- 1 - Phenothiazine compounds for treating mild cognitive impairment Technical field The present
invention relates generally to methods and materials for use in the treatment of Mild Cognitive
impairment (MCI). Background art Mild Cognitive impairment (MCI) is a subset of a broader clinical
entity termed "Cognitive impairment Non-Dementia", or CIND. There are many potential cauees of
GINE) including: depression, alcohol/drug use, psychiatric disease, delirium, mental retardation,
vascular causes, Parkinson's disease, epilepsy, multiple sclerosis, social factors, and sensory

Impairment. MC S“bggcgtssaa{ﬁ%&'%mﬁg%@yw@r@%& RliRPUBIRINEdRBERliRALCN &5
Alzheimer's Disease S, etal. incidence and outcome of mi itive impairment
in a population-based prospective cohort. Neurology, 59: 1594- 1599; Bennett, D.A. at at. (2002) :
Natural historgf. oﬁmigpﬁggitive impairment in older persons. Neurology, 59: 198-205. in fact it has
been estimat 6 o1 those with MCI convert to AD (Bruscoli and Lovestone (2004), is MCI
really just early dementia? A systematic review of conversion studies. Int Psychogeriat. 16:2,
129-140). MCHhashesan rerptnisest diyhefddlismansificcs sxiheat eaatet (ROA irthe1)
htto://WWW.Afdamv/ohrmsé_g@cﬁts/aggal{%%ﬁgg%é@ orundman/). This has led to the emergence of
a number of cHFEEIFAER E:Emor'éxa ple Thal et at., (2005), A randomized double-blind study of
Rofecoxib in patients with Mild Cognitive impairment, Neuropsychopharm, 30: 1204-1215). la ‘
~Summary A firgt a&ge&}&rg\qdes a use of a diaminophenothiazine compound in the manufacture ofa -
medicament f t of mild cognitive impairment (MCI) in a patient suffering therefrom,
wherein said compound is selected from compounds of the following formulae: wherein each one of
R1, R2, R4, RGxf3%andiR Inpindessndenysse eiteet fbabrdstisritial Bnfily, tORFIOR,; -SH; -SR;
.=NO2; -C(=0)0H; -C(=0)0R; Ib -C(=0)NHZ2: -C(=0)NHR:; +&(=0)NR2; -C(=0)NRN1RN2; -NH2; -NHR;
.-NR2; -NRNIRi@gﬂqﬁ%@%ﬁpﬁqugg%ﬁ%a%gb%ﬁ%RC(:O)R; -R; wherein each R is
independently selected from: : ;

Thers are mar;y potential causes of CIND including: depression, aicohol/drug uss,
psychiatric disease, delirium, mental retardation, vascular causes, Parkinson's disezse,

Lo .
apilepsy, mulfiple scierosis, social factors, and sansory ampanmanﬁ.

M&Il sﬁbjects are not demented, bul are at risk of devaloping demsantia such as
Alzhaimer's Disszse (AD){Lariey, S. et al. (2002) incidence and ouicome of mild
cognitive impairmen’ﬁ in a populafion-basad prospective cohort. Nguroiogy,l 59 1594
1589; Bennatt, D.:A et al. (2002) Natural history of miid cdgnitive’ impairmex_':t in oider |

' .parsans._ Neurology, 58: 198-205. In fact it has been estimated that 10% of thos with
MCl &cnvéﬁ fo AD (Bmscqii and Lovestone {2004), s MCI really just early dementia? A
systemaﬁc reviaw of conversion ;tudias. int Psychogeniat. 18:2, 128-140).

MCI has bsen recognised by the FDA as a vaiid tr—a—atxnan{ target (FDA (2001)

htto:/www jda. aoviohrms/dockets/ac/01/siides/3724s1 © grundman/).

This has led to the emergénce of a number of ciinical rials for MCI (for exampte Thal et
al., {2005), A randomized doubie-biind study of Rofecoxib in patisnts with Mild Cognitive
impaiment, Neuropsychopharm, 30 1204-1215). -



unsubstituted aliphatic C1.6alkyl; substituted aliphatic C1.6alkyl; unsubstituted aliphatic C2.6alkenyl;
substituted aliphatic C2.6alkenyt; unsubstituted C3.6cycloalkyl; substituted C3.6cycloalkyt;
unsubstituted C6.10carboaryl; substituted C6.10carBaaryl; unsubstituted Cs.wheteroaryl; substituted
Cs.wheteroaryl; unsubstituted C6.40carboaryl-C1.4alkyt; substituted C6.10carboaryl-01.Aalkyl;
wherein, in éashrgaoyp -NeRN2, independently, Rh" and RN2 taken together with the nitrogen atom to
which they are attached form a ring having from 3 to 7 ring atoms; and wherein, in each group
-NR3"AR3NA, if present: each one of R3NA and R3N8 is independently selected from:; -H;
unsubstituteft ATFHAIREE PEAIRGE utirlBAPRAREERREANA : RATHLH el E‘afi‘bﬂﬁﬁ%‘:&‘é%fk%nyl;
substituted atiptiatic:€2 foatke trgbtrmrstibbtiilitedoGitive oyclatiert S4Bt ae@iEst 8diatioalivgretrom,
unsubstituted C6.10carboaryl; substituted C6"1%c?r% ar%l; unsutbstcijtutgg C%%Opvclargerﬁ%aylia%ijbstituted
06.10heteroaryl: unsWBEFRIRSE EETHRABA S TECT ARSI SRR KD aanR CE 45 kyl: or:
R31A and R3NE taken together with the nitrogen atom to which they are attached form a ring having
from 3 to 7 ring atoms; and wherein, in eaeh g&@up@NRBNe, if present, R3Nc is independently
selected from: -H; unsubstituted aIithatic 01.6alkyl;isubstifuted aliphatic C1.6alkyl; unsubstituted
aliphatic C2_6alkenyl; substituted alipha eD6a KEny ;Fimsubstituted C3.6cycloalkyl; substituted
C3.6¢cycloalkyl; unsubstituted gﬁal\Oca t; substituted %@ﬂ_»«lOcarboaryi; uhubstituted
Cs.wheteroaryl; substituted C5.10h&teroafyl; Bnsubgtitutdd C6.40carboaryl-Ciaalkyt; substituted
Cs_locarboaryl-Cs alkyl; ic and whepein fh each grfup NR7NARTK, if present: each one of IRMA and
R7N8 is independently selected from: -H,qunsubstifiited aliphatic C1.6alkyl; substituted aliphatic
C1.6alkyl; unsubstituted aliphatic C2.6alkenyl; substituted, aliphatic C2.6alkenyl; unsubstituted
~C3.6¢ycloalkyl; substituted C3.60y% 21 Ca_locarboaryl; subgituted C6.10carboaryl,

" unsubstituted Cs_ioheteroarylhwbstit 6.10heteroaryl;
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wherein each one of R'. R?, R*, R®, R®, and R® is independentiy selected from:
H:
-, -Cl; -Br; -I;
-OH; -OR;
-SH; -SR;
-NO;;
-C{=0)R;
-C(=0)0H; -C(=O)OR;



unsubstituted C6.10carboaryl-C1.4alkyl; substituted C6_10carboaryl-C14alkyl; or R7NA and R7NB
taken together with the nitrogen atom to which they are attached form a ring having from 3 to 7 ring
atoms; and wherein, in each group =NR7Nc, if preséht, RThc is independently selected from: -H;
unsubstituted aliphatic Ci_ealkyl; substituted aliphatic.C1.6alkyl; unsubstituted aliphatic C2.6alkenyl;
substituted aliphatic €Z:82iNehy(FRINSRIUBHCRFay efERINRUBSTuted C3.6cycloalky!;
unsubstituted C6,logﬁrgogwp{sg}qﬁitu}@gm%gmcarboaryl; unsubstituted Csioheteroaryl; substituted

Cs.wheteroaryl; unsu stftuted Cs.lozéérboaryl-bl 4a|;:¥; substituted C6_10carboaryl-C1..4alkyl; and

wherein RN", if preseMf(Th NBERT L IR R RHEMDtituted aliphatic Cl.ealkyl:

substituted aliphatic (g1.6alkyt; unsubstituted aliphatic C2.6alkenyi; substituted aliphatic C2_6alkenyl;

unsubstituted C3 6¢ycloalkyl; su stituged 3 ?ce(clg Ikyl; urtsubstituted C6.10carboaryl; substituted
E}/ ant ?‘ﬁ;es S?

C6.40carboary &AL FRAIL RS Esfﬁl%netercgé ltUted C6.10heteroaryl; unsubstituted

C6_10carboaryl-C1. dedkpstiutsstialinddtc 6 1otatbeesticted aliafiatmh & whsrsin r, if present, is one or
more anionic counter jqns. achieysrelrcticainairali:aod s hasmareosicallygeceptable salts,

mixed salts, hydrates, and solvates thereof. Id A second %spectﬁr%/ides a diaminophenothiazine
compound as definedBBHREIHIPYSE-4RYAFAEHoHBP IR B AP ognitive impairment (MCI) in a
patient suffering thergfiompswhich Dietbatconpritedimdedifistgrangparykffective amount of said

diaminophenothiazine com%&%n E@U%MY&QH%‘,LM&&BE@?G“ that the provision of

.Dis SHI
alternative treatmenttﬁqgaal |esegor Mé{%or t%gpurpose of relief of MCl o the s mptoms of MCI would

provide a contributiontsuhetitnied\Zs eeuBrecds 3ty CuzrBt R oes aN i hltbw been
unexpectedly W@@ihyg%erﬁ&%ut;mwws thab giaminaphrMoshinRife4RARIgEtoamithtings may be
-used to provide symptomatic relief of cognitive i irment independentl .of any
‘underlying patAbTBgs oFEMALoAB! I(E’.e rgb?c?égaé%%gaf?arlmreaf&n cg\%gr%%}ﬁ‘y%t;g%b%@f%%%bnstrated ina
model comparing young and aged mice, and also normal and scopalamine-treated mice. This

represents an ﬁ%l}tgwggir\é%t'rﬁag%rgmd_ﬂﬁy%@dgﬁr&gggﬁztreatments. 10Previous uses of

diaminophenothiazine compounds _
sach one of R and R*™™ is independently selected from:

-H:
unsubstituied aliphatic Csalky!; substituted aliphatic C,galkyl;
unsubstituted aliphatic Cysalkenyl; substituted aliphatic C..salkenyt;
unsubstituted C,ecycloalkyl; substituted C, gcycioalkys;
unsubsiituted Ce.qocarboaryl; substituted Cyspcarboaryl,
unsubstituted Cs.qcheteroaryi; substituted Cs.roheteroaryt;
unsubstituted Cg.qocarboaryi-C.alkyl; substituted Ce.1ocarboaryl-Caalkyl;

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;

and wherein, in each group =NR*®, if present, R*** is independently sefected from:
-H:
unsubstituted aliphatic Cqsalkyl; substituted aiiphatic C.alkyt,
unsubstituted aliphatic C,salkenyt, substituted aiiphatib Cogalkenyl;
unsubsﬁtuted CaeCycloalkyt; substituted Csscycioalkyl;
unsubstituted Cs.qocarboaryl; substituted Cesocarboary;
unsubstituted Cs.ioheteroaryl; substituted Cs.qohetercaryt,
unsubstituted Cs.pcarboaryl-Ciualkyl; substituted Cgjocarboaryt-Cqalkyt;



- Diaminophenothiazines have previously been shown to inhibit tau protein aggregation and to disrupt
the structure of PHFs, and reverse the proteolytic stability of the PHF core (see W096/30766, F
Hoffman-La Roche). Such compounds were disclos& for use 15in the treatment and prophylaxis of
various diseases, including AD and Lewy Body Disease. Additionally W002/055720 (The University
Court of the Umiversiteinf AlmsciegrouistiRiSeR hefusesshteduced forms of diaminophenothiazines
specifically fog the é@grg@&m%gf@mgq% g@gg%@gg@g@mgﬁseases, although the disclosure is
primarily concerned with tauopathies. WO 2005/030676 (The University Court of the University of
Aberdeen) discussedtadiolabelled phenothiazines, and their use in diagnosis and therapy e.g. of
tauopathies. 25 By cgtdtastivith thimabay e, fakyressstitingeé atiphatidiestahe treatment of MCI
specifically. Several studjes. have pr that it % | gqﬁ ru ch as Methyl
30Thioninium ChIoriﬂgsﬁﬁa%éi%%?%?éﬁa%ﬁe%%r% %%%%@jne [%ggsﬁgﬁérﬁlg'mory which could be
mediated by enhancemsebstifiedSehovelpalkwspibstibitedy.couipalsy) et al., 2002; Callaway et al.,

2004; Riha et al., 200, Nongof @gg@arggy?yggbg@g{gg@mg;ga%QWTC in symptomatic treatment of
MCI. WO 2008/155533PCT/G82008/002066 - 3 - Marti%? et % "Methylene blue alters retention of
Biag7e

inhibitory avoidance YBEHBTEESd Pryli5iase G- PSS! T ¥stigated the effects of MTC in
a one-trial inhibitory aneigants=ateR-{uvatghryhsk kg authditstedricludatheamidingéne blue has both
an amnestic effeck (¢, gauein i2) AN MemeRsEn AR RRari i hesesaniial
framework of ﬂ{e%apg?. ey%gﬁqt%?a%t e d]ifferent e?f\‘é:-cts are seen at diff(grent doses, amnestic
effect at high dogw previnaiineny S4ad [8BERIEnhancing effect post-training at low dose. The key
conclusion of the paper is that manipulation of the pentose phosphate pathway may act to modulate

~memory storage processes. 10Callaway gt at{"Methylene hiie restore tial fetention
“impaired by aﬁ'ﬁ%ﬁfﬁ‘%’f 'By8E r%rr%"éoo?ﬁc%iase‘ #r?pfaetésénﬂ%uroé%fnégﬁei%%@s%ggg 8&%‘ proposed that
MB corrected behavigtiral impairments induced by a mitochondriai inhibitory agent (sodium azide).

However, an objective (eyiey af4 RshoisalHse eausn e wihaldis iR evidence that MB
e

corrected a learning defect produced by sodium azide, and 15also that t eﬁ%t(er#,retation of the data

suggesting that thereRSHavEHISS| @iBhAtE fesRikeaHe SUBRFINEM B NaAtHo BMict on learning is
implausible in the lighkgfigsiegtsi iciheyexpbyineiisitdies gh .Spidiodlly, the experimental design did

not control for the chaﬂggbisfﬁ{éﬂ}%éaéﬁLE:?A@%QJ*&EQEE(&MQ%%Q?MJW the training phase to a

different task during s pro ase of the experiment. 20 Notwithstanding the above, the authors
present the inferencedtribstititefcSuih piaraanis stoshi4eg Ges R R has the potential to positively

affect the clinical outep@.efttnea oLy feierken-diffsmiies nmetso drgenebativg-Gisatiddrs associated
with mitochondrial dysfunction.” However neither the data nor the authors suggested the 25use of MB

could act as a cognitive enhancer in the absence of mitochondrial dysfunction. Gonzalez-Lima F and
Bruchey AK ("Extinditainiiiforf prepeniamioiepsndentiyaibeifs &aincer methylene blue”. Learning
and Memory, 2004 11,(5):633-640) examined post- 30extinction administration of MTC to determine

whether MTC could enhance retention of an extinguished ce%p iti&nedgzss%% se. The authors draw the
inference: "MB admiriSguBeiiuiee AR ot ailiye HeSHBACSHERR gby in humans may be a
" useful therapeutic ageptieJdaciiateiisiticnaferihctibatibftedradigiateddeaimryther traumatic

mermories.” That s the autiars 3% Bcacal, 2 BLRGIEH LSASMRGiEo 302chieve an am nesl
S ’ '

. . LINsU
effect in certain speuHc cwcumsa[an

unsubstituted Ce.qocarboaryl; substituted Cs.qocarboaryl;
unsubstituted Cs.igheterocaryl; substituted Cs johelerocaryl;
unsubstituted Ceqccarboaryl-Ci4alky!; substituted Ce.ocarboaryl-C,.alkyt;

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

neutrality;

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



WO 20081155533PCT/GB2008/002066 - 4 - Callaway et al. ("Methylene blue improves brain oxidative
metabolism and memory retention in rats Pharmacor. Biochem. Behav. 2004, 77:175-181) used the
same behavioural paradigm as in Callaway et al. (2902). However an objective review of the
5technical content of the paper reveals no evidence that MB imi%ov%% Aﬁg‘énaig%” cc))rtt]géleﬂsae
unimpairedPesfpRRLSAASE! At AT RS A S AR AR e A A ELTRG HHAPTHETE s fievertheless a selective
effect on megwesy Witkeathan effeid onglugveinparineptdMiblénia HadianjisuBeinadieceiiPthe experimental
design. Spegiicallinie expemenialasiun didaetaansiokion e shangm o shentssiairem olfactory
cue detection during the training 10phase to a different task during the probe phase of the experiment.
Therefore, R€HCIE0 evidence that MB improved memory in otherwise unimpaired animals. The
authors also showed that cytochrome oxidase c activity was increased in brain tissues obtained 24hr,
but not 1hr or 2hr, after a single dose 1mg/kg dose, and that MB introduced in vitro into a preparation
of cytochroRis& et LeAEdBYBINOR ased cytochrome ¢ oxidation. 15However, as discussed in
Example 3, the brain levels of MB are maximal at 1 -4 hr post administration, and it is therefore

mplausiole o srdue el MP RLoseRs SPadie uRR vl B GASE AlIEs s B Rt gA but ot a

1hr or 2hr. Frofh BRSS Rl e authors draw the inference that "the mechanism of action of MB in
memory retpntimsahyehiel &l MEH 26 taRAREATRHPHMEG) Wenie PR RISHIHOBTRM L 241, ("Memory
facilitation by methylene blue: Dose-dependent effect on behaviour and brain oxygen consumption”.
Eur. 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 250bject 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. 30Therefore, there is no
evidence of memory facilitation in otherwise unimpaired rats. They also reported that low
concentrations of MB increased brain oxygen consumption in vitro and 24 hr after in vivo
administration, but not at lhr 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 35inference: "Based on our findings, it is possible that methylene blue may also be useful
WO 2008/155533PCT/G132008/002066 - 5 - as a memory enhancer in humans with reduced brain
oxidative metabolism, such as individuals with Alzheimer's and vascular dementia." Wrubel et al.
(2007) ("Methylene blue facilitates the extinction of fear in an animal model of susceptibility of learned
helplessness." Neurobiol. Learn. Men. 2007, 87: 209-217) examine the effect on methylene blue on
conditioned fear extinction in female congenitally helpless rats. The authors found that methylene blue
did not enhance memory retention of extinction if administered during the acquisition of extinction.
That is, MB did not have an effect on learning of extinction. Nevertheless, the authors 10reported that
MB enhanced forgetting of previously traumatic stimuli. They draw the inference that "methylene blue
'may facilitate fear extinction as an adjunct to exposure therapy." That is, the authors again advocate
the use of MTC to achieve an amnestic effect in certain specific circumstances. 15Callaway et al.
(2002), Riha et al. (2005) and Callaway et al. (2004) use approximately the same form of words to
articulate the following general mechanism: "While traditional pharmacological treatments to improve
memory focus on specific synaptic transmitters, metabolic enhancers like methylene blue may improve
overall brain energy production and memory retention by targeting mitochondrial oxidative metabolism,
without




20producing side effects associated with modifying a particular neurotransmitter system" (Callaway et
al., 2002)Jhys the dligical conditions for which they suggest the use of rpgfighRidbdSede:
"neurodegenerative disorders associated with mitochondrial dysfunction", enumerated more
specifically as Leigh's disease and Alzheimer's disease (Callaway et al., 2002), or "humans with
reduced brain oxidative metabolism, such as 25indiviguals 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 kisdretehesgrimaxmepafinvnthby s, nrrieaiHEvagEI type mice, in which no tau
pathology, negy; e idisanderT Yasstiss iR arlithdisease phimpakpd aupgsa-_assUMption,
or mitochondria( defect would exist, 35and thus is ntireg/ unex%ected in tqe. Iight gwg knocgwn prior art
effects in theSECRARIYD HBPRYEISHS ISP RSRESILY B0 D6 e85 Eon Bl KL RE SR o109
diamir®phentbehisRings (cxepnpl b drnidEEreneestiewnnotinsiresn tmusyHteditnationdavhere there
IS “0.eXpeC@g%%hHay&wgﬂa'aﬁw Wnetionhdequieadhiainddaiue Metaholizm Alascular
impairment. 5Present’invention This unexpected discovery thus has implications for providing
symptomatic relief of MCI, for which (as discussed above) there is a significant need for novel
treatments. 1DHilusoi 46O Us aspaeitvib adavestiomadiaitgdeseiidisg Bt ARIshisompound in the
preparation (or manufacturing process) of a medicament for the treatment of MCI in a patient. Said
medicament so prepared or manufactured will include the DAPTZ compound as the or one active
ingredient. 1Priyiaus etesdisianuneehanefitasinacompayttfent, which method comprises

¢ “administering an effective amount of a DAPTZ compound. iii) A DAPTZ compound for use in the

- treatment of MCI in a patient, which method 20comprises administering an effective_ amqunt of DAPTZ
compound. PP@EPM?%&Q*?%'S% ?J‘ﬁedgrg\!@%ﬁg'(r:%ggg&%r?Wotroe'E?}“‘ oy gfeggtﬁ]ne

i
etail heremnarter:
administratioaraf theiefipttire amoturewil it sushdrevsisaibermtglyicstaplicefttts £gF amelioration

of amnestic SysPIQIS\RISEIORRCAARFING S IR RLBRACSAIBHSLAIRLERiBisaBMnAsiRavith other

treatments, either simultaneously or sequentially, 30Interestingly, since the action of MTC in the
Exambles belb i/ HeXmestiang PimiHags LivarmisBoeasset e mnl 708 L RPivards

between-sesgigage€MOry 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

35may be sudidiioeayWVATBORSTRAATAnbRYESHY GRGAAE RS HHEF R ARFRFAY wo
2008/155533Ri6 s B20(28/90 ¥ bduced forms of diaminophenothiazines specifically for the

20 treatment of a variety of protein aggregating diseases, although the disclosure is

primarily concerned with tauopathies.

WO 2005/030676 (The University Court of the University of Aberdeen) discusses

radiolabelled phenothiazines, and their use in diagnosis and therapy e.g. of tauopathies.
25 | |

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

specifically.

Several studies have proposed that it wouid be desirable if drugs (such as Methyl

30 Thioninium Chioride (MTC), also known as Methylene Blue) had effects on memory
which couid be med;:ated 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.



- 7 - Interestingly, not only did MTC show a better therapeutic index than rvastigmine when the drugs
were adm| 8@5&9? 5 idually, but co-administration of sub-effective dos%gy(g%mngmmgmine and
MTC acted synergisfically in reversing learning deficits and scopolamine-induced memory
impairments. Thus, when combined with ChEI therapy, 5the effect of MTC appears to be amplified
supporting the fact that this combination therapy could potentially improve not only symptoms but also
contribute beneficially to neuronal metabolism thereb;ﬁénabling the use of lower doses of drugs that

might minimise the risk of sj ffects. 10The use of DAPT, ounds such as MTC in combination
with cholnergiPHOEE 1% ANSEFEE BRI S TR G TN o SITe (STREPER tne
symptomatic fPegsineRsoiviCPRBohSBirislimestighthe threstettmobMichirmhassririghikibtbodiment,

treatment may,ppionallbs iR GAIRRIRALIORWIN ARRALMIEC FRINPEAGRINS HlaE 8%8/Hitieaone or more

cholinesterase inhibitors (such as donepezil (also known as AriceptT"), rivastigmine (also known as
ExelonTm), gAMABSHAFEeaidbeK IBURTSLRERN A2 Nﬁfbﬂ“&éﬁ@fﬁ%%&%}%@‘(g 9€h as
memargine (atsdamu Rafeonsek Bithbl anpendthéliglanute intcdifeeptosftaptanmts seetfdr inhibitors of
amyloid precutsor in.pr i I 0 ed .generat] tq- ' ssessing
2nd Dingnosil BBl e B R e B S concent
(see Gauthierrsktraininglat CuyARsee IMBARnertclusinnee Hvopar7s 1B Irepinyiaienps s 25RC et al.

Neuropathologigabiatreas itamaasis mitd 6a00itvsitnpa ey sehtje prot@lk; 63: 665-672)
MCI is recognised as a valid disease target by the FDA. It is defined by having a minor degree of
cognitive impairment not yet meeting clinical criteria for a diagnosis of dementia. 30Representative
criterid or syrichbemay\Caintiietbienribbsfssidrbe leneiil. Meraqsatisienisonartmairadtmannor

~demented. W, 20084155 AARAE G82995100A06 6 Brod3i, Taere e videnss o Gaepitive sigterioration

- shown by either objectively measured decline over time and/or subjective repart of decline by self

and/or inform&M FPESTEA QR IRHTE RRaiUe ety RYSTE S5 3 OSBRI ALY 398Hory). SC.
Activities of dadlydivingzde)preeereest ardobfruile xenEwuoh dredb binmite s elos eithshrawsabebr minimally

impaired. (Se%sl%qs\’m@!ﬁc?eﬁe%ééM%%%%MH[Q SqONTiS AR BInLAeYORE FORUONRISIRS.

towards a concensus: report of the International Working Group on Mild Cognitive 10impairment, J.

