬁ%gl oal kyi ; substituted C3. 6cycl oal kyl ;
unsubst it ut ed C&SHBRUVERSeetYC108t i t ut ed’ 06. 10carboaryl ; unsubstit ut ed

C6. 1@het eroaryl ; substituted Cs_| oheteroaryl, unsubstituted '

o i BB B REBIRI K i b, 10 M P
i ndependencl.éali&ayiecg_@ﬁclbamvm Ce.gcarboaryl, Cs.qoheteroary!, Ceqocarboaryl-C,.alkyl) are as
defined above, except that each R’ is independently selected from:

unsubstituted aliphatic C,salkyl, substituted aliphatic Cysalkyl.

15 '
in one embodiment, optional substituents (e.g., on aliphatic C,.salkyl, aliphatic
Csealkenyl, Cygeycloalkyl, Ceqocarboaryl, Csicheteroary!, Cqqocarboaryl-C, alkyl) are as
defined above, except that each R’ is independently selected from: -Me, -Et, -nPr, and -
iPr.

20
In one embodiment, optional substituents {e.g., on aliphatic C,.salkyl, aliphatic
Ci.salkenyl, Csscycloalkyl, Cs.qocarboaryi, Cs.oheteroaryl, Ce.qocarboaryl-Cqqalkyl) are as
defined above, except that each R’ is independently selected from: -Me and -Et.

25 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.

30
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.
35 In one embadiment, all except two of R', R?, R* R®, R®, and R® is -H.



unsubstituted aliphatic O _6al kyl; substituted aliphatic Cl.6alkyl,;
unsubstituted aliphatic C2. 6a|keny| substituted aliphatic C2 6al kenyl ;
15unsub3¥ ¢ e¢8EE63. 6¢ycl oal kyl ; substituted C3 60yc|oaPﬁ?K“nWW§ﬂB§€ltuted
C6_10carboaryl; substituted C6.1OCarboaryI unsubstituted C6_10heteroaryl;
substituted C6. 10heteroaryl; unsubstituted C6.10carboaryl -Cl_4alkyl;
substituted C6. 10carboaryl - Cl. 4al kyl . 20l n anot her exanple, in one

enbodi ment, in each group =NR314c, if p?%éent, R3Nc is independently

sel ected fronl -H, unsubstituted ali h I G galkyl, substituted aliphatic
Cl. 6al kyl ; MRS EHRATRE PIACHANE! & %‘%"1‘? tPtlted aliphatic

C2. 6al kenyi; ond itsodsdit  aicathf 83, ;@twp@ﬁahkydnd RSQHBSP&II tuted C3.6cycloal kyl. In
anot her exanpl e, in one enbodinent, in each group =NR3Nc, if present, R3l4c

i s independently selected from unsubst ituted aliphatic Cl_6a| kyl ;

substi t ut efimao ®abs ¢ CL. 6al kyl; 30unsubstituted aliphatic C2.6al kenyl ;
substituted aliphatic C2 _6al kenyl; unsubstituted C34cycl oal kyl; substituted
C3. 60§cl oal kyl . WD 2008/ 155533PCT/ GB2008/ 002066 -21 - I n anot her exanpl e,

in one enbl‘&@a'&ﬁ'&he of the@dole BrMURe=NRAGE grdup -NR@@RP“B, if Bﬁﬂ@nﬂ sadrnglepgndent | y
sel ected frg gunsubsti t ut ed al %ghat I C CI nsu%ss,t,l t ut ed

ali phatic %rmlakél%al 1S fensrRtsntiyaar d%r&?(i’laﬁ’a}’?(& FQIPFIR Betﬁiéﬁ?p | e,
one enbodi @gsther with ﬂ@crhrﬁewa@ommh thdy 416 @8B8EHad fRING ring hbtitlg remdepty y
selected from 10unsubstituted aliphatic CI _sal kyl ;
ring atoms.
10
For example, in one embodiment, in each group -NR*™R™® if present, each one of

R*™A and R*™® taken together

R¥™ and R™® is independently as defined above for R; or
with the nitrogen'atom to which they are attached form a ring having from 3 to 7 ring
atoms.
15
For example, in one embodiment, in each group -NR*™R™® if present, each one of
R3A and R™E ig independently selected from:
H:
unsubstituted aliphatic Cy.galkyi; substituted aliphatic Cy.salkyt;
20 unsubstituted aliphatic C,salkenyl; substituted aliphatic C,ealkenyl;
| unsubstituted Cjgcycloalkyl; substituted Caecycloalkyl;
unsubstituted Cg.jpcarboaryl; substituted Ce.qocarboaryt;
unsubstituted Cs.ioheteroaryl; substituted Cs.qohetercaryl;
unsubstituted Cg.ocarboaryl-Cy.qalkyl; substituted Ce.pCarboaryl-C..alkyl;
25 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.

For example, in one embodiment, in each group -NR*™ R if present, each one of
RN and R*™E js independently selected from:
30 unsubstituted aliphatic C,.salkyl; substituted aliphatic Cq.salkyt,
unsubstituted aliphatic C.salkenyl; substituted aliphatic C,.salkenyl;
unsubstituted Cyscycloalkyl; substituted Csscycloalkyl;
unsubstituted Ce.1ocarboaryl;, substituted Ce jocarboaryt,
unsubstituted Cs_igheteroaryl; substituted Cs.qoheteroaryt,
35 unsubstituted Ce.qocarboaryl-C.4alkyl; substituted Cs.qocarboaryl-C,.salkyl;



unsubstituted aliphatic C2_6al kenyl; unsubstituted C3_6cycl oal kyl. -
I n anot her exanple, in one enbodi nent, in each group =NR3Nc, if E)resent,

RaNi ¢ i V43P ¥dépedhdent!y selected from -H -M, -Et, PRPGB2YRENGSEr . | n
anot her exanple, in one enbodi ment, in each group =NRaNc, if present, Fel
i s independently selected from -H -M, and -Et (e.g., =NR3Nc is =NH,
=NMe, or =NEt). 20In another exanple, i, one enbodinent, in each groupif
present, R3Ne is independently selected Trom -Hand -Me (e.g., =NR3Ne is

=NH or =NM2)sand aei N in
cach gr ours i 28RER"  rar 80 REu e RREHe R Bt le il BRG4FR oMU RTR A (o1
R3Nc. Ni t rrogemaviRigrfeordBdon? Smgstortsient Al so, in preci se anal ogy, in each one
of the above formulae, Rill, if present, is independently as defined above
for RBNc (or Rnt). For exanple, in one enbodinent, RN1O, if present, is
i ndependerinlapothel exareplefinome entdodintkreins st group NRATRPAAE presait. emhiopk. WO

2008/ 155533RGH 88/ 0. - - Fo anple, in one enbodi nent, Wn if
prese%t, i%ﬁd%ﬁdeﬁ 'ﬁégéeedggﬁ?l?cg%gﬁr%H and -Me. For exanple, in one
enbodi ment, Ril4#; if present, s independently -H 5 Counter lon X', if

present, is one Qr r L,oni ¢ count I . i e el ectrical
neutrality. 10EXSYR __egtggt% ﬂé%ﬁ‘tc al P%%ﬁnﬁfgﬁ#ttggﬁo%ﬁtt‘%g@c?%@yiar e discussed bel ow
under t he headiurgubS8ithied aliptaticdhealeeryb dubstitted Hiphatic Adegkerybnt | y a hal ogen
anion (i.e., a hali il 17 ~X- LS. 4ndependently CI, Br, or
|-. 15In one en%h'%é'lbgr#g?rjltte? (;'E&{%goamggééin!@e!%q Ffﬁcél;lﬁa*ﬂ, one enbodi nent, X- is
i ndep@ndentrB*"Nagt R*Edoarsintagetberswith the nitrogen atom to which they are attached form a

ring having from 3 to 7 ring atoms.

R3NARSNE if nresent, each one

in another example, in one embodiment, in each group -N
of R*™ and R*™® is independently selected from:
15 unsubstituted aliphatic C,salkyl; substituted aliphatic C,salkyl;
unsubstituted éliphaﬁc C.galkenyl; substituted aliphatic C,.salkenyl;
unsubstituted C, scycioalkyl; substituied Csgcycloatkyl;
or R®™* and R*® taken together with the nitrogen atom to which they are attached form a
ring having from 3to 7 ring atoms.
20
in another example, in one embodiment, in each group -NR™R*® if present, each one
of R*™* and R*™® is independently selected from:
H;
unsubstituted aliphatic Cqsalkyl;
25 unsubstituted aliphatic C.ealkenyi;
unsubstituted Csgcycloalkyt,
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.

R¥NAR3NB if nresent, each one

30 In another example, in one embodiment, in each group -N
of R*™ and R™E is independently selected from:
unsubstituted aliphatic C,galkyi;
unsubstituted aliphatic C,galkenyl;

unsubstituted Csscycioalkyl;



20 Al plausible conmbinations of the enbodi nents-descri bed above are

di scl osed herein as if each conbination was individually and explicitly
recited WOSHWEFES3R5 Certai n conpounds may exi st in onePeF/GRaHE/H6¢ i cul ar
geonetric, optical, enantioneric, diasterioneric, epineric, atropic,
stereoi soneric, tautomeric, conformational, or anoneric forns, including
but not limted to, cis- and trans-fcquﬁ_ E- and Z-fornms; c-, t-, and r-
forns; endo- and exo-forns; R, S, and nesa-forns; D and L-forns; d- and

ant -1 or me0" oy Rt dssndodioe Firiae rfigBa ol R A7 e i £

equat ori al rifgoraveyg flamaB4o 7eingiatems.t W st -, envel ope-, and hal fchair-forns;
and conbi nations thereof, hereinafter collectively referred to as "isonmers"
(or "isoneric fornms"). WD 2008/ 155533PCT/ GB2008/ 002066 - 23 - Note that,
except as diamothesehnyse awohe rentadinemerin eadrogmep -NREERT'E dhpreseré ezichded from
the term"|

i.sopers, Sawads used herein, are structural. ( stitutional)
i soner's (i?@?, ?%doﬁerés \Wﬁ?% { 8?&%‘%]6%?%097{%‘ C%f)nhlrjl‘%’c it‘oﬁ%r‘ %ggv@én atons rat her
than nerely by the position of atons in space). For exanple, a reference to
a met hoxy group, -O(]—ﬁ 1s not 5to be.construe Ao inef.erenc Q..
structural i@gﬁ)@;gxa&n %P&?&ﬁ&%lm 'dﬁﬁ?%gﬁ%%'—‘aﬁshﬁqﬁ I'a‘ﬁ”y,seng' éragpé:’ﬁ%nce to
or t ho- chl osfdpifeanyd RIS imiatiependeaticemstteditamas!, aMe edrer €0 (g t NRPRB isuct ur al
i soner, neta:c . oOp I r, r rence to a class of structures
may wel | i'ﬁ?@fzum%‘rﬂ@%fm%%F HM?G% 'ms falling within that class
(e.g1p 01.7al kyl includes n-propyl and iso-propyl; butyl includes n-, iso-,
sec-, and tert-butyl: net Y. 0j u O L 1@ 3ne -
par a- net homgﬁw ?mﬂlﬁe’ng’g%\fg%g’gﬁ%i’i’h%géawogrgﬁﬁg@&pe?t a,ﬁﬁﬁr?geqtgélﬁ?:gr%rre iC
forms, forofeitmheR™Ket Ddepamiehtly seerdednahat-taddides(e.as-NRI"RPYYis eNdapl e,
the follow tautzg@%r)i c pairs: keto/enol (illustrated bel ow,

f

i mi ne/ enani H& =" & M no al cohol, am di ne/ am di ne, nitroso/ oxine,
15t hi oket one/ enet hi ol , N-nitroso/ hydroxyazo, and nitro/aci-nitro. ,0\" /OH

H ' -C C fC=CC=C \ ket oenol enal.at e t hat I f1 qal7has7dangl uded in
t he t1§r m " {;;Dc;?%?e' a%l—éj%gycénrr%a&ﬁn%% o\fmﬁ{ehab&\{%%%%r E' ?azgﬁggéﬁ)qpc&?ubs i t’ﬁt i ons.
For exanpl preséhitneachinmeial RAYyaridsdt'djsi inddpendentiyntl| andis migfingd, alsive (@)R; o20and 3H

(N: € rrabee ain@ Ra'""’ytai'énottoBanh%r &ﬁﬁ e riitpéﬂeﬂcgtcg}g tolavRi'ch they are attached form a

ting having from 3 to 7 ring atoms.

20 For example, in one embodiment, in each group -NR™R™® if present, each one of

R™* and R™® is independently as defined above for R; 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.

25 in one embodiment, -NR¥™*R™8 and -NR™R™® _if both present, are the same.
In one embodiment, -NR*™AR™® 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.

30
For example, in one embodiment, in each group =NR*°_if present, R™" is

independently as defined above for R.



