- 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, psychnratrlc disease, delirium, mental retardation,
vascular causes, Parkinson's disease, epilepsy, multiple sclerosis, social factors, and sensory

Impairment. MC S“b@‘?ﬁtssaa{ﬁ%&'%mﬁg%@yw@r@%& RliRPYBIARIACE IRBETRAHC oS
Alzheimer's Disease incidence and outcome of mi itive impairment
in a population-based prospective cohort. Neurology, 59: 1594- 1599; Bennett, D.A. at at. (2002) :
Natural hIStOI‘)f. oﬁm‘gpﬁg@tlve 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). MCt-has e rw@awwﬁys@mmmmmm@ma@@fqmm irthe1)
htto://www. fdamv/ohrmsé_g@ lﬁ\?ts/a.%/‘pal ﬁ]i §g@6\§é§ orundman/). This has led to the emergence of
a number of cHFEEIFAER F or exa ple Thal et at., (2005), A randomized double- bI|nd study of
Rofecoxib in patients with Mild Cognitive impairment, Neuropsychopharm, 30: 1204-1215). ‘
~Summary A f|r§ a&gec{}r&rgwdes 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, R§uR% AR IR icenentedlyssetettoet b‘babrd;tia&h@al@ntw teRedOR; -SH; -SR;

{"-NOZ ©C O)OHCog%t:\EQ?mpamnant Nor-—Dnmnntsa ar CIND.

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

aptinpsy, mu!npie scierosis, social factors, and snnsory ampanrmmnt

M&Il subjects are not demented, but are at risk of devaioping demenﬁa such as
Alzhaimer's Disszse (AD){Lariey, S. et al. (2002) incidence and ouicome of mild
cognifive 1mpa|rm=nt in a popuiafion-based prespeciive cohorl. Nnuroiogy, 88 1594
1589, Bennett, DA st al. (2002) Natural history of miid cogrutwa :mpazrmnnt in older
parsons. Naurology, 58 198-295 In fact It has been estimated that 10% of those wzth
MCI convert to AD (Bruscoi! and Lovesione (2004) is MCI really just sarly dementia? A

systemaﬁc review of conversion sfudies. int Psychogenat. 18:2, 128-140).

MCI has bsen recognised by the FDA as a vaiid treatmmt targmt (FDA (2001)
‘httt::!iwww.rda.aoviohmsldoske’@‘gclmfsildesf3?2451 8 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). -



lb -C(=0)NH2; -C(=0)NHR: -C(=0)NR2; -C(=0)NRN1RN2; -NH2; -NHR; -NR2; -NRNIRNZ2; -NHC(=0)H;
-NRC(=0)H; -NHC(=0)R; -NRC(=0)R; -R; wherein each R is independently selected from:
unsubstituted aliphatic C1.6alkyl; substituted aliphati@C1.6alkyl; unsubstituted aliphatic C2.6alkenyl;
substituted aliphatic C2.6alkenyt; unsubstituted C3.6cycloalkyl; substituted C3.6cycloalkyt;
unsubstituteguBtniBwarboaryl; substituted C6.10carboaryl; unsubstituted Cs.wheteroaryl; substituted
Cs.wheteroaryl; unsubstituted C6.40carboaryl-C1.4alkyt; substituted C6.10carboaryl-01.Aalkyl;
wherein, in each group -NeRN2, independently, Rh" and RN2 taken together with the nitrogen_ atom to
which they aiefigttRgatrBrmideiny s A PrORTE R PR RS AF5IR SORP e&%i’i’??irﬁ“@ﬁ%??ﬁ}‘gﬁﬁf a
-NR3"AR3NAgifigresentocthetreaieeitRBINN anghReNSiminiepdNddhihageibetteufferng-Herefrom,
unsubstituted aliphatic C1.6alkyl; substituted aliphatic,C1.6alky1: urisubstit tgg) aliphatic C24alkenyl;
substituted aliphatic &%@&éﬂé%ﬁ&%‘&ﬁfﬁﬁé&%@%&%ﬁ r{/}éoéju St E eg% _‘@(’:’%&%@?ﬂl@%
unsubstituted C6.10carboaryl; substituted C6"10carboaryl; unsubstituted C5.10heteroaryl; substituted
06.10heteroaryl; unsubstituted C6.1OCarQ@ary&-:&1.é\alkyl; substituted C6.10carboaryl-C14alkyl; or:
R31A and R3NE taken together with the nitrogen atom tgwhich they are attached form a ring having

from 3 to 7 ring atoms; and whereiﬁ, Rgack-grows =SNR3Ne, if present, R3Nc is independently
selected from: -H; unsubstitutngrraﬁph II.6al bstityted aliphatic Cl.G(éhkyl; unsubstituted

aliphatic C2_6alkenyl; substituted

ﬁllph ¢ C2.6alkény ;ansubstituted C3.6¢ycloalkyl; substituted
C3.6cycloalkyl; Y
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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 C6.10carboaryt; substituted C6_10carboaryi; unsubstituted Cs.wheteroaryl; substituted”
C5.10heteroaryl; unsubstituted C6.40carboaryl-Ciaalkyt; substituted Cs_locarboaryl-Cs alkyl; ic and
wherein, in each group -NR7NAR7K, if present: eachitone of IRMA and R7N8 is independently selected
from: -H; unsubstituted aliphatic C1.6alkyl; substituted aliphatic C1.6alkyl; unsubstituted aliphatic
C2.6alkenyl; substitu@t-alpiatiCIPMHRME(BOMBstitHEPINRE Y Cloalkyl; substituted
C3.6cycloalkyl; unsujﬁqgugmga _hy%a_r@g&fgkzsubstituted C6.10carboaryl; unsubstituted
Cs_ioheteroaryl; substitited C6.10heteroaryl; unsubstituted C6.10carboaryl-C1.4alkyl; substituted

C6_10carboaryl-C14MkiF( 5Pk NARSHE RN HREPIFy e WithRhe nitrogen atom to which they are

attached form a ring fyaving from 3 to 7 ring atoms; and wherein, in each group =NR7Nc, if present,

RThc is independently selected from: -A—thnsugs%i(uéI?d aliphatic Ci_ealkyl; substituted

aliphatic.C1.6¥R§E IR B MR R L S AEny - Substituted aliphatic C2.6alkenyt; unsubstituted