Intern.tfled. 2860 da-tvantarsrativnpbiie dataerareginadhabinRR IS8R RSERRA RS tion in its

broadest effect on memory without an effect on learning is implausible in the light of defects in the
experimental design. Specifically, the experimenta! design did not control for the change
in the task from olfactory cue detection during the training phase to a different task
during the probe phase of the experiment. '
20 . | |
Notwithstanding the above, the authors ;Sresent the inferance that: “The results from this
study suggest that MB has the potential to positively affect the clinical outcome of
| memory retention difficuities in neurodegenerative disorders assaciated 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):6_33-640) examined post-
30 extinction administration of MTC fo determine whether MTC could enhance retention of
an extinguished conditioned response. The authors draw the inference: “MB
administration in conjunction with extinction behavioural therapy in humans may be a
useful therapeutic agent to facilitate retention of extinction of canditioned fear or other
traumatic memories.” That is, the authors are advocating a targeted use of MTC to

35 achieve an amnestic effect in cerfain specific circumstances.



sense, as defined in American Psychiatric Association: Diagnostic and Statistical Manual of Mental

Disorders.,‘ggtg&&ﬁaé’gg , Washington, D.C., 1994 ("DSM-IV"). The 15'DS%ny&31%Bﬁ§géggﬁmentia" as

characterized by multiple cognitive deficits that include impairments in memory an 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. 20The
MCI may be "amnestic". By one preferred definition, ifdividuals 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 25decline in
memory is usehillawaleteahifivigtvyieok iridevisipeds draeaivGlidAMME rretatasisrasire! meG1-otherm may

be defined as deliGis g JwQ B, 5%81‘?%%%&@9BEPAL%S@&‘?W%%%@Q&?{%_ yjations below the

mean, corrected for age and education. re erreclé%tlent groups The patient will generally be one
diagnosed wiltRRECBaL B 3He 88 diegAtiay wih ABPE. WaMRIEsRO PRiBRtuAtEaYEr® Bitient will
benefitdrom the-syewtesmadit cetied pasihiesssbed abruaceWt RADGAIRIBIIUHifg #2008/002066 - 9

- The patient for example, he aged oyer 45, 50, ears. The patient may be gne meeting one or
a1l of the folo I RE R AL SR B ) LTRLR SRt R R I ok CEg 1 the Braak
stageing schemeetheizsscameigrtivsiofidast dividethpmowiteageas ¢Bechkrstageioyrimplatstignated as
"BST 0" or "Bfle) IW&%E{%&?Q% G %%ﬁ%@ﬁfﬁ@@%ig}%ﬂ&ﬁ}%@?ﬁ% @E@ﬁrﬁéhﬁﬁﬁﬁ%@@@%rism

0

neuroanatomical progression of the neurofibrillary pathology (Break and Brea

(Neuropathol iSRRG HFRaoAE R drs ERsictiom QiRieas fRiEFIYa MG ey e
82(4)280-59) dethoals Mifersae tsikglukng dfibphoby degenef tinexargitiscloEaerTord0D2EOES318. 15

In one embodneys tie MELAGHIALAoUR MbiSh s dRsiadaa reabhudin methods af g present

“invention is at B ss, BST 2 or less , more pretferably 1 or less, more preferably 0. The

preferred pati@BegioRmedinabREshergiv exjdase Srastiiikest briraareEnisatighdes PRINGSlY low

probability of epresantisgieady FagaeobARghkuiciRneugibeless sil sudfanditirdti)dddipkitesore
Patients may demonstrate a stable or.declinin nitive impairment characteristic of 25MCI (along
with e forthdP TRy T T & A s o R SE 8 e e i
(MMSH is a dlamgaedissoiegisytitin maampispdsbe bl SngiioaME grecrigpdrmiaisterédimethod for

grato:]ing fcognigggt%t&ﬁt}%%r@%@wgiﬂahéfstdﬁe%i? %ﬁ:@dmt%iétﬂgl_lafa& ih?@h@g%?géat@@e%mgctical )
metnoa r1or gradin e cogniuve state all S 105 tne clipiClan, Journal sycniatri esearc
1075 12 180 FHT P GIREES € Wt DV B WaRdl BRIV cPabs R niBrer oY e
detection of cegthitimeddgsftinciiderehee thaldthemteciragisratfiecied psithiatnepatierete(fombaugh TN

& Mclintyre N%Jﬁs&é&&%@eh&%&m%&%m&ﬂsa&% review. Journal of the American
Geriatéic(}: Society'1992 40 922-935). The MMS :

Riha et al. ("Memory faciiitation by methykene blue: Dose-dependent effect on behaviour
and brain oxygen consumption”. Eur. J. Pharmacol. 2005, 511:151-158) report that rats
" freated 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 obiect memory recognition. However, an objective review of the technical disclesure fails
to provide sdpport for the contention that there is any specific effect on behavioural
habituation as distinct from non-specific effects on locomotion. Furthermore, the resulis
fail to demonstrate that MB enhances detection of a familiar object relative to saline
freatment 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 low concenirations of MB increased brain oxygen consumption
in vitro and 24 hr after in vivo administrétion, but not at thr or 2hr post administration.
From this, the concluded that “methylene biue doses that increase brain oxygen
consumption also facilitate memory retention.” From this they draw the foliowing

35 inference: “Based on our findings, it is possible that methylene blue may also be useful



35evaluates orientation, memory, attention and language functions. WO

2008/1555@;3%ﬁ%%osmozo% - 10 - Patients for whom the present invepram may.preferably be
used may be tﬁosew less than or equal to MMSE 24,25,26,27,28 or 29, more preferably less than

or equal to MMSE 24,25,26, most preferably less than or equal to MMSE 24 or 25. 5Benefit and
treatment By "treatment of' or "bringing benefit to" the patient is meant amelioration of a condition,
including any objective or subjective parameter such &is abatement; remission; diminishing of
symptoms; slowing in the rate of degeneration or decline. The treatment or amelioration of symptoms
can be based®SrPdBRIRAVBF SR MTH PRI MthdRSUARILAY B RAIRIRRNEIH SHS) @Fiatric
examination, miaiil/@iaipapehiaineieeskiationasguiimpeawintaoerformance of memory task tests
demonstrating relief of mild memory loss or impairment and/or relief of other mild cognitive deficit.
Products and kits In another aspect, the invention provides a drug product for the treatment of MCl in a

patient sufferifyuheref@ni2edmphiaiy anobiugfaciipesdo patisivihahiesf By 3 apeID firartating
that thesdrug groaidebisibmniae LaabneRNédAds shaveRriBiorLeariainéng Qoe7pBMaEBdaIage units

each comprising at least one pharmagceutically acceptable excipient and,.as.an active ingredient, an
isolated pure @%ﬁ‘f% é%?n??’c?ﬁ8%@@59&%“%%#&5&%’6% é? ﬁ?ér%%ﬁ?ﬁ Hréqlﬁr\?gﬁ?ion further
provides a kit dongrezititiy heDleiss adtuirie mm#g@mm_atbﬂmmeaﬁd nedtenbEoeRl material
teaching the indications,Aasage aRdhee-afisdninintripnohiwidiits fetarumentiekMCl.

Diaminophenothiazine (DAPTZ) Compounds 30 The invention pertains to certain

diaminophend®hM5isis st SRIS elirF R IRy s PE BFIREURY R EBPARS P NOR A P mulae, and
pharm@gceuticedlyottegetpta e satianbydfatgsttmghEpleatnssth éraoh écolktctiviely refetrad toecherein as

~"diaminophengthiazines. ok "dian mgliﬁ%i % -
2008/155533@#?é%z%’&gﬁg%%@%rm la ?1@‘%%%%&%2‘%&8%35% ?’r%%%ct%g )%Cr)?# :{\a/vhereas
each of Formihesa@), @rtHnda patmnedmadrrtamsexiai2aEGPrachieve 3 ARBRTNSdiment, the

compounds a@fgglgpggaér@@bggﬂmwm@gﬁﬁmula (1), and 10pharmaceutically 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. 15In one
embodinent, Gallaway=iid2eh?) sBibatelatrdRnpe GraliewiYorhall 20D e sharariceiglically

acceptable sajfs, SydEss, andralvalesihpiaofhe following general mechanism: “While traditional

pharmacoidgical treatments to improve memaory focus on specific synaptic transmitters,
metabolic enhancers like methylene blue may improve overall brain energy production
and memory retention by targeting mitochondrial oxidative metabolism, without

20 producing side effects associated with modifying a particular neurotransmitter system”
(Caltaway 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).

Naone of the studies enumerated have drawn the inference, nor have they provided
grounds for drawing the inference, that MTC couid be used symptomatically in treating
MCIL.

30
However in the Examples below, the use of a diaminophenothiazine (exempilified 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 fight of its known prior art effects in these



- 12 - example, structure (4) is only one of many equivalent resonance structures, some of which are
shown below, and all of which are intended to be encompassed by structure (4): Carbon

(4-C
Ring Atom“88B88#{1&r210 In each one of the above formulae, each one di i&ﬁ@f’?ﬁ%’}%,l&& and
R9 is independently selected from: -H; -F; -Cl; -Br; -I; 15-OH; -OR; -SH; -SR; -NO2; -C(=0)0H;
-C(=0)0R; 20-C(=0)NH2; -C(=0)NHR; -C(=0)NR2; -C(=0)NeRN2; -NH2; -NHR; -NR2; -NR™ RN2; - 13
- -NHC(=0)H; -NRC(=0)H; -NHC(=0)R; -NRC(=0)R; -1 wherein each R is independently selected
from: unsubstituted aliphatic C1.6alkyl; substituted aliphatic 01.6alkyl; Sunsubstituted aliphatic
C2.6alkenyl; sepigificdraibisally. d2nyafRhsppiniasinesitaremeidied py dalky ase Bsgwrdd Cmceycloalkyl;

improve memory in situations where there is no expectation of mitochondrial

dysfunction, reduced brain oxidative metabolism or vascular impairment.
5 Present invention

This unexpected discovery thus has implications for providing symptomatic relief of MCl,

for which (as discussed above) there is a significant need for novel freatments.
10 Thus in various aspects the invention provides:

i) Use of a DAPTZ compound in the preparation (or manufacturing process) of a
medicament for the treatment of MC! in a patient. Said medicament so prepared or
manufactured will include the DAPTZ compound as the or one active ingredient.

15 -
i) A method for the treatment of MC! in 2 patient, which method comprises administering
an effective amount of a DAPTZ compound.

iii) A DAPTZ compound for use in the treatment of MCi 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 will be such as to bring benefit to the patient
25 e.g. amelioration of amnestic symptoms.

Diaminophenothizines may be administered alone, or in combination with other

treatments, either simultaneously or sequentially.

30 Interestihgty, since the action of MTC in the Examples below was specific for within-
session improvements and there was a trend towards between-session memaory
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 beneiit via 2 non-cholinergic mechanism. Likewise, the treatment

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



unsubstituted Cslocarboaryl; substituted Cs.locarboaryl; unsubstituted C6.10heteroaryl; substituted
C6.40heteroaryl; unsubstituted C6.10carboaryl-C1,4alkyl; substituted C6_10carboaryl-C1.4alkyl;
10wherein™f EX8HHp -NR$41RN2, independently, RN' and RN2 taker tdgER-EPHIA e nitrogen
atom to which they are attached form a ring having from 3 to 7 ring atoms. Examples of groups
-NRN1RNZ2, wherein el and RN2 taken together with the nitrogen atom to which they are attached form
a ring having from 3 to 7 ring atoms, include: 15pyrrolidino, piperidino, piperazino, morpholino, pyrrolyl,
and substituted forms, such as N-substituted forms, such as N-methyl piperazino. In one embodiment,
each one of RDIREsHE) YRS taondy R ibi{dl ehewdetijes dhecape ftisrmoes -HanFvaBtigBine WheH; -OR;

-C(=0)0H; -C(r0)8Bgs Rvete 48:ARRRIRBAAINRINGIF 60 e irisFfioR 41 sAbleRB ARk 8¢

independently selected from: -1-1; -R. 30 In one émbodiment, each R is independently selected from:
unsu bst_ituted)é&ﬂtl*ﬁ ﬁ'é{ﬁét@?[‘mmf*é\ﬂ@tﬁ&i%@ SsHaiRi Rl G RRGMaTHEa IRERIRSERsHBAEE malkenyi;
‘substituted alipbatitReaikamydriunsmbsfitntes rimeycloplkyl; whistittethEdvaty dpalkierapiO

2008/155533 E%%P%Eﬁz - , [ IS | elected from:
unsu bs%ituted%%%ﬁ%tlc .ea é?gs%tgi‘]t%u}%gc? %ﬁ)ﬁéﬁ%@@gﬁﬁ %%Fr%} 1!gré]]l{e]t %%nggélgﬁagﬁﬁ%each IRis
independentljhseaatea b RPIERBIVEMRIAVE BRlPOIYSBIReRES dvuriehreniiudehreoaliciii¥pendently
selected frompelderaintheidbolism thereby enabiing the use of lower doses of drugs that might

minimise the risk of side effects.

10 The use of DAPTZ compounds such as MTC in combination with cholinergic drugs (e.g.
those that enhance or mimics the action of acetyichoiine) for the symptomatic reatment

of MCl is one embodiment of the present invention.

Thus in one embodiment, treatment may optionally be in combination with one or more
15 other agents,‘ for example, one or mare cholinesterase inhibitors (such as donepezi
(also known as Aricept™), rivastigmine (also known as Exelon™), galantamine (also
known as Reminyi™), NMDA receptor antagonisis {such as memantine (also known as
Ebixa™, Namenda™), muscarinic receptor agonists, and/or inhibitors of amyioid
precursor protein processing that leads to enhanced generation of beta-amyloid.
20
Assessing 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 %mpairmént, Lancet, 20068; 367 1262-1270; Petersen

25 RC et al. Neuropathological features of amnestic mild cognitive impairment. Arch Neurol
20086; 63: 6685-672) MCI is recognised as a valid disease target by the FDA. ltis
defined by having a minor degree .of cognitive impairment not yet meeting clinical criteria
for a diagnosis of dementia.

30 Representative criteria for syndromal MCI include features iisted below:

A. The patient is neither normal nor demented.



In one embodiment, the C1.6alky1 group is a C1.4alkyl group. In one embodiment, the C2.6alkenyl

group is a_ C24alken oup. In one embodiment, the Cmcycloalkyl groupd 4c IkyI group.
10 Exampwg 3??%’5%6%nuted aliphatic C1..6alkyl groups include: methyl %hﬁ%]%éro%@ 6?30 -propyl,

n-butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl, tert-pentyl, neo-pentyl, hexyl, iso-hexyl, etc.
15Examples of unsubstituted aliphatic C2.6alkenyl groups include: propen-1-yl, propen-2-yl,
buten-1-yl, buten-2-yl, buten-3-yl, etc. Examples of ursubstituted Cmcycloalkyl groups include:
cyclopropyl, cyclopropylmethyl, cyclobutyl, cyclopentyl, cyclohexyl, etc. 20 In one embodiment, the

C6.10carboar GhetpissexidmegBbapgniivupe ol ensheuRiRneiins clyertivelertaasi§roup is a

gg GhEterOTrgﬁggﬁsf@vm ahe aﬁm@%ﬂq@&.u%&&érﬁeffé%ﬂy@aamﬁmmmm n e cherm
carboary a amples, of unsubstitute ar roups include: phenyl,

naphthyl. ExatApId ?uH%%Pb%%ﬁﬁé‘ﬁe %QQBY%EE?B%@PQ?SSBBS ﬁggﬂwa%f’rﬂfenyl furyl, imidazolyl,

oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, pyridyl, pyrazinyl, pyilmidinyl, pyridazinyl. 30

Examples of ynsybsiited &%}Rﬁﬂ(&ﬂ% vesdARuhgrasRsiRaldR;ReRaY fuRBRIdelYHa one

embodiment, optional substituénts on aliphatic Ciaalkyl, aliphatic C34cycloalkyl, C6.10carboaryl,
Cs.loheteroardfitacier tiaipahIedired kyl) are 35|ndependently selected from: WO
2008/155533PCT/OB2008/002066 - 15 - F; -Cl; -Br; -I; OH; -OR'"; -SH; -SR'; -NO2; 5 -C(=0)0H;

-C(=0)OR’ C((Seog NIHg w%&aq) I\g_l St al: 52@%%6 c%&nﬂ?vl\éwgbﬁrlﬁém Nﬁ@yo%ntr“ﬁ%&eé\lRNlR N2;
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 to a psychiatric condition in its broadest
sense, as defined in American Psychiatric Association: Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, Washington, D.C., 1894 ("DSM-IV"). The

15 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 MCI 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 niemory

performance 1.5 standard deviations below control subjects. An objective, documented
25 decline in memory is useful in determining which individuals have MCL

“MCl-nonamnestic” or “MCl-other” may be defined as deficits in two or more areas of
cognifion 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 MC1, 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.



-NHC(=0)H; -NRC(=0)H; -NHC(=0)'R; -N'RC(=0)1R; 10 wherein each R’ is independently selected
from: unsubstituted aliphatic Cl.salkyl; substituted aliphatic Ci.ealkyl; unsubstituted aliphatic
CmaIkenyl%ﬁ%‘iﬁﬁ?é?%\liphatic C2_6alkenyl, unsubstituted'C3.60yc|oa|kﬁ?§ﬂﬂ§§%ﬂ Bz@ﬁcycloalkyl;
15unsubstituted C6.10carboaryl; substituted CeAocarboaryl; unsubstituted C540heteroaryl; substituted
C5.10heteroaryl; unsubstituted Cs_locarboaryl-Cl.talkyl; substituted C6.10carboaryl-Claalkyl,
wherein, in each group -NR'N1RNZ2, independently, RN and R'N2 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 substitheralieaignaynialigkateel Badgad atndfic50, 55 yeamsycloalkyl, C6.10carboaryl,
Cs.igheteroaryl, Ce.10carboaryl-C1.4alkyl) are independently selected from: F; -ClI; -Br; -I; 25-OH;
-OR; -C(=0)0H; -C(=0)OR'; In one embodiment, optional substituents (e.g., on aliphatic C1.6alkyl,
aliphatic 30C1'65IRBHEM B2Y%RE ABaIMIEHS Bre ARl teasfallming: GHisTacn tReness oy L6128y 1) are
as defined abetegeexiddpibatseach R' is independently selected from: unsubstituted aliphatic Ci.ealkyl;
unsubstituted aliphatic C2.8alkenyl; unsubstituted Cmcycloalkyl; 35unsubstituted C6..10carboaryl;
WO 2008/155533PCT/GB2008/002066 - 16 - unsubstituted Cs.ipheteroaryl; unsubstituted
C6-10carboar{i-BE@afggan one embodiment, optional substituents (e.g., on aliphatic Ci.ealkyl,
aliphatic 5Cl.salkenyl, C3.6cycloalkyl, Cs_wcarboaryl, C540heteroaryl, C640carboaryl-C14alkyl) are
as defined above, except that each R is independently selected fro

ageing sc ase progression is d:vadgé into 7 stages (Blraak stage
0 (herein designated as “BST 0" or “B0") to Braak stage 6 ("BST 6" or “B8")). The
10 system is based on the characteristic neuroanatomical progression of the neurofibriary
pathology of AD (Braak and Braak (Neuropathological stageing of Alzheimer-related

changes. Acta Neuropathol (Berl). 1991;82(4):239-59).

Methods for assessing neurofibrillary degeneration are disclosed in WO002/075318.

15
In one embodiment the MC! patient group which it is desired fo treat 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 probabiiity of clinical
dementia and a relatively iow probability of representing early stages of AD, but

20 nevertheless still suffer MCI. '

(i} MMSE score

Patients may demonsirate a stable or declining cognitive impairment characteristic of
25 MCI (aiong with the further relevant clinical features) at a point in time.

The Mini-Mental State Examination (MMSE) is a standardised test which was proposed
asa simple and quickly 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 cogniiive screening instrument for the
detection of cognitive dysfunction due to dementia in geriairic and psychiatric patients
(Tombaugh TN & Mcintyre NJ. The mini-mental state examination: a comprehensive
review. Journal of the American Geriatric Sociefy 1992 40 822-835). The MMSE

35 evaluates orientation, memory, attention and tanguage functions.



unsubstituted aliphatic C1.6alkyl; unsubstituted aliphatic C2.8alkenyl; unsubstituted Cmcycloalkyl. 10
In one emgip i lonal substituents (e.g., on aliphatic C1.6alkyl, aliqjg_alt'}&&jé%}é oY
C3.6cycloa @épggzﬁé%gérboaryl, Cs_loheteroaryl, C6_10carboaryl-C14alkyl) are as efgineg above,
except that each R' is independently selected from: unsubstituted aliphatic C1.6alkyl; substituted
aliphatic C1.6alkyl. 15 In one embodiment, optional substituents (e.g., on aliphatic C1.6alkyl, aliphatic
Cl_salkenyl, C3.6cycloalkyl, C6.10carboaryl, Cs.lohetéroaryl, C6.10carboaryl-014alkyl) are as defined
above, except that each R' is independently selected from: -Me, -Et, -nPr, and - iPr. 20 In one
embodiment, Bpiiralfeuysean s (esgntdnvantpatieas RERGAD NI BhagRICIag ARAAS AL 858l oalkyl,
Cs_g)cafbgafmla%f%%tqums@@i‘?%@;ﬁ@-&hgﬁla{?@ @W@ged@h?@@%w; that gacg R’
is independently selected from: -Me and -Et. 25In one em ‘é%fi'm { f? one of RI, R2, 124, R6, R6,
and R9 is ind ﬁﬁ%‘i@%@@e@?@atﬁ{;‘?‘%rﬁq{yﬁlﬁ than s #W%gagc e rer%(r??nodiment, each one of
R1, R2, R4, R6, R6, and R9 is independently selected from: -H, -Me, and -Et. 30 In one embodiment,
each ope of Rd R R44B8aiR8,and RI is independently selected from: -H and -Me. In one
embodiment, all except four of RI, R2, R4, R6, R8, and R9 is -H. 35In one embodiment, all except two
of Fe, R2, R4, R6, R6, and R9 is -H. WO 2008/155533PCT/GB2008/002066 - 17 - In one
embodiment, Bl axeaRiepne0bRbrifAngYerR6t BBtraNphiRhids etmbmeaindddimeatcemitioof IR', R2,
R4, -6, K RS, argrpl RO is -H. Amino Gro In té%n 5 u g%-é .each group
-NR31AR3N é?l %drfggeanr%y gﬁ: Clnovr?eoéfs ‘L-J{%?\f nfgrﬁdg% ée%sg ;r‘% zapé:al%}%ée%{%mH ?or eis.gF efined above for R;
or R3NA and diginishipkehssaeierar dgnne nitisyeieRbaeeserERT NP asinsttached form a ring
havinggrom 3 to 7 ring atoms. 10 For example, in one embodiment, in each group -NR3NAR3NS, if
~present, each_one of RaNA and R3NB is independently as defined above for R; or R3NA and R3NB
“taken togethep—ﬂﬁtﬁetﬂ@ﬁm&é&m%&ﬁ %’\I#Féfg}ﬁ{@?‘&é&%&ﬁ?& O?Pnogjﬁﬁgfﬁéi\;iﬁ%%?grﬁ’ Bt07 rng -
atoms. 15  parameters; including the results of a neuropsychiatric examination, and/or 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
In another aspect, the invention provides a drug product for the treatment of MClin a
patient suffering therefrom, comprising a container labelled 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 MCl in a human including a DAPTZ
compound and instructional material teaching the indications, dosage and schedule of
administration of the MTC for treatment of MCI.

Diaminophenothiazine (DAPTZ) Compounds

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



For example, in one embodiment, in each group -NR3NAR3148, if present, each one of R3NA and
R3NB s i e ily selected from: -H; unsubstituted aliphatic Cl.ealkyl, i [phatic
Ci.salkyl; %’?%é’ﬂg@ﬁ?éésd aliphatic C2.6alkenyl; substituted aliphatic Cma%k%%@éﬁlasgu [%gi%lted
C3.6¢ycloalkyl; substituted C3.6cydoalkyl; unsubstituted Cs_locarboaryl; substituted Cs.iocarboaryl;
unsubstituted Cs_loheteroaryl; substituted C5.10heteroaryl; unsubstituted Cs_10carboaryl-Cidalkyl;
substituted Ce.10carboaryl-C1.4alkyl; 250r R3NA ah#'R3N8 taken together with the nitrogen atom to
which they are attached form a ring having from 3 tg 7 ring atoms. For example, in one embodiment, in
each group -NR3NAR3N18, if present, €ach §ne ofR3NA and R3NB is independently selected from:

30unsubstituted aliphatic Cl.6a|k3ﬂl;8 sub alipha 'f:l.GaIkyI; unsubstituted aliphatic Cmalkenyl;
substituted aliphatic C2.ealkenyl, uns

ycloalkyl; substituted @a_scycloalkyl;
unsubstituted Cs_locarboaryl; substg ' Mh’%nsubstituted C5.10heteroaryl; substituted
C5.10heteroaryl; 35unsubstituted G6,10garboaryl-Cd..4alky!; substituted C610carboaryl-C1.4alkyl;
WO 2008/155533PCT/GB2008/002066 -,18 - or R3NA &nd R3NB taken together with the nitrogen

- atom to which they are attached form a fing havin¢tfrom 3 to 7 ring atoms. In another example, in

one embodiment, in each group -RR3NAR3NS, if-pre seft, each one 50f R3NA and R3N6 is
independently selected from: -k, uns aliphgtic C1_6alkyl; substitutdd aliphatic C4.6a1ky1;
unsubstituted aliphatic C2.6aﬁ§erﬁ/}q 5% ed aliptatiq C2, _balkenyl; unsubstituted C3_6cycloalkyl;

substituted C3_6cycloalkyl; 10or RBNA & taken Y(’?gether with the nitrogen atom to which they
are attached form a ring having froh 3 to 7 ring atoms. In another example, in one embodiment, in
each group -NR3NAR3", if present, eack®one of R@NA and R3NB is independently selected from:

RS N R®
e
: RNA {3)
TNG .~ N ~ S N -
R e iy ;Ja _

INB

B R R
R® N R?
R?NA\ N \S N P RBN
) F!{ @ R4

me RE ésne
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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 formuta (1), and

10 pharmaceutically acceptable salts, hydrates, and solvates thereof.

in one embodiment, the compounds are selected from compounds of formuta (2) or {3),

and pharmaceutically acceptable salts, hydrates, and solvates thereof.

15 in one embodiment, the compounds are selected from compounds of formula (4), and
pharmaceutically acceptable salts, hydrates, and solvates thereof.