L 13C, and 14C, O may be in any isotopic form including 160 and 180; and
the like. Unless otherw se specified, a reference to a_particul ar conpound
i ncl udesVEPI848%8H3 i soneric forms, including (whol |y or PoRFEYB003%6¢ aceni ¢
and other m xtures thereof. 25Methods for the preparation (e.g., asymetric
synt hesis) and separation (e.g., fractional crystallisation and

chromat ogr aphi ¢ nmeans) of such isomeri“czd“orm; are either known in the art
or are readily obtained by adapting the nmethods taught herein, or known

met hods, i : n : 2008/ 155533R d«%ﬁ 066 - 24 - Salts
It may be ig%rﬁev ﬁlﬁgfn or e%?dr[a rl"temtegcé%%gr—ehgpml gg 5’%%?0? handl e a

cor r espondindepssaktthodelediesd tompound, for exanple, a :

pharmaceutical | y;accept abl e salt. Exanpl es of 5pharnaceutically acceptable
salts are discusSed in Berge et al., 1977, "Pharmaceutically Acceptable

Salts," J. PharunsuBsiituteWalliph®86,C,palky!Isubstitutedraliplkatimglalkilf t he conpound is

ani onpLc, or has NG | r-ou i .anj.omi c g., -COOH may be
-Coc)%5 then a sal ugﬁtggttegceﬁ'ﬂ%art%e(%_e%k%'!,%ng%ﬁ%{tggﬁem C(El'? irad'ﬁa.ﬂ&%gxanpl es of

sui t abl e i nor gamistibsi@tied s yvilalkge sulilitutedt 6. svgtlobikpli ted to, al kali netal
ions such as Na+ and..| | kal.i ne e h i 0 as Ca2+ and My2+, and
ot her cations sﬂ%ﬁ%‘%gtguépﬁ:’%bga Il‘g’gg%tftutég}df'é%??%%&gjani c cations include,
but are not | i nutsedistitoteddmghetaivarnylosubsiituead, CNpletroand substit ut ed ammoni um

ions (e.g., NH3R+ + HR3+, . NR4),. I f JIU e

substi t ut ed amw@nﬁug%lﬁ‘la*ogﬁscﬁégg%t%ﬁ%g “1%‘8’(5%6 @%@gwf@rﬁéﬁ) '*°C§ﬁ§§f@%"ﬁa@8}"

di et N9l am ne, dicycl ohexyl am ne, triethylam ne, butyl am ne,

et hyl enedi g ne,. etk ] i et 1 N@yanpi jnesnc Renzyl am ne,
heny! benzgPareme® B §EbTuett i GERULAR HF RSk U LY 20 ani no
aci ds, sucihdemerdesineslented &iogi ni ne. An exanpl e of a commopn quat ernary

ammoniumion is ) A 20 ] ft C Ji: thonj g, or has a
functional gr ou%%h%@kéﬁfﬁ@ae&ccdﬁggﬁi %IEE@H%%A“BR%% dr:rﬁ’;!/,kgle -NH), then a salt
may be fornmed windubstitgigdtaibhaicahisalkenybsabgiteted efiptsalictCakélkeriyhor gani ¢ ani ons
i ncl yde, but ar Jimdte . . RV f the foll ow ng inorganic
aci dgg hydr ochl @#ﬂ@%tatkff@‘r 68%&%13%&%’ %g%sﬁ%‘g%‘gj?&&g‘éﬁ%%g’}l c, sulfurous, nitric,
ni trous, unsubstituted Ce.pcarboary!; substituted Ce.qocarboaryl;

unsubstituted C; joheteroaryl; substituted Cs.ichetercaryl;

unsubstituted Cg qocarboaryl-Cq4alkyl; substituted Ca_wcarboary!—m-4a!kyi.

20 in another example, in one embodiment, in each group =NR*® if present, R**“ is
independently selected from:
-H:
unsubstituted aliphatic Cysalkyl; substituted aliphatic C,.salky;
unsubstituted aliphatic C,salkenyt; substituted aliphatic C,.calkenyl;
25 unsubstituted Cs.scycloalkyl; substituted Ciscycioalkyl.

in another example, in one embodiment, in each group =NR*™® if present, R*“ is
independently selected from:
unsubstituted aliphatic C,salkyl; substituted aliphatic Csalkyl;
30 unsubstituted aliphatic Cygalkenyl; substituted aliphatic Cyealkenyl;
unsubstituted Cs.scycloalkyl; substituted Cjscycloalkyl.



25phosphori.c, and phosphorous. Exanples of suitable organic anions include,
but are not limted to, those derived fromthe follow ng organi c acids:

2- acet yowpowoR/o5$33 acetic, ascorbic, aspartic, benzoi cPCaangheadchoni c,
cinnamc, citric, edetic, ethanedisulfonic, ethanesulfonic, fumaric,

30gl ucheptonic, gluconic, glutamc, glycolic, hydroxynaleic,

hydr oxynapht hal ene carboxylic, isethionic, lactic, |actobionic, lauric,

mal ei c, malic, methanesul fonic, nucic,-®leic, oxalic, pal mtic, panoic,
pant ot heni ¢, phenyl acetic, phenyl sul fanic, gr oEi oni.&, .pyruvic,..salicylic,
stearic, s{TcHIOHIEE BXATPIEARIANE EMKoginpeqti it ea¢by@ER SR T oHiFceseRh& vdPeri c.
Exanpl es ofngsgirduaRivesdhtiyd®bic Oorgani ¢ anions include, but are not limted
to, those 35derived fromthe follow ng polyneric acids: tannic acid,

car boxynet hyl cdll ul ose. WD 2008/ 155533PCT/ GB2008/ 002066 - 25 - The

conpound nmay al gesubsitdea\digesdicid) hR@; form of a mxed salt (i.e., the
conpound in conbination with a salt, or another salt). For exanple,

h | t
met hyP- t hi oni ni ¥RERitERl REPRGCocRfBMide i xed salt (MFZ) is a nixed salt
of nethyl -t hi oni,syuusRtGRHET,I8fidaMIfL) . a chloride 5salt, and another salt,
zinc chloride. Such m xed salts are intended to be enconpassed by the term
"and pharmaceutically acceptable salts thereof'. Unless otherw se
speci fi ed, yrarfctiP eRAASe! B cheRMBJdaHeAl in @AFPEVLH =NREY iMpbdileR*¥akt forns
t hereof. 10 Hydrates and Sol vates It may be convenient or desirable to
prepare, pliAepsndeairesscietifieMe a corresponding sol vate of the active

conpagnd. The t gidibsROleYiBhaticc,UsR@; herein in the conventional 15sense to
refer to a conplex of sal npound, salt of conpound) and

ite (e.g., C
solvent. If the“%‘lb\’rféﬂfte‘*iaﬁp?ﬁtc&%ﬁa'}‘%y 'sol vate may be conveniently referred
to as a hydrat eyndi@EtiteeanpBycicalypno- hydrate, a di-hydrate, a tri-hydrate,
etc. Unl ess otherw se specified, a reference to a particular
conmpound al so includes solvate 20forns thereof. Sone Preferred Exanples

Some pr ef ef £t agEmse hiapkinfddresnt ] il ebstdgrolbenirot awirsdnt, | is
phar maceut | cal Iny 25accecptdalbl e sl_?l ts, hydrates, and solvates thereof: AMIC
15 indeperidently selected from: -H, -Me, -Ef,”-nPr, and -iPr.

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

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

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

R™C is independently as defined above for R*°.
25 |
Nifrogen Ring Atom Substituent
Also, in precise analogy, in each one of the above formulae, R"', if present, is
independently as defined above for R™™ (or R"N),
30

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

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

For exampie, in one embodiment, RV'°, if present, is independently -H.
Counter fon
X, if present, is one or more anionic counter ions to achieve electrical neutrality.

Examples of suitable anionic counter ions are discussed below under the heading
“Saits”.

In one embodiment, X is independently a halogen anion (i.e., a halide).
in one embodiment, X is independently CI', Br’, or I,

in one embodiment, X" is independently CI.
In one embodiment, X is independently NO3".
Combinations

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

if each combination was individually and explicitly recited.
/somers

Certain compounds may exist in one or more particular geometric, optical, enantiomeric,
diasteriomeric, epimeric, atropic, sterecisomeric, tautomeric, conformational, or
anomeric forms, including but not limited to, cis- and trans-forms; E- and Z-forms; ¢-, t-,
and r- forms: endo- and exo-forms; R-, 8-, and meso-forms; D- and L-forms; d- and -
forms; (+) and (-) forms; keto-, enol-, and enolate-forms; syn- and anti-forms; synclinai-
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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Note that, except as discussed below for tautomeric forms, specifically excluded from
the ferm “isomers," as used herein, are structural (or constitutional) isomers

{L.e., isomers which differ in the connections between atoms rather than merely by the
position of atoms in space). For example, a reference to a methoxy group, -OCHj, is not
to be construed as a reference to its structural isomer, a hydroxymethyl group, -CH,OH.
Similarly, a reference to ortho-chlorophenyl is not to be construed as a reference to its
structural isomer, meta-chlorophenyl. However, a reference to a class of structures may
well include structurally isomeric forms falling within that class (e.g., Cs.,alkyl includes
n-propyl and iso-propyi; butyl includes n-, iso-, sec-, and tert-butyl; methoxyphenyl

includes ortho-, meta-, and para-methoxyphenyl).

The above exclusion does not perfain to tautomeric forms, for example, keto-, enol-, and
enolate-forms, as in, for example, the following tautomeric pairs: keto/enol (illustrated
below), imine/enamine, amidefimino alcohal, amidine/amiding, nitrosofoxime;

thioketone/enethiol, N-nitroso/hydroxyazo, and nitrofaci-nitro.

I‘l“ //0 \ /OH H+ \ O.
—LC—C Pt C=C —_ CZC,

‘ ~ Vg N H yd AN

keto enot enclate

Note that specifically included in the term "isomer” are compounds with one or more
isotopic substitutions. For example, H may be in any isotopic form, inciuding 'H, 2H (D),
and *H (T)}; C may be in any isotopic form, inciuding ''C, 2C, °C, and "*C; O may be in
any isotopic form, including **0O and *®Q; and the like.

Uniess otherwise specified, a reference to a particular compound inciudes 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 2 known manner.
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Salts

It may be convenient or desirable to prepare, purify, and/or handle a corresponding salt
of the compound, for example, a pharmaceutically-acceptable salt. Examples of

5 pharmaceutically acceptable salts are discussed in Berge et al., 1977, "Pharmaceutically
Acceptable Salts," J. Pharm. Sci., Vol. 86, pp. 1-19.

For example, if the compound is anionic, or has a functional group which may be anionic
(e.g., -COOH may be -COQ0), then a salt may be formed with a suitable cation.

10 Examples of suitable inorganic cations include, but are not limited to, alkali metal ions
such as Na* and K', alkaline earth cations such as Ca®’ and Mg®*, and other cations
such as AI**. Examples of suitable organic cations inciude, but are not limited to,
ammonium ion (Le., NH,") and substituted ammonium ions (e.g., NHaR", NHR,",
NHR,*, NR,"). Examples of some suitabie substituted ammonium ions are those

15 deﬁved from: ethylamine, diethylamine, dicyciohexylamine, triethylamine, butylamine,
ethylenediamine, ethanolamine, diethanclamine, piperazine, benzylamine,
phenylbenzylamine, choline, meglumine, and tromethamine, as well as amino acids,
such as lysine and arginine. An example of a common quaternary ammonium ion is
N(CH)." |

20
If the compound is cationic, or has a functional group which may be cationic {(e.g., -NH;
may be -NH;"), then a salt may be formed with a suitable anion. Exampies of suitable
inorganic anions include, but are not limited to, those derived from the following
inorganic acids: hydrochioric, hydrobromic, hydroiodic, sulfuric, sulfurous, nitric, nitrous,

25 phosphoric, and phosphorous.

Examples of suitable organic anions inciude, but are not limited to, those derived from
the following organic acids: 2-acetyoxybenzoic, acetic, ascorbic, aspartic, benzoic,
camphorsulfonic, cinnamic, citric, edetic, ethanedisulfonic, ethanesulfonic, fumaric,
30 glucheptonic, gluconic, glutamic, glycolic, hydroxymaieic, hydroxynaphthalene
carboxylic, isethionic, lactic, iactobionic, lauric, maleic, malic, methanesulfonic, mucic,
oleic, oxalic, palmitic, pamoic, pantothenic, phenylacetic, phenylsulfonic, propionic,
pyruvic, salicyiic, stearic, succinic, sulfanilic, tartaric, toluenesuifonic, and valeric.
Examples of suitable polymeric organic anions include, but are not imited fo, those
35 derived from the following polymeric acids: tannic acid, carboxymethyl cellulose.
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The compound may also be provided in the form of a mixed salt (i.e., the compound in
combination with a salt, or another salt). For example, methyl-thioninium chloride zinc
chioride mixed salt (MTZ) is a mixed salt of methyl-thioninium chioride (MTC), a chloride
salt, and another sait, zinc chloride. Such mixed salts are infended to be encompassed

by the term “and pharmaceutically acceptable salts thereof”.

Unless otherwise specified, a reference to a particular compound also includes salt

forms thereof.
Hydrates and Solvates

It may be convanieﬁt 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 fo 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

exampie, 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 foliowing, and pharmaceutically

acceplable salis, hydrates, and solvates thereof:

A MTC Ve I J
M

methyi-thioninium chloride
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- Thionine C(r) Q Hi Me....is NO _Me Me,NN, M [ HO HCI WO
2008/ 155533PCT/ GB2008/ 002066 - 29 - I n one enbodi ment, the

di ami nopheRABSHiSEPFne is sel ected from MIC, ETC, DEMICPCHISBRMS/OFHIGHNI ne,

and Tol onium Chl ori de (al so known as Tol ui di ne Blue 0), and conpound
Exanpl e ' Q above. Conpound O may be prepared as described in co- pending
applications based on United States Pro é_si onal Patent Application No.
5601786, 690 filed 29 March 2006 entitl e% "3, 7- Di am no- 10H Phenot hi azi ne

Salts and I : ' - [ ' T (E@PE ~ Dosage
units, andﬂ:'1t]cg4re @uﬁﬁ’%ﬁ%ﬁg@%ﬂrﬁﬁﬁ%@ g\faizﬁ];éq%% él%%%%ﬁﬁﬁ%ﬁgﬁ%ﬁr#m S %%‘t I on of
. conpounds, DEBFBoEhibnioasancrTakedkire dindotids (also deswr adeduldmedsine Of, gdef erably in

a "therape 'G&JI Ci ' ' fi.Gi Q. w benefit
to the in dcitf'(%/r%ﬁ i é\ldyEggm& es g.lés/bs g%%gé\;iguag bstf“ b@greﬁmed 48 c?e@EntEe% iR @8
pending applications based on United States Provisional Patent Application No.

5 60/786,690 filed 28 March 2008 entitled “3,7-Diamino-10H-Phenothiazine Salts and

Their Use” (Wischik ef al. — published as WO2007-110627).
Dosage units, and formulation and administration of compounds

10 Administration of compounds, compositions or medicamenis as described herein is
preferably in a "therapeuticaity effective amount”, this being sufficient to show benefit {o

the individual as discussed above.

For medicaments the actual amount administered, and rate and time-course of

15 administration, will depend on the nature and severity of the MCI being treated.
Prescription of treatment, e.g. decisions on dosage etc., is within the responsibility of
general practitioners and other medical doctors, and typically takes account of the
disorder to be treated, the condition of the individual patient, the site of delivery, the
method of administration and other factors known fo practitioners.

20
Example phenothiazines of the present invention are known in the art and may be
manufactured by the processes referred to in standard texts {e.g. Merck Manual,
Houben-Weyl, Beilstein £ HI/IV 27, 1214 ff, J. Heterocycl. Chem 21, 613 (1984), etc.).
The compounds of the above formutae, their pharmaceutically acceptable salts, or other

25 compounds found to have the properties defined in the assays provided, couid be used
as medicaments after further testing for toxicity {(e.g. in the form of pharmaceutical

preparations).