C3.6cycloalkyl; substikgetsiBiet wiptyICusmisttreiuts! Biebaisaryiadivbstituted C6_10carboaryl;

unsubstituted Csioheteroanyk subsiiiad 65 wRetioaswrsatspivied CsdRsayhoaryl-C1_dalkyl
substituted C6_10carboaryl-C1..4alkyl; and wherein RN" Giépres n i&independently selected from:

“H; unsubstituted aligtHeeddsk G- <IPeRNSFHRSHR S 164 substituted aliphatic
C2.6alkenyi; substitutgd ghigthatia C2,balkemyt, snssiitstittSd .@@rBmywloalkyl; substituted

C3_6cycloalkyl unsubstituted Cs.sheteroaryt; substituted Cs.sehetercaryl;
unsubstituted Ce.jecarboaryl-Cq.alkyl; substituted Ce.qocarboaryl-Cqaalkyt;
whersin, in each group -NRMRM, independently, R¥" and R™ taken together with the
nitrogen atom to which they are attached form a ring having from 3{o 7 ring atqms;

RINARINA i present:

and wherein, in each group -N
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;



- urtsubstituted C6.10carboaryl; substituted C6.40carboaryt; unsubstituted Cs_wheteroaryl; substituted
C6.10heteroaryl; unsubstituted C6_10carboaryl-C1..4alkyl; substituted C.6.10carboaryl-C1.4alkyl; and
wherein r, if present, is one or more anionic counter’fons to achieve electrical neutrality; and
pharmaceutically acceptable salts, mixed salts, hydrates, and solvates thereof. Id A second aspect '
provides a diaminemreipthiaairreatoumpdR{Y RS defineasemove for use in a method of treatment of mild

cognitive impggggeime( Ghnin_a patient.syffering therelpmewiishmethod comprises administering an

effective amount of said diaminophenothiazine compound. Disclosure of the invention It can be seen
that the provision of &lternative treatment modalities for MCI for the purpose of relief of MCI or the
symptoms of MCI weulkhpsawiee aeoribatinke, thebsttuidiiR0GHIH 8553BACT/GB2008/002066 - 2 -
It is has now been unexpectedly. found by the present i NN %ﬁ&a@irmg jothiazine (DAPTZ)
compounds may be ‘d%%‘%]f Etﬁg%)é/igh g?%%‘t{éﬁ?a ?@?@%tgf%{fﬁcognslatﬂ%e jmpai’“r"?ner%%{:'dependently of the
presence of any underyingtipattofogpysiciiu sobafiidehtprvetpalitial reference memory has been

demonstrated in a madel comparng, yoips-ancases Rig e ardaserpormal and scopalamine-treated
mice. This represents an alternative treatment mod Iiéyf;mggistin&MCl treatments. 10Previous
2

uses of diaminopheriSFHREHEED HpeN AR Bk RHBEES: R84 previously been shown to
inhibit tau protein aggregaéigtatanCiadistuptyhe selgtusebstiRi¢RsT andatbearyeGhalsititeolytic stability

OLihe PHF core (oRR JdR6MEQ/00: foblafIth i AEAGEGAN 1S £OWRRHNS R EIRARS AT Use
ntan a

15in the treatfe prophylaxis of Various diseases, Including AD and Lewy Body Disease. :
Additionally WOOR0BHTROMAE UnvERSIBeRirt of the University of Aberdeen) discusses the use of
reduced forms of diaminophenothiazines specifically for the 20treatment of a variety of protein
fj‘aggregating digr?c? %ﬁ%}&ﬁh i?‘uegaféghger&i!spcj__w,@‘i% presen{, R™ is independently selected from:

-H; |

unsubstituted aliphatic Cysalkyl; substituted aliphatic Cyalkyl;

unsubstituted aliphatic Cpgalkenyt; substituted ‘aliphétic Cs.salikenyl;

unsubstituted Ca.scycloalkyl; substituted Csecycioalkyl;

unsubstituted Cg.qecarboaryl; substituted Cgpcarboaryt;

unsubstituted Cs.qchetercary!; substituted Cs.johetercaryl;

unsubstituted Cs.jocarboaryl-Cqalkyl; substituted Ceqocarboaryl-Coalicyl;

and wherein RN, if present, is independently selected from:
H:
unsubstituted afiphatic Cysalky!; substituted aiiphatic Csalkyl;
unsubstituted aliphatic Cosalkeny); substituted aliphatic Coealkenyl;
unsubstituted C,ecycioalkyl, substituted Csscycioalkyl,
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.



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 pre"scént invention relates to the treatment of MCI
specifically. Several studies have proposed that jt would be desirable, if.dr such as Methyl
30ThioninidnsecPiS RNy 8RB RABATRIER f@ﬁgoﬂ‘ﬁgj"ﬁd: Se#ég%g%%érﬁ%%}oﬁew é:h could be
mediated by@prbascemenabiitithogitiel respiraton(&:. iCalkaliest svfiarinpdberetaiaway et al.,
2004; R‘haﬁ@# Zgg@c&@gg mﬁ%ﬁsmwg BEriSROsehaLsesalMERiRSHEREtemaiic treatment of
MCI. WO /iqc-e 33PCT/G82008/002066 - 3 - Martinez et at ("Methylene blue alters retention of
inhibitory a¢8ieRAYEE-responses”. Physiol Psychol 1978, 6:387-390) investigated the effects of MTC in
a one-trial inhibitory avoidance step-through task. The authors conclude that methylene blue has both
an amnestic effect (i.e. causing amnesia) and a memory-enhancing effect within the conceptual
framework Bisglossef pin¥ention