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



15unsubstituted aliphatic Cl_ealkyl; substituted aliphatic Clmalkyl; unsubstituted aliphatic C2.6alkenyl;
substituted aliphatic C2.6alkenyl; unsubstituted C3_6cycloalkyl; substitut : or R3NA
and RSNSW&E%O%S%?%% with the nitrogen atom to which they are attach(-(i;gldC %%r%%%r@%ﬁ%/ing from 3
to 7 ring atoms. 20 In another example, in one embodiment, in each group -NR3NAR3148, if present,
each one of R3NA and R3NB is independently selected from: -H; unsubstituted aliphatic Ci_ealkyl,
25unsubstituted aliphatic C2_6alkenyl; unsubstituted@mcycloalkyl; or R3NA and R3NB taken together
with the nitrogen atom to which they are attached form a ring having from 3 to 7 ring atoms. 30In
another exanfH T Ric S5 fhie M MhassH Grth SRHYSIERHBINAGE SHRIHESREEMBRE of R3NA
and R3NB is iasiepans enthyrspiecke difid 8 sfishibstite eetealhbitche lesadkybiasaed bgtitmbedialiphatic
C2_6alkenyl, l@' Isubstituted C3.6cycioalkyl; WO 2008/155533PCT/GB2008/002066 - 19 - or R3NA
and R3NB taken together with the nitrogen atom to which they are attached form a ring having from 3
to 7 ring atoms. In another example, in one embodiment, in each group -NR3NAR3NB, if present,
each one 50f R3NA and R3NB is independently selected from; -H, -Me, -Et, -nPr, and -iPr. In another
example, in one embodimerjt, in each grdup -NR3RAR3NB, if present, each one of R3NA and R3N8 is
independently selected from: -H, (le, ahd -Bi(e.gl. -NRBNAR3NA is NH2, -NHMe, -NMe2, -NHEt,
-NEt2, or -NMeEt). 10 In angther ex bodiment, ir é9ch group4+BIR3NAR3NB, if
present, each one of R3NA ARE'R3NE - &cted from: -H and -Me (e.g.,
-NR3NAR3NA is _NH2, NHMe, or[-NMe2J5In precisg analogy, in each one of the above formulae,
in each group -NR7NAR7NB, if pré€&htReach onefof RRNA and R7NI3 is independently -H or as
definePabove for R; or R7NA and R7N8 taken together with the nitrogen atom to which they are

_attached form a ring having-from 3 to 79ring atoms. 20For example, in one embodiment, in each group
“-NRTNART7NB, if present,!each one off R :
R® N R?
= 4-C)
R?NA R:!NA X @ (
\N/ S -~
® Lo & o e
T RS-) R‘I N
RY Ny R?
TNA INA X @ ’ (4-0)
R = R
N S N D
1 6 4 E
RNG R RINB

Carbon Ring Atorn Substituents
10
in each one of the above formutae, each one of R R* R*, R®, R®, and R’ is
independently selected from:
M
-F: ~Ci; -Br; ~I;
15 -OH; -OR;
-SH; -8R,
-NO,;
-C{=0)R;
-C{=0)0OH; -C(=0)OR,;
20 -C(=0)NH;; -C(=O)NHR; ~-C(=0O)NRy, -C(=O)NRV'RM,
-NHa; -NHR; -NRy; -NR"'R',



R7NA and RM.'S is independently as defined above for R; or R7NA and R7NB taken-+ogether with the
nitrogen atom to which they are attached form a ring having from 3 to 7 ri e
embodimeW@-Wf\?ﬁ@n?,NB and -NR7NAR7NB, if both present, are the %%rﬁ}gglr?%%@%or%%odiment,
-NR3NAR3NB and -NR7NARY7s, if both present, are different. . In each one of the above formulae, in
each group NR3ig0, if present, R3Nc is independently -H or as defined above for R. 30 - 20 - For
example, in one embodiment, in each group =NR, if peesent, R3'lc is independently selected from: -H;
unsubstituted aliphatic C1.6alkyl; substituted aliphatic Ci6alkyl; Sunsubstituted aliphatic C2.6alkenyl;
substituted aIiphatic'@'?‘.@é 'I;'.'}.’Jﬁg&bgﬁﬁﬁf @@@éﬁél’m SBstituted C3.6cycloalkyl;
unsubstituted 06.10cgrboaryl; substituted C6.10carboaryl; unsubstituted C6.10heteroaryl; substituted
C6.10heteroam&ue@subsgt&ted.C .10c rﬁ asré/}ég:%i\:i4£|k I; substituted C6.10carboaryl-C1_4alkyl. 10

R
For example, 1n Bre embodimen ,alpnegac &roup 3 c, if present, R3Nc is independently selected

from: unsubstituted anskbsttcedcaiRyptisUbstalndcsHRpHHRIGIRMEIS C udlidBstituted aliphatic

G5 ey clonlkyl LSt o e e
.6cycloalkyl; unsubstituted C6.10carboaryl: supstityted C6.10carboaryl; unsubstitute
Csioheteroaryl; subéfﬂﬁt@&@é%%éf&%gr% Y TSOSEHER & @8¥f&5’5f£‘f§oaryl-01.4alkyl; substituted

C6.10carboaryl-C1.4mbkptiiRbdd Sheibebeaymalestitute @msedinmpl, in each group =NR3Nc, if
present, R3Nc is indgpendanty selecied o -HinstinutdatbsHizdAphatic 01.6alkyl; substituted

aliphatic Cl.fialkyl; unsubstituted aliri}'?atlc C2.6alkenyl; substituted aliphatic C2.6alkenyl;
25unsubstituted CeRIYERIHISH st B Beyciikyrbstituted Copcarboaryl-Co.alkyl

10 wherein, in each group -NRV'R™, independently, R"' and R™ taken together with the

nitrogen atom to which they are at‘tach_ed form a ring having from 3 to 7 ring atoms.

Examples of groups -NRVRM™ wherein R"' and R taken together with the nitrogen
atom to which they are attached form a ring having from 3 o 7 ring atoms, include:

15 pyrrofidino, piperidino, piperazine, morpholine, pyrrolyl, and substituted forms, such as
N-substituted forms, such as N-methyl pinerazino.

n one.e'mbodém_ent, each one of R', R?,‘R*, R, R?, and R? is independently selected

from:
20 -H;
-F; -Ct -8r; 4,
-OH; -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 independently selected from:
unsubstituted aliphatic Cy.salkyl; substituted aliphatic Cysalkyl;
unsubstituted aliphatic C.salkenyl; substituted aliphatic C,.ealkenyl;
unsubstituted Csscycloalkyl; substituted Csgcycloalkyl.

35



In another example, in one embodiment, in each groupif present, R3Nc is independently selected
from: unsypsti aliphatic C1.6alkyl; substituted aliphatic Cimalkyl; 3 H;%i liphatic
C2.6a|ker§%?’s%§gﬁ l%tge%1 aliphatic C2_6alkenyl; unsubstituted C3.6cyc|oa?é§;§su E&%@&% mcycloalkyl.
WO 2008/155533PCT/G82008/002066 -21 - In another example, in one embodiment, in each group
=NR independently selected from: -H; unsubstituted aliphatic Clzalkyl; Sunsubstituted aliphatic
emalkenyl; unsubstituted C3.6cycloalkyl. if present,-R3Nc is In another example, in one embodiment,
in each group =NR3Nc, if present, Rmc is independently selected from: 10unsubstituted aliphatic
Clzalkyl; unsUBSit/&BLLMIRENE B3heRIikdRYPRATSER LY ERIRFEME Eioalky!. In another example, in
one embodiment, ingacbgiatgNHpRaI0Q, ifkegsenbItala isitbiatidepaatigntly selected from: -H, -Me,
-Et, -nPr, and -iPr. In another example, in one embodiment, in each group =NR3Nc, if present, R3Ne is
independently selected from: -H, -Me, and -a (e.g., =NR3l4c is =NH, =NMe, or =NEt). 20In another
example, in ofecBEBBRRHiEHEN N aasRRgrolngerariaqty sglpstrchiroreNas-Hdepinasfiyselected from:
-H andsMe (grtonzNRBbMIHRERINERSR RNMedelRiBRIREsaRalRaYrimeatd sie-ef the above formulae, in
each group =NRTNhc, if present, RThc is independently as defined above for R3Nc. Nitrogen Ring
Atom Substituent Also, in precise analogy, in each one of the above formulae, RN10, if present, is
independentlyresndefinotiahente thr RaNikylqgrREhs) 2 Faralksghgpdepin one embodiment, RN, if present,
is independenyly, seleciadsfiom; 1HeA0d sRsHigiibdkaliphaticd i Gty WO

2008/155533PCT/GB2008/002066 i
In ohe embodiment, the Cs scycloalkyl group is a C;cycioalky! group.

10
Examples of unsubstituted aliphatic Cy.salkyl groups include: methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl, tert-pentyl,
neo-pentyl, hexyl, iso-hexyl, etc.

15 Examples of unsubstituted aliphatic Cosalkenyl groups inciude: propen-1-yl, propen-2-yl,
buten-1-yl, buten-2-y!, buten-3-yl, etc.
Examples of unsubstituted Cs¢cycioalkyl groups inciude: cyclopropyl, cyclopropyl-
methy!, cyclobuty!l, cyclopentyl, cyclohexyl, etc.

20

In one embodiment, the Ce.qpcarboary! group is a Cscarboaryl group.
in one embodiment, the Cs_spheteroaryl group is a Csghetercaryl group.
in one embodiment, the Cq.qpcarboaryl-C,4alkyl group is a Cecarboaryl-Cs_qalkyl group.

25 Examples of unsubstituted Cs.ocarboaryt groups include: phenyl, naphthyl.

Examples of unsubstituted Cs.ioheteroaryl groups inciude: pyrroivl, thienyl, furyi,
imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, pyridyl, pyraziny!,
pyrimidinyl, pyridazinyl. '

30
Examples of unsubsiituted Cg.qocarboaryl-C,4atkyl groups include: benzyl, phenylethyl.

in one embodiment, optional substituenis (e.g., on aliphatic Cy.salkyl, aliphatic
Cisalkenyl, Csscycloalkyl, Csqocarboaryl, Cs.acheteroary!, Csqpcarboaryl-Cysalkyl) are
35 independently selected from:



- 22 - For example, in one embodiment, RN", if present, is independently selected from; -H and -Me.
For example, in one embodiment, RN", if present, is independently -H. 5 Counter ton X-, if present, is

one or moteAABHiC T dnter ions to achieve electrical neutrality. 10Exam5|g§/ Wgﬁ?%%%b%ionic

counter ions are discussed below under the heading "Salts". In one embodiment, X" is independently a
halogen anion (i.e., a halide). In one embodiment, X- is independently cr, Br, or I-. 15In one
embodiment, X" is independently In one embodiment,5%- is independently NO3-. Combinations 20 All
plausible combinations of the embodiments described above are disclosed herein as if each
combination was individ&iINPENt explicitly recited. Isomers 25 Certain compounds may exist in one or
more particular geomsggriccgptical, enantiomeric, diasteriomeric, epimeric, atropic, stereoisomeric,
tautomeric, conforma#jon |,.or anomeric forms, including but not limited to, cis- and trans-forms; E- and
Z-forms; c-, t-, and r- ohri ,f?endo- and exo-forms; R-, S-, and meso-forms; D- and L-forms; d- and |-
30forms; (+) and (-) fBKins; keto-, enol-, and enolate-forms; syn- and anti-forms; synclinal- and
anticlingl-forms; a- and. O~fesms; axial and equatorial forms; boat-, chair-, twist-, envelope-, and
halfchair-forms; and combinations thereof, hereinafter collectively referred to as "isomers" (or "isomeric
forms"). WO 2008/15553P0 T/ B289/8/002066 - 23 - Note that, except as discussed below for

tautomeric forms, spesicaiyexcudaifrm-thetenrisorepsNra¥' rded herein, are structural (or
constitutional) isomeﬂrﬁ}_gizqmmmw%ww@gfﬂ in the connections between atoms rather than merely
).

by the position of atoms?n space). F&r example; a reference to a methoxy group, -OCH3, is not 5to be

construed as a referéWde fo(sisthiBuIaPRE e K HybroxhfréiFPYrsup, -CH20H. Similarly, a
referepge to ortho-chfgrophenyl is not to be construed as a reference to its structural isomer,
_meta-chlorophenyl. However, a reference Eg a class ?f structures may well include structurally isomeric
* forms falling Wi %5?8%3 s'féﬁ?@ff%ﬁ ﬁ‘?}?ﬁ%ﬂe?ﬁlpropyl and iso-propyl; butyl includes n-, iso-,
sec-, and tert-butyl; resthiosdjipteeigiirtGitic Ldeikyrthabsthdtst aipitapaGsaliyioxyphenyl). The above
exclusion does not_gg{mgg&%t%%@cf@%gkégwggggg{gtégeg%hggngzgggeq,pﬁIate-forms, as in, for

example, the following tautomeric pairs: keto/enal (illustrated below), imine/enamine, amide/imino
alcohol, 'amidine/amH?ﬁié??ﬁﬂ'ﬁ%éﬁ?ﬂ@‘,oa[kyt substituted Cacycloalkyl,

15 unsubstituted Cs.qpcarboaryl; substituted Ce.qpcarboary,
unsubstituted Cs.qoheteroaryl; substituted Cs.jpheteroaryi
unsubstituted Cg.qocarboaryl-Cialkyt; substituted C; ipcarboaryl-Cisalkytl;
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 fo 7 ﬁng atoms.
- 20
in one embodiment, optional substituents (e.g., on aliphatic Cq.salkyl, aliphatic
Cisatkenyl, Coscycloalkyl, Ce.rpcarboaryl, Cs.ipheteroary!, Ceqocarboaryl-Cyalkyl) are
independently selected from:
-F: -Cl, -Br; -l
25 -OH; -OR;
-C(=O)YOH; -C(=0)OR,
R’

in one embodiment, optional substituents (e.g., on aliphatic Cqsalkyl, aliphatic
30 Csalkenyl, Csecycloalkyi, Cs_1océrboaryi, Cs.qoheteroaryl, Cesocarboaryl-Cq4alkyl) are as
defined above, except that each R' is independently selected from:
unsubstituted aliphatic Cy.satkyl;
unsubstifuted aliphatic C, salkenyl;
unsubstituted Csecycloalkyl;
35 unsubstituted Cgjpcarboanyt;



15thioketone/enethiol, N-nitroso/hydroxyazo, and nitro/aci-nitro. 00,0H I-C-C/C=C\\ ketoenolenolate
Note that sf ecificallgl_included in the term "isomer" are compounds with 02%20 r_j}r;or%)'(ﬁgé%?ic
substitution's: W@xﬁ?‘?‘ﬁple, H may be in any isotopic form, including 1H, f : Y& (T); C may
be in any isotopic form, including 11C,13C, and 14C; 0 may be in any isotopic form, including 160 and
160; and the like. Unless otherwise specified, a reference to a particular compound includes all such
isomeric forms, including (wholly or partially) racemicd@&nd other mixtures thereof. 25Methods for the
preparation (e.g., asymmetric synthesis) and separation (e.g., fractional crystallisation and
chromatographic mea#ssbgitsigchtsam@igomimis are either known in the art or are readily obtained by

adapting the methodgtaueit.Rerein, eaksawnmetingds, in a known manner. WO
2008/155533PCT/GB2008/002066 - 24 - 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 hpbaseatedtoally aptepshbilbsiltsrasdediscossédhatiB dkgeaabyhib®aic "Pharmaceutically

Acceptable Salts, i | ~66 -19.Ford & the sampousd.iganigigsor has a
functio§al gro?b’ﬁ\?\i .ﬁﬂ%ﬁégﬁ%ﬁiﬁéﬁ %8%}@&5%%0 ey SARPHO: ” S

CC may ), then a salt may be formed with a
suitable catiodefingdabapte £l iaal sB G anirdarrieHsaleckist EA8ot limited to, alkali metal
ions such as Nat angidst:itatane sprbtieatiopskglich as Ca24 and Mg2+, and other cations such as
AP+. Examples of suitable organic.cations. incjude, but are not limited to, ammonium ion (i.e., NH4+)
and substituted amrﬁlgﬁﬁ#r%t%égﬁé]é'_%.?ﬁﬁﬂ%ikaZth NHR3+, NR4+). Examples of some suitable
substituted ammoniwmsidisditaiedtRoseyEBadied from: ethylamine, diethylamine, dicyclohexylamine,
triethyjgmine, butylamine, ethylenediamine, ethanolamine, diethanolamine, piperazine, benzylamine,

e e AR AR SR el o2 AR s, sueh o e
C,.salkenyl, Csscycioalkyl, Ceqocarboaryl, Csioheteroaryl, Ceqocarboaryl-Csalkyl) are as
defined above, exceg’k that each R’ is independently selected from:

unsubstituted aliphatic C,.salkyt; substituted aliphatic Cq.salkyl.

15
In one embodiment, optional substituents {e.g., on aliphatic C,alky!, aliphatic
Ci.ealkenyl, Cyscycloalkyl, Cepcarboaryl; Csioheteroaryl, Cs.socarboaryl-C. 4alkyl) 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 Cs.salkyl, aliphatic
Cysalkenyl, Cyscycioalkyl, Ceqocarboaryl, Cs.ioheteroaryl, Ce.qocarboaryl-Cs.salkyl) are as
defined above, except that each R’ is independently selec_ted 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 RY, R?, R*, R®, R®, and R®is -H.
35 In one embodiment, all except two of R', R%, R%, R®, R®, and R® is -H.



N(CI-13)4+. 20 If the compound is cationic, or has a functional group which may be cationic (e.g.,
-NH2 may be - NH3£ then a salt may be formed with a suitable anion. E %&5% le inorganic
anions chBem%sfﬂs 15(3 not limited to, those derived from the following inorganic acids: hydrochloric,
hydrobromic, hydroiodic, sulfuric, sulfurous, nitric, nitrous, 25phosphoric, and phosphorous. Examples
of suitable organic anions include, but are not limited to, those derived from the following organic
acids: 2-acetyoxybenzoic, acetic, ascorbic, aspartic; henzoic, camphorsulfonic, cinnamic, citric, edetic,
ethanedisulfonic, ethanesulfonic, fumaric, 30gluchepton|c qsuconlc glutamlc glycolic, hydroxymaleic,
hydroxynaphtiadesewadstrspid, @@W@M&]a&%tﬁorﬁ% Rusadalsicimalic, methanesulfonic,

mucic, oleic, gxale. HalRiineREDE, Radiofenic BhrRAYIREaRE glpenylsulfonic, propionic, pyruvic,

salicylic, stearic, succinic, sulfanilic, tartaric, toluenesulfonic, and valeric. Examples of suitable
polymeric organic anions include, but are not limited to, those 35derived from the following polymeric
acids: tannic a@iﬂacca?rbopymethyl cellulose. WO 2008/155533PCT/G132008/002066 - 25 - 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 zﬁlg& nslonde mixed salt (MTZ) is a

mixed salt of ees-afeaiimeepvsaENAT saseieersiif, aRd adtfrseshIEash @ hRSride. Such
mixed salts awmwwmmc@mmm nathgemisd mmwmwﬂmw aé¥ptapie salts

thereof'. Unless o erW| |f|ed a efe en e to artlcﬂ_a nd aIs incl (? forms
thereof. 10 H 8‘?3{ %"é{h GIVA eﬁp may € convetnlgp OF & asc”%a? to pré'f)]grea\gn ;%Esr? }o?handle

a correspondirmgsstrase of the active compound. The term "solvate" is used herein in the conventional
155en15@ to refer to a complex of solute (e.g., compound, salt of compound) and solvent If the solvent

is water, the solvate may be conveniently referred to as a 5@1; I,gr xam ono drate a
" di-hydrate, a RR§§RME/Se{R One a[ﬁ'ﬁ%@ﬁ%ﬂ%’ﬂ/ﬁ?@ %@&ﬁ%ga 3eren ucfg?gompound

also includes W ated FifSrimsteprudetiynas Rebfedettvedopiosr Ra“’*maaﬁ%mmgether

diaminophe”%q %%.1 dydg dhe dllainee %@&%@R@B@H%@M@éﬁ%gtﬁaﬁ%ts raydrates, and
solvates ther t 020 8/155533PCT/GBZ 08/002066 - 26
amoms.

15
For example, in one embodiment, in each group -NR*™R™® if present, each one of
R*™ and R™® is independently selected from:
-H:
unsubstituted aliphatic C,salkyl; substituted aliphatic C,.salkyt;
20 unsubstituied aliphatic C,salkenyl; substituted aliphatic Csalkenyl;
unsubstituted Cs.scycloalkyl; substituted Cs.ecycloalkyl;
unsubstituted Cg.ccarboaryt; substifuted Ce.jocarboaryl;
unsubstituted Cs.joheteroaryl, substituted Cs.ohetercaryl;
unsubstituted Cq qocarboaryl-Cy..alkyl; substituted Cg.qocarboaryl-Cy.qalkyl;
25 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.
RSNARaNB

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

R*™ and R*® is independently selected from:

30 unsubstituted aliphatic C,salkyl; substituted aliphatic C,salkyt;
unsubstituted aliphatic Cysalkenyt; substituted aliphatic C,salkenyl;
unsubstituted C,scycloalkyl; substituted Cecycioalkyl;
unsubstifuted Ceocarboaryl; substituted Ce.qocarboaryt;
unsubstituted Cs.ioheteroaryl; substituted Cs.qoheteroaryt;

35 unsubstituted Cs.jocarboaryl-Cqaalkyl; substituted Ce.socarboaryl-C,.salkyl; -



"- EtN 110110 N,,Et I EtEtIO - ethyl-th oninium chloride CI (r) C DMMTC Méme SN Me NN Me [0l

MeMe __ 1,9-dimethyl-methyl-thioninium chloride CI (r) D DEMTC EtEt SN Me --NN"-Wie Il MeMe....
1 ,9-diethyWﬂ§{'rq§ilﬂgRﬁinium chloride PCT/GB2008/002066 -

-98 -
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. .

in another example, in one embodiment, in each group -NR*™R*®

, if present, each one
5 of R*™ and R™® is independently selected from:
-H:
unsubstituted aliphatic Cysalkyl; substituted aliphatic Cqealkyl;
unsubstituied aliphatic Cs.salkenyl; substituted aiiphatic C. galkenyl;
“unsubstituted C;scycioalkyl; substituted Csscycioalkyt;
10 - or R™* and R®® taken together with the nitrogen atom to which they are aftached form a

ring having from 3 to 7 ring atoms.

In another exampie, in one embodiment, in each group -NR**R*®_if present, each one
of R®™ and R*® is independently selected from: |
15 unsubstituted aliphatic C,salkyl; substitufed aliphatic Cqsalkyl,
unsubstituted aliphatic C,.salkenyl; substituted aliphatic Cosalkenyl;
unsubstituted Csscycioalkyl; substituted Ciecycloalkyl;
or R™A 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 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 C.esalkyl;
25 unsubstituted aliphatic C,salkenyi;
unsubstituted Cjecycloalky!;
or R™* and R*™® taken together with the nitrogen atom to which they are attached form a

ring having from 3 o 7 ring atoms.

30 In another example, in one embodiment, in each group -NR*™R*®_ if present, each one
of R*™ and R*™ is independently selected from:
unsubstituted aliphatic Cy.salkyl;
unsubstituted aliphatic C,ealkenyt;
unsubstituted Cygeycloalkyl,



Cl (r) EDMETC MeMe Et0110 NN Etie E Ett __ 1,9-dimethyl-ethyl-thioniniurn chloride CI(r) F DEETC

EtEt SN Et NN Et le EtEt .. 1,9-diethyl-ethyl-thioninium chloride cl0 WO
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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.

~ In another exampie, in one embodiment, in each group -NR*™R™2 if present, each one
5 of R*™ and R*E is independently selected from: -H, -Me, -Et, -nPr, and -iPr.

in another example, in one embodiment, in each group -NR*™R*®_if present, each one
of R™A and R*M is independently selected from: -H, -Me, and -Et (e.g., -NR*MR™ ig
-NH,, -NHMe, ~-NMe,, -NHET, _-NEtz, or -NMekt).
10
in another example, in one embodiment, in each group -NR*R™®
of R™ and R™® is independently selected from: -H and -Me (e.g,, -NR¥ARMA is -NH,,

-NHMe, or ~-NMe,).

, if present, each one

15 in precise analogy, in each one of the above formulae, in each group -NR™R™S it
present, each one of R™ and R™® is independentiy -H or 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.

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 nifrogen atom to which they are attached form a ring having from 3 to 7 ring

atoms.

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

In each one of the above formuiae, 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°NC, if present, R*"® is
independently as defined above for R.
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For example, in one embodiment, in each group =NR>", if present, R is
independently selected from:
H:
unsubstituted aliphatic Cysalkyl, substituted aliphatic Csalkyl;
5 unsubstituted 'aiiphatic C.salkenyl; substituted aliphatic C,qalkenyt,
unsubstituted C;.ecycioalkyl; substituted Cyscycloalky!;
unsubstituted Cg.ipcarboaryl; substituted Ces pcarboaryt;
unsubstituted Cs.igheteroaryt; substituted C;.qpheteroaryl;
unsubstituted Cesocarboaryl-C, salkyl; substituted Ce.jpcarboaryl-Cyaalkyl.
10
For example, in one embediment, in each group =NR*NC_ if present, R* is
independently selected from:
unsubstituted aliphatic C,.salkyl; substituted aliphatic C,_galkyi;
unsubstifuted aliphatic C.salkenyl; substituted aliphatic C,zalkenyt;
15 unsubstituted C, ¢cycloalkyl; substituted C,scycloaikyt;
unsubstituted Cs.jpcarboaryi; substituted Cq.jpCcarboaryi;
unsubstituted Cs.cheteroaryl; substituted Cs oheteroaryl;
unsubstituted Cg sgcarboaryl-Co4alkyl; substituted 08_1ocarboaryl—‘CL,;,alkyl.

20 in another example, in one embodiment, in each group =NR*° i present, R*® is
independently selected from:
-H:
unsubstituted aliphatic Cq.salkyl; substituted aliphatic Cy.salkyt;
unsubstituted aliphatic C,ealkenyt; substituted aliphatic C.galkeny!;
25 unsubstituted C,scycloalkyl; substituted Cj.scycioalkyl.

in another example, in one embodiment, in each group =NR*® if present, R™ is
independently selected from:
unsubstituted aliphatic Cy.salkyl; substituted aliphatic C,salkyt;
30 unsubstituted aliphatic C,salkenyt, substituted aliphatic Cozalkenyl;
unsubstituted Csecycloalkyl; substituted CssCycloalkyl.
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R¥™C if present, R™C is

In another example, in one embodiment, in each group =N
independently seiected from:

-H; _

unsubstituted aliphatic Cysalkyt;

unsu_bstituted aliphatic C,salkenyl;

unsubstituted Ca_scyclo.a!kyl.