The prior pharmaceutical use of methylene blue in a wide range of medical indications
30 has been described, inciuding treatment of methaemoglobineamia and the prophylaxis

of manic depressive psychosis (Naylor (1986) Biol. Psychiatry 21, 915-820), and CNS

penetration foliowing systemic administration has been described (Muller (1992) Acta

Anat., 144, 38-44). The production of Azure A and B occur as normal metabolic

degradation products of methylene blue (Di Santo and Wagner (1972a) J. Pharm. Sci.
35 61, 598-602; Di Santo and Wagner (1972b) J. Pharm. Sci. 61 1086-1084). The



For nedi canments the actual anobunt adm nistered, and rate and tine-course of
15adm nistration, will depend on the nature and severity of the M being
treat ed WORBESFIEi on of treatnent, e.g. decisions on BEEAFEMBE2066| 5
within the responsibility of general practitioners and other nedical
doctors, and typically takes account of the disorder to be treated, the
condition of the individual patient, ? site of delivery, the nethod of
administration and other factors known & practitioners. 20 Exanple
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after _further testing for toxicity n the for armaceuti ca

preparat | dﬁgﬁ‘m”ﬁﬁh‘é}a Eqrmﬁﬁefﬁ%‘?%@c‘&& ﬁb’gg f?fg’e"fd’l”eﬁt@f‘ rr}@%gbl ue in a wde
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|ntr?§enously (e.g. inthe formof injection solutions). The conpositions
may i'mclude, in addition to the above constituents,
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f or mul at edtheridren of ipjeatiorespdutihsial conposition, the adm nistration thereof
can be effected parentally such as orally, in the formof powders, tablets,
coated tablets, dragees, hard and soft gel ati ne capsul es, sol utions,

enul si ons Thiuss fs perasplNwherdbaphyrmaeegtical cormtprsitioarisrindhe fasadf adpblelys) or

rect %Iy(e t he .form of Osu storlezldlﬁ‘I [ istration
can SO b@agfnfc’%'éjfeeads%'gf;gmeéﬁﬁl u@eﬁ'& S TROA Vgrlélﬁ}é’quﬁe mén?i‘? rcggghgusl Y,
cut aneousl tgblet) boatbd nadets | gragess amthaag geletrenemdsbiyes (tee gcinre domepotiodsnaref
i njection t%ol uE ons(). . . - .
eir pharmaceutically-acceptable acid addition salts can be processed with
pharmaceutically inert, inorganic or organic excipients. Lactose, maize, starch or
derivatives thereof, talc, stearic acid or its salts efc. can be used, for example, as such
30 excipients for tablets, dragees and hard gelatine capsules. Suitable excipients for soft
gelatine capsules are, for example, vegetable oils, waxes, fats, semi-solid and tiquid
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. Physiclogical saline solution, dextrose or other

35 saccharide solution or glycols such as ethyiene glycol, propyiene glycol or polyethylene



Thus, for exanple, where the pharmaceutical conpositionis in the formof a
tablet, it 25may include a solid carrier such as gelatine or an adjuvant.
For the weroésactisse of tablets, coated tabl ets, drageeCamB2hridzyel ati ne
capsul es, the active conpounds and their pharnaceutically-acceptable acid
addition salts can be processed with pharmaceutically inert, inorganic or
organi c exci pients. Lactose, nuaize, staé‘gh or derivatives thereof tal c,
stearic acid or its salts etc. can be u for exanple as such
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| i quj rmaceutic or ru it, Wil enerally i ncl ude
0 i ot a0 chpfrete Bl RO 4 BRaents By it TR ot ASOr S | 5.
m neral oi hic@iﬁoi§)ﬁa>w6%t giycsrol, ve@%héﬂﬁiéQBSDthﬁa:forWalvéﬁaL&Qbmthhéﬁm oglextrose or
ot her 355acchar|de sol u i on
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are, for exmppletsuitBleabiutiohsoding, Sor gxampll, Botcdlciedionds, suck @etSakiluen Chibtde et c.
ut apeous.. or njectio tracat het er

For intravenous, cut anequs. i .

ot uston | IR BHSBISIAINEEHR, kefrb ks BN b ErenaNes. TAEMEEm of o
par ener al byffsrs apfonbiher adiRes snaydeuhdiodeadnas edyuirsd pyr ogen-free and has
suitable pH, isotonicity and stability. Those of relevant skill in the art
are well able to prepare suitable solutions using, for exanple, isotonic
vehi cl es suess athSadinpbuddal Hardia @s lighree i utiife sigRiar Sartigrs @€ bb@positiact at ed
Ringer's Injection. Preservatives, stabilisers, 10buffers and/or other
additives may be included, as required. Uses of the conpounds herein as
|ihga_nds Mayhus mdsﬁectsbmhgam\mam Wﬁél&trﬁi d:emma'?:tdtmasme (for Skunsplé MTa{E}}nsectz of
t he invention wherein . a, di ami nophenot hi azi ne (for exa sed in
H retRod ot BahEDa B FeAeRny Brropnat it Rimaner N ARPoRody Meas b: hod
wi || pref epaldrybly imolveadadnsination o tHeastfeotivet drsoiett bedihmphemithitzioé orally.

di am nophenot hi azine orally. Preferably the nedi canent is adapted for oral
adm nistration, and preferably is in solid dosage unit form 20 Preferably
t he dosagePwiférablpehadsdinhsicat e ddaptad For ordPrdfmanistidtipn | Anawrbierdidy ks éssolidthan or
equal to 480 300t 200, or 100 ng daily total dose. For exanple it may
consi st of “¥EYEJEIH s of 10,20, 30, 40, 50, 60, 60, 80, 90, 100, 110,
120, 20r 130 ng t.i.d. (three tines a day) 25Alternatively it may consist of

dosage uni t,s_of 0..30,..40, 50, 6 6 10 , ,
140, 0150, TEEP a&%&re Gatp® b B2 B Biste g oty P et wd M e AR RB ) ¢ ne
treat ment cs400A00,MOSdof €00 mgually total doseat Fdrexstipl?, it :Bay oonsistwedbsage units

S0instruct Lofieod %ol 8578 bo %o, B8RS 188592078 136 rig\G ' fiRie'hedtd ddygn Torm

on or withfh

25 Alternatively it may consist of dosage 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.

30 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.
35



contai ner of a drug product of the invention. Wiere admnistration is in
intravenous, it is preferred that the diam nophenothiazine is not MIC. WO
2008/ 155%83MEMATBR008/ 002066 - 32 - The disclosure of BAY/IZHEH0ESer ence
made herein, inasmuch as it may be required by one skilled in the art to
suppl ement the present disclosure, is hereby specifically incorporated
herein. 5The invention will now be further described with reference to the
following non-limting Figures and Exdﬁ%?és. Q her enbodi nents of the

i nvention f%%L qccur o those skilled in the art iq}thg qupt of. %hese.

The i nvent | SnaFPIUre BRI P T EfaPNIERTS MG WPRTHET 8% KA PESPTHES I | owi ng
non- i m ti &g ddedgumesrabdubpemphiese pfAsber dienibnde reherebpbpddifeaiynvent i on

will occur, to those skilled in the art in the light of these. The

di scl osur eNePEEG N ¥Pences cited herein, inasmuch as it may be used by
those skilled in the art to carry out the invention, is hereby specifically

i ncorporated herein by 15cross-reference. Figures .Fiqure 1: Effect
of drfigs i e Aeertignuitnow e SPERE desruRet Ytk IREEnSa to e foudne TEHITih o

20t he dai | Figp@khank exgibict MeaereMosasndtts 6f the irdkestidn WilEloctwmo dse gkillgl igr oups.
Figure 2: Eifect of@grufgg on thignotaxis, expressed as fraction of tine
spent in t 138 agp the PEBbRTPESE: of t he pool; daily nmean values t SE. Figure 3:
Ef fect of the drugs on the swimspeed of aninals in the water naze Mean

alues t SE. 25Figure 4: rvjval plot of i m st at ani mal,s .i.n
Yealrjnisng-p ’QV%’II‘“ i [b?q‘ﬁgéléuvrth\ééié?&f'ﬁ%d b ?ﬁ%‘grgngg% @‘géﬁ@w%ﬂ%@ﬂi'?& ty of
remainipi Ng RigGtks BB Exbinps. Mhkertbodindrasioidhe hevepliat ftiorpurag &ioss skiped inl engt h

(i.e. distance s or,. different treatnment groups. Figure 5. After
treat ment @‘Ffaétdi‘gj%go{}%%nor mal i sed using the paraneters determined from

Cox proportional hazard analysis, the residual distribution shows that

30t he pathlength is ver | ose t redi cted underl ying exponenti al
Puncei on. | Ergargone PRt elraresioted rRiERS lips el PR Sn HEvaR AR 1 ¢
pl ot t ed f ogkile@aR tHer fbforeany; ogt e pnvavnton, dalysrebybpduifichtly ineapatated meeeih g nt

di ffeirSencegmgga_}_/e ér% ge‘over days) being shown

Figures

Figure 1: Effect of drugs in the spatial reference memory task. The ordinate represents
20 the daily path length (mean values of 6 trials + SE) for all drug groups.

Figure 2: Effect of drugs on thigmotaxis, expressed as fraction of time spent in the outer

10% area of the pool; daily mean values  SE.

Figure 3: Effect of the drugs on the swim speed of animals in the water maze. Mean

\;alues + SE.

25 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 pathiength (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
30 the pathlength is very close fo a predicted underlying exponential function.

Figure 6: In the graph, a measure representing pathlength is plotied for each freatment

group over days, with the overall treatment differences (average over days) being shown



WD 2008/ 155533PCT/ GB2008/ 002066 - 33 - above the heading "MEAN'. The p

val ues COI’I’GSPQ_[]_dI ng to differences between certain treatnment %rougs are
gi ven. PYQAPB/17530 neasure representing latency is pl oPtEGBRYBVEH

treatment group over days, with the overall treatnment differences (average
over days) being shown above the 5heading "MEAN'. The p-val ues
corresponding to differences between ceffain treatment groups are given.

Figure 8: Fraction of tine spent in target quadrant after rem)val of t he

| at f ; pft
go?rpl g{ imon o] égyﬁeeﬁ%e’ n?\%ﬂlﬁ?\i@%p&%@%&éé@@ﬁn&ngw& ues@%% e statl stle::al

si gni f i carietroénitdreupdi re@ivence bet ween 10t r eat nent groups and t he chance
| evel of 25% are shown both day-w se and overall on an average over days
(" MEAN") F!Eugau? A greagaedeprasenting ldenadyiis piotterhfor eaclt sagowit eropapyaretees. based

on: - NUMbETy, Al ykioGbief ubBirhdlE oMol fBHAE REMUART B G UhouBBSE L VISILS 1O

the surrouh I ng area as an area‘twce t net er the platform
time $n tHieadingrMaaiNi The pvelies aprdesponging to diiergocesiBiwaen @m'ta.m meatmant
represents 865{5}%%@%6 1.5 hours after conpletion of the |earning phase.
Day 5 represen hours after conpletion of the |earning phase. p-values

for the Stﬁéh%é Lctﬁs'n 'tame%@ﬁﬁn%rggt'éilfaafa@@ﬁﬁé rgﬁ%m%@tﬁerﬁﬁdﬁ%nbaﬁp ups

bot h day-w Se an overa on an ave over are shown
Fi gur e 10:arGs} mpresestiperfamanes 1.5 heusmnsic harpal ﬁm@meﬁl@a@é@emmin@ time

taken to E%ﬂjehm BP gaJ Eﬁs%ﬁﬁ@@taﬁ%abagmﬁédﬁ%etoﬂﬁ%rhiﬁé?eﬁ’éet@t@eéﬁ area

defined as"tw ce form di aneter represents performance 1.5
hour 80 af t ereatmapl gsoupsranst the Ishancedevl ab2Ph aseshapayb@h dapmissandoveriivdur s

after conplpetd ?zg%fo(‘{;vetrgg# QWE%NW phase. p-values for the statistical

significance o fere etween treatnent groups both day-w se and

overal | org Hreay e&%@ﬁla@@*od&ﬁé@iaoﬁ YoM s;%r @ar§r‘ﬂ@%@9 bage b WuRbddor VigitgCt i on

of time speft mot axl s zone (defined as the outer 10% of the pool
area) on Dayhmpf@wogs nlatfafm &gcaigpebrosl Visits e lerfurguptias ajeadisinehataly 5 (24
hr after C&@Bﬁ&é%&émé@%mhegglﬁmﬁq}memtm@lsu&@umg arlag aﬂcﬁﬁméwts@bt

Si gnl ficance ferences between treatnent roups ?/ W_se "and
=

over af| omuadranldPaiyt rapreseniaRformupoent-§ hawrs %tﬁbwmpiﬁvpra%th% GBI ng | ess

t hi gnot axi Wprbsert€58 nAHr aRES n%lcﬂ%‘@weh@ kb, FRAGEeS: i n
pat hl engt hﬁa}g%@éqgt eprqcy (second s&l o (cm' s) a!ggtéﬁfgrmt axi s (f;actl on

of tine sp‘éﬁﬁtqt'ﬁt*cfbﬁéﬁ“fvﬁ"tqﬁi’ qigéfe(emsa% E@tyveewﬁatmwgr%@ﬁﬁowaw%a@ﬂ/er t he

4 days of el GRENENG P8RS dals e RRPRaEishBRE, 1gnoring ceiling effects in
pathl ength for those mice not attaining the platform Standard error bars

are given. gigife 28 AHidnied 3Bfeht{B3 00RpEORMPametdAbased on the time taken to
20 attain the platform area and the time taken to attain an area defined as twice the
platform diameter. Day 4 represents performance 1.5 hours after completion of the
learning phase. Day 5 represents 24 hours after completion of the 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.

25 Figure 11: Fraction of time spent in the thigmotaxis zone (defined as the outer 10% of
the pool area) on Day 4 (1.5 hr after 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 overali on an average over days ("MEAN")

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

30 | 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 ptatform. Standard error bars are given.



Figure 13: Variation in day-w se averages of pathlength (cm, .l atency
(seconds), speed (cnis) and thignotaxis (fraction of tine in zone) with age
(mont hs)Woeisliseg3ef f ects i n pathl ength for those m cePABIGERRPGBAIRIGAG t he
platformare ignored. Standard error bars are given. 5Figure 14: Surviva
plot for swimstatus of aninmals in |earning-phase of mater-naze task. The
vertical axis shows probability of remaining a swinmer (i.e. not having
found the platform agalnst pat hl engt h-$4-e. di stance smun) for different
t r eat ment grou ps. Figure 15: After treatnment effects have been

nor mal i sed \sslirfhg-? t\fRsiafient WrAsyovise gegrages plaatienath CoX. By ($5CBRE). 3P89 d
anal ysi s, 'tﬁkgﬁlota%ss(?rébtmhtdf‘ﬁﬂwesiﬁ%‘f?e)tvm?\tag%q%%trﬂgtdﬂdﬁxﬁgﬁgcﬂs$n very
close to a |cte underlyi ng exponential function ure 16 t he
graph, a M@@ﬁ@hﬁ@dh@%ﬁwn@t phiaining i plafamuars ianesed &tar@@cqnerfqrévafwm
group over , for each day and for an average over days. The p val ues
correspond?ng'to di fferences between the treatnent groups are given.