Se it ElRtHat the different effects are seen at different doses, amnestic
effect at high dose pre-training, and learning enhancing effect post-training at low dose. The key

conclusion of theg%g@i‘%rgz ;%‘??ﬂgberggn@gmi%p %&%ﬂ%@}@éSB%LH?%@&%B@%W@CW@N@& to modulate

memory stdt&G8 aaway at at ylene biue restores spatial memory retention
impaired byparpirssilofteziief of MEh @HecHMAtETR PANCINGIsseIoVER B3R 2485 Boposed that
MB corrected behavioural impairments induced by a mitochondriai inhibitory agent (sodium azide).
However, an objective review of the technical disclosure shows that there is no evidence that MB
corrected a learning defect produced by sodium azide, and 15also that the interpretation of the data
suggesting that there is nevertheless a selective effect on memory without an effect on learning is
~implausible in the light of defects in the experimental design. Specifically, the experimental 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
present the inference that: "The results from this study suggest that MB has the potential to positively
affect the clinical outcome of memory retention difficulties in neurodegenerative disorders 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 ("Extinction memory improvement by the metabolic enhancer 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 conditioned response. The authors draw the
inference: "MB administration in conjunction with extinction behavioural therapy in humans may be a
useful therapeutic agent to facilitate retention of extinction of conditioned fear or other traumatic
memories.” That is, the authors are advocating a targeted use of MTC to




=

35achieve an am nestle effect in certain specific circumstances. WO ,
2008115_&'@%%(&7{%5@008/002.065 - 4 - Callaway et al. ("Methylene bluepgppegysadaraipsoxidative
metabolism and memory retention in rats Pharmacor. Biochem. Behav. 2004, 77:175-181) used the
same behavioural paradigm as in Callaway et al. (2002). However an objective review of the
5technical content of the paper reveals no evidence that MB improved learning in otherwise
unimpaired animals. The interpretation of the data s'uﬁgesting that there is nevertheless a selective
effect on memory without an effect on learning is implausible in the light of defects in the experimental
design. Specifically, the experimental design did not control for the chagg@e in the task from olfactory

cue detectiort durizgnb beaningoossiadviioundifiyrhereseatneiees figbe phase of the experiment.

Therefore, thetg s sheviteashihes AB wioued B maypbe abe twisevirinpajseshaninelst The
authors also showed that cytochrome oxidase c ggﬁg%was increased ig t}(gvain tiS?HE]‘S obggined 24hr,

but not 1hr oP ZFRONHYT WERIGREGL LS RRGASS o ‘?ﬁ%?ﬁlgﬁﬁ{%aﬂc ARG

FVITFO ito A preparation
of cytathromitie ARdyiprainrtissu@inepetiscefeptochrogreatoiiddizan dShowEeted dsaliteddsed in

Example 3, (g Rrahneyslno WP A iAo Adapshadaipsinlipdaidd agherefore

implausible to argue t produces specific cytochrome oxidase effects of MB at 24hr but not at
1hr or 2hr. From these findings the authors draw the inference that "the mechanism of action of MB in
memory retentigrapmysbatselatetinanhancament mbeyliochy exisiopkiGatieatm2atRiha et al. ("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 48line-triésddusitsss Ricdamientrfelé A HEPAMBIICH UL that the 4 mg/kg dose improved
¢ “behavioural habituation and 250bject memory recognition. However, an objective review of the
~ technical disclosure fails tol§ro,\/ide supeport for trile contep‘tior]ll Eh%i%: Pﬁrfahs a}n [spaech;iec gge;%:t on
behavioural HABR AR AL A RES PaN T R O R B E R I o BB O P M RYGRS the results
fail to demonstraite tisiiviBienbandessdetBetton aidreverisativbprotaelditveiabldupiéng&diment as
measured by reductionRssamleration inthraviainiNaehiedasmianpRiais 3RFbersiai dhsrads no

evidence of memory facilitation in otherwise unimpaired rats. T,hegc also reporéied tha&}l?ow
conceiftratiors GenNTBaReBLERA BRRRURSSH YBRUSHRFGTTIrEaRg A% APHEVNRATY

administratiomduagsaot 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 iscpossible that methylene blue may also be useful
WO 2008/1 526 peathcNVe 6a8aREE 6 be University Court of the University of Aberdeen)

discusses the use of reduced 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.



as a memory enhancer in humans with reduced brain oxidative metabolism, such as individuals with

AIzheimer&,gr}g?\ér%%%g?r dementia." Wrubel et al. (2007) ("Methylene blug({ litslss e gxtinction of

fear in an anima 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. Thatsist, MB did not have an effect on learning of

extinction. Neyertheless, uthors 10reported that MB ephanced forgetting of previously traumatic
stimuli. They Mﬁdﬂ%@ %nggﬁeetﬁﬁgf‘er%é‘igﬁ{éﬂa rk?l%é‘ 21)9 ?é%%lf[kgf)qugg &% |§%tf8%p§§s§ﬁ adjunct to
exposure theRipysioTRaydbptie Zu SRy mim@wgatedmeﬁée@ﬁmm?“t@ mchieve-thal irhihitatic effect
In certain SPeQUkﬁdﬁF@é’E@PRﬁ%gﬁgﬁ!a"r‘ﬂé! ShiRbL00MuBNAR AR AT {agaan et al.

he same form of words to articulate the following general mechanism:

(2004) use approximatel _ ] 2ra
"While traditicHENBRE FIRS 6P R ABRESTR) ARG B S e S R RS e R o ic

transmiters, matabplicicrdraaeerk tikthenaibgteMady wnimapatipeolifoeet affdraimrersrgysproduction
and memory retenti target [ | idative oli ' ' ide
attects assoc L e EL R B R s
the clinical coReRidrniee whiew 39@95@5@&@0/@@195@%@1‘1 RicifyREREDIR gt & anipy et ative

disorders assggiatag WibsBHEREhanWa Asidactivme/nate iateshmasegpeeieaiieas Leigh's disease
and Alzheimer's disease (Callaway et al., 2002), or "humans with reduced brain oxidative metabolism,
such as 25individuals with Alzheimer's and vascular dementia” (Riha et al., 2005). None of the studies
enumdfated hasbadmmneat g idsrotars bloe hesterdrespatiavinemgno(eidation tnadineg tye@mference, that

~MTC could bessithsymmteRrzlralyiadseatngM He3R o wearepib thexeamites bglawy the use of a

- diaminophenothiazine (texem lified by MTC) has heen demonstrated in discretepcé?gnitive impairment
models, includfiRySREEs ﬁﬁl@ﬁgﬁ‘é%ﬁﬁ IR MERT AR IR AR JUNRIS 8% order,
vascular demesuitiughi sz, o oweade cioxpgeiiveorsiewiifdne teanribehoirdia@cseowvsvthald exist,