RN if present, R*“ is

In another example, in one embodiment, in each group =N
independently selected from:

unsubstituted aliphatic Csatkyl;

unsubstituted aliphatic C,salkenyl;

unsubstituted Cj.scycloalkyl.

in another exampie, in one embodiment, in each group =NR*C if present, R™" is
independently selected from: -H, -Me, -Et, -nPr, and -1Pr.

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

In another example, in one embodiment, in each group =NR* if present, R®™" is
independently 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™C, if present,
R™C is independently as defined above for R¥C,

Nitrogen 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%).

For example, in one embodiment, R™', if present, is independently selected from: -4
and unsubstituted aliphatic C,salkyl.

For example, in one embodiment, R, if present, is independently selected from: -H, -
e, and -EL.
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For example, in one embodiment, RY', if present, is independently selected from: -H
and -Me.

For example, in one embodiment, RN if present, is independently -H.

5

Counter lon
X', if present, is one or more anionic counter ions to achieve electrical neutrality.

10 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 independentiy CI', Br', or I".

15 in one embodiment, X is independently Ci".
in one embodiment, X is independently NO;".
Combinations

20
All plausible combinations of the embodiments described above are disclosed herein as
if each combination was individually and explicitly recited.
Isomers

25

‘ Certain compounds may exist in one or more particular geometric, optical, enantiomeric,

diasteriomeric, epimeric, atropic, stereoisomeric, tautomeric, conformationat, or
anomeric forms, including but not fimited to, cis- and trans-forms; E- and Z-forms; c-, t-,
and r- forms; endo- and exo-forms; R-, $-, and meso-forms; D- and L-forms; d- and -

30 forms: (+) and (-) forms; keto-, enol-, and enolate-forms; syn- and anti-forms; synclinal-

and anticlinal-forms; a- and B-forms; axial and equatorial forms; boat-, chair-, twist-,
envelope-, and halfchair-forms; and combinations thereof, hereinafter collectively

referred to as “isomers" {or “isomeric forms").
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Note that, except as discussed below for tautomeric forms, specifically exciuded from
the term “isomers " as used herein, are structural (or constitutional) isomers

(i.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, -OCH,, is not
to be construed as a reference to its structural isomer, a hydroxymethyi group, -CH,OH.
Similarly, a reference to ortho-chlorophenyl! is not to be construed as a reference to ifs
structural isomer, meta-chlorophenyl. However, a reference to a class of structures may
well include structurally isomeric forms falling within that class {e.g., C,ralkyl includes
n-propy! and iso-propyl; butyl includes n-, iso-, sec-, and tert-butyl; methoxyphenyl

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

The above exclusion does not pertain 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 alcohol, amidine/amidine, nitroso/oxime,

thioketonelenethidi, N-nitroso/hydroxyazo, and nitro/aci-nitro.

+

, ,{O N ,OH H N o
—C—C == Cc=C === c=¢’
AN 7 ~ H' e ~
keto enol enolate

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, including H, *H (D},
and °H (T): C may be in any isotopic form, including *'C, "*C, ©*C, and *C; O may be in
any isotopic form, including '°O and "®0; and the like.

Unless 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., asymmefric synthesis) and separation (e.g., fractional
crystaliisation and chromatographic means) of such isomeric forms are either known in
the art or are readily obtained by adapting the methods taught herein, or known

methods, in a known manner.



N NMe MeSMeMe - HCI HCI WO 2008/155533PCT/GB2008/002066 --29 - in one embodiment, the
diaminophgenothiazipe js selected from: MTC, ETC, DEMTC, DEETC, Thigni ium Chloride
WiRaneds PR A Lol

(also known as ne Blue 0), and compound Example 'Q above. Compoun may be prepared
as described in co- pending applications based on United States Provisional Patent Application No.
560/786,690 filed 29 March 2006 entitled "3,7-Diamino-10H-Phenothiazine Salts and Their Use"
(Wischik et al. - published as W02007-110627). Dos&dge units, and formulation and administration of
compounds 10Administration of compounds compositions or medicaments as described herein is
preferably in ®&fferapeutically effective amount”, this being sufficient to show benefit to the individual
as discussed above. For medicaments the actual amount administered, and rate and time-course of

15administra£tj?n, W Idegoend.oqthe natug?ea%nd severit offthg B!}qfé‘ll Reri;%%tée tﬁgs resc %gfgn of
|

treatment. e g}ggig%ﬁ nyenient or desiratle to picpare X

on dosage etc., Is Within the t ‘ggcyh& ity 0 genera?pragltlongrs and other
medical doctarbirerebtypitaity ielexaeunpbatactsbedb-tsibinblaedl tHexeBRESH of the

individual patigid.the sitaldeliaiadiba methedini-administalion angd otber fastarsmkasuidy

practitioners. 20 Example phenothiazineg of the present invention are known in the art and may be
manufactured 6§ 3RE FocetSe d--ERE426 i QaR8aPR 1dxt8 (e.g. Merck Manual, Houben-Wey,
Beiistein E 1lI/IV 27, 1214 if, J. Heterocycl. Chem 21, 613 (1984), etc.). The compounds of the above

formulae. thet aygpgseuiFAlN AFRERIARIe HRlS-06AELATRABRANIIS Mt ndpue dRpRLopertes

defined in the assays provi e used as medicaments after further testing for toxicity (e.g. in
the form of ph&rfacedfEaMmeparsifons). e 1t PR PRIeETRE A HSE SARESREAR blue in a wide
range f medigabinglisabipastatiaasdigendesnsitadciney Bingiseaimianioaf i) ethale meglobmeamia and

 the propiaxic f maic depiessiie brvehaRs AaYer 980 Biol, biygialy 24, #151820). and ONS

- penetration foﬁ%t\:/vlné systemic administration ﬁas een descri ) Acta Anat., 144,
39-44). The progheol 0f AxarerRantisBilebla Praansrairnadtaiisin Begreineidiniesdacts of

methylene blug{RLSamM ATk \MIBNS P detidtBhammsriiim ions (e.g., NH;RY, NH;R,",

NHR,*, NR,"). Examples of some suitable substituted ammonium ions are those

15 derived from: ethylamine, diethyiamine, dicyclohexylamine, triethylamine, butylamine,
ethylenediamine, ethanolamine, diethanolamine, piperazine, benzylamine,
phenylbenzytamine, choline, meglumine, and tromethamine, as well as amino acids,
such as lysine and arginine. An example of a common guaternary ammonium ion is
N(CH)4".

20
If the compound is catfionic, 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. Examples of suitable
inorganic anions include, but are not limited to, those derived from the following
inorganic acids: hydrochioric, hydrobromic, hydroiodic, sulfuric, suffurous, nitric, nitrous,

25 phosphoric, and phosphorous.

Examples of suitable organic anions include, but are not fimited 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, hydroxymaleic, hydroxynaphthalene

carboxyiic, isethionic, lactic, lactobionic, tauric, maleic, malic, methanesulfonic; mucic,
oleic, oxalic, paimitic, pamoic, pantothenic, phenylacetic, phenyisulfonic, propionic,
pyruvic, salicylic, stearic, succinic, sulfaniic, tartaric, toluenesulfonic, and valeric.
Exampiles of suitable polymeric organic anions include, but are not limited to, those

35 .derived from the following polymeric acids: tannic acid, carboxymethyl celiuiose.



3561, 598-602; Di Santo and Wagner (1972b)-Pharm. Sci. 61 1086-1094). The WO
2008/155533PCT/GB2008/002066 - 30 - administration of pharmaceutica# %g§&?ﬁ§ parentally
such as or‘g/ﬁ/,""?ﬁsﬂ%s?g?m of tablets, coated tablets, dragees, hard and soft gelatine capsules,
solutions, emulsions or suspensions), nasally (e.g. in the form of nasal sprays) or rectally (e.g. in the
form of suppositories). However, the administration can also be effected parentally such as
Sintramuscularly or intravenously (e.g. in the form of Bfection solutions). The compositions may
include, in addition to the above constituents, pharmaceutically-acceptable excipients, preserving
agents, solubilizers, viscosity-increasing substances, stabilising agents, wetting agents, emulsifying

agents, sweetppingRg80k FRIP UL QRERNE. iHaMe wing Aganite 8% {08 VaryingHbsuAgmotic

ic.and shoyld not interfere with

, buffers, or coati ts. Such materials should be non- d :
fne efcacy oFHREAANE MO, FAl 1B 8 el P M ST TAPL1 DERUP IR &) Siepond on

the route of adniinigtratioed Exia(VIIES ioftetkeriguésoaneipnditdwianten decfin@iniCReifgidn's
Pharmaceutical|Sciencasind Ot IHORISEL: A8l nidk2B0ut oW heLR dhs cosaRasitinnsdoymulated

into a pharmaceutical composition, the administration thereof can be effected parentally such as orally,
in the form of PotNBLREMaRNEENeFARSS itk e RRiRRE TRiRiBREYoft gelatine capsules, solutions,
emulsions or suspensions, nasally (e.g. in the form of nasal sprays) or rectally (e.g. in the form of
20suppositoriga), Qsoﬂﬁgr%&zs%‘%%%!ﬁé%'%r?? 8.%&8&8"3%5’:%&H%%?%g&’é\ﬂﬁﬁtﬁfﬁx %%?Qdé‘ss dgfyamuscularly,
intravenously, cutaneously, subcutaneously, or intraperitoneally (e.g in the torm of injection solutions).
Thus, for exaf@pes threaef the pharmaceutical composition is in the form of a tablet, it 25may include a
solid cagyrier such as gelatine or an adjuvant. For the manufacture of tablets, coated tablets, dragees
~and hard gelajine capsules, the active compounds and their pharmaceutically-acceptable acid addition
~salts can be p‘%}gé %% (Xﬁtsﬁ?{ﬁg%ﬁaceutically inert, inorganic or organic excipients. Lactose, maize,
starch or derivatives thereof, talc, stearic acid or its salts etc. can be used, for example, as such

30excipients fprtablels, dHagass sRddpbatlERp SRSy, Sulishinmieienimbpnghgclatine

capsules are, for example, vegetable oils, waxes, fatg, semi-solid and liquid polyols etc. Where the
composition i$HVa ‘FB?W? GFVRRRT PR hatiRt iR fSRNMEMELSER IFGRR&TANY ORI RGuid carrier
such agwatersgreisatersiar anisnalrpiee @ adileedisy Minersdwitbps sy nfhetigoinBhysicloymal daline
solution, dext j jon.o I pylene glycol
or polyethyler?gg&%’%@%ﬁ%@%ﬁ%%%%%%%o%%%ﬁ%ﬁ tsgg}laf(%gﬁ%g%/ga%s%ogggq igrfgl%%?ed. Other
suitable excipfeRERE: fhE AR Adt Suriaéh 2dndSitisseife, for example, water, polyols,
saccharose, invert sugar, glucose, trehalose, etc. Suitable excipients for injection solutions are, for
example, Wat‘ﬂm%'s%oh&'énﬁ&@’&'%’cq‘é’&eé%f ?&%@PA%ﬁ&%’?&?ar'%%mBHSA’@Q%%’%@%%@% u
5subcutaneous |njecﬁon, Or niTAcateter IRTUSION into the ran, the active ingredient will be in the form
of a péfenterdityragiegigdile aqueous solution which is pyrogen-free and has suitable pH, isotonicity
and stability. Those of relevant skill in the art are well able to prepare suitable solutions using, for
example, isotg?i&veénic es S%J h as ?odium Chloride Injection, Ringer's Injection, Lactated Ringer's
Injection. Pre StivEL 8 -§g?§? Dbuffers and/or other additives may be included, as required.

. Uses of the compounds herein as figands may utilise similar carriers or compositions.

Some preferred diaminophenothiazines include the following, and pharmaceutically

25 acceptable salts, hydrates, and solvates thereof:
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Thus in aspects of the invention wherein a diaminophenothiazine (for example MTC) is 15used in a
method of treatment_qr therapy of the human or animal body, that method, yill ly.involve
administraWézé?%ésééf;ective amount of diaminophenothiazine orally. Prgﬁgégiﬁt e%?@z((}ﬁacament is
adapted for oral administration, and preferably is in solid dosage unit form. 20 Preferably the dosage
will be administered orally. Preferably it will be less than or equal to 400, 300, 200, or 100 mg daily
total dose. For example it may consist of dosage unitfof 10,20, 30, 40, 50, 60, 60, 80, 90, 100, 110,
120, or 130 mg t.i.d. (three times a day) 25Alternatively it may consist-of dosage units of 1020, 30,
40, 50, 60, 60Q, 80, 90, 100, 110, 12Q, 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 2, eeks. 3PIngtfictions in respect
of these dosages may be included in written orrﬁmﬂ ORY --s- e-containekof & drug product of the
invention. WhereBadministr&fiéh is in intravenous, it'fs prefefted that the%iamin phenothiazine is not
MTC. WO 2008/155533PCT/GB2008/0020656 - 32 EfThe disclosure of aRly crogs-reference made
herein, inasmuch as it may be requited by one skilled in the art to supplement the present dis¢losure,
is hereby specifically jncorporated herein. 5The inventishyitliorinise ¢histiée described with reference

to the following-roen-limitingFguresandExamptes—Otherembodiments of the_invention wito¢cur to
those skilled i}: the art in the light of these. [The inventigie will nowiibe further gescribed with
reference to the following non-limiting 10Figures and Exa 6. r embodiments of the inyention

will occur to those skilled in the art in the light of these. e of all refereRes cited herein,
inasmuch as it mgy be ussghigyrthose skilled in 2 'XPMR)n is hereby specifically
incorporated herein by 15cross-reference. Figures | Figlie 1: Effect of drugs in the spatial
.reference memory task. The ordinate represents 20kte daily path lengthMfean!values of 6 trigls SE)
~for all drug groups. Figure 2: Effect df drugs on thigmotaxis, expressed as fraction of time spent in the
outer 10% arda of the pool; daily mepn values $E-dmgify! SnetifddhismpubiayGh9Fethe swim speed of
animals in therwatermmaze. Meanvalues SE. 25Figure 47 Survival piot of SWim-status of animals in
learning-phasg of water-maze task. The verti¢al axis sho®s probab#ity of remaihing a swimmer (i.e.
not having found the platform) against pathiength (i.e. distancéiswui) for different treatment groups.
Figure 5: After treatment effects have been nprmalised eters détefifined from|Cox
proportional hazabd ahalysisMiie resjdual distribfiog-st otiepatiflEngth is very close to a

predicted underlying exponential fungtion. N i
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Figure 6: In the graph, a measure representing pathlength is plotted for each treatment group over
days, with the gverall treatment differences (average over days) being Sh%\g[}/&%osmoméﬁ

2008/1555%3PC*F1BB2808/002066 - 33 - above the heading "MEAN". The p va

ues corresponding to

differences between certain treatment groups are given. Figure 7: A measure representing latency is
plotted for each treatment group over days, with the overall treatment differences (average over days)
being shown above the 5heading "MEAN". The p-valZiés corresponding to differences between certain

treatment groups are
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10the pathlength is very close to a predicted underlying exponential function. Figure 16: In the graph, a=
verage o8] ALJU B p values cotresponding o diforences betweon (L QA Gibps are
given.  Figure 17: In the graph, a measure representing latency is plotted for each treatment 15group
over age, for each day and for an average over days. The p values corresponding to differences
between the treatment groups are given. Figure 18:-Rfaction of time spent in target quadrant after

- removal of th m. Days 4 and_ nd

surrounding drea defined as an area twice the diameter of the platform; time in this surrounding area;
and time in tayget quadrant. Two assessment time pointstiggiSnimnimiuenoi@atchours after completion of
the learning phasejare-shown-foregch-age=group(2-5;6-and-13 months)Tte p-values given are for
the statistical significance of day-wisg differences. 30 Eig L._Casadministration of sub-effective
doses of drugs compared to controlg: the figures sho [ f the four groups on theimeasure
of path lengthj (A andB); r tion in path le gtﬁt ) SWHHT igimot ggczand spdtial
memory (F), W0O'2008/15 PCT/G82008/002066 - 35..\Examples Example 1 - the effect ¢f MTC
and scopolanjine in cbgnition 1) Aim|and ba grouﬁ&l to the study The aim was to investigate jf MTC
~-can reverse cbgnitiveldeficits inducef by the acute injectjons, of the muscarinic antagonist
" scopolamine. [Scopolamine-induced memory impairmer?f %?Q'RHHB‘%%%@% mimic amnesia, s$uch as
may be found{in MCI pr 10dementia.| Scopolamine-induced memory impairmenri{ Pharmacologj|c
blockade of ceéntral muscarinic receptors produces a short-term amnestic 15response in a wide variety

of animal models performing a variety of tasks challenging Ie ing-and.reeall (Flood, T. and A.
Cherkin, Scopolamineg effects on memory retgntion om f demen ia@‘@hav. Nepurol.
AR effecti ,
®

Biol. 45 (1981), pP. 169-184). Scopojamine isjpagficy Yadministered just befpre task
training. 20Marris water maze 2 ? _

Tolonium chioride

N
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One of the most widely employed paradigms used to assess working memory-in rodents is the Morris
water maze spatial navigational task (Morris, R. Development of a water-maze procedure for studying
spatial Iea?ﬁ%égﬂiyrlgﬁsﬁ. Neurosci. Methods 11 (1984), pp. 2547-60). AdmiiSF RSO 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 30inhibitor26f-acetylchoHnesterase (Shannon, H.E. and
Peters S. C. A comparison of effects of cholinergic and dopaminergic agents on scopolamine-induced

hyperactivity ith giieeerobaliaanhdos. Epimtmserpysaios i splsctybings) MR ETC, DEMTC,

 2008/155533BEEE1 FRAPHE0ZMFoidhum M alRHAn R khBvhadrRashe RN dR& The following
test compounds were made up in.vehicle cgnsistin %Ssalln (0.9% NaCl): MTCH%Simpsons, UK);

scopolamine FGBIRHAITE Fo. SR8LH c CRTIRHH CR B R B B IFOR SIS, and

~ rivastigmine tgending eppicaonp bsittrbaroditddRitzss Ginivieltsa P atety Agmitegstaase inhibitor sold

by Novartis ag 480560 ik ARRNARRH! 6G4ALIAMRINS; AlNARISHINBReRINMAL HNbIaEs that have

all been approved in m?rl&{%’/' countries for the treatment of Alzheimer's disease, even though their
efficacy, in thd BpibNEBrYiRcHibgbet, spiiihRa®s WrPaGadM %Y in a subgroup of patients.

15Female, NMRI mice aged 3-4 months were from Harlan, UK. Mice were group housed (7-9 per

cage) and mantained with li ﬁf; - ﬂ’ i jed out in the light phase. There
were 82 mice I#?%Pa ,ug#vg\;h‘lil’cg ; Egv%azte%ﬁxazﬁd}é%n rogmégtﬁé stu%té’ﬁé?rt5 gﬁgﬁng behaviour during the water
maze test. They 20were separated into 6 groups to receive drug administrations as follows: Group

Numbey of miggrhiaatment & Esaminpat Zcbmsosmating Sratiegidaments as described herein is

preferably in a “therapeutically effective amount”, this being sufficient to show benefit to

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 responsibiiity of
general practitioners and other medical doctors, and typically takes account bf the
disorder to be treated, the condition of the individual patient, the site of delivery, the
method of administration and other factors known to 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 E HI/IV 27, 1214 ff, J. Heterocycl. Chem 21, 613 (1984), etc.).
The compounds of the above formulae, their pharmaceutically acceptabie salts, or other

25 compounds found to have the properiies 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, including treatment of methaemoglobineamia and the prophylaxis

of manic depressive psychosis (Nayltor (1986} Biol. Psychiatry 21, 815-920), and CNS

penetration foliowing systemic administration has been described (Muller (1982) 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



12 Scopolamine (0.5 mg/kg) MTC (1 mg/kg) 3 11 Scopolamine (0.5 mg/kg) MTC (4 mg/kg) 4 11 Saline
MTC (4 mg/kg) 5 12 Scopolamine (0.5 mg/kg) Saline 6 11 Scopolamine (0.5 mg/kg) Rivastigmine (0.5

mg/kg) ARTRRIBESRAS two injections, the first (saline or scopolamine) 38 M{rBrEE B8P ¢o test and
the second (saline, rivastigmine or one of two different doses of MTC) 5 minutes 25after the first
injection so that MTC was always injected 30 min prior to test. The injection volume for drugs was 0.2
ml per 30 g animal weight and they were injected intrggeritoneally. The doses were as indicated
-above. WO 2008/155533PCT/GB2008/002066 - 37 - Behavioural testing was undertaken using the
Morlris water radaniatiahre\pyatieansubeky Morte, SR8 d Pheewtatgremar esconatisiedbeffarwater-filled
pool (1.5 m di [ 2 | iC lagf : e onl
eans of o5 b E AR e e P e R o e
wall of the poF ipHEREaBIT RshfGE {8 thifs thadorauire spaas keToRmellyd 8 et &fpPatform

location by spafiideRniiey REMERAH! 8 WRIREhAESENOFURS also be effected parentally such as

5 intramuscularly or intravenously {e.g. in the form of injection solutions).

The compoesitions may include, in addition fo the above constituents, pharmaceutically-
acceptable excipients, preserving agents, solubilizers, viscosity-increasing substances,
stabilising agents, wetting agents, emulsifying agents, sweetening agents, colouring

10 agents, flavouring agents, salts for varying the osmotic pressure, buffers, or coating
agents. Such materials should be non-toxic and should not interfere with the efficacy of
the active ingredient. The precise nature of the carrier or other material may depend on
the route of administration. Examples of techniques and protocols can be found in
“Remington's Pharmaceutical Sciences”, 16" edition, Oso!, A. (ed.), 1980.

15
Where the composition is formulated into a pharmaceutical composition, the
administration thereof can be effected parentally such as orally, in the form of powders,
tablets, coated tablets, dragees, hard and soft gelatine capsules, soiutions, emulsions or
suspensions, nasally (e.g. in the form of nasal sprays) or rectally (e.g. in the form of

20 suppositories). However, the administration can also be effected parentally such as
inframuscularly, intravenously, cutaneously, subcutaneously, or intraperitoneally (e.g. in

the form of injection solutions).

Thus, for example, where the pharmaceutical composition is in the form of a tablet, it

25 may include a solid carrier such as gelatine or an adjuvant. For the manufacture of
tablets, coated tablets, dragees and hard gelatine capsules, the active compounds and
their pharmaceuticaliy-acceptabie 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 etc. 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 liquid
polyols etc. Where the compaosition is in the form of a liquid pharmaceutical formulation,
it will generally inciude a liquid carrier such as water, petroleum, animal or vegefable
oiis, mineral oil or synthetic oil. Physiological saline solution, dextrose or other

35 saccharide solution or glycols such as ethylene glycol, propylene glycol or polyethyiene



Each animal was given 6 trials/day and was allowed to swim for a maximum time of 60 seconds and
stay 30 sec latform. If the animal did not find the platform 10 W;_'!r!g %‘b% lod time
allotted (68@%%%0§§§%?£as guided by the experimenter to the platform. A% |n{er]§t rlaﬁ(ﬁ{iegr%al of 10-20
minutes was given. The animals were trained for 4 consecutive days and received probe trials (free
swim for 60 seconds without platform in the pool) approximately 1.5 and 24 hours post-training to test
short and long-term memory, respectively. The behavibur of animals was recorded via an overhead
camera 15and data transmitted to the PC for online storage and analysis (EthoVision basic version
3.0.8. Noldus JHERhARIOASPeh REIHESY NS RIHARIE PRERIH e M55 LU AR YE RIRRIEBR 0l area,
150 cm diameted 34ibpiaalsiotigmolaxisateneolbls concdisamesterifilest cutgar IGRcodgqool area; 225
pixels); platiorndn e QRIS ABEIL 89 SOUNELBRAne LA ARRIRId Wahre's). 20 8

Results The learning phase results are presented' as two analyses, conventional and advanced. The
conventional aisiyals RABNS ﬂi@§f§ﬁé‘l¢@t¥ﬁéﬂﬁﬁ§lo%y%ﬁﬂﬁ#ﬁ)fﬂ?%éﬁﬁéﬂei%@f%ﬁeld of '

behavigural nguieRRARBASlRAYeMaking aseretanalysisnafvafiansait ANOYALwingh daliesvin the
assumption that least-squares linear regression analysis of normally distributed data is appropriate.
The advance ‘ﬁﬂéwgig%@\ﬂjlaﬁgrg%%aq&"ﬁgg%%mo%%tﬁ aid ‘ésrésﬁ?%%p‘gr 1f(‘alns'%i‘o Mggtjegiieg?l%%erforms
correspondingnstatistataé ehnisatisirity. v atibiiimircserd|ilivasiaidirivaiecart Brr well gideHodology

of the adVﬁﬂCﬁ%gQ@%ﬁ&%@%&@t&%@&&m RIEohHsk, SbtokieTHREDRASE aConvERICRRIBRAlYSIS
WO 2008/155533PCT/GB2008/002066 - 38 - The mice treated with scopolamine, followed by saline,

did not learn tHESES0. RES it PREHRARAARCTINER dAEEH D FIRESAVAIYRS SARNIFR a
drug-induced lrdigringrioipadthee niddhiees way be idalnedtbeis(F(@UB8) = 2.004; p = 0.1325) for the
scopolamine 5group. An analysis by two-way ANOVA, with drug treatment and day as factors, yielded
- an overall effect of drug (F(5,192) = 9.305;p <0.0001). This effect was due mainly to the [saline +
scopolamine] gresf ifcecainrssion B ainsagrbaan s Man BtlRR B BIEE SRFRTE PTIRMRPERETSs presented
with excellent learning curves and showed a strong day effect (F(3,159) = 36.97; p <0.0001) and no
drug effect (F_< 1). This indicates that 10both MTC and rivastigmine reversed the learning-deficit
induced by SCEBB%&W@? F ﬁg*}?n‘é‘}’&rﬁ%’%c‘;"u?% H%t?o#%@'ﬁ?@ m’?ﬁ?ﬁ%gzé ec‘??ﬂﬁ&‘é‘;‘}“ %:a'%‘}g;&%)’ MTC
(4 mg/kg) hadusedifiexruingrsos patitiheateretiasapeaidng pamaligmanives bedn thrimesteodevitherwise

unimpaired animals, o Hig iy e dases-alibATE thetbreemplatrbureyersad iR ssenalantiseraguced
learning deficit (1 mg/kg (F(1,66) = 13.65; p = 0.0013); 4mg/kg (F(1,63) = 22.18; p = 0.0001) relative to
the [saline + scopolamine] group). Rivastigmine also completely reversed the scopolamine-induced
learning deficiP(EfEr83Y thd MB8icprediGedpr2aiios evall ki iitpitniganctaresyieblyavivuratif the mice
is depicted in E&%ee%n{%gmotaxis 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%he animal is naive to the task and it has a natural tendency to seek to escape along the edge
of the pool. 25-RetarabhaiiAINEMGA ailbhesiinfitintetisd pralizxis eideg biyitih witlipettess trent @redwEly as

factors, revealgd g Taets of SEHOHE R ARIT s FRre AR A LMIE(3ARRLGATO: P <

0.0001). The group treated with [scop + salin owed the highest thigmotaxic activity over

all the traininggfHAsap@ tHis WdBRoPBedPedSe Wher 1i#Reor 130 mg tid. {three times 2 day)