Figure 17:9!?@1-& RE: SUrAPA pidR FOFRARMRatl € Bf SHBBL IR abLPtasel 3 whlhinipd for each
treat nent 15group over age, for each day and for an average over days. The

p val ues c@ﬁg SRsoledicab oSS Pk oheraiing # RWinmend femnt hgyieg fﬁmﬁr e
gi ven. Fi geeakfm £ég9é?ﬁét Bath@‘ngm 8. §PGhLe é\ﬂurﬁﬁfogﬁﬁ‘fe%@ﬂéé’tmen?ﬁrh%s renoval

of the platform and 5 are shown for each age group (2.5, 6 and 13

mont hs) a”ﬁig_ru@@"i@'sﬂfétr (RS BBBGE hidySoAMH TN A2AiITAHE Sadiietsrs conpl et i on
of the |earning phase, 20respectively, p-values for the statistical

si gni f i cand@ieBRingthECH|GoxdrepRECTIR hagtf 3f‘?‘é§§ rep fesiretpistriaHiPn Shewe i ce

| eveligof 25% BitfleRit0 W en/EiI85E & 2l SredRRRI BRIBNYIAS bxRoreidniRRtips of a nouse in
di fferent age and treatnment groups (T identifies the target quadrant).

Fi gure 20: Flgaré W6:ah@sk grapkad meakireReprederfifgRafidngioe pRiRHS6r d2a6 edat@idnt
nunber of visits 25to the previous platform |l ocatiaqn; nunmber of visjts to

t he surrouB@URGVET¥S H’é??%ﬁaﬁagndaﬁ’f éf‘ SYCTPAP C¥eTtdRyS dT%%Y%JFe%‘FOFTEﬁEO'H*% form

tine in thicdifelehQUHAgrAhe FreaBisht ghdRsiafe figéget quadrant. Two assessnent
time points (1.5 hours and 24 hours after conpletion of the |earning phase)

are shown Frjur@arhnageg@pRUPmedsie r&ar@ﬁ‘éh’nﬂz@ ;mmyh§bmﬁ§@mr@awairmmegu ven are
for the statistical gﬂnlfl cance wi se di er nces. 30 Fi ure 21:

o acdAs s Bosp oS R, [BeC fapard, BT a aleaas S VIR SPTESROTSS . ¢ he

figures shwﬁ@@mrﬁewe’erqhettdeenﬁm@rcgrpetaa@gzomthe nmeasure of path |ength
(A and B); reduction in path length (C); swmspeed (D) thignmotaxis (E) and
spati al neRgiye ¢8)Fracith o @AY sHehbBIRGE! W/aﬁ@r&@ﬁﬁ)vai @ The pibtkanpDags

Example 1 effect | VI TC and pol am on|t|on ) Al m and
backgr ound4taSQ?k?ée §?%f%ﬁ'ﬁ@°ré?$ﬁ Mé'p?%g ’ﬁ%‘é?? g‘ }:f’ Wﬁe@r%sa?ﬂtlr ever se
cognitive ﬂ@fdrﬁiahse i Bdm@hdmyzzt hﬁjreeﬂérecdmuiamhmﬂ& leérntrigephams,cari ni c
ant aanl st ress;%t(a) f\)/e yn;]a*r\}glues For?he gtrq;sr}zcall mgnufccance 6 tRe Yifference between treatment

groups and the chance level of 25% are shown.

Figure 19: Representative swim paths of a mouse in different age and treatment groups

(T identifies the target quadrant).

Figure 20: Calcuiated “localisation”, a composite parameter based on: number of visits
25 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 significancé of day-wise differences.
30
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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15 response in a wide variety of animal models performing a variety of tasks challenging

learning and recall (Flood, T. and A. Cherkin, Scopolamine effects on memory retention
on mice: A model of dementia? Behav. Neurol. Biol. 45 (1981), pp. 165-184).

Scopotamine is particularly effective when administered just before task training.
20 Morris water maze

One of the most widely employed paradigms used to assess working memory in rodents

is the Morris water maze spatial navigational task (Morris, R. Deveiopment of a water-

maze procedure for siudying spatial learning in rat. J. Neurosci. Methods 11 (1984), pp.
25 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

30 inhibitors of acetyicholinesterase (Shannon, H.E. and Peters 8. C. A comparison of
effects of cholinergic and dopaminergic agents on scopolamine-induced hyperactivity in
mice. J. Pharmacol. Exp. Ther. 255 (1980), pp. 549-553).



15Femal e, NVRI mce aged 3-4 nonths were fromHarlan, UK M ce were group
housed (7-9 per cage) and nmaintained with light from 7am 7pm and

exper i mMEWO0eHErSS338d out in the |ight phase. There wer e PBZ/GB20e8/G0p06b ot al , of
whi ch 12 were excluded fromthe study for circling behaviour during the

wat er maze test. They 20were separated into 6 groups to receive drug
admnistrations as follows: Goup Nunber of mce Treatnent 1 Treatnent 2 1
13 Saline Saline 12 Scopolanine (0.5 m§Pkg) MIC (1 ng/kg) 3 11 Scopol ami ne

0.5 [k MIC (4 [ k 4 11 Sali -MIC (4 k 12
,( "o 9)2) Mater(fals gr?d m%?hods arine (4 ng/kg) 5

Test compounds

5 The following test compounds were made up in vehicle consisting of saline (0.9% NaCl):
MTC (Simpsons, UK); scopotamine hydrobromide, a non-specific muscarinic antagonist

purchased from Sigma; and rivastigmine tartrate, used as a pesitive control.

Rivastigmine is an acetyicholinesterase inhibitor sold by Novartis as Exelon®,

10 Donepezil, gaiaﬁtamine, and rivastigmine are simitar inhibitors that have all been
approved in many countries for the treatment of Aizheimer's disease, even though their
efficacy, in the short term, is modest, symptomatic, and evident only in a subgroup of
patients.

15 Female, NMRI mice aged 3-4 months were from Harlan, UK.
Mice were group housed (7-8 per cage) and maintained with light from 7am-7pm and

experiments carried out in the light phase. There were 82 mice in total, of which 12
were excluded from the study for circling behaviour during the water maze test. They

20 were separated into 6 groups to receive drug administrations as follows:
Group | Number of mice | Treatment 1 Treatment 2
1 13 Saline Saline
2 12 Scopolamine (0.5 mg/ka) | 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 Scopotamine (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

25 after the first injection so that MTC was always injected 30 min prior to test. The injection
volume for drugs was 0.2 mi per 30 g animal weight and they were injected
intraperitoneally. The doses were as indicated above.
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3) Results

The learning phase results are presented as two analyses, conventional and advanced.
The conventional analysis follows the statistical methodology commonly practiced in the
25 field of behavioural neuropharmacology, making use of analysis of variance (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

30 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

35 group and the results are shown in Figure 1.
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2008/ 155533PCT/ GB2 066 -
Thigmotaxis is generally taken as an index of anxiety and is defined as the fraction of

time spent in the outer 10% of the pool. Usually during the first day of training,
thigmotaxis is high as the animal is naive to the task and it has a natural tendency to
seek to escape along the edge of the pool.

25
A two-way ANOVA analysis of the thigmotaxis data, with drug treatment and day as
factors, revealed main effects of drug (F(5,192) = 5.954, p = 0.0001) and day (F(3,182)
= 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.
30 By contrasi 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
35 day (F(3,192) = 6.261; p = 0.0004) effect was found (Figure 3). This was due mainly io
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problem of the water maze.

Recognising the underlying exponential distribution of the data, a statistical analysis was
undertaken to determine treatment differences in terms of a logarithmic transform of

30 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 particuiar, rivastigmine and MTC both reverse the deficit, retuming.the
performance of animals to a level indistinguishable from controls. Therefore, MTC is at

35 least equivalent to rivastigmine in reversing the scopolamine leamning deficit. However,
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would have been expected from the learning phase. The results are shown in Figure 8.
MTC at doses 1 mg/kg and 4 mg/kg produced significant differences with respect fo
35 scopolamine. Thus the effect of MTC was to reverse the scopolamine deficit, whereas



25 The results confirmthat .a | earning defect can be produced in mce by
treatment with the cholinergic inhibitor scopolamne. As expected,
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acetyl choline available at nerve termnals, is able to reverse the |earning
def ect produced by scopol am ne. Rivastigmne is one of a wdely used class
300f acetyl chohnesterase inhibitor drugs used in the treatnent of

Al zheiner' s di sease and rel ated denentias. Rivastigmne and related drugs
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task, and this inprovenent persists fromone day to the next, in that there

is evidence of restoration of day-w se inprovenent after rivastigmne

treat nent i ateiusa oancxdmnie dhed by scopol am ne. However, this effect of

rivaski gm ne on | ear ni ng | eaves no 30apparent trace when t est ed

specifically as an effect on menory. No evidence of nenory for the atform
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2008/ 15553%9@&%5%%?&99%99&:1 by scopolamine. Rivastigmine is one of a widely used class
30 of acetyicholinesterase inhibitor drugs used in the freatment of Alzheimer's disease and

related dementias. Rivastigmine and related drugs are also used in the symptomatic

treatment of MC! 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.,

35 Scarpini, E., Herrmann, N., Fariow, M., Potkin, 8., Charles, H.C., Fax, N.C. & Lang, R,



- 43 - MIC had equivalent ability to restore performance during the

| ear ni ng phase of the experinent, in that the ability to reverse the

scopol amvoesbadassad deficit was indistingui shabl e frompcordsobssiozihe mar ked
di fference between MIC and rivastigm ne energed only during the nmenory
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efficacy o%er nv%ﬁ)i g_lm' ne ang ot her chol i nergi cenhancing drugs in the
treat ment STCANNELPY BIGRIAXAPRIAVIGW. concensus of international opinion has
formulated two forns of MCl: ammestic

The ability of rivastigmine to reverse the scopolamine-induced learning deficit is broadly
consistent with the widely held notion that enhancement of cholinergic activity leads to

25 improvements in atiention during the learning phase of the task. That is, scopolamine-
impaired mice are able to make better use of ieaming cues during the learning phase
task, and this improvement 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

30 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
gither short- or long-term memory, although it improves operational or performance
memory during the acquisition phase of the task.

35



5and non-ammestic (VWinblad, B., Palner, K, Kivipelto, M , Jefi c V. ,
Fratiglioni, L., Wahlund, L.QO., Nordberg, A , Backman,
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Ritchie, K, van Duijn, C, Visser, P. & Petersen, RC (2004) MId

cogni tive inpairnment - beyond controvergies, towards a consensus: report. of
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NVRI m ce at erent ages dﬁ? Met hods 30MIC
( Si md8ons, Fiuglly) Mﬁ&prgﬁmlwwwiﬁte\/@v@sai Oﬁtﬁmeéewmmawm@t lageifity2o gscapeand 13

nont hs werg, ﬁ@%&%ﬂﬁ@io%h%é&%ﬁ?&%p&%%l s with abnormal sw mm ng

behavi our 1 n the maze ta 1 nmg/ kg) was given intraperitoneally
(i.p.) at 5 mM/kg. The nunber of aninmals at the end of study was as
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t r eat nent 13 saline
the cholinergic drug rivastigmine. Although broadiy similar in terms of operational

15 performance during the learning phase of the experiment, qualitative differences
between rivastigmine and MTC emerge during the memory phase of the experiment.
Whereas rivastigmine produced no evidence of memory retention of the {ask learned on
any of the parameters measured, MTC showed evidence of memory retention. The MTC
effect was.not dose-dependent, in that there were no differences between MTC

20 administered at 1mg/kg or 4mg/kg. There were also no significant time differences, in
that evidence of memory retention could be demonstrated at both 1.5 and 24 hours after

completion of the learning phase of the experiment.

It is unlikely in view of the resuits obtained that MTC acts via a cholinergic mechanism,
25 since rivastigmine even at higher doses (data not shown) was not able to reverse the
amnestic effect of scopolamine. Therefore, MTC acts via a gualitatively distinct
mechanism to reverse the amnestic effect of scopotamine. The nature of this
mechanism is unknown. Since the deficits seen in amnestic MCI are primarily in the
domain of memory, it follows that MTC represents a candidate symptomatic treatment of

30 MCI, particularly amnestic forms of MCL

Rivastigmine is aiready used in the symptomatic treatment of MCl. Based on the results

herein, the potential benefits of rivastigmine depend largely on effects on attention

during task acquisitibﬂ and not on memory, it follows that a drug such as MTC, which
35 has effects which can be demonstrated both during task acquisition and on memory,



10 6 7 MIC (1 ng/kg) 10 5 8 Behavioural testing was undertaken using fhe
Morris water maze spatial navigational task (Morris, 1984) [as described in
Exanpl e P 2008l16e530ere first habituated to the wat er makPeTiBloms@0taseat ment
and reference nmenory training. Mce were treated with MIC or 5vehicle 30 mMm
before trial 1 of each daily session. Probe trials at the end of training
assessed short-termand | ong-term ne \/}e/dn(l 5 and 24 hours, respectively).
3 Results 103.1 - Learning phase - tional analysis Figures 12 and 13
show t he path | engt hs, | at ency speed and thignptaxis across days and
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trial 1 did not differ ar anet er sw m speed enabl ed not or
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m ce swam consi stentlﬁ% sl ower than young mce, and this trait
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exerts a strong effect on thigmotaxis induced by scopolamine, which is generally taken
15 as an index of anxiety. Rivastigmine however did not significantly exhibit this action. it is

therefore likely that MTC could have beneficial effects on anxiety and other non-

cognitive components of MC1, such as apathy, social withdrawal, loss of confidence and

decision-making ability, as well as general social engagement.

20 Exampie 2 - Effects of MTC on water maze learning in young and aged NMRI mice

1) Aim and background to the study

This study was designed to assess the effects of MTC on cognitive performance in a
25 spatial reference learning and memory water maze task in NMRI mice at three different

ages: 2-3, 6 and 13 months.

2) Methods

30 MTC (Simpsons, UK.) was dissolved in water. Femaie NMRI mice aged 2-3, 6 and 13
months were grouped after excluding any animais 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.