35and thus is ﬁgggg%@g%%g%%%gg\ég} %ag li.gna&feﬁsgk@%{hg@@%&ﬁ%ﬁﬁ&&%&&hg&&nw&m, and

2008/155533 . _ contexts. pecif_lcalle/édiamlnpphenothlazmes (exemplified by
MTC) He shodlertEahihroiisimeptaionoiiteAA S vaseRitadratd Rerdx PEURHAIeSE AitelkBYTdrial
dysfunction, regeeeshérimeridaticatrantehalisn RavarguanipMmaiment 1P Igeest deiendipiibhis
unexpected d?fo"{ﬁ%ﬁ?a %083 Aﬁ%‘&%&%@fﬁ#&é@ég"%‘% St‘éﬁ“@et&@f redel i MG 1L Whighe(as
discussed abové)f3 ere IS a significant need for novel treatments~10Thus in various aspects the
invention proviiiti 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 present the inference that. “The results from this
study suggest that MB has the potential to positively affect the clinical outcome of
memory retention difficulties in neurodegenerative disorders associated 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.



I) Use of a DAPTZ compound in the preparation-{or manufacturing process) of a medicament for the

treatment %ﬁ (l;/lc&’é/r} :%%%tient. Said medicament so prepared or manufact%g%?!%gw&g 6%h§a DAPTZ

compound as He*5r one active ingredient. 15 ii) A method for the treatmen In a 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 20comprises administering an
effective amount of DAPTZ compound. Preferred DABTZ compounds are discussed in more detail
hereinafter. The administration of the effective amount will be such as to bring benefit to the
patient 25e.g. amelioration of amnestic symptoms. Diaminophenothizines may be administered alone,
or in combinaGaiawih etlér(thésthylents britherpsoviedtarsousiyative ecgtebdiidhy. S0 mbersstingly, since

the action of I he Ef&aﬁﬂﬁﬁ‘?ﬁa%!@%%’&?ﬁ%%ﬂ%ﬂd&ﬁhif.‘f‘: ’P?é-jiiej};g@t%?%%"ﬁ%? and there was

a trend towards between-session memory enhancements too, it is be I that that the reversal of
memory impai¢haVieHTRNRFERDELATIB rISYSH Gt Mrdeffi? A RMRISHRNRBI RHBIM ERYRWSYShEm. Thus
the tre@mentigbiyies! suaieASIAHY wes PERRIK ViR SvifeRceRRENTIR it precbaMsmirdkewise, the
treatment-35m%/ be such as to provide lbeﬂ?fit vtia a qog-;;}a -ﬁ%gre ation-in?ibitt'ggnt hechanism. WO
2008/155533BC T E2H081685068™ 72 'T'hter%%%ﬁ@?fﬁ ToR y u!j.j CIERBW B eREr ﬁﬁeeFépeutic index
than rivastigntieeenhelashe skirptweertest nrimstexyl withiold walsffetitoacdeaniigi ssrimigausiosuly-effective
doses of bmhtHﬁﬁHQHﬁ'@@f@cﬁQMﬁ@ é?ﬁ@ﬁnﬁ'é’ﬁt%(giégﬁff\'.'ﬁﬁééﬁ}é@ﬂ?mé ReSfFisdaia

scopolamine-induced memory impairments, Thus, when combined with ChEIl therapy, 5the effect of

MTC appearst® BRURISRAES SHBp8fRiNd thdaicamoirdy s drisAirR AP R BIEAtally
imprové not opihasy mptalifferbnt aisiodwittgthietrciiciatclarraomaharttdbelisioreheretysenabling

 the use of lowgy %é&ﬁc@éﬂ&k‘%@%@@&‘rﬂ@ﬁi%ﬁ %}ﬁe%%‘sgfuﬁi(ﬂﬁ;ﬂrfeﬁ??nﬂﬂ%@erHéSLRHEPé”‘F’_TZ

~compounds such as MTC in combination with cholinergic drugs (e.g. those that enhance or mimics the

action of acetPiEASNMEHINACHARTRMMAYIRSSMBRIVEY VT ReprrSenibduidinsyediagent
invention. Thus4i, &g e ipiedimEir, dfeatnengeayseptingr@lydbsesi neeaniinsionvdtiuereiovimore

L5other agentg, for SXamRl, ONe AL oG SNolNe RIS R e A RIS BHAN 35 ANe RS ation.
15 However, as discussed in Example 3, the brain levels of MB are maximal at 1 -4 hr
post administration, and it is therefore implausible to argue that MB produces specific
cytochrome oxidase effects of MB at 24hr but not at 1hr or 2hr. From these findings the
authors draw the inference that “the mechanism of action of MB in memory retention
may be related to enhancement of cytochrome ¢ oxidation”.
20 ' _
Riha et al. (“Memory facilitation by methylene 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



(also known as AriceptT"), rivastigmine (also known as ExelonTm), galantamine (also known as

e{%eptor antagonists (such as memantine (also knom&%};@/a'%ﬁyamenda

ReminyIT
™), musgﬁggﬂgééﬁ or agonists, and/or inhibitors of amyloid 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 at, Mild Cognitive
Impairment, Lancet, 2006; 367: 1262-1270; Petersen®25RC et al. Neuropathological features of
amnestic mild cognitive impairment. Arch Neurol 2006; 63: 665-6_72)(_MCI is recognised as a valid
disease targefb§ IREADACH RIGRHACH B PRy ra Ao iR 8897 MG JARIFR R BRIFHE Rhot vet
meeting cliniciaboridesr fetro diaginesis ahd earentia. RPReticeSentative criteria for syndromal MCI
include features listed below: A. The patient is neither normal nor demented. WO
2008/155533PCT/G82008/002066 - 8 - B. There is evidence of cognitive deterioration shown by either
objectively m&¥siheletricl#0dy e Mty arti ue (asiistice %SﬁiBF%@'tﬂﬁ?%i%é‘Fﬁ aAtmal T8#Mmant in

conjunetion Wihsobieekivmoes Htvestesisesansescondanstiasts Hamemeny) 2867, Artivdteg gf daily living
are preserved and com Ieﬁinitrume\%ta}l fur%(’jtions are gjttherci{l g.Crt é’,ﬁim;i Iérp%ly imgeaired. (See also
Winblad, B. ef 57 TS50 HIEFLS AR RIS