25 Alternatively it may consist of dosage units of 10, 20, 30, 40, 50, 6C, 60, 80, 80, 100,
110, 120, 130, 140, 150, 160, 170, 180, 190, or 200 mg b.i.d. (iwice 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



30By contrast a decrease in thigmotaxis over days was observed in all the other groups. Therefore,
both MTC and rivastigmine reversed the anxiety-inducing effects of scopolamine. WO
2008/1555%4P¥48HEB2H08/002066 - 39 - the [scopolamine + rivastigmine]%?&ﬁﬁ?f’%ﬂ%%‘}he speed
decreased over the last two training days. This, however, did not affect their ability to learn and
perform this spatial task All other groups presented with similar swim speeds (F < 1.4). 53.2- Learning
phase - Advanced analysis Pathlength data from all-eg@mals and treatments were analysed using a
survival analysis paradigm, in which swim-distance is the variable considered as the survival
parameter. ThEtdsfismisats drangonsiderderencsumage hatdite isesmydf avinmag bantftiey R¥ach the
L0platform. The JegiLy of His-AHey M NAh aHeuRb BUa i AL dreR FiRFERE S58NdRg Probability of an
animal remaining a swimmer decreases to approximately 20% as the swim distance increases over
1500 cm. ThatWeCRATAEIRER/E- an increasing probability of finding the platform the greater the
distance swum. 15The treatment effects can be modelled formally using Cox proportional hazard
meihodd 09y RRARAERIMEN SITGHAPEBRELAGROHISEHEL RrAlRIOR Ry HEh R
probabilities, the residual distribution Is very close to that of an underlying exponential function, as
shown in FiguFigerertanticramiiene BHEs g dsambuabheipamiendH eamidodheenalitial Kas the
following behayiograhimeiRiigtatigrst appears 20that any given animal swims at random until there is
moment when the animal recognises a spatial cue as to where the platform is. Once the animal has
recognised this cue, it then swims directly for the platform. The differences in the parameters
determined fraimetireredtinrprdalportiobalfirier dessdbyssisvitiyufed tomisrthalfobomivglnea-tsfides the
differenges asspeiated Wit thsMaioym iraatpeaissuch iRNAGL AR HGR BBEQPaPIibsshatiRE &Ry given
~moment an animal will recognise a cue required to solve the problem of the water maze. Recognising
“the underlyingt@ﬁﬁﬁ’ém%ﬁ‘&ﬁfﬁﬂﬁ% of the data, a statistical analysis was undertaken to determine
treatment differences in terms of a logarithmic transform of 30pathlength. These are plotted in Figure

6. with corresaediig pavaligsfcieatm tieandlion Wisienaea.cn RagROBKAY aRan average

over days. As can be seen, all of the treatments have the effect of reversing the scopolamine-induced
learning deficisjeddy theiarbis gammapuitaainenier RINGrrEY RApCHcRIbS BeREPAEATER YeRiPdhg the
perforqgince ofgddtprslsdaca.level indistinguishable from controls. Therefore, MTC is at 35least
equivalent to rivastigmine in reversing the scopolamine learning deficit. However, WO
2008/155533PCT/GB2008/002066 -40 - as can be seen from the plots in Figure 6, there is no
evidence that Eidgrésmproves learning over saline-treated mice. Therefore, in contradiction to Callaway

et al. (2004), MTC does not improve learning in otherwise unimpaired mice. 5An essentially identical
pattern can beF?gel?rré I‘? : @ﬁegtnoafj %%Sgg Enn?ﬁé'%};%%%Yrté%Jéggc@?nemory task. The ordinate represents

20 the daily path length {mean values of 6 triais + 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

values + SE.

25 Figure 4: Survival plot of swim status of animals in learning-phase of water-maze task.
The vertical axis shows probabifity 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 to a predicted underlying exponential furiction.

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

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



platform, as shown in Figure 7. 3.3 Memory tests 100verall the behaviour on the probe trial on day 4
(i.e. memq,%%ggg%%.S hours) and on day 5 (i.e. memory tested at 24 heyigipang aesghtially similar
for the parameters described below. Therefore the conclusions are based on the pooled day 4 and day
5 data, although individual day-wise comparisons are shown in all the plots. 15The primary parameter
analysed was the proportion of time spent by the animal in the quadrant in which the platform had
been located during the learning phase of the experiﬁ?é’nt. The analysis is shown in Figure 8. The
model used for statistical apalysis was a linear mixed-effects model, allowing for treat t and day
interaction aﬁ&%@@ﬁﬂ}@@gﬁi&ft\&(lihg&f@mﬁﬁcgoﬁﬁ%i}:%%dé?gnﬂy %%grrﬁ)nrcrr%sdl weR r;;l:‘ilér?t ?I:nﬁe memory
task 20irrespeetiiresott fyeaipsearegioaping). Scopolamine-treated mice were found to perform no better
than chance (i.e. the time spent in the target quadrant was not significantly different from 25%).
Rivastigminefiastménf die asiteRrEsIRbsdairmaninriatierder Seoitigtet $ R A6¥e®¥% 1 mg/kg
and 4 mg/kg yaiverseevbaimerapns sieffersiesiicrR@ by s copotayinesiand et antheals to levels of
performance indisting %ﬂ} le from 25saline-treated.contr d ' ible, effect on
memog/ relaﬁ\?é“?g’gam - re;é’é" gé%%r%?srrﬁ%%?%%g%nﬁgsﬁ%%eﬁégr%egtg%lﬁtﬁléﬁ%ﬁﬁ%%%cuIated,
based on: thegroumwbaraofiviits to the area in which the platform was located; number of visits to the
surrounding area, 30defined as an area twice the diameter of the platform, time in.this surroynding
area; and timEighHEBiet GREHARaP TSR PRI RS )QUZAEAN i Wﬁ\ﬁéﬁ%\%ﬂﬁqﬂ%‘ﬁa@ﬂ ct the
spatial accuragy afrseesebingpaetraviove afshewniaral 24 theuarefidnovhipletibe giéttoleawoald have
been expected from thelsaing RARRe Thpcsoulisateiamaled iawe driiTicobenaes, L moko and
[

4 mg/kg p'rodﬂc%%esfﬁsrﬁﬁgé\n’ﬁ erences with respect to 35scopolamine. Thus the effect of MTC was
_to revéfse thdrestponsiiekraemstigifbangs ove ot asnwe Beibdanuise 2066 V42! Fvastigmine
~.was not able i, ENRERR thededied (MiE&NONe had no discernible effect on spatial accuracy relative to
saline-treated control animals. A further parameter measured was "latency". This is a calculated
composite paFagnescd: Thisdeten thealmeivy, ta @atfositapemmetiimsedaoytoheasdaisisined as
twice the diamefes gfApe AT\ RGR! laiasy el s Larsindhg Hras doralnsasd

measures the length of time spent by the animal before it gets to the area where thge\#a form would

have been ex@EaBMFrOREHRBEIRIAL PR RGO e TS PN AR A0S HBR AN FSure 10.
Whenqyveragggarei:dpus, 4hepecseatsightipsigmitiedrt A6aiffefencerbpltiverv{ste fieninge+MTC] and
either scopol%@ine qio0 %&88&%@53%3% 2elonanElfdiaual Wﬁégﬁ&’é@%‘&%@@_&é?om'am”e

did not reach stgﬁgticq significance relative to saline-treated animals, MTC was able to improve on the
deficit significtistStaiateatrjanifeanss Abdfrenarahainane MmaEetseuRs Reth 49y 3R nible effect

on temporal aggHAH alativeriysaiee deatemEaNmOhersfmala. 15 Thigmotaxis was also examined
during the memory phase of the experiment. Time spent in the thigmotaxis zone (defined as the outer

10% of the pdeigarea)ls Gainakatedd afeanicaycompaaiicheasaBatrioPATeG aretha iggobrihihe increased
thigmojgixis fea{%gmetﬁg Slinsreatacdrantoli@ihianab tisitikierrasadsmal signifleany. However

treatment 20with [scopolamine+MTC) and MTC alone S|r§nn‘|c§{i1ét([é/1 (%eg#ces the tlﬂ!%r%?ttﬁ)é'c behaviour

when compar@@tiefm tiareetsoRmif el PElR AL e i SERGIRHTE SHE Sot
‘significantly difigrant freaseitbay Scepoamite2dihsalis eftdrComplleiomsf fifunicBxingabase S The results

confirm that 3 Garing lefeetan.BeRrARGR I aerRXRIMEsh Wil s-coRIR BS B

scopolamine. As expected, rivastigmine, an acetlycholinesterase inhibitor which makes more

acetylcholine wiggilanteoseralro8 Y FVREASSISVER A (EVEAR TSI defect produced by

scopolzasmine. F%,i)vlﬁ'séti 1m ig,%é%g,? gf%{n?evg%leﬂy is%l ﬁ?edtﬁgsgwsétaxis 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 overall 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

pathiength for those mice not attaining the platform. Standard error bars are given.



300f acetylcholinesterase inhibitor drugs used in the treatment of Alzheimer's disease and related
dementias. Rivastigmine and related drugs are also used in the symptomatic treatment of MCI and can
produce mags &Pehefits in this condition (see e.g. Feldman, H.H., Fe%ﬁgl%mwlr%?gaﬁ 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., 35Scarpini, E., Herrmann, N., Farlow, M., Potkin, S., Charles, RC., Fox, N.C.
& Lane, R. WO 2008/155533PCT/GB2008/002066 - 4{.- (2007) Effect of rivastigmine on delay to
diagnosis of Alzheimer's disease from mild cognitive impairment: the INDDEXx study. Lancet Neurology
6, 501-512; GFimdman; Varistete isaiayRviSe, dvemiges 4 pathiengil, (R0G lafisen{dRSndBempeti D.A.,
Foster, N.L., , - ier,S., 5
i, H1. 3 O G O e Y S .
Cahn-Weiner pethigngifor thogsopiee MabatisdHis D mRinTe A e pedistiAAsh e Ir S AR Reimer
disease and ngygral aging for clinical trials. Archives of Neurology 61, 59-66. 10Although rivastigmine
reversed the learning deficit, this left no discernible trace in the memory of the animals. This can be -
seen frém theFagraitgsid:obthdval eriobfgr shvitsestefttis eobapiaraiscntideoiing riess af yatef-pazaneters. The
specific parameter e ndardet WRlaptMAT RO ALIRRARE TNeRE"% SRaGiSa Ry shance seen

either with scopolamine alone or after treatment with rivastigmine. A similar result was also seen

15using the biBaaitiogmRsatasy aRrRE fbeafisiarms sWHRhioheigiras YRatesigra®iracy of the

animal's behayiguy In seaiehipg the. arepauniars ihe olatorm would gy heep experled: Rivastigmine
did not reverse ?ﬂe%OSS o1 Spatlal accuracy proauce Yy Scopolamine.Likewise, rivastigmine did not

reverse the lodetefranagdietndeex riepcdipnaehaered angtriisclim posiiea disitatienghiewshaHowever,

~there was a suggpstiphitrti2OLvagioming paydiayesengisaininsdrlidenprtiarscopolamine-treated
“mice as determined by thigmotaxis behaviour. The ability of rivastigmine to reverse the

scopolamine-iﬂ@mec! ﬁe&mﬁhxg@e@iﬁjﬁ&bm@ememgwhmmm@b}ohewfmmttnaa.tment
enhancement aLERAPLAC Jefuiiveadsita fe dipteie s alenion duinacbe-satpigphase of

the task. That’s, scopolarhine- impaired mice are able t0 make better use of learning cues during the
learning phastot@ifierenre s as O entERpensiBiRUPSABYERy to the next, in that there is evidence

of restoration fc\;(%-/ﬁ.s?'iﬂlgrovepgent after rivasti mirge treatment Woiﬁgb oge%% nragt%_ltign ed by
scopolamine. g R BRR fari(}r%?s?t%'tcﬁiﬁ?(r) S?enarnrﬂng?é}a%espno 8apparentt ffacewhen tested
specifitilly asgartpftoer egentamesgh Nayeviddacarctyamae gvinckys plagarvaloeatoresnenindetected

by any of a wigefange QfReamKER Hal Rilislehy Rt BRUGRaffer completion of learning. Therefore,

rivastigmine does not enhance either short- or long-term memory, although it improves operational or
performance rrjas i BtUFiagiihe cidmesiient ph &egaifjhadask aftMO200811F 363 BREIMHE E2HO8/002066

-43 - MTC ha ' ility. o rest for I learni f the experiment,
in that the abil%jg %r%%@r%%%t% ﬁgp%%%%gﬁ%g%?ﬁﬁﬁﬁ yq\géllar%is i%ﬁ%ﬁgf‘se%r%m controls. The
marked differeeciomaaeR i MTErE M4 R FErRerdatien P dDfIRPIRBHREABY phase of the

experigent. Hesgpdhri@was avisiergerel fatenaarvitpiabieceinfaHe andeangsefpammeiensnt
Specifically, the time%ﬁpt in the ta[ et1 %yagg/agt was \sn;gnificantly higher than the chance level, i.e.
[25%, after tre (et ré?tﬁre\?ric?n g or r‘ﬁgfﬁg. e broader localisation parameter also showed

~restoration of sgonalagiResrealeLAM ARk DSRARKGH EetalngroRRARSamdkeyspsthere

was restoration Of performance as measured by temporal accuracy. 10Finally, MTC produced a

complete reverH&RtiiRs a0 RRRNBERIRM in ability to escape

Figure 20: Calculated “localisation”, a compaosite 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-vaiues
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 iength (C); swim speed (D) thigmotaxis (E) and spatial memory (F).



from the thigmotaxis zone produced by scopolamine. Therefore, MTC is substantially better at
reversing scopolamine-induced deficits than the chofinergic drug rivastigmj oadly similar
in terms o%%é?g%ﬁéﬂsﬁperformance during the learning phase of the e%ge?{mer?t%%gﬂ?éﬂve '
differences between rivastigmine and MTC emerge during the memory phase of the experiment.
Whereas rivastigmine produced no evidence of memory retention of the task learned-on any of the
parameters measured, MTC showed evidence of messory retention. The MTC effect was not
dose-dependent, in that there were no differences between 'VITO 20administered at 1mg/kg or
4mg/kg. Therexeemelaso 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 results objained , ic. nechanism, 25since .
rivastigmine e RBidreg ol for B EE S teverse the amnestic effect of
scopolamine. Therefore, MTC acts via a qualitatively distinct mechanism to reverse the amnestic effect
of scopglaminﬁ.ﬂ},;heap@t%&%{ryyﬁmm@ is unknown. Since the deficits seen in amnestic MCI
are primarily inthe domain of memory, it follows that MTC represents a candidate symptomatic
treatment of 30MCI, particularly amnestic forms of MCI. Rivastigmine is already used in the
symptomatic tragtsant£f i Ghd3nged Inhe tasulisdnes @ingihRpotfisiainnretitsyohe\wstkgmine
depend largely .on effects, on attention during task acquisiti ry, it folloyws that a drug
such as MTC,Aé erﬁ%%nﬁ%%eerﬂlé% g Which tgg%%é a%?ﬁoé{ﬁsé?}ggé?%%oﬁ? %ﬁﬁ‘%ﬁ?gﬁégc%éﬁﬁl n and on
memory, WORDISIEBES3BPEIATIBe0S0DIDERIUAsiaysUd BE BRYRadeeAtalsgperior efficacy
over riyastigmigg,arehother cholinergicenhancing drugs in the treatment of amnestic MCI. A recent
concensus of international opinion has formulated two forms of MCI: amnestic 5and non-amnestic

" (Winblad, B., Palmer, K., Kivipelto, M., Jenc, V., Fratiglioni, L., Wahlund, LO., Nordberg, A., Backman,
L., Albert, M., $doplotast/ee-iddaced mBasun inkbaBremiow, K., deLeon, M., De Carii, C., Erkinjuntti, T.,
Giacobini, E., Graff, C., Hardy, J., Jack, C., Jorm, A., Ritchie, K., van Dun, C., Visser, P. & Petersen,
R.C. (2004) Mild cognitive impairment - beg{ond controversies, towards a consensus: report of the

10Internation&NAGIRARPEFRIPHAIRIR €5 ﬁ‘tmésﬁﬁﬂ'ﬂﬁﬁ?&ﬁﬂ{g%?ﬁ%ﬁ%ﬁ?emﬁm?émaﬁ‘é‘%g,
240-246). Sinessppesatioaalideficitzin slamend mivdeid prrécnsiaeachatelytef isiikdennikegnh .
non-amnestio MALLMANPIES RPN aresR ARaRal fuimalomatic

treatment of non-anthestic form MCI. Specifically, MTC ‘exerts a strong effect on thigmotaxis
induced by sc@b@?&?ﬁiﬁé‘ﬂﬂf#ﬁ’éﬁfigﬁéﬁ@@ﬂ)%%@n NEslaRitatk GPEMkieR . 'Rir$mine however did
not significantlycgybibitittssastianuliig drraiaraikeludhntiMdecastdbbive taekettingeffects on
anxiety and other non-cognitive components of MClI, such as apathy, social withdrawal, loss of
confidence and decision-making ability, as well as general social engagement. 20Example 2 - Effects
of MT@lon walarisaraikeamainey 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

One of the most widely employed paradigms used {0 assess working memory in rodents

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

maze procedure for studying spatial learning in rat. J. Neurosci. Methods 11 (1884}, pp.
25 47-80).

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 S. C. A comparison of
effects of cholinergic and dopaminergic agents on scopolamine-induced hyperactivity in
mice. J. Pharmacol. Exp. Ther. 255 (1990), pp. 549-553).



25spatial reference learning and-memory water maze task in MARI mice at three different ages: 2-3, 6
and 13 months. 2) Methods 30MTC (Simpsons, UK.) was dissolved in water. Female NMRI mice aged
2-3,6 and%'8 MRS Were grouped after excluding any animals with abngﬁé(fg%}w}wﬁé%ehawour in
the water maze task. IVITC (1 mg/kg) was given intraperitoneally (i.p.) at 5 ml/kg. The number of
animals at the end of study was as follows. WO 2008/155533PCT/GB2008/002066 - 45 - Group Age
(months) treatment 2-3 6 13 Saline 10 6 7 MTC (1 mg@#kg) 10 5 Behavioural testing was undertaken
using the Morris water maze spatlal navigational task (Morris, 1984) [as described in Example 1]. Mice
were first habghdéeetatheviatetioas e before treatment and reference memory training. Mice were
treated with MTC or 5veh|cle 30 mm before trial 1 of each daily session, Probe trials at the end of
training assessed short-term and long-term memory (1.5 and 24 hours, respectively). 3 Results 103.1 -
Learning phaséS(E8RPEHIERal analysis Figures 12 and 13 show the path lengths, latency, speed and
thigmotaxis across days and averaged over days for 2-3, 6 and 13-month old mice treated with saline

or MTGy(1 mafkQ)r ASH MISE WRTEJIMRRITGSHINARRMIENG JBRiCRIIRRAS P OINYRSIRER 2 SK.

MTC (Simpsons, UK}; scopolamine hydrobromide, a non-specific muscarinic antagonist

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

Rivastigmine is an acetylcholinesterase inhibitor sold by Novartis as Exelon®.

10 Donepezil, gaiaﬁtamine, and rivastigmine are similar 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 cnly in a subgroup of
patients.

15 Female, NMRI mice'a,ged 3-4 months were from Harlan, UK.
Mice were group housed (7-9 per cage) and maintained with light from 7am-7pm and

experiments carried out in the light phase. There were 82 mice in fotal, of which 12

were excluded from the study for circiing behaviour during the water maze test. They

. 20 were separated into 8 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/kg) | MTC {1 mg/kg)
3 11 Scopolamine (0.5 mg/kg) | MTC (4 mg/kg)
4 11 Saline MTC (4 mg/kg)
5 12 Scopolamine (0.5 mg/kg) | Saline
6 11 Scopalaming (0.5 mgikg) | 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 m| per 30 g animal weight and they were injected

intraperitoneally. The doses were as indicated above.




15Examining only the data of the control (saline-treated) mice across the three age groups, 13-month
old mice were imFaire_d in the task relative to 2-3-month old mice. The Oldﬁf‘ nj;% p%?ﬁb%&er path
lengths acryedl ’&%@7?.3 Escape path lengths of 6-month old mice did not drfferr ose of either 2-3
or 13-month old mice. 20MTC-treated, 13-month old mice had significantly shorter path lengths than
13-month old saline-treated mice. There was no significant difference between 2-3 month old MTC -
and saline-treated mice, nor were the two MTC-treatgd 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;Btieasibienientipg ad antgiakdthe PErivfe Maots waleionsamssriiabpeviaghiondl groups
started at thegamesisue! aseihie RAVSRITRSIA biRkkdid Gl Wilter-ihbe puaMStar Ghswier speed

enabled motor performance to be assessed between the two age groups and to determine whether

treatment with BT FE RISy 2 ARSI R 9 b ine MGl X SR RB R IR B R e RGEEly slower
than young mieeapanditide ivareweisdade frendertafitaitae (SoltOVYESE NS 3B EFIHB2DH8/002066

" 46 - 18 13 man MG, JEPRTARBEMTIOMIC G AL A 8 LB SRESLAPIRVL L 23 g onth Old

mice, those treated w swam slower than age-matc itrols during later training sessions.
5The wall hugury peravTolcaling hvipatj\inapevia emsadurenideng #Ra@esf training, but all groups
showed a progressive decrease with successive training sessions. Learning phase- Advanced

analysis 10Age-related changes were examined as in Example 1 in terms of the paramet
pathiength, I%‘f ,@B‘@ig%ﬁ?%“fﬁ?g%%?a@?%%gnmdpgﬁ%& gr‘ﬁrenalig treate rﬁimagérﬁwﬁfén g’mfgégt 1 mg/kg.
These are susew@niseahh sty A sszcBsantiirgpibtianudé theamsiah@iceniet ngbiverpladfetarioration in all

four qugntitiegyith aae.dheradsahsnefigakuestmsntwiie st RiM EEtrokiHifchnonh mice, and

~only in respect of pathlength 15and latency. In_the case of thigmotaxis, MTC ﬁuses a worsening at
[ 2-3 months aRFEMbLARNEREANERE BERCH-a? MMsANnEs "éea'azér-\?/@@"@ﬁ' e HAINERRSd in
Figure 13. Yourgasevitedrapyewrdmereiiraipode irtdsdfed shim ©idéd sscendsisithmlepatfddTC has

any systemaiig PRSP aosANSA R ANIR REIR BACHARGR RN LRALARGABIRIRY Earifle day-wise

change in older mi -xample 1, the pathlength and latency data were analysed using a survival
model. As preVRI0STY, (REPSEIVRIY dRgIpeRavigelR{eI NSOGB dBRRIFSE A RDANR IR S CADEB

"swimmser" withgasnetidespatie rothe Paerausvivil pletsgelihe asilisagtirdatriancasishevenin Figure
14. The 13-mgnth-qld saline-treated mice achiev ly a 56% il indi latform even
after swimmin%rbl%gﬁg cizarﬁs%ﬁéﬁ) &ig’da?g were ?0%’5%%%%3 %{rﬂn%%%%gﬁ%%%g%p treatment, the
residual distriftiws\pashaspi cléSect eirprienid seelsigitiensiayis getngtt nieiaBgiRfely more

probability mags.wagfoung stdew yalbesef mrikie pihorhhia Zam keaintaepaegiassioldas. Older mice
30swim random‘l}éuntil the ete%t a seiﬁat(lél cue, after which they swim directly to the platform.

Younger mice”BrRGVERien 18 H! F %;Wgclzs gnised a cue very early, and so spend less of the
initial @ériod swimming randomly before swimming directly to the

3) Results

The learning phase results are presented as two analyses, conventional and advanced.
The conventional analysis foliows 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 conciusions are reached, but the methodoiogy of the advanced analysis

30 is statistically more robust.