- 46 - In 13-nonth old mce, treatnent with MIC did_not alter sw m speed;
however, in 2-3 nonth old mce, those treated with MIC swam sl ower than
age- mat chiedo@asssel s during later training sessions. S5Phg/GBabis/vatggi ng
behavi our (thignotaxis) was evident in all mce at the start of training,
but all groups showed a progressive decrease with successive training
sessions. Learning phase - Advanced anaI%/S| s .10Age-rel ated changes were
exam ned as in Exanple 1 in terns of t hé paraneters pathlength, |atency,
speed and thi gnot axi s, conpatng—ani-mals—treatedw-th-saline or MIC at 1
my/ kg. These are sunmar i sade NP Fi gure 112. ABRAMCAINSY thie crude neans, there
is a general deterioration tidutabht fourf guantitg es with age. There is a
beneficial treatnment effect.of MC onlly in.the 13-nponth nmice, and only in
-respect of pathlength 15andal@€ency. In the| cdse |of 7t hi gmotaxis, MIC causes
a worsening at 2-3 nonths WEQH drh o penefit at 13 nonths.
The day-w se changes are Io?t 32:1 'n auﬁg > unger m ce i nprove nore
fromday 1 to day 4 than ol der m ce. is unclear if MIC has any
systenmati cgl t MIC
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When the daraonar & obrE i S bRl B AR K et (ot et . the
residual distribution was very close to exponential (see Figure 15). In
younger m §EF sl atively nore probability mass was found at |ow val ues of
pat hl ength can be interpreted as follows. O der mce 30swi mrandomy
until they detect a spatial cue, after which they swimdirectly to the

pl at fjgr m z(qur%gyn”gg %ﬁa%%r eCHWe‘%PE:‘:%%MH&Q have al ready recognised a cue
very early; ial period swi nmng randomy
before swwnmng directly to the platform WO 2008/ 155533PCT/ GB2008/ 002066
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13-month mce’is To substantially reduce the overal | engt h, bringing
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pat hl engt hyiGFHoBUHE: fhdh thde F@n&1S2-5 8L M-HioAA dib digees 16 and 17, the effects
approach statistical significance for 13-nonth-old mce on day 4 for both

10pat hi ength and latency (p values 0.059 and 0.085 respectively). 3.2
MenohY t eSFC-treated, 13-month old mice had significantly shorter path lengths than 13-month

old saline-treated mice. There was no significan{ difference between 2-3 month oid 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

25 reference memory water maze task. All groups started at the same level as the path

iengths 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
30 the task. Aged NMR! mice swam consistently slower than young mice, and this trait was

independent of treatment.



As in Exanple 1, animals were tested either at 1.5 hours after conpletion
of the | earni ng__”15phase ("Day 4") or 24 hours after conpletion of the

| ear ni ngVPRYUBESIBPay 5"). The first paraneter anal ysedPrECBRUBOPHES spent in
the target quadrant. This is shown for days 4 and 5 with and w t hout
treatment with MIC in Figure 18. As in Exanple 1, the statistical analysis
used a |inear m xed-effects nodel, all o ng for treat nent and day

20i nteraction and per subject variability (i.e. some mce may inherently
per form bet.ti@r i ng). As
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poi nt, e target quadrant was not significantly different
fromthe ch{gﬁgg‘gﬁgv%;%% It appears unlikely that this is due to
failure to recaII as there was evidence of recall at 24 hours in Exanple
1. Rather | | ; inhR the
argor quatrong! RGrEDe BTy ApRELME W ghigen Al it sRE A oP kP,

t ar get quahiﬁaﬂ@ro%eehgeed amrogitssiverecrepae withsuecessivi diaind seseinas. there i s
no longer a platformin what 30was previously the target quadrant, and
nodi fy their search strategy accordingly. There is no effect of MIC at 1.5
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probability of finding the platform even after swimming 1500 cm. When the data were

normalised {o remove differences due to treatment, the residual distribution was very
close to exponential (see Figure 15). In younger mice, relatively more probability mass
was found at low values of pathlength. This can be interpreted as follows. Oider mice
30 swim randomly until they detect a spatial cue, after which they swim directly to the
platform. Younger mice are more likely to have aiready recognised a cue very early, and
so spend less of the initial period swimming randomly before swimming directly {o the

platform.



of the fourth_day of |earning. Therefore, by 13 nonths of age, NVRI mce
show significant cognitive deficits. There is al so sone evidence of

wor seni iJORHOFK1853aon- cogni tive paraneter, thignotaxi s, PRITAB28a/06ge66 This i s
taken to be a nmeasure of anxiety. However, it was not possible to establish
a nodel fit to this data set using the Cox 30proportional hazard

paranet eri sati on because between- subj ec&svari ability overwhel ned the
treatment effects in the anal ysis. ' in the Exanple 1 data, MIC showed
no evi denc rovenment in cognjtive function in nth apd 6-nonth
014 ral 1S SRR ER e pEREAsed HEns bt SRREIh=0Rsm Ty s el

proporti ormthesla@zesﬁbvmaamgtpem@@tn mlnpttes mambhzenm There nh atsaﬁﬁgy agifgaffaesi s of
the WO 2008/ 1555 33PCT/GB 08/ 0(?

| noonc uei N ISR ST R @i Pets B ATIEE Ll b P IGAGS BFS, redeent

ei ther at drMTObnZ4dk tmufo&m mlcb etorsepSaitiain asRicatind beerek panieAAL bringhgse

flndlngsthereforerei those 1 in failing to fir the
Cl it 8 BSIpH OaA Ry e oA e BRR 0 & RPLRE TerANSE PORRDAS ABTRR
abl e t o i nHEeMe:. TRERNY abtiitlRedrice Ripbfbathe smeacme@tﬁcpn@e@ﬁ 8.0V Mg AlsiiRi 1 rrent

| ndeed, MIC i npaired r rf or mance neasur.ed int
Ladrant " anARos irare e Pegs kot Gia The TRartr o AleaY 8 erpalal ter n i
qui te diffigeeital fortaseel basatRBE@RVEEURL173-A did Seenihen FMEEéshmhnmm?ethfeect at

|1 Th I h dt C d
ear ni ng. A8 Ay £ GEAPRERT ot BAPrR AR Ry AR ol 5

Ther efor e, pdffiiengts aablme:t@ (b VRRES ometanheaaaﬁlr@g;a@n@blwenory in adult m ce The
nost striking effect of MIC was to produce an inprovenent in performance

during 15the nenory phase of the experinment. This could be seen

particul argy MembRetes@al ysis of tinme in target quadrant. At 13 nonths,
saline-treated aninmals were entirely inconpetent and showed no evi dence of
havi ng acqui red target quadrant discrimnation when tested only 1.5 hours
after corrpAetri ©anifle | eanmalQrerddsiyd ditheedtnehhowk afteMidBnpiélioneofitife ibamegt

[ Reubac, Bis il d A4 Sireamriobeapl R BN PG ROaE DEKEML  al Ly

conpl ete restoratl on of performance to that seen in saline-treated aninmals
at 2-3 no eat our probe r . during the
SCaut oi 11 ol RS RE" pRavesR e BePDh i itap bt E s 5 Brce on
day 4 in 1&9yt§mrﬁrhi Hivith and «ithaut tz‘elamepmmahmm'rmR)@urpatshkemgtikamelﬂtaa‘aency. 25
The age-re d defects seen at 13 nopths | se a t aken as
M e N L R o SR A
MIC PO reshmm:mngnﬂtobmwﬁjemwaisaﬁmtjr{iet $orse midahay mtiecatie petfdrat bdiECnmay be
usef ul therapeutl C%§ in t e trreaéwrréant Oof ﬂa e-related cognitive deckle and
MCI syndro gr%?seoeﬁ Vecgﬁé’la ‘}E%&Phg ‘ons WO

2008/ 155533PCT/ GB2008/ 002066 - 50 -

As can be seen in Figure 18, saline-treated mice aged 2-3 months and 6 months were

able to recall the platform location at 1.5 hours. At the 24-hour time point, their time in

25 the target quadrant was not significantly different from the chance level (25%). It
appears unlikely that this is due to failure to recall, as there was evidence of recall at 24
hours in Examp!e 1. Rather, this may reflect extinction of the searching behaviour 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 ionger a platform in what

30 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 groupj. In the 6-month old
mice, MTC appears to produce an impairment of recall at this time point.



MIC produced a conplete reversal of the severe inpairment in ability to
escape fromthe thigmtaxis zone produced by scopol am ne. As shown in
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nonths in these aninmals can be taken as a nodel for MCl and age-rel ated
cognitive decline in humans. The abjd ity of MIC to restore cognitive
function in these nodels indicates that MIC may 10be useful therapeutically
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25 Furthermore, they showed no evidence of recall of the task at 1.5 hours after completion
of the fourth day of learning. Therefore, by 13 months of age, NMRI mice show '
significant cognitive deficits. There is also some evidence of worsening of the non-
cognitive parameter, thigmotaxis, 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

30 proportional hazard parameterisation because between-subject variability overwheimed

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

35 in the Cox proportional hazard parameterisation of pathlength or latency. Analysis of the
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probe trial. Similarly, during the acquisition phase, the positive effects of MTC
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and latency.
25
The age-related defects seen at 13 months in these animals can be taken as a model
for MCI and age-related cognitive deciine in humans. The ability of MTC to restore
cognitive function in this mode! indicates that MTC may be useful therapeutically in the
- treatment of age-related cognitive decline and MCI syndromes.
30

Example 3: General conclusions

As shown in Example 1, MTC can restore performance in a scopolamine-induced deficit

model in both the iearning phase and memory phase of the experiment. Additionally,
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The present findings therefore fail to confirm the claims made by Callaway et al. (2004)
and Riha et al. (2005) that MTC is able to improve memory function in the absence of
pre-existing impairment. That is, repeated treatrent with MTC at the doses proposed
(namely 1 mg/kg and 4 mg/kg) did not produce en.hancement of learning and memory in

25 otherwise unimpaired animals in a well validated behavioural paradigm of spatial

reference memory, namely the Morris water maze.

Furthermore, it is shown in Exampie 2 that in certain circumstances, repeated treatment
with MTC can impair learning in otherwise unimpaifed animals. Therefore, it cannot be

- 30 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
35 not suggest, and indeed specifically argue against the proposal, that MTC could be used
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est abl i she@emsry tohiedeldviisitis SOEIRIPR goc:,hqnp%[@\e@mn}%a lighis T WFE’@E’t’tr eat ed
mce (p vakygot 50 ascdfteiaY Beldfed@%F 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
30 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.



chance); all other. groups failed to show this preference. Conparison to
controls confirnmed the nenory deficit in the scopolam ne groups as well as
scopol arwaeoss/1s53zast i gmi ne 0.5 ng/ kg and 0. 25 ng/ kg ( pPUAKBI&SO0DES
Student's t-test). 20 Exp. 2: MIC reverses scopol am ne-induced cognitive
deficits in a dose-rel ated manner Acquisition |earning 25As described in
Exanpl e 1 above, analysis of the smﬁng%%th | ength reveal ed an overal

effect of drug treatnment (F(7,240)=6. ;" p<0.0001), a day effect
(F(3,240)=32; p<0.0001). n inter ion 21,240)=1.7; p=0.03). Trial
one was sePX@mplgl4; combinagion therapy,oblT(ad GBEL, b i fference was found (data
npari sons confirmed a learning deficit in

not shown). Pl anned group co
scopol am ne-treated mce relative to, con | s 30(F(3,69)=24: p<0.0001). MIC
Covbrsad (A SOPAAbME IR AERT OrG Vs Sae FLPRTEa TR A BF1oVA] e T kg MIC
achi eved f#ltdugh@weicEsh of hevdolesigid Iyflemp vat ues<0. 002 conpared with

scopol am ne al one group, not significant conpared with saline); 0.5 nyg/kg
produéed partial reversal (F(1,60)=4.8; p=0.04 conmpared w th scopol am ne,
F(1, 63) =4. R furbieP EQfe e a8 GeyibinedialdeRhstrale 2% aiiey & AP T drtpduaid ed to
reverse the scopolam ne deficits 35(not significant with scopolam ne, F

val ues>8; PORAWiREEE! BerdWnpared with saline). WO

2008/ 155533PCT/ GB2008/ 002066 - 56 - MIC 4 ng/ kg was al so adm ni stered
together with saline, but did not affect normal acquisition |earning.

Overal | | oHihTAFTER 46 B BRI ENISs IERS FRRVBHL RPRA AL B RTMA AT RUER: red

t hi s 1gat a. gé@%%s%gcﬁi&dqym@gm@mmgem in the scopolam ne and the
scopol am ne + C 0.15 and 0.25 ng/ kg groups while all other treatnent

groups (including scopolam ne with higher doses of MIC) showed reliable

| ear ni ng (phé ekpatitheabdedgn asalsifoReWs05) . Swi m speed did not differ
bet ween groups (p>0.05). By contrast, fhignotaxjs was higher in the

scopol am nEh%P@é'ﬁmtﬁtHd))v%%S gﬁ’é@’é’?‘%‘éﬁ‘ %S?pkﬁf’ég??'e@ MU té‘?ﬂﬁ@ﬁ'?t PPURtose 10
The over al {yefeafib&drit ahd aRay Blmbsre ik badreglodp Waidsmaall. edr tiod sdkeatiagty! we
(F(7,243)=3.9; ﬁzo. 001%” a day effect (F(3,243)=60; p<0.0001), and a day by
treat'Rent PeESPHIRS BRANYSE PO A5996; p=0.0042). Only the scopol ani ne
group was inpaired relative to saline (F(1,69)=9.2; p=0.006), all other

groups were not. 15 Spatial. ne Spat.i al ort-ter LY. was assessed

by neans o?xf‘i."ﬁecc’ﬁ%%?ép ?iaglmyla.‘%o#eﬁ%%o”?‘? Eﬁ§%loﬂﬁﬁ'pﬂgglﬁf%%%g8%§§?ti on

| earni ng, ARRti§aNe tanslertesdopblamirghndase coghitiMdlEeficts;20conj unction with

scopol am ne supported nmenory formati on and m ce spent reliably nore than

chance in the target quadrant (t values>2.3; p values<0.05). Scopol am ne

al ongpand Ehe J auisMiGresesantest evhaditioses T effectivElypevedsedimgatime ni strat i on

of sub-effgctive doses of rjvasti gg ne and MIC 25 As established in Exp. 1
p

and 2, rivaSHHHMAHEERYSHIPE A% 248 pendent |y reversed the cogniti ve
i mpai rnrent i nduced by scopol anmi ne. Since the nechanismof action for MIC in

vivo differs fromrivastigmne, we .reason t hat -ef f i of
bot h corrpo&f‘fds{ thelgd s e’%ﬁf%t ?fjiqc\?éﬂ?“"iﬁ'?tr W@ﬁ?g%gﬁ%‘f@%i%@gﬁ ‘gfcf{véééw'gesﬁf full
reversal ofTCHA reversing scopolamine effects. '
25 The data from Exp. 1 and 2. is based in part on that described in Example 1 above, but
is set out again and 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 injeg:tion

30 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

35 muscarinic ACh receptors prior to treatment reversal, based upon its pharmacokinetics.