HieR? “BORd Controversies, - {owards a concensus:
report of the IntegriliphaludsnpGrdhe antivie iCewhitigbnetinvisaerpioretdll nefeanhanesl. 256:

240-246). As paed ADAMERRR LeURiAeBRtamiRIfgda duRsyohialisGenditiondritaioadast sense,
as defined in American Psychiatric Association: Dia%tic and Statistical Manual of Mental Disorders,

Fourth EditiorSWiHIRGRITasEn $8e% pHSRINe) SRR NISVPHERIRES Ha RIS as
charagterizedrbpanuatiipie: aip)eriheendedibitg ditatgnélpdeivugigitraentsinstiveniiofhay dristshearious

- dementias aceaiqing I MERITSIL AL BROMIN QiRh: YRl e AaerilReeepigdiandard for
-such diagnosing, categorizing and treating of dementia and associated psychiatric disorders. 20The
MCI may be “Hameyticihat is, the authors again advocate the use of MTC to achieve an amnestic

effect in certain specific circumstances.

15 Cailaway et al. (2002), Riha et al. (2005) and Caliaway et al. (2004) use approximately
the same form of words to articulate the 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



By one preferred definition, individuals with amnestic MCI have general cognitive measures within 0.5
standard deviations of control subjects and also have memory performance 1.5 standard deviations
below contftP 2U8EEE§3An objective, documented 25decline in memory is eGP W Afning which
individuals have MCI. "MCI-nonamnestic” or "MCI-otherm may be defined as deficits in two or more
areas of cognition greater than 1.5 standard deviations below the mean, corrected for age and
education. 30 Preferred patient groups The patient wils generally be one diagnosed with MCI, but be
one not diagnosed with AD (i.e. will not show dementia). The patient will benefit from the symptomatic

relief as 35degefikts aPrRAICAlD daurnasReErENesdesoRizogy MI CT e shoumtthay, for
example, be %%ofaeﬁéééoﬁ{()n%ﬁuﬁaiﬁsMWH%rg%@@t@?a&g»@&gtm@%ﬂﬁmz%ﬁé@wll( of the_followri]ng
criteria in respect of: (i) Braak stage; (ii SE score. 5 (i) Braak stage In the Braak stageing scheme,
disease progr‘&sﬁtﬂ?ﬁgﬁi\rﬁﬁé’&?ﬁ%?'ét%—iﬁé%'(glﬁé‘ﬁf?gﬂﬁ @?H@P&H%%@@ﬂﬁféed’tas "BST 0" or "BO") to
Braak stage 6 ("BST 6" or "B6")). The 10system is based on the characteristic neuroanatomical
progression opfaenetalirillary pathology of AD (Break and Break (Neuropathological stageing of
Alzheimer-related changes. Acta Neuropathol (Bed). 1991;82(4)239-59). Methods for assessing

neurofibrillary degeneration are disclosed in W0021075318. 15 In one embodiment the MCI patient
group which itrisiglessgsb toctiens dayv dhe tmathas irgflikgipie senpiovamiasyispb MBSt se0sfesmdBST 2 or

I : ferabl .0, Th tient il lativel
o probab o e e e A0 BB iy S PR ges of AD,

but 20nevertheless still suffer MCI. (i) MMSE score Patients may demonstrate a stable or
declining cognitiue impaAbness sdasasterstaiRiatilid-@long with the further relevant clinical features)

ata pointin time.

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.



The Mini-Mental State Examination (MMSE) is a standardised test which was proposed as a simple
and quickly administered method for grading cognitive function (Folstein ME, Folstein SE & McHugh

PR. 'Mini-&htaP#Ea8533A practical method for grading the 30 cognitive state BFAFZHEHIEAYE the
clinician. Journal of Psychiatric Research 1975 12 189-198.). The MMSE is the most widely used
cognitive screening instrument for the detection of cognitive dysfunction due to dementia in geriatric
and psychiatric patients (Tombaugh TN & Mcintyre N3.-The mini-mental state examination: a
comprehensive review. Journal of the American Geriatric Society 1992 40 922-935). The MMSE
35evaluates dnleraatiogly ety dictdhtioshavd ddedieadrefapetibomidy @han rivastigmine when

2008/155533p B2 ARRIRRARR AR RRHELR S DO RIBSRR'druanipR MAYUEIeERblY be

used may be those with less than or equal to MMSE 24,25,26,27,28 or 29, more preferably less than
or equal to MRISEYashigsine ApdiN i SraciBh v ainiisally dy ey so Vs g Sebstsaichefit and
‘treatment By étresdtaeitefhoolbdinginghydnefiitastie patestihereanbinmiatitionmftaseandition,
including any.Qbjeglive jecti r X ission: diminishing of

sym ptcr)ér%s; slg%%i r%gél%t t%?e%]%%gé%i%e%gt%ﬁéﬁ%ﬁehgﬁﬁ@%g%%%r#&%%?’%rﬁ 8%%%1%%%“& symptoms
can be basedifiamjceie rtatfifbeiverpurdintesty sioriamg By aes esiobHtpdensdsiathitiric

examination, AaEHSHaR REVANIALHCAYAIDAEPREIE IRDISKIBYIBREOIBEGS SUNEMaNHIgEK tests

demonstratin Irellggefsofénild Q]gfm%%/ I&gs or impairment and/or relief of other mild cognitive deficit.
Products and'RIt 11} another asf)sec 'e[ ec}ﬁVention provides a drug product for the treatment of MCl in a

patient suffering therefrom, comprising a container labelled or accompanied by a label 20indicating

that theydrug pradut i F9Kk#he KERIBERLOEIE LI IFROMAIBRLERAINTIG ARSAL GO Rsage units

~each comprising at least one pharmaceutically acceptable excipient and, as an active ingredient, an
Uisolated pure BAB AL SHBERPS AT HHATHABL desddiebalingefeiine sxnatpaliti BRAmat,
provides a kitdbkiTeatingeMabdaneantdtha chedrg a2AfRYRZ 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

diaminophendtfiEZihe CoPpRRE AndeaTaR S RRICTREVIRG BrrROBIIRBIRN e R ATTIRE, and
pharrrmeuticam,a@g@m@b& §_ﬁ&@p&é{dﬁ@é&fn rﬂﬁﬂlz hlviriesthesetiprbectvely tefameghéeiherein as
diaminop e O AP ORI PR R, gatantarmine (aiso
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.