3.1 - Leamning 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.



platform. WO 2008/155533PCT/GB2008/002066 - 47 - The survival curves were parameterised using
Cox proportional hazards estimates. These are shown as log pathlength multiples in Figure 16. There
is a strong¥giAlEHEEB3een in the saline-treated animals. There is no effdtt B {A0HEnger mice.
The effect of MTC on the 13-month mice is to substantially reduce the overall pathlength, bringing the
performance of the older mice back to a level of performance observed with 6-month old mice. The
overall difference approaches statistical significance_(gg= 0.074). A similar analysis was undertaken for
the latency data. The results for latency are essentially identical to those for pathlength (Figure 17). As
can be'seen from Figures 16 and 17, the effects approach statistical significance for 13-month-old
mice on day 4 for both at th an latenc, valyes 0 059 085 r % ) 3.2 Memory
tests Asi x@r’ﬁpléleé)t%églmalgcw% ?émt%cf/ (!,=$I){Veré ;tiylsgl ours at f’eﬁ%%?‘nﬁléiu%%“o eerarnlng
15phase ("Dapath)iength Hidure! ditereesmplstidhect thay seapmiifigiipcsdrydiag g dTerrfing parameter
analysed is the-time-spenhidhe-trgel ’éh%% is mnﬁw(ﬂwﬂ fdhe %Hba«a%%thout

treatment with MTC in Figure 18. As in xample the statistical analysis used a linear mixed-effects

model, AllowirgF8p- t&‘hﬁﬂ%‘ﬁ?‘ﬁr‘?@f DR AN Mo IR PP A RE D APREANAE BelSmeIREE may
inherently perﬁvrﬁvbﬁ!mﬁactm me@"(@(ﬁ m nereaﬁm;mye aboettrinbist gffectpiag)dds maimibéseen in

Figure 18, sa #gﬁg@r&g %n%@ %l&’ﬁ'@ﬁ q%pogplﬁ,% qﬁgaghgg%glatform location

atl1.5 hours hour t me p0|n r t|me In e target ant was not significantly different
from the chan@@n@qus%fﬂl|ee&w@aﬁ%ﬁnﬂ@awﬂwﬁ@@H@@rfw*ihﬂaf@ﬁ)mgnoyﬂr?e?g%s
evidence of re(s:a%llaie%ﬁ (Frosirsh) Ezarople k Regoes, dhdﬁrf@@Wfﬁéﬁ@étﬁmmﬁi}lm MecaRey thing
behav%ur in the Q%u%%rgans due to r%resenéa{%h e%tr [%nS %f 19 # tform in thet rget guadrant.
~Younger anlma? maylearn moreggﬁnuenﬁy Mt thers 1S no nger a pla ;\leoharpg was previously

- the target quabuaherarateniodipntiasicientetnstiindigact SielliayBy qti@ré?@oﬁb et dMmaka at 1.5
hours in the 2¢3 mantBaice- (s haydesprigsigrfeANHy-RR NReZRVadineH itherdarget

guadrant, like the saline group). In the 6-month old mice, MTC appears to produce an impairment of
recall at this tiftReHHIReE. WP BB ALBES3PC T/GB2008/002066 - 48 - The 13-month saline treated
mice show complete incompetence at both 1.5 and 24 hours. Treatment with MTC restores recall at

12 howgs. 1t Isrglassllle. o PR P SRS SYDERIPHENbEHIRMEC Hallegyidfsifye recall at

24 hours, or w ether MTC pro more e |C|ent extinction in the 13-month mice comEara le to the
saline-treated AEkOrPRARABCHRSIT bRPRiiPe REBIHetRg(se @.:Mrﬁ%a‘tl?@dﬁe?l TPABYR 19 show
complete restlmambsmmpmiib diseoponmhityclngeolig)niinibtiaielingoalse edtapisetymatsedithie TC. An

analysis of Iocgllsat{gr% wg%% Egt%lémhé\l/g%*s S mﬁl%gr% 20 AsH 5} Example 101, "localisation'

IS a composite paprame er reflecting spatral accuracy’of 'search, ‘calculated from: number of visits to the
previous platform location; number of visits to the surroundlng area defined as an area twice the
diametgy of therlatiarmiding inrﬁgiﬁc&ukrepﬁéﬁw@eaf Miwdrﬁé@@@aqum@w 2As can be seen
from Figure 2Q, localisation is s |c proved b in 13- mont mi t the 1.5 hour
probe 15time. "%??SSHS %?Hg' l ﬁ%garﬁsoa Ré?é%ééésﬁl\g ngﬁd irec ?gnall?/ r%%ﬁ’é‘a‘?s to impair
localisation attim® lspars im tbeneuith 161% roides A@hﬂéﬂdhaﬁ*)@!@@h@f@@%&ﬂé&a@lf@/eal any

;;j'_'significant effeqidh s i€ P aReHesions I M EvaRiedask 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(3,192}
= 51.70; p < 0.0001). The group treated with {scopclamine + saline], showed the highest
thigmotaxic activity over all the training phase and this did not decrease over the time.
30 By contrasf 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 fo



This study has demonstrated an age-related spatial learning impairment in NMRI mice. This could be
demonstrated from the data for both pathlength and latency. In the water memory
task, 13-momR B MieE were unable to acquire the task. 25Furthermore, %;1%;% %’@vgz@%ﬁoéevidence 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. Thi8ds taken to be a measure of anxiety. However, it
was not possible to establish a model fit to this data set using the Cox 30proportional hazard
parameterisatib® Iseepeiemiveravpstiones] geaimbimyvbireritraneed trstpaaeserediiecstivthe

analysis. - Aglinihg &AMHR TheatueM Hie ABCHIREMARVAIRRE B SMPIAY RS HNHOpaike function
in 2-3 month and 6-month old animals. Specifically, there was no%m g\ge?ent 35in the Cox
5 s o

proportional hESsrd YA R B P ate g OP | L §P R he WO
2008/155533PCT/G132008/002066 - 49 - thigmotaxis data was inconclusive. Similarly MTC failed to

producg any %.@92%%ﬁ{iﬁﬁgﬁg¥8m%9”9§5 917313%@ 24 hours in the memory phase of the
experiment. e findings therefore reiteraie those of Example 1 in failing to confirm the claims made
by Callaway et al. (2004) and Riha et al. (2005) that MTC is able to improve memory 5function in the
absence of pre-gxistigs isapairoreal sntlesd MJ Ceimnpaiedverennnaypetfosmarcainsyaeaslysid by time
in target quadrant and localisation.at 1.5 hours in 6-mont | i ttern.| jte different from
that observed %i’i%g%b‘ﬁtﬂ’é‘,' %-'vﬁévrilnf\ﬁ%aﬁg% ﬁéhgﬁ%%?%%ﬁ%@%%emgogi@%gﬁj\s’% ail?é%];%n%g%%ggestion
in the data thatMire. rniredle @e aansigaischie i bip the RieturselMpaIavetbiNgy trafS Pand 5.

Therefgye, MTGis.ahlerie irapais othidearnivg aie seamirnradylirgicesTam mostsilikiag effect of
~MTC was to produce an improvement in performance du ing 15the,( memor %}gFeZﬁf/t%% >éperiment.
" This could be g@@?%ﬁ%iegﬂﬁpi‘ﬁq ENARR TR f{f gefgtat ARt RY 15 MmbAtre, Bafi

S, saline-treated
animals were swiinetistacoeripetessesmishdbdifocno Evidémcmividabiang acqoitsksing erapaatitant

discrimination %ﬁﬁ@iﬁﬁ%@p@éﬂ)ﬂr%ﬁh@ after comaletiogRidearning. After treatment with MTC, time

in target quadrant was indistinguishable from the performance seen at 2-3 months. Likewise, the
20composite parameter localisation showed essentially complete restoration of performance to that
seen inmsalinetreatediarinaicats2:3nmpenthsiafaiferatahe ukibghOux properticiasl Sandarly, during the
acquisition phasg, (06,8958 50 MTCapproashed lanificanae PRABY drB:hd Lippth old mice
for the parame ee?st}% 5%%?]%’3%%@% E’;ltency. %@g{he age-r%gted defects sege% at 13 émonths in these

animals can beUaken ristaRiissl 1be MreirARRydHRAdY Y Sinve O QIANMUNEAYE  he ability of
MTC to restoregnanitiva funsiion 4 triswaod el gosicataséfatiPEC theayride yeefisberapeutically in the

WO 20081155 ETPE A0 TRIIURR S o e Cer el B o P e ™
impair@ent in tislignyoivecepuinial rprdes tRi GATGIRINI S8 Heepr sl ety whsp graHeal
recognises a spatial cue as o where the platform is. Once the animal has recognised
this cue, it then swims directly for the platform. The differences in the parameters
determined from the Cox proportional hazard analysis required to normaiise the data
reflect the differences associated with the various treatments which impact on the
25 probability that at any given moment an animal will recognise a cue required to solve the

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 plotied in Figure 6, with corresponding p-values for freatment
| condition differences on each day and on an average over days. As can be seen, all of
the treatments have the effect of reversing the scopolamine-induced learning deficit by
day 4. In particular, rivastigmine and MTC both reverse the deficit, returning the
performance of animals to a level indistinguishable from controls. Therefore, MTC is at

35 least equivalent to rivastigmine in reversing the scopolamine learning deficit. However,



As shown in Example 2, MTC was able to produce an improvement in performance 5during the
memory phase of the experiment. The age-related defects seen at 13 months in these animals can be
taken as aWHfOHBBIRAE| and age-related cognitive decline in humans. ThESBAYPEPRISC to restore
cognitive function in these models indicates that MTC may 10be useful therapeutically in the treatment
of age-related cognitive decline and MCI syndromes. However in both Example 1 and Example 2,
MTC showed no evidence of improvement in cognitivggfunction in unimpaired animals. 15 It is claimed
in two of the studies enumerated (Callaway et al., 2004; Riha et al., 2005) that memory consolidation
can be improaccn ¢l essistamithpaivtsiamimatss [hatdss the elalends thatB Titaingtieeyise
unimpaired anj nads L%e %% nort tr ent with
MTC. 20 The 'é%ﬁ@ﬁﬁ?ﬁc?%gét %r(ggg?e\%l 'tctf%%'ln -|r?% tﬁe c aﬁ%%@gﬁggdg%@g% V\?gé ‘é al. (2004) and
Riha et al. (20055 tHegsvpEimpsee teafmipeoverRMiSE FIAMBIEhabsence of pre-existing
impairment. That is, repeated treatment with MTC at the doses proposed (namely 1 mg/kg and 4

mg/kg) did not produce enhancement of learning and memory in 25o0therwise uni ired animals in a
el vaftiatod UbFESHBLRL SRRGNT B LBt FERYER Co TS S S TR WAdEs mave
Furthermore, fil&fsimavas sh&8xamnghéa@rehat in certain circumstances, repeated treatment with MTC can
impair learning in otherwise unimpaired animals. Therefore, it cannot be 30accepted that the studies
enumerated provide a basis for the treatment of memory disorders on the grounds that MTC has
intrinsic and uhrMERRNAIGSHable memory-improving properties. WO
2008/155533PCT/GB2008/002066 -51 - to enhance learning, as the authors argue that the effects of

MTC aye speciically &%SH&%S%&JBS%@&& gﬁﬂi%i%g%nga%@%@}gs@&w &t ould; be

~expected that the supposed memaory consolidation ef ust also occur in the course of learning, as
_the drug is adafifiaYetdberapeameAEsiRs: # pfdionEe o arRssaniial ifmHiEdep &immamestiEScribed.
Furthermore, thekeigse sepiadissirnsramdheiigitig afapministratieneniragyta pradizges supposed
memory effects. Specifically, MTC apparently did not have an effect.if given before training, but only
after training. 59\’/ ?/%Pﬂqag g’l%l%'éff%odzaélé‘ghsceﬁ{éoﬁ'gﬁrgiﬁd?ﬂegScﬁoolwg ”a%'@*%‘ﬁﬁ&?g%r treatment of
disorders of memory if such administration were to be restricted only to times after those for which

enhanged rn?wxsﬂﬁngfeysa%rx&@%%%saw%ﬁ@}%dacgaamo@mm&sp@nv' AgRGHaeisapext of
specific training regimes, such as the extinction of conditioned fear as an.adjunct to exposure therapy.
RIREBISH YIRS Cr iR

There would BE TR AEFSH FroR PRI Ve B0ieg e ¥ dRat MTC
15could be usexptoireahaite leaalyisig arsdowarndfigome® jbaenaliz] wsthblor ssédistingeatelymstiming of

doses. Thus these, qadien SHdes A 0 gl NGB HRSHRRIWVEHG 2 AMEAEHRR and per-

diaminophenothiazine corgiﬁzunds disclosed herein, are agents which could enhance 20learning and

memory by mesRigRisRraBIk {13 S Lpe Ske et Sinsrentiierdourditersnlivdpdasmamansask
enhangementigtspisetit beltiaateialgispind)h Sydpotheirdetreitteanivawethéolid @ pettarhave more

ggg;f;g Uiy, QS AR A NS 21 BREAHIC KRR R SRR RIRHRIN DA RSt SoRfitklhgyven at certain
different from 25%). Rivastigmine treatment did not reverse the scopolamine deficit. By
contrast, MTC at doses of 1 mg/kg and 4 mg/kg reversed the memory defect produced
by scopolamine, and returned animals fo levels of performance indistinguishable from
25 saline-treated controls. MTC alone had no discernible effect on memory relative to

saline-treated control mice.

A Composite paraméter, “localisation” was calculated, based on: the number of visits to
the area in which the platform was located; number of visits to the surrounding area,

30 defined as an area twice the diameter of the platform; time in this surrounding area; and
time in target quadrant. These parameters are all similar in principle, in that all reflect the
spatial accuracy of searching behaviour of the animal in the area in which the platform
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 to

35 scopolamine. Thus the effect of MTC was to reverse the scopolamine deficit, whereas



25By contrast, it is shown in Example-1 that MTC is able to rectify defects of learning and memory in a
model whigch.i r d to mitochondria' energy metabolism. Therefore, | pted that
the effectsl& g? ?ﬁ}#%]%%\%%e anything to do with the rectification of defects in #ﬁ%ﬁjgﬁc%(égr%@gﬁirgy
metabolism. Furthermore, the potential utility of MTC is not circumscribed or restricted by the presence
or absence of disorders of mitochondria! 30energy metabolism. Rather, MTC may be able to
demonstrate positive effects on learning an memory4itren there are demonstrable deficits produced in
any way whatsoever and irrespective of any presumption as to the underlying mechanism of the
 defect. WO SHBB/EBUBRYBE RIS IRIBETEB e 55T M IR P T BRI AIS P IREIZ S B T C and
ChEIl As noteghabsivaciradyaatatieatothios waaaRbArobanoalsds is believed to act not through an
action on the cholinergic system. 5 A further Experiment was performed to demonstrate the utility of
DAPTZ compounds along with ChEI therapy. The materials and methods (drugs, and behavioural

apparatus andl fediisigpgraroeist) Weasurfbwaraigtens e JbibiShiRARUESA SRS SRR afRier
experigental KlagigRmas redlipwssiatidiepeaseit s ditohas perfnirseddén i teplinatienss In these,

multiple treatment groups were_present and anjmal numbers of each group were small. For the sake of
clarity, we 15ﬂ‘3f@egfﬁi?ﬁféeé%%%%@'iﬁtgs}%?gg}%ﬁgfﬂgy B%.%c%%?ﬂ%%‘%@a%ﬁy%ﬂw l('Sfbggf-}r)esponse
relationship ohedferestion g tht oitimtgmene by eversaal befivrihdatsiitiiecizpyhrigdicficits;

20Exp. 2 established whrihenandal whal dasesiVihe ieHesty ehveraedsaaniiya defisits induced

by scopolamine; and Exp. 3 tested the effects of co-administration of sub-effective dosefs of
rivastigmine ARSHIATRESIATRYRASIAPLED PBIaNIRS BHREEeS SYHCRKEA T B M 153hsed in part
on thaodescrififfer gmd=xaatpied [abawdabinasMECHahd githeascbpelamidgsgdrimoease of comparison
~with the model used.in. ANl s as
sclogg?gr% %@%ﬁ%sw . MﬁgJ%@rHBﬁ@iy ACAEINP (RN 0L NFHFRAT G HQLP

summarised i JecCts reCeived the first 1.p. injection 35" minutes prior to test; this injection
30consisted cteigterlHanEGsedptraifsatioevieaieli el MhbteesARIEH) FeE¥hA and/or in
some groups fiirdinit Kipstientipf Reaitigrivastiominefasdio sl ohGhd/BeficwaMmiTiesiett hadinutes after
scopolamine and.30 mjnutes prior to test. The timing and dose f i sen to enable
pharmacologi'&%fj&;sggﬂrﬁgl?oﬁﬁg% E%Hrﬁﬁgcoaoﬁra\llg KERT cr%% g%tgrlsgﬁr}%c%%%%%%;&étk ‘?gﬁﬁg@ Eased upon its
pharni&cokinetics. WO 2008/155533PCT/GB2008/002066 - 53 - Scopolamine has a Tmax of 20-40
minutes followinghBiRArNRisHial @R kiRt 8 atind WS mianas phake 30HR) clpliahexperiments in our
laboratories established Peak brain Ievels(go MTC 3E}(P)1-60 {mqtétugs ? er i.(g)diagerg'r}issg%tiié)%&ugpublished
data). MTC wiREMEERe Bies LRSS AIRGASTH (AR IRAMIEN or alling 854 7

8% TEV rsing agent on a
pre-existent of anxiety. As can be seen from Figure 11, scopolamine increased thigmotaxis relative

to saline-treated controls (although this difference is not significant). However treatment
20 with [scopolamine+MTC} and MTC alone significantly reduces the thigmotaxic behaviour
when compared with the scopolamine-treated group. Mice treated with rivastigmine are

not significantly different from either scopolamine or saline.

4 Conclusions from Example 1

25
The resuits confirm that a learning defect can be produced in mice by treatment with the
cholinergic inhibitor scopolamine. As expected, rivastigmine, an acetlycholinesterase
inhibitor which makes more acetylcholine available at nerve terminals, is able to reverse
the learning defect produced by scopolamine. Rivastigmine is one of a widely used class
30 of acetyicholinesterase inhibitor drugs used in the treatment of Alzheimer's disease and

related dementias. Rivastigmine and related drugs are also used in the symptomatic
treatment of 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, 8., Burns,
A., Cummings, J., del Ser, T, inzitari, D., Orgogozo, J.-M., Sauer, H., Scheltens, P,

35 Scarpini, E., Herrmann, N., Farlow, M., Potkin, 8., Charles, H.C., Fox, N.C. & Lane, R.



Scondition of chohnergic disruption. After drug administration, animals were kept in their home cage
until behavioural testing. A low dose of scopolamine (0.5 mg/kg) devoid of sensory side effects
(RobinsonP L0854 hut known to induce a spatial memory deficit whe W&?@gﬂﬁ{ﬂpi%ckler and
10 Holsboer, 2001; Noda et al., 1991; Roloff et al., 2007) was used, and rivastigmine was given at 0.5
mg/kg as previously described (Bejar et al., 1999). Active doses for MTC were based on literature
(Callaway et al., 2004, supra) and efficacy for reversapef tau aggregation in vitro (Wischik et al., 1996).
Side-effect profiling was conducted only with highest effective and safe doses of MTC (4mg/kg) and
rivastigmine ((RQ@Brifiag plititsstigiinretreadethyiic diagrrdisrabatieicestsedingasscirohamnithals used.

Initial studies WilifYAFHETINEA! BRIABIBEL sthitfyd hAceMUsto L e 36%6N19E BfarpRMamine

treatment were discontinued due to severe adverse effects in mice (motor_coordination ;roblems,
ataxia, brief pRBHES JF ConTiERis) bR sidFrl BsToRinacBdhdvidesiPidaof acquisition
learning werejabilYsed by Gaaiationgl, ShatigticR.(Graeh Pafidrtsm. visksienRt, @3utisiergy $actorial

o e IR IS SLAlIRnEOARAME) KIVIRROR. RyiGeR s Cy (e 2

within-subject factor 25tollowe planned compdrisons between selected’groups. Probe trial data
were analysedasyrohEwayGRNOVAHIIhE APprdpfidROBHSMHE CResiEBHMIEHBANS FRURD e

comparison teftipigieManaRd i skRiedrRsiR(aAdtferfieteigHaedheisrIrer0f aagnidicant main
effect or inte:?gtion Anglgsggs_ ere performed two-tailed and the null hypothesis was accepted at
<0’

probability le ?é’f)q!% . Only terms for reliable 30differences are mentioned in the text for
simplicity. WO 2008/155533PCT/GB2008/002066 - 54 - Results: Exp, 1: Rivastigmine reverses

spatia} gearningfefici $iRdusechbYseenolanunaricsusiteniesring Rivastmning as @dministered
-in a dose range of 0.1-0.5 mg/kg to establish its efficacy in reversing the sg_?é)olamlge-m%}: ed
ot%i?erform

" cognitive impASMSRY. ShtBRIARIBIR I A ERJI%05288 HRgIGRARBASH IR 406 P 2ReF RARFe
side-effect prefiagrodtnedkirg. AGNzatysis phthaseim Taths ferijth e etot, Shosvin)taegeialed a main

effect of tfeatgﬁgﬁsﬁg%@rﬁ?dg%?é AL 9 aysiallday eliertLR(S.2 Qe 3 P<0-001), but no

interaction (F<1). Performance leved in trial one was also analysed and an overall effect of drug

treatment waS$0RPAMIROATETS REVSIRF PGS Wk HRalemiBRoheniR RSHE Rt &8 Ment groups
differegsfrom gamiale slddis sladbtis pparisthe Meashairscapriamisestiratnenbiipaired learning

throughout the trainir;/gopgiod an thaplrivasti%mine igigblﬁto reverse rth'hs‘ %%%nﬁ% rbgl R&g@ned

. d
. a?cu(r]ac 2 animal's bé GVI%U{ searg) & ?rea wWhere ? .
comparisons of individtal groups supported this impression of a dose-related reversa vastigmine at

doses of 0.5 &9¢DREeG/KGivaiasing sitnelesearsiribhaleteip{Fesiabacmirrey. @sreeRfidted with
scopolamine, i dliffereree wilhisalingktnmeeniasidd L el ndviasi amiee ywas Rielierivedno different

from scopolamine, F(3,63)=9.6; p=0.003 relative to saline). Strangely, reversal of the Q.25 mg/kg group
was only partﬂ?&@’[ﬁg@ gﬁhg‘%&?@@o&l ?e?@ﬁarﬁg\{ﬂ:o?ﬁ%%% st%‘ﬁ'&\é%ﬁix%efﬁ(@?écﬁ%%fe éezi?fd%o% and
saline3 (3,6 )vdsHypir@ 038) hveswingpalrtiog ofitkendsdivishaiqienrfoerreaied rhiovaver, revealed that

this was probg@{gmge@%iammi%gw‘p, which showed no learning at all. Omission of this
individual confirmed full réeversal of this rivastigmine dose. 30Finally, rivastigmine alone did not alter

'spatial learning in this task. Similar results were observed for the overall learning between day 1 and 4.
{ This is expresees @sianodvieratigedivetmreiepatindengtbotamishiviedesi dediomgt defpiosdmagdty in all
groups (1 valugsadatkd Mﬁh“&seﬁ%é’?ﬁ}i perrhiem 7{;@% ShRRRERMING Sl rngdheRdPRks
rivastigmine + scopolamine group (t=2.1; p=0.07). The same mouse identified above 35was again an
outlierZ the |XRRICYPGASrfcAESHHEI ddiih I8 IPaEBY Wikse. 9f ihg/igpk. That is, scopolamine-

impaired mice are able to make better use of learning 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
either short- or iong-term memory, although it improves operationail or performance
memory during the acquisition phase of the task.

35



WO 2008/155533PCT/GB2008/002066 - 55 - rivastigmine presented with a substantial overall

improvem\% tg&%%gsgslagk of. reversal for .the overall daily performance. ;Biﬁ,&%dg%%\é(yue to the
poor learning on day one in this group. Swim speed was also altered as a function of drug treatment

(F(6,207)=8.395; p<0.0001). Relative to control, low doses of rivastigmine (0.125 mg/kg 5alone or 0.1
mg/kg in conjunction with scopolamine) significantly differed from controls (F values>7; p
values<0.02). By contrast to swim speed, the main efféct of drug treatment for thigmotaxis

(F(6,207)=4.059; p=0.0015) was primarily due to the scopolamine alope group, which differed from
controls (F(3,H@3Q§?2 PUAVBIEEY. ’f%ﬁ%%eéf%?r?&fﬁf&?ﬁ?sa&w ﬁﬁfrarﬁ'g]‘?”ﬁr }Eﬁﬁ’?ig t%’fewall hugging
on day one, tkigpprognesgivaat Bz eliiiey tamdwaes ot siffprdarhinormdoebiEiBpatal memory

Shortterm I AVAR AR AR A AIE B AL G Bk e e taroe

qguadrant (data not A spatial bias was established for controls and scopolamine + rivastigmine
0.125 mglkg FEEEEHARY dyninglBs emop aRrserb s ReHEE allsiRcigrE RS RldaN Show this

prefereice. CogparseriaGoMEDls sanfismpddhmraerery. dpicifivalpetseapaiapineigraeps as well as
e ST AT 022 TR AN BRI o R lies 0 Qr ARSI 2

MTC reversed®e8 -l coanitive” deficits in‘a dose-related mannér Acquisition learning
25As describedtirelherr pha/kmadoderaiialysie brandesiviealisativtcarrigmelips aled shivwedrall effect of

drug treatmen (L0653 aRTRORNkb Forimy-rlTesi T 3R ARRA 1879 H%HoARERR interaction
(F(21,240)=1.7; p=0.03). Trial one Was_separatgl analysed and no gﬁween-ﬁgi#% difference was
ﬁﬁ?’l@% r

found (data nbt€HREnIBRHARESIFI A ReuGH AP e ARG TR curacy.
scopotamine-figatigdviTiCeretbiied tocxontiels BAEFER|GH the4pper. 000A)ndMGrrebiénsbradisdearning

{_,,..deficit ina do%hr]e&%% . 29 éo%%dp}!om!é& M-Ego%ﬂiﬂf@ full reversal (F values>13.6; p

- values<0.002 compare Wlth 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 compamesassta satigay; LieSank O tetegdgdadethipsteypetamihe incapedadafinttietieits 35(not

significant with scopplamine, F values>8: p v, <0.01 c Wi li

008116553385 T8 %‘ﬁ/%‘?dé’é%@é“f’%T%ﬁgﬁ%gﬁ’é%ﬁaﬁ@?gﬁn%@@ ?Sgge&t??%ar'with saline, but
did not&ffect nerferalansguishithtisaearroOnBraR RIZhsisyRealneRlctH akiabvr Sfesceiim path over
days confirmeghifissHieksBIRE ARSNTPOOURISLETRIAEME Ridmne fieapobminexgadrifatscopolamine

+ MTC 0.15 0.25 mg/ roups while all other treatment groups (including scopolaming with
vigher doses DYIGFRES QYA R R BRSE e T VAT oA LSO A ot e e s i o
differ betweersgyadpse(p2@rosiByreastest, Midhaews wridengbef mamorcapoMiainkgdal but was
reversed by MG Ireatmeniiadensiraahofidass #REheenyatdifirindat aaabsis sargirmed 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
treatnfeht inte?gﬂliB'ﬁtﬂf?éffZH@w@é"b@)b%g YAl ﬂ‘\%}os'?:%ﬁ)‘gﬁgrﬁg%t 8%%&&%3%%6@% relative
to saline (F(1,62)=Ri@zmel00@natyotienipowesiweeedrotoriBrated at both 1.5 and 24 hours after

completion of the learning phase of the experiment.