- 30deficits. Doses for rivastignmne and MIC were 0.1 ng/kg and 0.15 ng/kg
respectively. WD 2008/ 155533PCT/ GB2008/ 002066 - 57 - Acqui sition | earning
Conpar i S8R 28/ 1F83f our groups on the measure of path |Bﬁ§&q¥2eqs(0@206@m and
B). reveal ed an overall effect of treatnment (F(3,132) =15.52;
p<0.0001), of day (F(3,132)=22; 5p<0.0001) and an interaction of these
factors (F(9,132)=2.3; p=0.02). The co nation treatnent of rivastigm ne

and MIC significantly inproved the spat | earning deficit induced by

copol am F, va >4 [ n
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di d not endfteneeoputaniing vsmmthsmilnmntamehaatuag as katexisiag agentiamgsprerexdisot i on i n

th th f lto . day 4. Fig 21C | ami ne.
R s I L ol e A e
15val ues>3hahe pagf @OEhehaoiura teaion speed (Fig. 21D) was not affected by any
drug adm ni stration, conbination therapy fully reversed the

scopol am ne- dependent increase in thignmtaxis (Fig. 21E) (F values>4; p
val ues<0. OQ&iv fewe afsesmdidmandl psngkgy dehoitioéatnseny sids effedts (Robirsp €69),=9. 2;

=0. 006 f | ami ne. I ' f
P 008 oo RO B e S i o BB TR s ot (o
defiadt i Piduslaz:brmpmcmp@é am!neget I etph02007) mnspaeé;:;nni rt\dagmp@bvaﬂ ne;

t i.can i ne . er

or mal Spad T4 AR g 2oy GETRRT el ¥ B TH il Mkl e i
scopol am neerertaate dn liecaturer (Catawaoetval.t PO, syrat] a‘nd &fficay (For m_&erads:ﬁmw' p
e B DS b4 o B bl B2 @#%%ﬁ%dﬂ‘é%dé@%ﬁiﬁi& o
has been -viidiedsy efisetitle iand aaienﬂdsesmﬂ@ﬂ’@ (#oghg o mmtigminai(a 1dempikgein

h t f t
char et ot et BhsR UG A8 SFTES ik WAE TR A el U O
provi des arivdst@nide pedosEstof Oevands@R5 ofg/iap grthe iabsertefdf scmgmlaﬂun@treatgwpol a_m ne
e et | NEE PSRRI SoV0E RgAdE B ol InbioPUBsBEERG iBefiase, | "

conj unct i oRC i Five ose of "T1vastrgm ne suggesting
may be usedtakiajriehepioodrsaitcoovuisibex)apy. This nmakes MIC a cogni t| on
enhancing 5drug and a potential treatnment for MCl. A detailed summary of
the results are presented in Table 4-1.

20 Data analysis was as follows:

Behavioural data of acquisition learning were analysed by conventional statistics (Graph
Pad Prism version 4.01) using factorial repeated measures analysis of variance
(ANOVA) with treatment as between-subject and day/trial as within-subject factor

25 followed by planned comparisons between selected groups. Probe trial data were
analysed by one-way ANOVA and the appropriate post-hoc tests (Bonferroni's multipie
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

30 differences are mentioned in the text for simplicity.



MIC and rivastigmne differentially reverse cognitive deficits induced by
scopolamne in the water nmaze task 10 Spatial working and short-term nenory
i s partigQI28094588nsiti ve to bl ockage of cholinergi c t PETEHRSE/WACH Buxt on
et al., 1994; Han et al., 2000; Ballard and McAllister, 1999) |leading to an
inability to tenporarily store information. This was readily obvious in our
task in that scopolam ne-treated m ce showed persistently high | evels of

t hi gnot axi s 15possi bl e due to an inpairnent of sensory filtering and
enhanced a xi@iﬁy (Smythe et al., 1996). Mreover, swimring away fromthe .
edge of th ef) " requires procedural nmenory and indeed striatal cholinergic
activation (Qakland, 1998). This appears to be conprom sed in

scopol am ne-treated. m.ce and partjcul arly relevant rin arly stages of
St rart i B ERudtiSE ARG Rl ettt oS iAo d L sBhRRNY 3 W ey
act on 20reversal of short-term procedural nenory initially to restore the
animal's cggaci.{k{vﬂ) lto Learn the [ocation of the concealed platform .
Non- speci f 1" C7HB{BY *¥f8ct s i nduced by scopol ani ne were not observed, since

there were no differences in swimspeed, and we have previously excluded
visual inpgirnments for | ow. doses of scopol apine. (Rohi nson_ et al.,.2004). 25
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muscari ni cnared dfthd yredteot grousatiffbed fal cédetee paraneters (von Li nst ow

Rol of1[é et al. 2007) and that they can be dissociated by nmeans of

ti me-tonsum ng nodi fications of experinental designs. Here, we were only
i nt er est edThia ciehdy agipoet trectiewithdtlseopblargine teatmen imp&iraddearmhingtthroughout
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(Bejar et al., 1999; MIlivojevic et al., 2001, Beglinger et al., 2004,

2005; Van Damet al., 2005), possibly because of hyper-stinulation of M
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| earning and nmenory formation was |linear wth saturation at about 4 ng/kg.
Thi s may

30 Finally, rivastigmine alone did not alter spatial learning in this task. Similar resuits were

observed for the overall learning between day 1 and 4. This is expressed as an overall
reduction in path fength and showed significant improvements in ali 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

35 was again an outfier in the latter group. Interestingly, animals treated with 0.1 mg/kg



25originate fromdifferent properties of MIC which include cholinesterase
inhibition (Pfaffendorf et al., 1997), anti-oxidant activity, anti-tau
aggr egatwonpesNES3Bnhi bi ti on and COX activation (Salari $CEGEP8/001B91;
Martin et al., 1985; Mayer et al., 1993a, b; Volke et al., 1999; Call away
et al., 2004, supra; Wschik et al., 1996). These .nechanisns fail in
different forns of denentia and neurodegenerative di seases so that MIC nmay
prove to 30becone a novel cognitive enhgﬁéer for their treatnent. I|ndeed,

copol ami ne can trigger .the. production of free radicals.(Fan.e | . ..,2005
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scopol.am ne-i nduced cognitive deficits. W) 2008/ .155533PCT/ GB2008/ 002066 -
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possible that MIC is a nore gl obal cognitive enhancer owing to its

uni versal 10 enhancenent of brain glucose and ATP generation in agreenent
wi th findi sgatis/wedm@lucose adnini stration can enhance cognition in

scopol am ne nodel s (Parsons and Gold, 1992; Mcheau et al., 1995; Parkes
and White, 2000). Overall, MIC presents with a pharmacol ogi cal profile
t hat dif f essofthe@m nbamoeowaDRIcyrdkE P Eisaurs bitet thih Elssirainidg el aptiowei sppentan novel

apprqach fgr the treatnment, of cognitjve inpairments. | ro rative
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potency. We observed.25 full e | ,.0 o) ine-i.nduced deficit
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equi gl ent doses of both drugs would only result in partial reversal
I(;:a\r/ﬁishlgg ," @vsvesgol n@indu'%ea'c"{‘ r?etfgs : (el %ar‘&fer

admi ni st ér ed indi vi dually in cognitively effective doses and cannot be
attributed,to the orfzblglned drug effects. An 30i nportant point to nake here
is that syﬁgf?'disg'ﬂq "9 ast i gm ne and MIC m ght arise from their
differential cellular actions. Wiile rivastignm ne at | ow doses nay
contrj.bute, to,nornal.i ' ol i her gi al 'y
o oviZe. nu CERCLRh EEREPS, 1 el g Al Bt iodil 2n 98
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gggg?g5g; gkﬁg@%%@%%%ﬂﬁ%@ﬁzﬁef%?‘P‘?}%Q%)@Tﬁgl’me%s 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
30 (F(3,69)=24; p<0.0001). MTC reversed this learning deficit in a dose-related manner: 4
and 1 ma/kg MTC achieved full reversal (F values>13.6, p values<0.002 compare'd 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 deficiis

35 {not significant with scopolamine, F values>8; p values<0.01 compared with saline).
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MTC 4 mg/kg was also administered together with saline, but did not affect normal
acquisition learning. Overall learning calcuiated as reduction of swim path over days

confirmed this data.

5 There was no overall improvement in the scopolamine and the scopolamine + MTC 0.15
and 0.25 mg/kg groups while all other treatment groups (including scopolamine with
higher doses of MTC) showed reliable learning (ali t vaiues>2.2; p values<0.05). Swim
speed did not differ between groups (p>0.05). By contrast, thigmotaxis was higher in the
scopolamine group but was reversed by MTC treatment independent of dose

10
The overall factorial analysis confirmed a main effect of treatment (F(7,243)=3.9;
p=0.001), a day effect (F(3,243)=60; p<0.0001), and a day by treatment inferaction
(F(21,243)=2.096; p=0.0042). Oniy the scopolamine group was impaired relative to
saline {F(1,69)=9.2, p=0.006), all other groups were not.

15

Spatial memory

Spatial short-term memory was assessed by means of the probe trial 1.5 hr post
training. As for acquisition learning, confrals and the fwo high doses of MTC in

20 conjunction with scopolamine supported memory formation and mice spent reliably more
than chance in the target quadrant (t values>2.3; p values<0.05). Scopolamine alone
and the lower MTC doses were not effective.

Exp. 3: Co-administration of sub-effective doses of rivastigmine and MTC

25
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

30 deficits. Doses for rivastigmine and MTC were 0.1 mg/kg and 0.15 mg/kg respectively.
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Acquisition learning

Comparison of the four groups on the measure of path length (Fig. 21A and B). revealed
an overall effect of treatment (F(3,132) =15.52; p<0.0001), of day (F(3,132)=22,
p<0.0001) and an interaction of these factors (F(9,132)=2.3; p=0.02).

The combination treatment of rivastigmine and MTC significantly improved the spatial
learning deficit induced by scopolamine (F values>4, p values<0.09 for analysis with
treatment as factor) and although acquisition appeared slower than in controié, this was
not reliable (F values<4; p vaiues>0.05 with treatment as factor). Similarly, rivastigmine
and MTC administered in conjunction did not significantly improve controls suggesting
that combination of the two drugs did not enhance normal animais. When caiculated as
savings (reduction in path length from day 1 to day 4; Fig. 21C), only the scopolamine
alone group had not improved, while all other treatments did learn the spatial task (t

Avalues>3.4; p<0.005). While swim speed (Fig. 21D) was not affected by any drug

administration, combination therapy fully reversed the scopolamine-dependent increase
in thigmotaxis (Fig. 21E) (F values>4; p values<0.0031 for overall analysis with
treatment as factor; F(1,69)=9.2; p=0.006 for scopolamine versus saline, all other

groups not different from saline).
Spatial memory

Rivastigmine and MTC also reversed the memory deficit induced by scopolamine (t=2.5;
p=0.02 compared with scopolamine; not significant to saling), but combined
administration did not alter normal spatial memory per se (Fig.21F). All groups apan
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, 1874).

12
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As described in the Examples above, MTC provides a dose-dependent reversal of
cognitive deficits of our scopolamine model. It was also effective when administered in
a sub-effective dose in conjunction with a sub-effective dose of rivastigmine suggesting
that it may be useful in a combination therapy. This makes MTC a cognition enhancing
drug and a potential treatment for MCl. A detailed summary of the results are presented
in Table 4-1.

MTC and rivastigmine differentially reverse cognitive deficits induced by scopolamine in
the water maze task

Spatial working and short-term memory is pariicularly sensitive to blockage of
cholinergic transmission (Buxton et al., 1994, Han et al., 2000; Ballard and McAllister,
1999) leading to an inability to temporarily store information. This was readity obvious in
our task in that scopolamine-treated mice showed persistently high levels of thigmotaxis
possibie due to an impairment of sensory filtering and enhanced anxiety (Smythe et al,
1996). Moreover, swimming away from the edge of the pool requires procedural memory
and indeed striatal cholinergic activation (Blokland, 1998). This appears to be
compromised in scopolamine-treated mice and particularly relevant during early stages
of spatiai training. We therefore suggest that both rivastigmine and MTC may act on
reversal of short-term procedural memory initially to restore the animal's capacity to
learn the location of the concealed platform. Non-specific motor effects induced by
scopolamine were not observed, since there were no differences in swim speed, and we
have previously exciuded visual impairments for low doses of scopolamine (Robinson et
al., 2004).

Rivastigmine at low doses readily reversed scopolamine-induced spatial short-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 spétia| learning and
this is the first demonstration of such an effect in NMR! mice; chronic treatment may be
efficient at lower concentrations. Our data offer the interpretation that ChEls enhance
attention (Lindner et al., 2008), 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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Our previous work suggests that muscarinic activity is critical for ali these parameters
(von Linstow Roloff et al. 2007) and that they can be dissociated by means of ime-
consuming modifications of experimental designs. Here, we were only interested in the
net effect of the drug treatment. Given that rivastigmine-induced cognitive improvement
was coincident with reduced thigmotaxis indicates that anxiety, procedural learning and
spatial cognition are tightly linked (Micheau et al., 2004} and may indeed all be regulated
by cholinergic activity in the hippocampo-cortical system (Niewiadomska et al., 2008).

Whether normalisation of procedural learning leads to reversal of cognitive deficits, or
vice versa remains unexplored. Consistent with previous reports, however, is the
observation that over-stimulation of the cholinergic system by high doses of ChEls is
detrimental for memory formation in both preciinical models and humans (Bejar et al.,
1999; Milivojevic et al., 2001, Beglinger et al., 2004, 2005; Van Dam et al., 2005),
possibly because of hyper-stimutation of M2 muscarinic autoreceptors (Braida et al.,
1996). This explains the narrow therapeutic window and possibly the short-lasting
effects of ChE! treatment in dementia.

MTC

in contrast to rivastigmine, MTC presented with a different pharmacological and
psychological profile and proved safe and without observabie side effects even at doses
of up to 4 mg/kg or higher (not shown). This offers a wider therapeutic window and may
also prove safer for continuous treatment regimes.. The dose-response relationship for
learning and memory formation was linear with saturation at about 4 mg/kg. This may
originate from different properties of MTC which include cholinesterase inhibition
(Pfaffendorf et al., 1997), anti-oxidant activity, anti-tau aggregation, NOS inhibition and
COX activation (Salaris et al., 1991; Martin et al., 1985; Mayer et al., 19933, b; Volke et
al., 1999; Callaway et al., 2004, supra; Wischik 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 ef 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., 2008), 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 scbpolamine-induced cognitive deficits.