5 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 co ted from
compouno%’ %fzf)g%ﬁﬁgsfl), and 10pharmaceutically acceptable salts, hyﬁ%ﬁ%ﬁ@@@ﬁ‘& 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 embodiment, the
compounds are selected from compounds of formula4), and pharmaceutically acceptable salts,
hydrates, and solvates thereof. - 12 - example, structure (4) is only one of many equivalent

resonance stiBiCiliRss, is givideneaRiGrandivhaaiariosation shrealRyrURRTPRIRCHVMEN deapsyBe

encompassegoyist uokierid and/ (-SubjeGaEhapdRisgabtane Byksituanlsr i dmeagimone of the above

formulae, each one of R1, R2. R4, R6,13.8, and R9 is indepe denttéy se%ected'fr m: -H; -F; -Cl; -Br; -I;
conjunction wit objecfwe cognitive tests {e.g. seconaary tests it memory).

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

intact or minimally impaired.

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

As used above, the term "dementia” refers 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.



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(:O)IQYQ%OWF@?I each R is independently selected from: unsubstith %ﬁfﬂq Bzﬁéf.Balkyl;
substituted aliphatic 01.6alkyl; 5unsubstituted aliphatic C2.6alkenyl; substituted aliphatic C2_6alkenyl;
unsubstituted C3.6cycloalkyl; substituted Cmcycloalkyl; unsubstituted Cslocarboaryl; substituted
Cs.locarboaryl; unsubstituted C6.10heteroaryl; substitated C6.40heteroaryl; unsubstituted
C6.10carboaryl-C1,4alkyl; substituted C6_10carboaryl-C1.4alkyl; 10wherein, in each group
-NR$41RN2, iflckepatirid maigy, RN exsdnRIR D kgediogetiér HitthSheaisrogen atom to which they are
attached form a ring having from 3 to 7 ring atoms. Examples of groups -NRN1RN2, 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, in%ﬂﬁ@?ﬁ%miaﬁﬁ’ﬁi'fﬂ?ﬁaﬁ%?B?ﬁé'ra%ﬁfgf‘ﬁwaPBH’dfl‘ﬁl&”ﬁy%dM?ﬁ?ﬁF%‘Efb iRk forms,
such as N-substiyated) kiv&E sucteas N-methyl piperazino. In one embodiment, each one ofR2 R4, R6,
IRS, ang R9 is independently selected _ '

(i} Braak stage

in the Braak stageing scheme, disease progression is divided 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.



from: 20-H; -F; -CI; -Br; -I; -GH; -OR; -C(=0)0H; -C(=0)0R; -R. 25 In one embodiment, each one of R1,
R2, R4, - “}%R&? tgL 9 is independently selected from: -1-1; -R. 30 In gﬂ&gﬁ‘ﬁg ceach Ris
independently’selected from: unsubstituted aliphatic C14alkyt; substituted aliphat 5%1 Ga%kyl
unsubstituted aliphatic Cmalkenyi; substituted aliphatic C24alkenyl; unsubstituted Cmcycloalkyl;
substituted C3.6cycloalkyl. WO 2008/155533PCT/GB2008/002066 - 14 - In one embodiment, each R

Is independently selected from: unsubstituted aliphatitOCI.ealkyl; substituted aliphatic Cl.salkyl. In
one embodiment, each IR is independently selected from: -Me, -Et, -nPr, and -iPr. 5In one

embodiment, Baignts fetimdepeingarrapa isvenlisromayve el ba vesteramihedinen iR oS 6alkyl

group is a Clifaiyt geePid MRIsEEMedigIenbahg 6. %@M@H&Mp li5s3 fhdd alkedudigsoup. In one

embodiment, the Cmcycloalkyl gro 4cycl
MSE 21 5556 st pre ergbgsgessc}ﬁ:a%%lk LIS YO MMSE 24 or 25,

5 Benefit and freatment

By “treatment of" or “bringing benefit to” the patient is meant amelioration of a conditior,
including any objective or subjective parameter such as abatement; remission;
diminishing of symptoms; slowing in the rate of degeneration or decline.

10
The treatment or amelioration of symptoms can be based on objective or subjective
pérameters; including the results of a neuropsychiatric examination, and/for 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 coniainer 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



10-Examples of unsubstituted aliphatic C1..6alkyl groups include: methyl, ethyl, n-propyl, iso-propyl,
n-butyl, isQ-hu tyl, tert-butyl, n-pentyl, iso-pentyl, tert-pentyl, neo hexyl, etc.
15Examp|qé‘§)o%unsu Jsgtldl’vjtuted aliphatic C2.6alkenyl groups include: propen-1- gpr%%%% %3?
buten-1-yl, buten-2-yl, buten-3-yl, etc. Examples of unsubstituted Cmcycloalkyl groups include:
cyclopropyl, cyclopropylmethyl, cyclobutyl, cyclopentyl, cyclohexyl, etc. 20 In one embodiment, the
C6.10carboaryl group is a Cécarboaryl group. In one ¥mbodiment, the C6.10heteroaryl group is a
C5.6heteroaryl group. In one embodlmen; the G6.10carboaryl-Ci_alkyl group is a
C6carboaryl-C1.2alkyl group. 25Exampls of‘ﬁmsu stltuted C6.10carboaryl groups mclude phenyl,
naphthyl Examples ofunsubstltutB 3 ' ?oups include: pyrrolyl, thienyl, furyl, imidazolyl,
idyl zpyrazinyl, pyilmidinyl, pyridazinyl. 30

3 4 ot include: benzyl, phenylethyl. In one
embodiment, optional substltuents Sl -7 BN allpha Cidalkyl, aliphatic C34cycloalkyl, C6.10carboaryl,
Cs.loheteroaryl, C6.10carboaryl-C1_,,alkyl) are 35|qdep%ndently selected from: WO