It is unlikely in view of the results 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 quatitatively distinct
mechanism to reverse the amnestic effect of scopofamine. 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 MCI.

Rivastigmine is already used in the symptomatic treatment of MCI. Based on the resuits

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

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



Spatial memory Spatial short-term memory was assessed by means of the probe trial 1.5 hr post
training. As for acquisition learning, controls and the two high doses of MTC in 20conjunction with
scopolamiM&Pstiipdredd memory formation and mice spent reliably more tﬁﬂf&%ﬁeéf‘m’-ﬁ% target
guadrant (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-dependematly reversed the cognitive impairment induced
by scopolamine. Since the mechanism of action for MTC in vivo differs from rivastigmine, we reasoned
that sub-effectioaid bsesxpétiethtedunposumssionaffiaety dditivelysdf even ayhetigs tbaliyersding to full
reversal of th%mgii%% sesHokHuastHAryns M Tfewere 0.1 mg/kg and 0.15 mg/kg
respectively. WO 2008/155533PCT/G82008/002066 - 57 - 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/brkceABddntdns0f damidrtdiad)opiibh Ra00bh) pnsbawdtteractomof. thesestactors
(F(9,132)=2.3; p70.02). The CO@UDH’] tion. treatment, of rivastigmipe TC significantly improved the
spatial earnin%ﬁ) eficit ﬁd’ﬁé& yirs‘%%gct)) dmei%emﬁ{’\t;g?ru}gg%%%%lu@go%9%55? ﬂg@%s with treatment

as factor) andhionghteqisiterap fedbaeksiencr- tHabeih dbnibrkviRisQvadral.d-hdiaeiiabie (F
values<4; p g%maa@,%?va@h%@@m?Dbé@tﬁpt?r)a&imﬂﬁ«&tyrr!\@ﬁ&mgn%@rhﬁg@‘adaa&ryi‘s‘t@reg_én
conjunction did not significantly improve controls.suggesting that_c inati ugs did not
enhance normnt4F&n ajlgfrv\/%‘erégé?ﬁﬁ'lieﬁaé%%%n s (183 rct%jn&irg %%gfﬁeire‘r?‘gtﬁ'f @qg'gewﬂf{o day 4; Fig.
21C), only thecsgoiiigtaimirasraients- @&y@pma_@htrot@miﬁ&\xedﬂam’pilé aihettecsaappenididid learn the
spattial gask (t %@a&m@ﬁa&%@@uﬁwﬁimﬁs%&qnﬁw) ysas-aptafiestadiyamedrug

_-administration, combination therapy fully reversed the scopolamine-dependent increase in thigmotaxis
! (Fig. 21E) (F vabeddh2if)aRinconsaions delcks Bia)Seanitiye-amalin s eHaGrietiligo)=9.2;
p=0.006 for sGeppiemtiewesrastiieral othatigibupsid ot difieseriditban Balihap 2D rSwatahtmemory
Rivastigmine a : I ers leficit. | b IR, (t=2,5-~p=0.02
compared witﬁ%%%%%%&@%tg §I%%I |cagﬁ§§éﬁﬁe%&aéﬁ%ﬁ§%e% %%gn%%?%tﬁlgngﬁg not alter
normal spatiaExfsihargtines siferign tEymaiaxis ifsi efshpyrRGAP SIS RMIE e SRS Ik é2hPEsented
with a-gpatial hiagn(incalesanxistp. valuesgsPind hewlining Abatkpvriaalipbivleaniagisiefick was also

transformed into s ort-ﬁgrm héetrR/Plr&' g%% cussjion Eﬁ@ggo#e 4 Sco)golg%%egt as been widely used

: : kel ave beneiica CIS on anxie (AeTe
in animal mod® tMilNe MR cannicBE8INe BRartactenstc 6 ageing a en m?ﬁ)raehman and

Leavitt, 1974) cogr®izoos8ix85685Re MOB0UBASReeH, social withdrawal, loss of confidence and
decision-making ability, as well as general social engagement.

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

1) Aim and backaground 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. Female NMR! mice aged 2-3, 6 and 13
months were grouped after exciuding any animals with abnormal swimming behaviour in
the water maze task. MTC (1 mg/kg) was given intraperitoneally (i.p.) at 5 ml/kg. The

number of animals at the end of study was as foliows.



- 58 - 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
conjunctioWRi#08/&¥i58ffective dose of rivastigmine suggesting that it mayOETREH 1248 ombination
therapy. This makes MTC a cognition enhancing 5drug and a potential treatment for MCI. A detailed
summary of the results are presented in Table 4-1. MTC and rivastigmine differentially reverse
cognitive deficits induced by scopolamine in the watessaze task 10 Spatial working and short-term
memory is particularly sensitive to blockage of cholinergic transmission (Buxton et al., 1994; Han et al.,
2000; Ballard and McAllister, 1999) I8asling to an inabilitage {eendbsarily store information. This was
readily obvious in our task in that sc%gmme-trea dzl_gil, -stpowedpgrsistently high levels of
thigmotaxis 15possible due to an impairment of sensory filtering and enhanced anxiety (Smythe et al.,
1996). Moreover, swimming away fr&#@iftee edge of thélBodl rejjuires progedural memory and indeed
striatal cholinergic activation (Bloklafgy ¢ 99&ig/kBIS pppgars tosbe compramised in
scopolamine-treated mice and particuladly relevant during early - stages-ofispatial training. We therefore
suggest that both rivastigmine and MTC may act on 20reversal of short-term procedural memory
initially to restaehivivaninsdingapaciyderiesn tsertpitatidord$ theteomezalspapik thavgatiorispecific
motor effects |n wl | . ryed, i'ﬂﬁ? ! 10 d] in.swim
speed, and W({ea%g@gl%ﬁag\?iously %ﬁ%%%ﬁ%ﬁ%ﬁrﬁ@ ilrgm 'ntsl or Iogvf/ér ﬁggiggggggé?;gmi%ggé({%gbinson

et al., 2004). Z5PReREIRGRTsE EI0WA R0 Sele TRt P REvNEaIHRa p SR eI HEREY M SHSrt-term

memory delﬁcﬁég(ﬁ@i@b%ﬁgbé@&?ﬁrﬁ]i? slrtaé\t)a diig ﬁf@@:ﬁs é@@%d@ﬁé@l’ﬁ@lm aﬁ@diem&éirm@ doses f
>0.125 mg/kg administered, acute ully restore spatial learning and this is the first demonstration o
.such an effectaﬁsﬁ'ﬁ@ﬁ:gf Sl’hl% %%mérﬁﬁéqﬁggiﬁ%{n %%‘y"o %’(E@ée é}%%lg{‘g?rl%\/\%?%%cnlggh rations. Our data

- offer the interpretation that ChEls enhance attention (Lindner et al., 2006), reduce anxiety (van der Zee
and Luiten, 199 tegiced thigmotaxis in this paper), and affect to some extent procedural learning or
cognitive function, i.e short-term memory. WO 2008/155533PCT/GB2008/002066 - 59 - Our previous
work suggests that muscarinic activity is critical for all these parameters (von Linstow Roloff et al.
2007) ad thaBthey.eamibe disseciafenmntiveahsnaitiie-consuming modifications of experimental
designs. Here, we were only interested in the net effect of the drug treatment. Given that
rivastigmine-induced cognitive improvement 5was coincident with reduced thigmotaxis indicates that
anxiety, proceti@HIPRAAAAG ARdyuthe ralnhieeanadaigney RAREH FRHCHIGRNPEXS 29862 Fa¥ may
indeed all be regulpietdydchalinergdacigitg EntheppataipoicottcatsysitbraaNewridtidiska et al.,
2008). Whether normalisati f I [ 2 0 | of il ICJ 10vice
versa remains?n L%)g?};?)#@%& %%%sﬁ%g%ﬁv#% %?e%{i%@sgﬁé;?s% %ﬁ%‘%ﬁ?ﬁﬁ%ﬁ?@%&gg %ﬁgaﬁ

over-siifnulatiGraniniagkolinée Raty sidhe Kp Mg h(sr)gestsrtasipire defrrsehtalTGe AR IR RSrmation

in both preclinicahipagedkiandduatanmBridr iptiad :aR28Idibve R\ dmeirh o2DRlcdagbngesret al.,

2004, 2005; Van Dam et al., 2005 sibly becguse of hyper-stimulation of M2 muscarinic.

autoreceptors '{%“%ﬁ%"e??%?&%a?@&%ﬁ ig(yé?(% é"?npsg e n%%oa\?vetﬁ%}r}iggg @5’&%&%8‘# ;gﬁg’ !;()%ﬁ[scﬁ)ly the
short-lasting efidctstafifiEhforetiene of githenZedga. 18Tenth old mice.

20 MTC-treated, 13-month old mice had significantly shorter path lengths than 13-month
old saline-treated mice. There was no significant difference between 2-3 month old MTC
- and saline-treated mice, nor were the two MTC-treated groups different with respect to
their escape path lengths. The 13-month old saline-treated group failed to improve
{(decreasing path iengths) 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 NMRI mice swam consistently siower than young mice, and this trait was

independent of treatment.
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increased brafA AT SHRALYEISherbiny et al., 2003). Consequently, several antioxidants such as
acteoside (extract from Callicarpa dichotoma, Lee et al., 2006), acidic oligosaccharide sugar chain
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350roxylin A , reversed scopolamine-induced cognitive deficits. V
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memory formation in hypochohnergic subjects COX activity declines in dementia (Gonzalez-Lima et
al., 1997; Kish et al., 19 2&; V_gl/h%etna};lé, dzonog ?nd in fimbria/fornix transected rats with lowered
cholinergic to gﬁﬁnmgﬁogaﬁwpus Yﬁruge e f,32001). Also, COX decreases 5significantly after ChEl
administration (Ito et al., 1989) explaining some of the pharmacological differences between MTC and
rivastiggmine. Agora|lany ehanbalaRACRmREEY is ERhARREY lusracoMRiabatsnates ATP
_production. Itisthus possible that MTC is a more global cognitive enhancer owing to iits universal 10
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from the commonly 15prescribed ChEls and may provide a novel approach for the treatment of
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MTC, we observe gyﬁ%rgls IC reversaﬁ 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
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rivastigmine at low doses may contribute to norr%alisation of chohnea?igéone ‘MTC could mor

globally provid® U AP Snt HisePgi IeReia arshialei 4pte XI5-A83 fg’gligoaeﬁlérﬁa'gnp maenFner. If
~this were the gasprevita:sin e expecsiabapsificialclataniesgirrmpdittafmuendindte stifusaly. MTC

To- WO 2008@%%?,%%%%%@39&%@9&9@%;@& THESARIRA! FIRY AItA: skl HaththsaRutic window

for rivastigmine while reducing toxicity. ) . .
25 shown in Figure 14. The 13-month-old saline-treated mice achieve only a 56%

probability of finding the platfarm even after swimming 1500 cm. When the data were
normalised to 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 vaiues of pathiength. This can be interpreted as follows. Oider mice
30 swim randomily until they detect a spatial cue, after which they swim directly to the
platform. Younger mice are more likely to have already recognised a cue very early, and

so spend less of the initial period swimming randomly before swimming directly to the

platform.
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The survival curves were parameterised using Cox proportional hazards estimates.
These are shown as log pathlength multiples in Figure 16. There is a strong aging effect
seen in the saline-ireated animals. There is no effect of MTC in younger mice. The effect
‘of MTC on the 13-month mice is to substantially reduce the overall pathlength, bringing

5 the performance of the older mice back to a level of performance observed with 6-month
old mice. The overall difference approaches statistical significance (p = 0.074). A similar
analysis was undertaken for the latency data. The results for latency are essentially
identical to those for pathlength (Figure 17). As can be seen from Figures 16 and 17, the
effects approach statistical significance for 13-month-old mice on day 4 for both

10 pathiength and latency (p values 0.059 and 0.085 respectively).

3.2 Memory tesls

As in Example 1, animals were fested either at 1.5 hours after completion of the learning
15 - phase (“Day 4") or 24 hours after completion of the learning phase ("Day 5").

The first parameter analysed is the time spent in the target quadrant. This is shown for
days 4 and 5 with and without treatment with MTC in Figure 18. As in Exampie 1, the
statistical analysis used a finear mixed-effects model, allowing for treatment and day

20 interaction and per-subject variab‘tiify {i.e. some mice may inherently perform better in
the memory task irrespective of treatment grouping). |

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 uniikely that this is due to failure to recall, as there was evidence of recall at 24
hours in Exarﬁpie 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 guadrant.
Younger animais may learn more efficiently that there is no longer 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% fime in the target quadrant, like the saline group). In the 6-month old

mice, MTC appears to produce an impairment of recall at this time point.
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The 13-month saline treated mice show complete incompetence at both 1.5 and 24
hours. Treatment with MTC restores recail at 1.5 hours. I is not possibie to determine
from this experiment whether MTC failed to restore recall at 24 hours, or whether MTC
produced more efficient extinction in the 13-month mice comparable to the saline-
treated 2-3 month and 6-month old mice. Representative swirn paths given in Figure 19

show complete restitution of swim path directionality in a 13-month oid mouse after '
treatment with MTC.

An analysis of localisation was undertaken, which is shown in Figure 20. As in Example
1, “localisation” is a compaosite parameter reflecting spatial accuracy of search,
calcutated from: number of visits to the previous platform location; number of visits te the
surrounding area defined as an area twice the diameter of the platform; time in this
surrounding area; and time in target quadrant. As can be seen from Figure 20,
localisation is significantly improved by MTC in 13-month old mice at the 1.5 hour probe
time. There are no other significant differences, although directionally MTC appears to
impair localisation at 1.5 hours in 6-month old mice. '

A similar analysis of latency failed to reveal any significant effect of MTC.

4 Conclusions from Example 2

This study has demonstrated an age-related spatial learning impairment in NMRI mice.
This could be demonstrated from the data for both pathlength and latency. in the water
maze reference memory task, 13-month old mice wére unable to acquire the task.
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 é measure of anxiety.
However, it was not possible to establish a model fit to this data set using the Cox
proportional hazard parameterisation because between-subject variability 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

in the Cox proportional hazard parameterisation of pathiength or latency. Analysis of the
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thigmotaxis data was inconclusive. Similarly MTC failed to produce any evidence of
improvement either at 1.5 or 24 hours in the memory phase of the experiment. These
findings therefore reiterate those of Example 1 in failing 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.

Indeed, MTC impaired memory performance as measured by time in target quadrant
and localisation at 1.5 hours in 8-month animals. This pattern is quite different from that
observed at 2-3 months, when MTC had no effect at all on memory. There is also a

* suggestion in the data that MTC impaired learning as measured by the localisation

parameter on days 4 and 5. Therefore, MTC is able to impair both learning and memory

in adult mice.

The most striking effect of MTC was to produce an improvement in performance during
the memory phase of the experiment. This could be seen particularly in the analysis of
time in target quadrant. At 13 months, saline-freated animals were entirely incompetent
and showed no evidence of having acquired target quadrant discrimination when tested
only 1.5 hours after completion of learning. After treatment with MTC, time in target
quadrant was indistinguishable from the performance seen at 2-3 months. Likewise, the
composite parameter localisation showed essentially complete restoration of
performance to that seen in saline-treated animals at 2-3 months of age at the 1.5-hour
probe trial. Similarly, during the acquisition phase, the positive effects of MTC
approached significance on day 4 in 13-month old mice for the parameters of pathlength

and iatency.

The age-related defects seen at 13 months in these animals can be taken as a mode!
for MCI and age-related cognitive decline in humans. The ability of MTC to restore
cognitive function in this model indicates that MTC may be useful therapeutically in the

. {reatment of age-related cognitive deciine and MC! syndromes.

Example 3: General conclusions

As shown in Example 1, MTC can restore performance in a scopolamine-induced deficit
model in both the learning phase and memory phase of the experiment. Additionally,
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MTC produced a complete reversal of the severe impairment in abiiity to escape from

the thigmotaxis zone produced by scopolamine.

As shown in Example 2, MTC was able to produce an improvement in performance
during the memory phase of the experiment. The age-related defects seen at 13
months in these animals can be taken as a model for MC and age-related cognitive

deciine in humans. -

The ability of MTC to restore cognitive function in these models indicates that MTC may
be useful therapeutically in the treatment of age-related cognitive decline and MCI

syndromes.

However in both Example 1 and Example 2, MTC showed no evidence of improvement

in cognitive function in unimpaired animals.

It is claimed in two of the studies enumerated (Callaway et al., 2004; Riha et al., 2005)
that memory consolidation can be improved in otherwise unimpaired animals. That is,
the claim is made that otherwise unimpaired animals can be made to have better than

normally expected memory by treatment with MTC.

The present findings therefore fail fo 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 treatment with MTC at the doses proposed
(namely 1 mg/kg and 4 mgl/kg) did not produce enhancement of learning and memory in
otherwise unimpaired animals in a well validated behavioural paradigm of spatial

referance memory, namely the Morris water maze.

Eurthermore, it is shown in Example 2 that in cerain circumstances, repeated treatment
with MTC can impair leaming in otherwise unimpaifed animals, Therefore, it cannot be
accepted that the studies enumerated provide a basis for the treatment of memory
disorders on the grounds that MTC has intrinsic and universally applicable memory-
improving properties.

There are further ambiguities in these earlier studies. For example, they generally do
not suggest, and indeed specifically argue against the proposal, that MTC couid be used
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to enhance learning, as the authors argue that the effects of MTC are specifically
restricted to memory consolidation and not learning. However, it would be expected that
the supposed memaory consolidation effects must also occur in the course of learning, as
the drug is administered repeatedly over a prolonged time-course in the experiments

5 described.

Furthermore, there are contradictions as to the timing of administration required to
produce supposed memory effects. Specifically, MTC apparently did not have an effect
if given before training, but only after training. However it is difficutt to reconcile how a

10 drug could hayve utility for treatment of disorders of memory if such administration were
to be restricted only to times after those for which enhanced memary is desired. This set
of circumstances couid only be envisaged in the context of specific training regimes,
such as the extinction of conditioned fear as an adjunct to exposure therapy. There
-wouid be no expectation from the teaching enabled by the studies enumerated that MTC

15 couid be used to enhance learning and memory more generally, without reference to the

timing of doses.

Thus these earlier studies do not credibly teach whether MTC, or any of the
diaminophenothiazine compounds disclosed herein, are agents which could enhance
20 learning and memory by mechanisms other than specific neurotransmitter systems, and
specifically via enhancement of mitochondrial metabolism. They further do not teach
whether MTC could have more general utility, other than if given at specific times with

respect to training tasks, and if given at cenrtain specific doses.

25 By contrast, it is shown in Example 1 that MTC is able to rectify defects of learning and
meamory in a mode! which is unrelated to mitochondrial energy metabolism. Therefore, it
cannot be accepted that the effects of MTC have anything to do with the rectification of
defects in mitochondrial energy metabolism. Furthermore, the potential utility of MTC is
not circumscribed or restricted by the presence or absence of disorders of mitochondrial

30 energy metabolism. Rather, MTC may be able to demonstrate positive effects on

| jearning an memory when there are demonstrable deficits produced in any way
whatsoever and irrespective of any presumption as to the underlying mechanism of the

defect.
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deficits induced by scopolaming; and

Exp. 3 tested the effects of co-administration of sub-effective doses of rivastigmine and
MTC in 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 fo fest; this injection
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.
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were discontinued due to severe adverse effects in mice (molor coordination problems,

ataxia, brief episodes of convulsions).
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 multiple
comparison test or Newman Keuls) were carried out to determine the source of a
significant main effect or interaction. Analyses were performed two-taiied and the null
hypothesis was accepied at probability levels of 5% (p<0.05). Only terms for reliable

30 differences are mentioned in the text for simplicity.
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Strangely, reversal of the 0.25 mg/kg group was only partial as the time course differed

25 from both scopolamine (F(3,60)=5.2; p=0.035) and saline (F(3,63)=4.9, p=0.038). Close
inspection of the individual performances, however, revealed that this was probably due
1o one animal in the group, which showed no learning at all. Omission of this individual

confirmed full reversal of this rivastigmine dose.

30 Finally, rivastigmine aione did not alter spatial learning in this task. Similar results were
observed for the overall iearning between day 1 and 4. This is expressed as an overall
reduction in path length and showed significant improvements in all groups (t
values>2.3; p values<0.05) apart from the scopolamine (t=1.2) and the 0.25mg/kg
rivastigmine + scopolamine group (t=2.1; p=0.07). The same mouse identified above

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



20 Example 5: Further evidence of efficacy of DAPTZ compounds in the treatment of cognitive
impairment The foregoing Examples have been concerned with the ability idly restore
ZSCognitivg/ﬂjﬁQfﬁéﬁ%f’@arious models based on learning and memory in ﬁ%&gélr%%’&ng#{cgeﬁ ese
included aged wild-type mice, in which no tau pathology, neurodegenerative disorder, vascular
dementia, disease of impaired oxygen-consumption, or mitochondriat defect would exist. 30This
indicates that MTC may be useful therapeutically in-thé treatment of age-related cognitive decline and
MCI syndromes irrespective of the mechanisms for those declines or the precise diagnosis. WO
2008/155533FCIFIE BGOSR Owh Wikea. wdstarial mysbiRRrRE e despie Ryrs EbERE decline in

mild or modergieri(Hsina MY ARTEATLRANTRIGH &5 PREII Y 08 leamepheasarahd tavdzyasrhie study
also employed FOG-PE FIuoro-Deox%/ lucgse Positron miss%o#%'%%g}%r%phy) and 99Te
oton Em

HMF'AO-SPEPT SoPanialiy SRS BIER & AN %[%ﬂ%%?gpﬁg'%nﬁh ission Tomography) as a
secondary outE¢@ROMea.sak pefHal Reletiont¢armineinioey sisgarivérpagtemingd®) 135med@ to be
closelycouplegwith, bioph ARy Andglucars Wilisatiithiai-efeigerbaan ety #bkednaad PET,

respectively. 10These imaging methods were shown to be particularly usefyl in a?sessing the efficacy

of pharmaceuffe¥RUT s @ YRIMESTR AN SR RsLimTEY PBAT &5R OsHY 60/996,177
(Wischik) filecreaimdieventigmatixis tﬁesmtesﬁ wh@cqoafe &pe_qiﬁaaﬂi}'dy_mmtiaed he_rein by
reference). 15/mp Lé%ﬂﬂg’a%?zlesygx W%ﬁéﬁgﬁiﬁlﬁg&%@rﬁr%ﬁt?&lé"éﬁ@,ég}@lﬁi!'Hl%cé- : ﬁ?bﬂﬁ%‘xﬁ%

L f 1 ]
molecular imaging diagnosis (I.€. presence of more "AD-like" versus more vascular-like features) on

therapeutic efatatyengoursriayed syt Righ s Pddien & Y6 D HaERe REEdRY RS R PEIRSE HEween
these gifferenjgagrdying RathetpaiesdRather thasuiggestion was that DAPTZ therapy may be of
~benefit in the aging population in slowing or 20arresting neurofibrillary degeneration irrespective of
- Braak stage, risk factors and strictly defined diagnostic subtypes. The results of the study are
summarised aSrall@\wszasiolecular 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 vijsit 4 (18 weeks) as a response to treatment with MTC
and 20 subjecE Tt E‘?rEBﬁ’o‘ﬂa\ﬁlﬁ%cﬁ%ﬁf%a‘iFeﬁoi‘r‘ﬁ%\%%? @5\}9%&5%88 %\%‘g?ﬂso%ﬂgaslﬁf BECT and
PET btgh revenéaacharqoteiristic(bilat exal teonporé-ppaictabidefess. ¢stabivhedtfos condelyang biological
mechanisms o 3glionplitieac.naning ereeAlling it OREC Tieaads cerehiakhioosslow image
S’ afte

obtained 'first pa I intravenous Injection. reports an mage of glucose uptake over a period

of 3 hours afteihpeetioH! BoeR sEpt FRIRR AN RIS PIRTaIBRENt arggep LeeERiRends on local

blood flow ovescafsheig tiraeremssedeita sotheasddesianinedireahs\iOwell as scopolamine +

2008/155533FCTIGRE00Y/B029RS and 0.25 mgfkg (p values<0.05; Student's t-test)

20
Exp. 2: MTC reverses scopolamine-induced coanitive deficits in a dose-related manner
Acquisition learning

25 As described in Example 1 above, analysis of the swim path length revealed an overall

effect of drug treatment (F(7,240)=6.531; p<0.0001), a day effect (F(3,240)=32;
p<0.0001) and an inferaction (F(21,240)=1.7, p=0.03). Trial one was separately
analysed and no between-group difference was found (data not shown). Planned group
comparisons confirmed a learning deficit in scopolamine-treated mice relative to controls
30 - (F(3,89)=24; p<0.0001). MTC reversed this learning deficit in a dose-related manner: 4
and 1 mg/kg MTC achieved fuli reversal (F values>13.8; p values<0.002 compare'd with
scopolamine alone group, not significant compared with saline); 0.5 mgfkg produced
partial reversal (F(1,60)=4.8; p=0.04 compared with scopolamine, F{1,63)=4 .8, p=0.04
compared with saling); 0.25 and 0.15 mg/kg failed to reverse the scopolamine deficits

35 (not significant with scopolamine, F vaiues>8; p values<0.01 compared with saline).