10
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This Experiment therefore shows that MTC also enhances memory formétion in hypo-
cholinergic subjects. COX activity declines in dementia (Gonzalez-Lima et al., 1897,
Kish et al., 1992; Valla et al., 2001) and in fimbriaffornix transected rats with lowered
cholinergic tone in hippocampus (Kragel et al., 2001). Also, COX decreases

5 significantly after ChE|l administration (Ito et al,, 1889} explaining some of the
pharmacological differences between MTC and rivastigmine. A corollary of enhanced

COX activity is enhanced glucose metabolism i.e. ATP production.

It is thus possible that MTC is a more global cognitive enhancer owing to its universal

10 enhancement of brain glucose and ATP generation in agreement with findings that
glucose administration can enhance cognition in scopolamine models (Parsons and
Gold, 1892; Micheau et al., 1995; Parkes and White, 2000).

Overall, MTC presents with a pharmacological profile that differs from the commonty
15 prescribed ChEls and may provide a novel approach for the treatment of cognitive

impairments in neurodegenerative diseases.
Co-administration of MTC and rivastigmine

20 The combination of sub-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
25 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-retatéd normalisation of iearning,
however, also occurred when rivastigmine and MTC were administered individually in
cognitively effective doses and cannot be atributed to the combined drug effects. An
30 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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20arresti n%'p%%'ﬁngo% f %ﬁ?lcl ac‘;eygyéjegegedrc g\{,élygrh%;ithr?_ragg%ggeﬁ?ggs'dg 'é%?ggi stage, risk
factors angs.sbnilotstow Beloffrie dHatbargn &5 Michesuldt HleB 8, Rigle! Be G005 LH¥SOEREPTSt udy
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ef fi cacy mid&ke):879888e were 138 subjects in the SPECT cohort who had i mages
bot h at baggl}j . rSd bedi 58y weRk : 865\ Qer@at ment Wi th
MIC and Zoggl}giggygggﬂqgédy@ééﬁg i(Sé)lhjfa(é)r‘t V\:th)' E%gmggi{nre%%?@rmg)es? 30When used
di agnost i cihlbjtion SPECNemret dRERsp ke tausmpsErgationt huphenathipares FRRq Matbhead

t enpor o- pari.et al, | ] ) , the underlying biological mechanisns of
action of 5‘33;%’?%.?&%31%5%2??% es differ. SPECT reports a cerebral blood
fl ow20mage obtained 'first pass' after intravenous injection. PET reports

an imge o e i j b8 in kil ©EatiidAt o0t h
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fl ow over gosmitive impaiementir se, and so provides an indirect

The foregoing Examples have been concerned with the ability of MTC to rapidly restore
25 cognitive function in various models based on learning and memory in impaired mice,
These included aged wild-type mice, in which no tau pathology, neurcdegenerative

disorder, vascular dementia, disease of impaired oxygen-consumption, or mitochondrial

defect would exist,

30 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
35 finding, double blind, placebo controlled trial of MTC monotherapy. The study aimed at



WO 2008/ 155533PCT/ GB20081002066 - 67 - measure of -neuronal function, since
neur onal oxygen denmand is closely linked to cerebral blood flow PET

measur esVABIEHSFBE function nore directly, but integraf€¥FRUEHEE Pt ake
over a longer tinme-course. 5SPECT results Analysis of the SPECT data showed
that MIC at all doses prevents the decline in perfusion in the
characteristically affected neocorticalgg.egions that can be neasured
objectively in untreated AD over a period of 6 nonths. The difference

between pl aGehfnind ARBHeAHd M8rbl 88 itR/e LR clRSin il P pcant by
both the Reg}@@ﬁmg I nt gr est ?% ! %9%31%&@ ati stcy\ﬁe;lp Igaigé)r{rne%%re?%é Mappi ng
("SPM') an&bipg dDASFERY ehangs aglaguinans agigerseingaasfe)i npr overrent i n per f usi on
in subjects who were CDR-nmi|d at baseline treated with MIC at 60ng tid, but

this inprovenent fie difference in change score fromzero) did not reach
st ati sti cafowggniife sfadicalso ampleyed) FRGEEd| (FluereReexyPluRcsedSesittan kmispPaicebo

was highl yT&ﬁ@érEgﬂ%:agﬁmTémmﬁb-@@éﬁ(iﬁ%%n%ﬁyldﬂ??a}lér%s%h%@xime singidecl i ne

in glucose uptiake ‘did not reach statisti si‘gnifi‘cance 1 n any brain
regi on i n RogpmEstnsian aamegiaryd pe etsecondancouiceras meagdime Waurorahiugre r eat ed

subj ect s, {?gsm@na@éog%mmﬁgke&n%gégg_%mmfmse Leegéeﬁgé@né(%m H508 Bk Rh@ke from

t he baseli image tot secon scan at visi weeks) (correcting
for nul ti pblecesergbligatiso that aan be yaaruredhy| S Bebayd PERi esperdiveiase was | ocat ed
25in the left nedial tenporal |obe (hippocanpus and entorhinal cortex).
Wen the data were re-anal ysed, naking the assunption that changes were
expedPed ohtgseiimaging methndsiware spewmfo bobriticyiaryusefi in assepeingthestcaey plon for
multiple c LSO t e il per i ; LNt jn the
VIL' str uct Grea s s on i i I LRRERedchs L b eote B S ol

t r eat ment WIB%.WGV&&@WE)SI%&Q en 8 Nogergeet 2098t issiontentss ¢fediich aie speciiirgll al

temporal |aR&s6Mdd hetbih W lrtHefshce)l N S 1S expected to produce a corresponding
increase in functional activity as nmeasured by enhancenent in glucose

upt ake. The fact 35that a statistically significant effect could be

dernst 1 at ol ekl SERbYaiRTREerhl arliDsRUP Ul AI3AREILLR008/ 002066 -

68 - cases indicdates that the effect size is |ar relative to the inherent
vari abi | i t PoSFUipHEagROHiagNogis| (@ PseIanCe REMEp SEt-BifS’ JArSHR ATore WsCHiBF-Bidt | s
robust andwilds)RA thashik ARABNS X Bl fudythbRNER nF a8&erRe Fbi@Sdifference in
treatment effect between these different underlying pathologies. Rather the suggestion
was that DAPTZ therapy may be of benefit in the aging population in slowing or
20 arresting neurofibrillary degeneration irrespective of Braak stage, risk factors and strictly

defined diagnostic subtypes.
The results of the study are summarised as foliows:

25 Molecular brain imaging was included in the trial, both as a baseline stratification
variable, and as a surrogate efficacy marker. There were 138 subjects in the SPECT
cohort who had images both at baseline and at visit 4 (18 weeks) as a response 1o
treatment with MTC and 20 subjects in the PET cohort who had paired images.

30 When used diagnostically, SPECT and PET both reveal a characteristic bilateral
temporo-parietal defect. However, the underlying bictogical mechanisms of action of
these imaging modalities differ. SPECT reports a cerebral blood flow image obtained
‘first pass’ after intfravenous injection. PET reports an image of glucose uptake over a
period of 3 hours after injection. Both report neuronal function in different ways. SPECT

35 depends on local blood flow over a short time-course, and so provides an indirect



Further analysis is required to-determne if SPECT scan perfusion changes
can be al so be denonstrated in MIL structures. Although SPECT scans have a
| ower r SEBI200%15/533it nay be possible to deternmine if tRETEEIP/002066
correspondi ng MIL bl ood fl ow changes by altering the planes in which inmage
reconstruction and registration are undertaken. As discussed further bel ow,
the two i maging nodalities may not prov'.{de the sanme results 10as they are
dependent on different nmechani sns of action of nolecular imging. The
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repl g¢ci ng l.ost connections and maintaining synaptic activity, and hence
bl ooggf I O\Af’gﬂhﬁaﬁ@ﬂ P bcg?mtr?%g'és'pot ential conplexities, the present

di scovery that MIL structures are netabolically highly responsive to MIC
therapy is gz i ggtortant finding. WD 2008/ 155533PCT/ 32008/ 002066 - 69 -
The presenfD vithce that it is possi bl e to denonstrate sel ective netabolic
enhancenent within the MIL structures raises the possibility of undertaking
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were re-analysed, making the assumption that changes were expected only in the
medial temporal iobe (ie a small volume correction for multiple comparisons), the
increase in FDG uptake was significant in the MTL structures bilaterally.

30 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

35 that a statistically significant effect could be demonstrated with such a small number of



WD 2008/ 155533PCT/ GB2008/ 002066 - 70 - C ains Use of  a

di am nophenot hi azi ne conpound in the manufacture of a nedi canent 5for the
t r eat mertWOBPOSHSF@3cognitive inpairment (MCl) in a pati BRE/CSUIPIBEP2NE
therefrom wherein said conpound is selected from conpounds of the
following formulae: 10 (1) (2) (3) wherein each one of Rl, R2, R4,
R6, R8, and R9 is independently selected from -H -F, -d; -Br; -I; 15-0H
-OR, -SH, -SR, -N2; -C(=0)0H, -C(=0)0R" WD 2008/ 155533PCT/ GB2008/ 002066

-71 - - - . — - = —_— = —_— —_— - .
A ga?s%"s_l 12n’dica%s tiqgt'}m? éﬁec?gizg)is'\!?ge rei%{ivs? ?oNﬁeN zln%e\slgént vyriizdility ol #tﬁét datIQIBZ’
and leads to the expectation that the effect is robust and will be readily demonstrable in

larger case series.

5 Further analysis is required to determine if SPECT scan perfusion changes can be also
be demonstrated in MTL structures. Although SPECT scans have a lower resolution, it
may be possible to determine if there are corresponding MTL blood flow changes by
altering the planes in which image reconstruction and registration are undertaken. As
discussed further below, the twe imaging modalities may not provide the same results

10 as they are dependent on different mechanisms of action of molecular imaging.

The relationships between regional loss of grey matter (as measured by MRI}, loss of
perfusion (as measured by SPECT) and loss of cognitive function in specific domains
are complex. There is a strong correlation between cognitive decline and decline in
15 cerebral blood fiow, particularly for the frontal lobes and less for the temporal lobes
{Brown et al., 1996). Furthermore, it is generally recognised that there is posterior to

anterior spread of perfusion defects with advancing disease (Matsuda et al., 2002).

However there is not a simplistic relationship between regions of reduced perfusion and
20 regions of loss of specific cognitive functions traditionally localised to those brain
regions. Furthermore, there is not a simplistic relationship between regions of atrophy,
measured by MRI, and SPECT perfusion defects. Thus, in affected areas, there is
generally a greater reduction in volume than reduction in cerebral blood flow, and indeed
there can be reductions in voiume without any corresponding loss of cerebral blood flow
25 (e.g. in hippocampus) in MCl/mild AD (Ibanez et al., 1998}. Matsuda et al. (2002) found
in a longitudinal study that there was discordance between areas of regional atrophy
and areas of decreased blood flow. The explanations offered are that observed decline
in blood flow in neocortex is in part explained by remote lesions (e.g. in entorhinal
cortex), and secondly that in regions of primary damage, such as entorhinal cortex, loss
30 of axons induces sprouting of the remaining nerve fibres replacing lost connections and

maintaining synaptic activity, and hence blood flow.

Regardiess of these potential complexities, the present discovery that MTL structures
are metabolicaliy highly responsive to MTC therapy is an important finding.
35



-NHC(=0)H, -NRC(=0)H, -NHC(=0)R, -NRC(=0)R; -R, 5wherein each Ris

i ndependently selected from unsubstituted aliphatic C _eal kyl; substituted
al i phat iWO198643%§1; unsubstituted aliphatic Crval kenyl PCEEHIRHI%0GR66

al i phati c Cral kenyl ; unsubstituted Cntycl oal kyl; substituted Cnctycl oal kyl ;
unsubstituted C6_10carboaryl; substituted C6.10carboaryl; 210unsubstituted
C6_10heteroaryl; substituted C6_10hetergaryl; unsubsti tuted

C6. 10car boaryl - C1. 4al kyl ; substituted Co’ 10carboaryl - Cl4al kyl ; wherein, in
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Ibanez, V., Pietrini, P., Alexander, G.E. et al. (1998) Regional glucose metabolic
15 abnormalities are not the result of atrophy in Aizheimer's disease. Neurology 50, 1585-
1583)



unsubstituted C6_10carboaryl - Cl_4al kyl; substituted ~
C6. 10car boaryl - C1_4al kyl; WO 2008/ 155533PCT/ GB2008/ 002066 - 72 - and

wher ei n, W@ B0848¥3gr oup -NR7NAR7NA, if present: each onBCHGBRIGWAIZME R7NB i s
i ndependently selected from -Fl; unsubstituted aliphatic Cl.6alkyl;
substituted aliphatic Cl_6al kyl; 5unsubstituted aliphatic C2.6al kenyl;
substituted aliphatic C2.6al kenyl; unsu @tituted C3. 6¢cycl oal kyl ;
substituted C3.6cycl oal kyl; unsubstituted C610carboaryl; substituted

C6. 10car boaryl; unsubstituted Cs_wheteroaryl; substituted C6. 10heteroaryl;
unsubstituted C6_19car boaryl - ClAal kyl ; substituted -

C6. 10car boaryl - Cl. 4alkyl; 10or R7NA amgaifRéNB t aken together with the
nitrogen atomto which they are attached forma ring having from3 to 7
ring atonms; and wherein, in each group NR7, if present, R/Nc is

i ndependent | y steéee@ﬁaaﬁaﬁfrwmenm:ai@u REMBS LR {dttl@@imahbﬂab@:té 6f {hebiahoyht;

subst Ltute | i tic al k unsubst d ali C2. 6al kenyl ;

Subst Pt ut o BeiBAle S X ToRin iarent e G g el eyt Ga PO,
substituted C3.Geateinaalikydrapalnaubsdisdied &dm%nﬁ:@ﬁﬁdié)ﬁfahyl‘olio@lmlgﬁ’bnrﬁmﬁeed

C6. 10car boaryl ; unsubstituted C613heteroaryl; substituted Cs_| oheteroaryl;
20unsubstituted C6. 10car boaryl - Cl. 4al kyl ; substituted

C6. 10car boaryl - C1. 4al kyl ; and ptheiPngRN1O, if present, is independently
selected from -H unsubs stuted %} ip atlﬁz Ct Eal kyl ; substituted aliphatic
C _eal kyl; 25unsubstituted 3 ' al kenyl ; substl }t)Jt ed aliphatic

3NA

:Cﬁalkenyl R™M_ R
| R éane
RQ 1
R® AN R?
R7NA (2)
rf 8 N\RGNC
g7 R R’e
R’ R’
RY _N R?
RINA (3}
grne N L, S I ?iim
10
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wherein each one of R', R% R, R®, R®, and R? is independently selected from:
..H,
-F, -Cl; -Br; -I;
15 -OH; -OR;
-SH; -8R;
-NO,;
-C(=O)R:

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



unsubstituted C3_6cycl oal kyl ; substituted C3.6cycl oal kyl; unsubstituted
C6. 10car boaryl; substituted C640carboaryl; unsubstituted Cs.wheteroaryl;
subst i t 0¥@a%@a533het eroaryl ; unsubstituted C6.40car boaP{T CBRMERPINGH ;
substituted C6. 10car boaryl - CLAal kyl ; 30 and wherein X-, if present, is one
or nore anionic counter ions to achieve electrical neutrality; and

phar maceutical ly acceptable salts, nixgﬁisalts, hydr at es, and sol vates
thereof. 73 2. The use according to claim1, wherein each one of Rl, R2,

R4, -6, KR8, ang HS C{l@gﬁ@d%@,@elg@@ﬂ,ﬁwm -H, -R 3. The use

accordlng to clal n each S |ndependently sel ected
from unsubsti tLN'ézzl r&HRp‘MH rNRS REal kyl : substituted aliphatic G _eal kyl .