: 2008/155533PCT/O82008/002066 15% F; -ClI; -Br; I, OH -OR'; -SH; -SR"; -NO2; 5

(2

{3)

INA
AR

INB

s
Az

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



-C(=0)0H; -C(=0)OR’; -C(=0)NH2; -C(=0)NHR'; -C(=0)NR'2; -C(=0)NRIN1RN2; -NH2; -NHR'; -NR2;
-NRNIR'N2; -NHC(=0)H; -NRC(=0)H; -NHC(=0)'R; -N'RC(=0)1R; 10 wherel| ' IS Jjndependently
selected fﬁ'g%:‘z%séusﬁg%ﬁuted aliphatic Cl.salkyl; substituted aliphatic Ci.eaﬁwgrﬁigﬁ%é ?t#'}’gd aliphatic
Cmalkenyl; substituted aliphatic C2_6alkenyl; unsubstituted C3.6cycloalkyt; substituted C3cycloalkyl;
15unsubstituted C6.10carboaryl; substituted CeAocarboaryl; unsubstituted C540heteroaryl; substituted
C5.10heteroaryl; unsubstituted Cs_locarboaryl-Cldalkyl; substituted C6.10carboaryl-Claalkyl;
wherein, in each group -NR'N1RN2, independently, RN' and R'N2 taken together with the nitrogen
atom to whicle¥aEPSrSEHEEFREHG AN TG RATAGHIHVBIET HRGERSH STYE WeS N B B5 diment,
optional subsiitsients{asgonerbalphadieiCll oallviciakiph atiended toGmenctoatiads<a6:] @oadhoaryl,
Cs.igheteroaryg},Ce.10carboaryI-C1.4aIkyI) are independently selected from: F; -Cl; -Br; -1; 25-OH,;
-OR; -C(:O)Oh; ~C(=0)OR’; In one embodiment, optional substituents (e.g., on aliphatic C1.6alkyl,
aliphatic 30C1.6alkenyl, Ca.ecycloalkyl, Ce.locarboaryl, C5.10heteroaryl, C10carboaryl1-014alkyl) are
as defined above, except that each R’ is independently selected from: unsubstituted aliphatic Ci.ealkyl;

unsubstituted aliphatic C2.8alkenyl;  R° R'
RB i /N RZ
R™MA I;K\ Ii R *© “
N S N
e @@ g

me RE 3NB
5 _
. . . -
® A ¥ 0 (4-C)
R7NA\~ /RSNA
N= s
® éma R 4 bave
B R’ R’ ]
RY Ny R?
- o x= (4-D)
zma R° ° 4 Eat\m@
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:
-H:
-F: ~Ci; -Br; ~I;
15 -OH; -OR;
-SH; -8R,
-NO,;
-C(=O)R,
-C(=0)OH; -C(=0)OR,;
20 -C(=0)NH;; -C(=O)NHR; ~-C(=0O)NRy, -C{=0)NRN'RN?

-NHa; -NHR; -NRy; -NR"'R',



unsubstituted Cmcycloalkyl; 35unsubstituted C6..10carboaryl; WO 2008/155533PCT#5B2008/002066
- 16 - unsupstituted_Cs.ipheteroaryl; unsubstituted C6-10carboaryI-C1.4a|§%r/l&f%§§&m§&diment,
optional sﬁﬁgtﬁWQH@f%?’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 from: unsubstituted aliphatic C1.6alkyl; unsubstituted aliphatic C2.8alkenyl; unsubstituted
Cmcycloalkyl. 10 In one embodiment, optional substififents (e.g., on aliphatic C1.6alkyl, aliphatic

Cizalkenyl, C3.6cyc|oa|kc\£, Cs_locarboaryl, Cs Iohetero?ékll, C6_1l0carboaryl-Cl4alkyl) are as defined
above, except that eAHHH=RIFTANRAFEMY MR RS ituted aliphatic C1.6alky!:

substituted aliphatic-®1.6alkyl. 15 In one embodiment, optional substituents (e.g., on aliphatic

C1.6alkyl, aliphatic.Cl_ s Il?griwsy;h 3.GC%A?@IIég}éggd]ﬁ%gﬁl_rboaryl, Cs.loheteroaryl,
a

C6.100arboar"§/' -ST}Paﬁ?y are as Jetne ove, except that each R' is independently selected from:

-Me, -Et, -nPr, and -4Psupgliftted @ématuimeaityo ptibsiitiamhatimienestedikvn aliphatic Cl.ealkyl,
aliphatig C1.6alkeny|;{z3raavaiodiipnGit calkestybuesitlbetaramyt CodReqiboaryl-Cl. 4alkyl) are
as defined above, except thatégcg R'is inij@gen er_‘g)lg/a%e#%fted fra(im'.-Me and -Et. 25In one
embodiment, each ofPEPEIURS Gospypiealg SyRgtikeed Srusber@itly selected from: -H, -Me, -Et,
-nPr, and -iPr. In onemsubsiiireh(; o st maeybisRistRRedRG: R&rBG&rahd R is independently selected
from: -H, -Me, and -Ehsupstituted Csoheteroaryt; substituted Cg oheteroaryl;
unsubstituted Cq.qocarboaryi-Cqalkyl; substituted Cq jpcarboaryi-Cqaalkyl;
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



30 In one embodiment, each one of RI, R2, R4, R6, IR8, and R9 is independently selected from: -H
and -Me. Ino bodiment, all except four of RI, R2, R4, R6, RS, IS, = In one
embodiment & 3&"1%5&%0 of Fe, R2, R4, R6, R6, and R9 is -H. WO PRtz
2008/155533PCT/GB2008/002066 - 17 - In one embodiment, all except one of R1, R2, R4, R6, R8,
and R9 is -H. In one embodiment, each of IR", R2, R4, -6, K R8, and R9 is -H. Amino Groups 5 In each
one of the above formulae, in each group -NR31AR3MB, if present, each one of R3NA and R3NB is
independently -H or as defined above for R; or R3NA and R8'113 taken together with the nitrogen
atom to whichiRE§ SFPSRERSRIdSBr A RNy RRRMNE T ReEEsed FiRG atoms. 10 For example, in one
embodiment, in eachrgrighiitREBNARRIN 8, fanesenbseatkictiereftRahlAliand R3NB is independently
as defined above for R; 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. 15 For example, in one embodiment, in each group

-NR3NAR3148 afprsseeptireach ermd &f RIMARendeRENERIedrddpEncdirly Betfte @MbrT -H;

unsubsiitutediRitpkatifobiradn <sidpstitistedishpnatiti-seplul BnnsMstitdtast aliphatic C2.6alkenyl;
substituted aliphatic Cmalkenyl; unsubstituted C3.6cycloalkyl; substituted C3.6cydoalkyl; unsubstituted
Cs_locarboaryl; substituted Cs.iocarboaryl; unsubstituted Cs_loheteroaryl; substituted

C5.10heterodrybnensmbstitotent, Gise (HsaltybaryluCidalidl,akanered Ce.10carboaryl-C1.4alkyl;
In one embodiment, the Casalkenyl group is a C.alkenyl group.