- 67 - measure of neuronal function, since neuronal oxygen demand is closely linked to cerebral blood
flow. PET measures metabolic function more directly, but integrates glucose uptake over a longer
time-cours® E¥PEEF Rsults Analysis of the SPECT data showed that M?@:%@%?P%%‘B@ﬁﬁrevents the
decline in perfusion in the characteristically affected neocortical regions that can be measured
objectively in untreated AD over a period of 6 months. The difference between placebo- 10and
active-treated subjects was highly significant by bothshe Region of Interest ("ROI") and Statistical
Parametric Mapping ("SPM") analyses. There was also a suggestion of improvement in perfusion in

subjects who WEFeA ORIRGWRE &itageieisiers tbosthanith seBum Ui diboetafierhpravament fie
difference in %@ag&mm&ﬁmgn ahfid0aig sk diatisticakbaigniirreqinihavghshegifference with

respect to place f,O was highly 15significant in most brain regions. PET results Decline in glucose
uptake did no?cfréggf?gttﬁ'f%ﬂé ‘significance in any brain region in 20placebo-treated subjects. In -
contrast, however, in MTC-treated subjects, there was a region of significant increase in glucose

uptakegrom thehaselingmAgaRie ASHAT PRT seamah el ddiRueskairRLeding fon muliple

comparisons across the whole head). This increase was located 25in the left medial temporal lobe
(hippocampudhe: enoehia Aredpe it/ Al Athes erinpate e AR-edingsiangamings&iiption that
changes wergigkpegtedsosfiinthshmesirdieipieosarhane de o sinalbyadupeakeyertan fawnwltiple

comparisons), the increase.in FDG uptake was, significant in the MTL structures bilaterally.
Sobiscussion TR FET gt o e R T G I e erectin
the medial tefsoffobe JRATD bstrvak FeverFRibY Mdsetkaine Prodaeerdedraéspending increase in
functi@gal activity as measured by enhancement in glucose uptake. The fact 35that a statistically
_significant effect could pe demonstrated with such a small number of WO .
3008/155533RC R B RE T88 ST ARSI Bl R LI TR Blative to the
inherent varid;iﬂ@@f)tl@dateﬂ’gﬂdﬂéﬁﬂé&bﬁ%m@a@%ﬁm@aﬁﬂt}emmﬁmbmm@wll be readily
dem0“Stfab'eg“éz‘ﬁ&g@)9269&%%&5?‘@%{?9@%%&;}&5%@% determingdl ARG rscan perfusion

changes can be also be demonstrated in MTL structures. Although SPECT scans have a lower
resolution, it FRIPBHEHLESFR FoRTAO RinaliPHhEr TP 8 BBhding MTL blood flow changes by
alteringsthe planes in which image reconstruction and registration are undertaken. As discussed further
below, the tW%'rar}%g'}Qg,ﬁg alities may not provide the same results 10as 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 spegHitaCénpainsraieseemiRss Biseedshryiraghear elatinoteaieers epgpiive decline and
decline in 15Gerebral Rlqgd Jo R RN LS fLoma DGR igh G330 Rprigporal lobes
' 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 aione
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 reversat of the

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



(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). Howeve re.is a simplistic
reIationshi&’ﬁ)e%wggﬁaégéions of reduced perfusion and 20regions of loss o%gs]ﬁg%ﬁ%&gégzrﬁ?#\?e 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 reductiofi/in cerebral blood flow, and indeed there can be
reductions in volume without any corresponding loss of cerebral blood flow 25(e.g. in hippocampus) in
MCl/mild AD disaHisEiar £amygs). 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 floy in neocortex is,in, part explai by remote lesions (e.g.
i entorhinal QBRI SeES 1) BEPT Pl GBI aL A B L e o A A SR, loss
300f axons inducsesirefiticipbir atmemh SiintEAEAS fdr e Bdiatingfiday otimEdtioAs.and maintaining

synaptig activisyoai hiegee-hiaad lewnRegrslessialtoeae Bojentialreruplexities, the present

discovery that MTL structures are metabolically highly responsive to MTC therapy is an important
finding. WO 2008/155533PCT/GB2008/002066 - 69 - The present evidence that it is possible to
demonstrate Sgieciivebinet@halicaenbainsfeivenigmithenatiieN TLsginifciaméy irajsesdt éhpassitlity of
undertaking a,uialio, iy, SfiGRcy ip MGl imphichaheiseof Prdas auianaifend waint plays a
major role. 5 r%%rb %%%/C un??r%%%p%éé DJ, P_zg_t.e?son J, Kglly RC, M’ant_ald?D,?e.t al. Longitudinal
changes in cdipatrent asfiariahand gitwanbaebiition crorareA BRNRA A dEREIA BISHET blood

flow stygly. J Ryehialdgs\hRRE<30p100nd6-d 0N Rigugadindsitaissmady. Oiisty, Tivasashing, Nakano

~S, Sakamoto S, _Longitudinal evaluation. of hoth morphologic and functional changes in the same
“individuals Wit?\"iﬁlecfnﬁg ki %rggér_w&q\rrbuéw 88%&&?&@%&%&'I arr%%,c\?ﬁt'al%t?y %’%l%exander,
G.E. et al. (1998} Seghiration of g3 tvetibosidid 3whsoheririesrare aoiras redlievralgidpiad pe

Alzheimer's digagses leuieiRa%mPathI8%tA 833 dAIO 2068116 T383PCT/ G RRBIEHZI8RINS O - Claims
1Use of a diaminophenothiazine compound in the manufacture o edic mentﬁﬂf?r thg geatment of
AT SRR

mild cognitiveIAPRRFRERNGIERH IR B W AR R ERATTRT e said &b selected
from c%npoumeémmikmmg)fmhﬂﬂmiﬂmpedaqﬂg. 21D} was not affected by any drug

administration, combination therapy fully reversed the scopolamine-dependent increase
in thigmotanxis (Fig. 21E) (F values>4; p values<0.0031 for overall analysis with
treatment as factor; F(1,69)=8.2; p=0.006 for scopolamine versus saline, all other
groups not different from saline).

20
Spafial memory

Rivastigmine and MTC also reversed the memory deficit induced by scopolamine (t2.5;
=0.02 compared with scopolamine; not significant to saline), but combined
25 administration did not aiter normal spatial memory per se (Fig.21F). All groups apart
from scopolamine-treated mice presented with a spatial bias (t values>2.7; p
values<0.02) confirming that reversal of the learning deficit was also transformed into

shori-term memory.
30 Discussion of Exampie 4

Scopolamine has been widely used in animal modeis to mimic muscarinic decline

characteristic of ageing and dementia (Drachman and Leavitt, 1974).



R"icNIR"A(1) R"B R6R4 R9Ri 10 (2) (3) wherein each one of R1, R2, R4, R6, IR9, and R9 is
independently selected from: H; -F; -Cl; -Br; -I; 15-OH; -OR; -SH; -SR; NO2, -C(:O%OH; -C(=0)0R;
WO 2008/T4B548AE5FA112008/002066 -71 - -C(=0)NH2; -C(=0)NHR; -CRLB/RBRESELHNRNIRNZ;
-NH2; -NHR; -NR2; -NRN1RN2; -NHC(=0)H; -NRC(=0)H; -NHC(=0)R; -NRC(=0)R; -R; 5wherein each
R is independently selected from: unsubstituted aliphatic C1.6alkyl; substituted aliphatic 0O6alkyl;
unsubstituted aliphatic C2.6alkenyl; substituted aliphggic Cmalkenyl; unsubstituted C3_6cycloalkyl;
substituted C3_6cycloalkyl; unsubstituted C6.10carboaryl; substituted C6.10carboaryl,

10

15

20

25

30

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 MCI. 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 particularly 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 readily obvious in
our task in that scopolamine-treated mice showed persistently high levels of thigmotaxis
possible 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 particularty relevant during early stages
of spatial training. We therefore suggest that both rivastigmine and MTC may act on
reversal of shori-term procedural memory initially to restore the animal's capacity fo
learn the iocation 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 excluded 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., 1829; this study). This effect is dose-dependent and
required doses >0.125 mg/kg administered acutely to fully restore spétiai iearning and
this is the first demonstration of such an effect in NMRI mice; chronic treatment may be
efficient at lower concentrations. Our data offer the interpretation that ChEls enhance
attention {Lindner et al., 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. shori-term memory.



10unsubstituted C6.10heteroaryl; substituted Cs_loheteroaryl; unsubstituted
C6.10carboary1-0,4alkyl; substituted C6.10carboaryl-C14alkyl; wherein, in each group -NRN'IRN2, -
independetf) 2#R(1EFIIRN2 taken together with the nitrogen atom to whiBR T{e5§2at&/ %Wiehed form a
ring haying from 3 to 7 ring atoms; 15and wherein, in each group -NR3NAR3NA, if present: each one
of 23NA and R3N8 is independently selected from: -H; unsubstituted aliphatic Cimalkyt; substituted
aliphatic CI_6alkyl; unsubstituted aliphatic C2dhalkenyl; substituted aliphatic C2.6alkenyl;
20unsubstituted C3_6cycloalkyl; substituted Cmcycloalkyl; unsubstituted C6.10carboaryl; substituted
Cs.locarboaryunsubstitieshChigtebiteraanissatistitutéditC s totiottfoasyil thassulpsttneers

C6_L0carboany gl DR UP G AP OCRIRAAN b Aiscoa e d T MRt A HiG taken

together with the nitrogen atom fo Which t ey are attached form 25a ring having from 3 to 7 ring atoms;
and wherein, FoeswhiggonpdiiitRBe off pressénertes e gAde hisTBNBY a9 U bstituted
a:!pﬂatic gggfﬂ%IEYEﬁiéﬁ?%?%t?GrﬁﬁRgé'giﬁwQﬁ.-l%ﬁkhagﬁf@t@ﬁﬂghgadcﬁalﬂéh??gMGWyégsm’ﬁstituted
aliphatic alkenyl; unsubstjtuted. Cmg¢ycloalkyl: substitute 4Acycloalkyl; '
C6.10carboar)RSBEHARN WE FokS oé‘%ﬁ%éﬁﬁgﬁiﬁ?g%s%?if&%&%féé%ﬁ@%ﬁ%ﬁ% and
Cs_wheteroaryatiakedzstitiore dre 8gif)ctnbedh (i at kel AA9dienddes isiaabhahbA-CadaiRgl; WO
200811555330 HHGREAAGIAGRA0 b e AR uBEciBiBp SpdH AN ERERARE b faussent: each
eais|l

one of IRMA a ependently selected from: -H; unsubstituted aliphatic C1.6alkyl; substituted
aliphatic Ci_ealkyl; Sunsubstituted aliphatic C2.6alkenyi; substituted aliphatic C2.6alkeny1,;
unsubstituted WRHEYEaikglistibstiteo-ERfay coalinyg; e fstiutesh 06 diriiise deficitulostituted

Ce. 16%rboar¥!é:g ngst%s}g%t&gxscu%]xgu)%%r%){léi&%?%W%egﬁ}u\é’rﬁgﬁ%&?%ﬁmver, 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 ai,,
1999; Milivojevic et al., 2001, Beglinger et al., 2004, 2005; Van Dam et al., 2005),
nossibly because of hyper-stimulation of M2 muscarinic autoreceptors (Braida et al.,
15 1886). This explains the narrow therapeutic window and possibly the shorti-fasting
effects of ChEl treatment in dementia.

MTC

20 In contrast to rivastigmi}ae. MTC presented with a different pharmacological and
psychological profile and proved safe and without observable side effects even at doses
ofupio4 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 iinear with saturation at about 4 mglkg. This may
25 originate from different properties of MTC which include choiinesterase 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., 1993a, b; Voike et

al. 1999: Callaway et al., 2004, supra; Wischik et al., 1986). These mechanisms fail in

different forms of dementia and neurodegenerative diseases so that MTC may prove to
30 become a novel cognitive enhancer for their treatment. Indeed, scopolamine can trigger
the production of free radicals (Fan et al., 2005) and increased brain oxidative stress (El-

Sherbiny et al., 2003). Consequently, several antioxidants such as acteoside (extract

from Callicarpa dichotoma, Lee et al., 2008), acidic oligosaccharide sugar chain {Fan et

al., 2005), ascorbic acid, (de Angelis and Furlan, 1995; Parle and Dhingra, 2003), and
35 oroxylin A, (Kim et al., 2007), reversed scbpolamine-induced cognitive deficits.



unsubstituted C6_10carboaryl-C14alkyl; substituted C6.10carboaryl-C14alkyl; 10or: IRMA and R7NB
taken together with the nitrogen atom to which they are attached form a ring having from 3 to 7 ring
atoms; andV@Iee8itRsAIeach group =NR7Nc, if present, Rmc is independditl/SBIABIENREM: -H;
15un$ubst|tuted aliphatic C1.6alkyl; substituted aliphatic C1.6alkyl; unsubstituted aliphatic C2.6z;1lkenyl'
substltut_ed aliphatic C2_6alkenyl; unsubstituted C3.6cycloalkyl; substituted 03.6cycloalkyl; |
unsubstituted C640carboaryl; substituted C6.10carbhagyyl; unsubstituted Cs.loheteroaryl, s’ubstituted
Cs.loh.eteroar.yl; 20unsu_bstituted C6.43carboaryl-C14alkyl; substituted C6 10carboaryl-’Cl.4aIkyI; and
wherein Rm, Wﬁ@@%&ﬂtﬁéﬁdm@ﬂmﬁym&mdﬁﬁﬁmtsﬂ-ﬁrmamﬂ:bﬁtmﬂ@@ilfpﬁaﬂ’éceIiII!dTKE?E'substituted

aliphatic C4_6alkyl; 25unsubstitu iphatic C2. 6al : Hyed, pll i ;
unsubstituted %@ .88{/%‘1%gﬂ%’/ﬁ%ﬁ'b@gﬁ%emfggﬁ%aﬁ%ﬁ%ﬁtituted@cﬁ%ﬁf aég?%?ytla’stituted
C6.100arboar§€i§um@bsﬂiﬂﬁéd\@@156@t&%?&ﬁ%ﬁsﬁﬁé@ﬁfé@.‘imﬁtﬁﬂ/?%‘g@%%cfl‘%"l&fgéj

(C):rGr.#(())r(:ea;t;](i)srr]ghg}ineq.?igxg@?qqiwfe@bﬁ@?a@Q@'@Q@%{.C,llomlkym@@, akdeereasesif present, is one
_ ic counter ions ieve elec ricazé eutrality; i ceptable salts
mixed salts, h?@ﬂ?@@?ﬁ%ﬁ%lg_ﬁgﬂ @%@8?‘.3% C%g?uigﬁ%ggﬁmgﬁa%%ﬁerem each one of
Rll_, Rg, Ri, Rﬁ_hﬁ&aanmgkﬁaisﬁfﬁd@peaderaweselé’b"fﬁoaﬁ@rﬁwaﬂ‘gfmﬁ%.W%@éyé&%mﬁﬁeﬂ) claim 1 or
claim 2, wher RS . . ohatic Ci _ :
liphatic C1.65 yﬁ%‘éﬂdﬁﬁs nffRRBYE B SEleatRsbiRm: Wswbstigestatiphatic Ci_ealkyl; substituted
It is thus possible that MTC is a more global cognitive enhancer owing fo its universal
10 enhancement of brain glucese and ATP generation in agreement with findings that
glucose administration can enhance cognition in scopotamine models (Parsons and
Gold, 1992; Micheau et al., 1995, Parkes and White, 2000).

Overall, MTC presents with a pharmacological profile that diffars from the commonly
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~reiatéd normalisation of learming,
however, also occurred when rivastigmine.and MTC were administered individualiy in
cognifively effective doses and cannot be attributed to the combined drug effects. An
30 important point to make here is that synergism of rivastigmine and MTC might arise from,
their differential celiular actions. While rivastigmine at low doses may contribute fo
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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=NR3Nc, if prgSent, R3NIC|s independently sel¢c ?f-d from: -Hland -Me. 12. Tbe use accprdln ) to any
one of claims | i iy ach group 2 RANE- f}JICOCI teathone fR7AA=and R7NB
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Example 5. Further evidence of efficacy of DAPTZ compounds in the treatment of

cognitive impairment

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, neurodegenerative

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 MC! 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 monctherapy. The study aimed at



methyl-thionin Me110IS N M e N lel _MeMe_ um iodide hydrogen iedide I(r)HI mixed salt K ETI ..

Et eglfyl-thioninium iodide WO 2008/155533PCT/GB2008/002066 - 80 - L ETI.H1
ethyI-thionm_ﬁ?(@f

Et,N ISs Et

10

15

20

25

30

35

$3ON.EtN I PCT/GB2008/062066

-66 -

determining whether this therapy delayed cognitive deciine in mild or moderate AD
{using ADAS-cog change as a primary cutcome measure).

However the study also employed FDG-PET (Fluoro-Deoxy Glucose Positron Emission
Tomography) and *Tc™ HMPAO-SPECT (Hexamethyl-Propylene-Amine-Oxime Single
Photon Emission Tomography) as a secondary outcome measure. Neuronal function
{and hence cognitive performance) is known fo be closely coupled with blood flow and
glucese utilisation that can be measured by SPECT and PET, respactively.

These imaging methods were shown to be particularly useful in assessing the efficacy of
pharmaceuticals for use in the treatment of a cognitive disorders (see US provisional
60/996,177 (Wischik) filed on 5 November 2007, the contents of which are specifically

incorporated herein by reference).

importantly, the study was stratified to permit analysis of the impact of baseline
molecular imaging diagnosis (i.e. presence of more “"AD-like” versus more vascular-like
features) on therapeautic efiicacy. In the study there was no evidence for a difference 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
arresting neurofibrillary degeneration irespective of Braak stage, risk factors and strictly

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

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 {0
treatment with MTC and 20 subjects in the PET cohort who had paired images.

When used diagnostically, SPECT and PET both reveal a characteristic bilateral
temporo-parietal defect. However, the underlying biological mechanisms of action of
these imaging modalities differ. SPECT reports a cerebral biood flow image obtained
first pass’ after intravenous injection. PET reports an image of glucose uptake over a
period of 3 hours after injection. Both report neuronal function in different ways. SPECT
depends on local biood flow over a short time-course, and so provides an indirect
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measure of neuronal function, since neuronal oxygen demand is closely linked to
cerebral blood flow. PET measures metabolic function mare directly, but integrates

glucose uptake over a longer time-course.
SPECT results

Analysis of the SPECT data showed that MTC at all doses prevents the deciine in
perfusion in the characteristically affected neocortical regions that can be measured
objectively in untreated AD over a period of 8 months. The difference between placebo-
and active-treated subjects was highly significant by both the Region of interest (RO
and Statistical Parametric Mapping (“SPM") analyses. There was also a suggestion of
improvement in perfusion in subjects who were CDR-mild at baseline treated with MTC
at 60mg tid, but this improvement (ie difference in change score from zero) did not reach
statistical significance, although the difference with respect to placebo was highly

significant in most brain regions.
PET results

Decline in giucose uptake did not reach statistical significance in any brain region in

placebo-treated subjects.

in contrast, however, in MTC-treated subjects, there was a region of significant increase
in glucose uptake from the baseline image to the second PET scan at visit 4 (18 weeks)
(correcting for multiple comparisons across the whole head). This increase was located
in the left medial temporal lobe (hippocampus and entorhinal cortex). When the data
were re-analysed, making the assumption that changes were expected only in the
medial temporal fobe (ie a small volume correction for mulfiple comparisons), the

increase in FDG uptake was significant in the MTL structures bilaterally.
Discussion

The PET data now show that treatment with MTC exerts its strongest metabolic effect in
the medial temporal lobe (MTL) structures. This is expected to produce a corresponding
increase in functional activity as measured by enhancement in glucose uptake. The fact
that a statistically significant effect could be demonstrated with such a small number of
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cases indicates that the effect size is large relative to the inherent variability of the data,
and leads to the expectation that the effect is robust and will be readily demonstrable in

farger case series.

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 two imaging modalities may not provide the same results

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

The relationships between regional ioss of grey matter (as measured by MR}, 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 deciine in
cerebral blood flow, particularly for the frontal lobes and less for the temporal lobes
(Brown et ai., 1996). Furthermore, it is generally recognised that there is posterior {o
anterior spread of perfusion defects with advancing disease (Matsuda et al., 2002).

Howeaver there is not a simplistic relationship between regions of reduced perfusion and
regions of foss of specific cognitive functions traditionally localised to those brain
regions. Furthermore, there is not a simplistic refationship 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 biood flow, and indeed
there can be reductions in volume without any corresponding loss of cerebral blood flow
{e.g. in hippocampus) in MCl/mild AD (Ibanez et al., 1998). Matsuda et ai. (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 biood flow in neocortex is in part explained by remote Iesions (e.g. in entorhinai
cortex), and secondly that in regions of primary damage, such as entorhinal cortex, loss
of axons induces sprouting of the remaining nerve fibres replacing lost connections and

maintaining synaptic activity, and hence blood flow.

Regardless of these potential complexities, the present discovery that MTL structures
are matabo!icali'y highly responsive to MTC therapy is an important finding.
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83 Abstract The present invention relates generally to methods and materials based on -
diaminophenothiazines for use in the treatment of Mild Cognitive Impairment MCI). WO '
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Claims
1 Use of a diaminophenothiazine compound in the manufacture of a medicament
5 for the treatment of mild cognitive impairmernit (MCI) in a patient suffering therefrom,

wherein said compound is selected from compounds of the following formulae:
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wherein each one of R', R? R%, R°® R® and R®is independently selected from:
..H|
-F -Ck -Br; -I;
15 -0OH; -OR;
-SH; -SR;
-NO,;
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-C(=0)OH; -C(=O)OR;
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-C(=O)NH,; ~C{=0)NHR; -C(=OINR,; -C(=0)NR"RM,
-NH;; -NHR; -NR;; -NRM'R™:
-NHC(=0)H; -NRC(=0)H; -NHC(=0O)R; -NRC(=O)R;
-R; '

5 wherein each R is independently selected from:

' unsubstituted aliphatic Cyealkyl; substituted aliphatic C,satkyt;
unsubstituted aliphatic Cpealkenyt; substituted aliphatic Cosalkenyt;
unsubstituted Cecycloalkyl; substituted Csecycioalkyl;
unsubstituted Cg.ypcarboaryl; substituted Cs.qocarboaryl,

10 unsubstituted Cs.joheteroaryl; substituted Cs pheteroaryt;
unsubstituted Cg.qocarboaryl-Cq.alkyl; substituted Cg.qccarboaryl-Cqqalkyl;
wherein, in each group -NRY'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;

15 and wherein, in each group -NR*WARY™

RSNB

, if present:

R and

each one of
.‘H;

unsubstituted aliphatic C.galkyl; substituted aliphatic Cealkyl;

is independently seiected from:

unsubstituted aliphatic Csaltkenyt; substituted aliphatic C.salkenyi;
20 unsubstituted Csscycloalkyl; substituted Cjecycioalkyl;
unsubstifuted Cgqgcarboaryt; substituted Ce.qocarboaryl;
unsubstituted Cs.ioheteroaryl; substituted Cs joheteroaryl;
unsubstituted Ce.ocarboaryl-Cisalkyl; substituted Cq.ocarboaryl-Cysalkyl;
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;

unsubstituted aliphatic Cysalkyl; substituted aliphatic C,.salkyl,
30 unsubstituted alfiphatic Coealkenyt substituted aiiphatié Coealkenyl;

" unsubstituted Cagcycloalkyl; substituted Cascycloalkyl,

unsubstituted Ce.iocarboaryl; substituted Ce.qocarboaryt;

unsubstifuted Cq_(oheteroaryt; substituted Cs oheteroaryl;

unsubstituted Cesecarboaryl-Cialkyi; su.bstituted Cs.1ocarboaryl-Cqalkyl;
35
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and wherein, in each group -NR™R™ if present: -
each one of R"™ and R™" is independently selected from:
M
unsubstituted aliphatic C,.salkyl; substituted aliphatic C,salkyl;
5 unsubstituted aliphatic C,.salkenyl; substituted aliphatic C,salkenyl;
unsubstituted Cs.ccycloalkyl; substituted Csecycloalkyl;
unsubstituted Cs.qocarboaryt; substituted C&1Dcarboéfyl;
unsubstituted Cs.ioheteroaryl; substituted Cs.ioheteroarnyl;
unsubstituted Cesgcarboaryl-Ciaalkyl; substituted Cg.qocarboaryl-C,..alkyl,
10 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;

and wherein, in each group =NR™°, if present, R™ is independently selected from:
-H;
15 unsubstituted aliphatic C,salkyl; substituted aliphatic Cyealkyl;

unsubstituted aliphatic C,salkenyl; substituted 'aliphétic Cosalkenyi;
unsubstituted Cascycloalkyl; substituted Cagcycloalkyl;
unsubstituted Cg.qecarboaryl; substituted Ce.qocarboaryl,
unsubstituted Cs.ioheteroaryl; substituted Cs.qgheteroaryt;
20 unsubstituted Cq_jpcarboaryl-Cq_alkyl; substituted Cgq socarboaryl-Cialkyl;

and wherein R, if present, is independentiy selected from:
-H:
unsubstituted aliphatic Cy.salkyl; substituted aliphatic C,salkyl;
25 unsubstituted aliphatic C,.salkenyl, substituted aliphatic C,salkenyl;
unsubstituted Csgcycloalkyl, substituted C;.scycloalkyl;
unsubstituted Ce.spcarboaryl; substituted Cg_qocarboaryl;
unsubstituted Cq.qpheteroaryt; substituted Cs.ycheteroaryt,
unsubstituted Ce.qocarboaryl-Caalkyl; substituted Cg qpcarboaryl-Cqalkyl;
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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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 Cysalky!; substituted aliphatic C.galkyl.
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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; -I;

-OH; -OR;

-C(=Q)OH; -C(=O)OR’;

R’

, wherein each R’ is independently selected from:
unsubstituted aliphatic Cygalkyl;
unsubstituted aliphatic Cysalkenyl;
unsubstituted Csgcycloalkyl;
unsubstituted Cs.qocarboaryi;
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unsubstituted Cs.phetercaryl;

unsubstituted Cg.qgcarboaryl-Cq.salkyl.

5, The use according fo claim 1, wherein each one of R", R?, R*, R®, R®, and R®
is independently selected from: -H, -Me, -Et, -nPr, and -iPr.

6. 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 to 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

NRIMARME if present, 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 1o 7, wherein, in each group
NR™MAR?ME if present, each one of R™ and R™® is independently selected from: -H
and -Me.
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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™, if present, R*® is independently selected from: -H and -Me.

12.  The use according fo any one of claims 1 fo 11, wherein, in each group
-NR™AR™E_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

TNA 7NB
R R

-NR™R™ if present, each one of and

and -Me.

is independently selected from: -H
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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™, i present, R™C is independently selected from: -H and -Me.

16.  The use according fo any one of claims 1 to 15, wherein R¥', 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,or . '

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 thersof:
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20. A diaminophenothiazine compound as described in any of claims 1 to 19 for use
in a method of treatment of mild cognitive impairment (MCI) 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 retief 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 metabolism.

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 acetyicholine, or

(ii) is a cholinesterase inhibitor.