74 4.The use acq@h@i-RgHt NFREEEOPRE. chat TRRE ;g,—\;% wherei n substituents on
R, if present, areq ependentof?iq Ngfce(ctgk fror(n ) F, -d; -Br; -I; OH -OR

C(=0) 0H, - 0)@?‘ -R , wherein each R is independently sel ected from
unsubgti t ufadea éE‘RJPIaFE sGndebefadit Leiected from:

unsubstituted aliphatic C,salkyl; substituted aliphatic Cigalkyl;
unsubstituted aliphatic C, satkeny!; substituted aliphatic C,salkenyl;
- unsubstituted C; goycloalkyt; substituted Csscycloalkyt;
unsubstituted Cg qocarboaryl; substituted Ce.jocarboaryl;
10 unsubstituted Cs_pheteroaryl; substituted Cs_ oheteroaryl,

unsubstituted Cs.yocarboaryi-C,.4alkyl; substituted Cg.jocarboaryt-Coalkyl;
wherein, in each group -NRY'R™, independently, R"' and R taken together with the
nitroegen atom to which they are attached form a ring having from 3 fo 7 ring atoms;

R3NAR3NA

15 and wherein, in each group -N , if present:

3NA 3NB
R R

each one of and is independently selected from:
-H:
unsubstituted aliphatic C,salky!; substituted aliphatic C,alkyl;
unsubstituted aliphatic C,ealkenyt; substituted aliphatic C,¢alkenyt;
20 unsubstituted C;scycioalkyl; substituted Cyscycioalkyt;
unsubstituted Cq.qpcarboaryl; substituted Ce.qocarboaryl;
unsubstituted Cs joheteroaryt; substituted Cs.jcheteroaryt;
unsubstituted Ce.socarboaryi-Cqalkyl; substituied Cgqjocarboaryl-Cialkyl,
or: R®™ and R®™® taken together with the nitrogen atom to which they are attached form

25 a ring having from 3 to 7 ring atoms;

and wherein, in each group =NR*™©, if present, R*™° is independently selected from:

-H:

unsubstituied aliphatic C.salkyl; substituted aliphatic C,.salkyl;
30 unsubstituted aliphatic C,salkenyl; substituted aliphatié Cosalkenyl;

unsubstituted C..scycloalkyl, substituted Csscycloalkyl,

unsubstituted Cs.iocarboaryl; substituted Cg.jocarboaryl;

unsubstituted Cs_oheteroaryl; substituted Csqoheteroaryi;

unsubstituted Cg.iecarboaryl-Cyuatkyl, substituted Ceqocarboaryl-Calkyl;
35



unsubstituted aliphatic Cmal kenyl; wunsubstituted C3_6cycl oal kyl ;
unsubstituted Cs_|ocarboaryl; 75 unsubstituted Cs_wheteroaryl;

unsubst (WQRUE/ 16833 0car boaryl -01_4alkyl. 5. The use acE@T/&BE@S/@bZGéq aim1,
wherein each one of Rl, R2, n4, R6, R8, and RO is independently sel ected
from -H -M, -Et, -nPr, and -iPr. 6. The use according to claim 1,
wherei n wherei n each one of Rl, R2, Fe, , Ra, and RO is independently
selected from -Hand -Me. 7. The use dccording to claim1, wherein

wher ei n eag rtbl‘&(ergg‘ m%?atggf} R@R?B@zm;\a@g R%ngs -H 8. The use according to
C ,
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according to any one of claims 1 to 11, wherein, in each group =NR7Nc, if

present, R%% Jét?]eré Rd%peea%g 3?5[.'@' = %iuec} @gsér{t QG ISH'\%%BCI% y seldted i USe

accordi ng wherel'n present, is
i ndependent |y S-(H ected from -H -Me, and -Et. 17. The use according to

any ff,ﬁe of claiy %stt&eé%’hgﬁ@ﬁr(ﬁ'eglﬂﬂ ?uhs{ttuf%feaﬁgﬁ%t ¢ Wﬁfkpldependen_tly -H

e use accord in X-, if present,
| s one or nore mutamtcted(amfttailc G.onlkenyl sabsfiteiee aiphatic Goealkemysut r al i ty,

optionally sel e&;sggat tﬂt@ﬂ’ éycic@d«y%ﬁbs\{it%eol%?c anigge according to claim1,

wherei n the conpoun I'ow ng conpounds, and
phar maceut i cal stabstépﬂealﬂsea@mqasy! gubsiiidted Alstsarbioptittat es, and sol vates

ther eof : unsubstituted Cs_sgheteroaryl; substituted Ce_cheteroaryl,
20 unsubstituted Cs.iocarboaryl-C..alkyl; substituted Cg.qocarboaryl-Cq,alkyl;

and wherein R™°, if present, is independently selected from:
-H:
unsubstituted aliphatic Cysalky!; substituted aliphatic Cqealkyl;
25 unsubstituted aliphatic C,salkenyl; substituted aliphatic C,.ealtkeny!;
unsubstituted C;.ecycioalkyl; substituted Csscycloalkyt,
unsubstituted Cg.qocarboaryl; substituted Cq.qocarboaryl;
unsubstituted Cs.ypheteroary!; substituted Cs.icheteroaryl;
unsubstituted Ce.qocarboaryl-Csalkyl; substituted Cg qgcarboaryl-Cqalkyi;
30
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.
35
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Me". ... .. .. .S el,-Me -NI 1eSNZ;#] _MeMe net hyl -thioniniumchloride CIO
B ETC - Et,.."SII.Et N 1leN |l EtEt ethyl-thioniniumchloride

2. The use according to claim 1, wherein each one of R', R?, R* R% R® and R
is independently selected from:

-H:

-R.

3. The use according to claim 1 or claim 2, wherein each R is independently
selected from:
unsubstituted aliphatic Cy.salkyl; substituted aliphatic Cqsalkyl.



CtO C DwrC MeMe- MeSlle,"Me NN Il _MeMe_ 1 ,9-dinethyl-nethyl-thioninium
chloride C'O D DEMTC EtEt Me...,el0, Me NN II _MeMe_ :
1, 9-di et hyl - et hyl -t hi oni ni um chl ori 4& CO E DVETC MeMe

4. The use according to any one of claims 1 .to 3, wherein substituents on R, if
present, are independently selected from:

-F; -Cl; -Br; -;

-OH; -OR;

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

R’

, wherein each R’ is independently selected from:
unsubstituted aliphatic C,_alkyl;
unsubstituted aliphatic Cyealkenyl;
unsubstituted Csscycioalkyl;

unsubstituted Cgqocarboaryl;



SN Et, NNrEt |1 EtEt _ - 1,9-dinethyl-ethyl-thioniniumchloride CIO WO

2008/ 155533PCT/ GB2008/ 002066 - 79 - |7:5 DEETC _ EtEt Etellle NN,...Et EItElt
1,9-diethyl-ethyl-thioniniumchloride™Cl 0 G MIZ

unsubstituted Cs_4sheteroaryi;
unsubstituted Cg_qpcarboaryl-C, zalkyl.

5, The use according to claim 1, wherein each one of R', R?, R*, R%, R®, and R’

is independently selected from: -H, -Me, -Et, -nPr, and -iPr.

B. The use according to claim 1, wherein wherein each one of R', R%, R*, R%, R?,

and R* is independently selected from: -H and -Me.

7. The use according fo claim 1, wherein wherein each of R*, R, R*, R®, R?, and
R%is -H.
8. The use according to any one of claims 1 to 7, wherein, in each group

-NRMARME if nresent, each one of R™ and R™ is independently selected from: -H,
-Me, -Et, -nPr, and -iPr.

9. The use according to any one of claims 1 to 7, wherein, in each group
-NR®™MARME if nresent, each one of R™™ and R™ is independently selected from: -H
and -Me.



Me40 z110 N'Me N Il MeMe nethyl -thioniniumchloride zinc chloride & G 0.5
ZnC 2 ) mxed salt HETZ Et40,...--&)--..-,N-Et Nlel EtEt _

et hyl -thioniniumchloride zinc chloride d G 0.5 ZnC2 ) mxed salt Ml
Me0111S Me NN ?0 s | MeMe

10. The use according to any one of claims 1 to 7, wherein, in each group
=NR*¥€  if present, R*"® is independently selected from: -H, -Me, -Et, -nPr, and -iPr.

11. The use according to any one of claims 1 to 10, wherein, in each group

=NR*N® if present, R*™C is independently selected from: -H and -Me.

12. The use according to any one of claims 1 to 11, wherein, in each group
-NR™R™8 if present, each one of R™ and R™® is independently selected from: -H,
-Me, -Et, -nPr, and -iPr.

13. The use according to any one of claims 1 to 11, wherein, in each group
NR™AR™E if present, each one of R™ and R™® is independently selected from: -H
and -Me.



methyl -thioniniumiodide I(r) J MIl.H nmethyl-thioniniumMe., 0. O Nme N
le | -MeMe iodide hydrogen iodide I (xJH mxed salt KETI Et N 40P N, , Et
|1 _EtEt ethyl-thioniniumiodide 2008/ 155533PCT/ GB2008/ 002066 - 80 -

14, The use according to any one of claims 1 to 11, wherein, in each group

=NR™C, if present, R™C is independently selected from: -H, -Me, -Et, -nPr, and -iPr.

15.  The use according to any one of claims 1 to 11, wherein, in each group

=NR™¢, if present, R™° is independently selected from: -H and -Me.

16.  The use according to any one of claims 1 o 15, wherein RV, if present, is
independently selected from: -H, -Me, and -Et.

17.  The use according to any one of claims 1 to 15, wherein RV, if present, is
independently -H. '

18. The use according to any one of claims 1 to 17, wherein X, if present, is one
or more anionic counter ions to achieve electrical neutrality, optionally selected from
Cl,Br,orl.

19. 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;
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ni trate WEBSNSEEFN Et 01110, Et NN PCT/GB2008/002066
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B ETC
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1,8-diethyl-methyl-thioninium chloride

B Me Me 7
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Et Et

1,9-dimethyl-ethyi-thioninium chloride
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H ETZ N S N
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MT1 . ; ® I
Me Me
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81 82 20. A di ami nopheno hi azi ne conpound as described in any of clains
use in a nethod of treatnent of mld cognitive inpairnment (MI)

in a patwepaeosgaiBering t herefrom which net hod conpri sBET&FH§08206¢ i ng an
ef fective anount of said di am nophenot hi azi ne conpound. 21, The use or

conpound according to any one of clains 1 to 20 wherein the M

and the treatnment is for synptomatic r

IS ammestic
eéeﬂ_ef by anelioration of amestic

synptons. 22. The use or conpound according to any one of clainms 1 to 21
wherein s tient is selected fromithe nrnun consisS cflnn of- /l) nat|ents
not di agnosed wijth Al zhei ngr's sease ad\ on | not de nt ed; (H patients
havi ng a ni-Mgntal State Exam nat i on ss tha or equal t o MVBE
24, 25, 26, 27,28 ar 29; and (H) ata;tqnt \s magefiget in
m t ochondrj alL ener ggTmat abgl i sm 23N The @& or co oun according to any
one of clains 1i{to 22 wherein sdid trE@atrrent corrpn&_es adm ni stering jsaid
di am nophenot hi zZi ne conpound in Tonbination with a cholimergic drug that
either: (i) enhances or mmcs {ﬁ f c‘%l q{’ Qb Ei) TS| a
chol i nesterase ijnhibitor. %‘ é{ct[%&%)t]g&rﬁ?ogé%nt )(Ar‘%f/er‘]I éigﬁﬁm?epgt es
general ly to netlhods and mat er| als based on dham nophenot ki azi nes for} use
in the treatnment] of MId Cagnitive Inpai :
Me._ = Me | NO, (D
M MTN 'T‘ @° N ‘
Me Me
methyl-thioninium nifrate
N
o
N /<I~ j@\ LB NO, (D
N ETN ’f @S N
ethyl-thioninium nitrate
N Me
0 Me,N s NH
®
Tolonium chioride
N
ci(=)
P >
H,N S NH,
®
Thionine
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20. A diaminophenothiazine compound as described in any of claims 1 to 19 for use
in a method of tfreatment of mild cognitive impairment (MC1) in a patient suffering
therefrom, which method comprises administering an effective amount of said

diaminophenothiazine compound.

21, The use or compound according to any one of claims 1 to 20 wherein the MCl is
amnestic and the treatment is for symptomatic relief by amelioration of amnestic

symptoms.

22. The use or compound according to any one of claims 1 to 21 wherein said patient
is selected from the group consisting of:

(i) patients not diagnosed with Alzheimer's Disease andior is not demented;

(ii) patients having a Mini-Mental State Examination score of less than or equal to MMSE
24,25,26,27,28 or 29; and

(iii) patients not suffering from a defect in mitochondrial energy metabolisim.

23. The use or compound according to any one of claims 1 to 22 wherein said
treatment comprises administering said diaminophenothizine compound in combination
with a cholinergic drug that either:

(i} enhances or mimics the action of acetylcholine, or

(i) is a chaolinesterase inhibior.
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Absiract

“The present invention relates generally to methods and materials based on

diaminopheno‘zhiazines for use in the treatment of Mild Cognitive impairment (MCI).