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:



250r R3NA and R3N8 taken together with the nitrogen atom to which they are attached form a ring
having from 3 to 7 ring atoms. For example, in one embodiment, in each group -NR3NAR3N18, if
present, e X THEGPRENA and R3NB is independently selected from: 30%ﬁ &@%ﬂﬁﬁ@&zgfﬁ)hatic
C1l.6alkyl; substituted aliphatic C1.6alkyl; unsubstituted aliphatic Cmalkenyl; substituted aliphatic
C2.ealkenyl; unsubstituted Ca_6cycloalkyl; substituted Ca_scycloalkyl; unsubstituted Cs_locarboaryl;
substituted Cs_locarboaryl; unsubstituted C5.10heter@aryl; substituted C5.10heteroaryl;
35unsubstituted C6.10carboaryl-C1..4alkyl; substituted C610carboaryl-C1.4alkyl; WO
2008/155533PCT/GHE260B/892066 - 18 - or RANA and R3NB taken together with the nitrogen atom to
which they are attachgd:fas-a ring having from 3 to 7 ring atoms. In another example, in one
embodiment, in each group -NR3NAR3NS, if present, each one 50f R3NA and R3NG6 is independently
selected from: -H; unsubstituted aliphatic C1_6alkyl; substituted aliphatic C4.6alkyl; unsubstituted
aliphatic C2.6alkenyiNsybstituted aliphatic C2_6alkenyl; unsubstituted C3_6cycloalkyl; substituted
C3_6cycloalkyl; 100r&3Nayand R3N8 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 -NR3NAR3", if%gﬁﬁiégéﬁcﬁﬁgbf R3NA and R3NB is independently selected from:

15unsubstituted aliphagaihrealkykGiNsttuted-aipirtic ClamkR M kst bstituted aliphatic C2.6alkenyl;
substituted aliphatic”%ngﬁ&y;l;_ NR'y -NRNR™N _
-NHC(=0)H; -N'RC(=0}H; -NHC(=0O)R; -N'RC(=0}'R;
10 -R" '
wherein each R’ is independently selected from:
unsubstituted aliphatic C,salkyl; substituted aliphatic Cy.salkyl;
- unsubstituted aliphatic Cosalkenyl; substifuted aliphatic Cysalkenyl;
~ unsubstituted _C;}hscycioa[kyi; substituted Caﬁcycldalkyl;
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; -t;
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;



unsubstituted C3_6cycloalkyl; substituted C3.6cycloalkyl; or R3NA and R3N8 taken together with the
nitrogen atom to which they are attached form a ring having from 3 to 7 ringﬁatgm%qigé)% nother
example, it Bri@%8th5atfiment, in each group -NR3NAR3148, if present, ed¢H SHED ﬁand R3NB
is independently selected from: -H; unsubstituted aliphatic Ci_ealkyl; 25unsubstituted aliphatic
C2_6alkenyl; unsubstituted Cmcycloalkyl; or R3NA and R3NB taken together with the nitrogen atom to
which they are attached form a ring having from 3 te &ring atoms. 30In another example, in one
embodiment, in each group -NR3NAR31413, if present, each one of R3NA and R3NB is independently
selected from: unsubsttiitiutgipRaticelesaryl; unsubstituted aliphatic C2_6alkenyl; unsubstituted

C3.6¢ycioalkyl; WO&QQ@%@@E@J@@Q?Q@@Q@Q@6 - 19 - or R3NA and R3NB taken together with
he

the nitrogen atom to which they are attac 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 independentiyse leotedifremt, dotiohie, sEstHEnSEdh-iRPn BirradihEn.eatiiphpMipiaione embodiment, in
each group -NR3 L present cack.ane of RINARIMIRANG isdadepepdentss seied from:
H, -|\/|eE’,0 and - fﬁ%tﬁkl%ﬁ AR3NA is"NA2, -N ’l\/lef’f?NMeZ%?-yl?'ﬂngti,g 'NEt2, or -NMeEt). 10 In
another exanfiflnes Ghevenasantibat sARNYisiRPeREestinginGis difffBsent, each one of R3NA and

R3NB is independenjhsseiatind tpmmatid angmyle (e.g., -NR3NAR3NA is _NH2,

unsubstituted aliphatic C,salkenyl;

_ unsubstituied Cascycioalkyl.

10 |
in one embodiment, optional substituents {e.g., on aliphatic C,.salky!, aliphatic
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.



NHMe, or -NMe2) 15In precise analogy, in each one of the above formulae, in each group
-NR7NARYNB, if present, each one of R7NA and R7NI3 is independentlyﬁ&%ﬁéﬁ?ﬁggg above for
R; or R7NR QA RYNE aken together with the nitrogen atom to which they are attached form a ring
having from 3 to 7 ring atoms. 20For example, in one embodiment, in each group -NRTNAR7NB, if
present, each one of R7NA and RM.'S is independently as defined above for R; or R7NA and R7NB
taken together with the nitrogen atom to which they-af# -attached form a ring having from 3 to 7 ring
atoms. 25In one embodiment,-NR3NAr<n3NB and -NR7NAR7NB, if both present, are the same. In
one embodimerineNRONNRSN BB sdcapRINGAMR RS, RI&th BreBérandB dfétent. . In each one of the
above formulge i eakbgrasR NRSIo6 i present FR3Mic dpdndegepdently -H or as defined above for
R. 30 - 20 - For example, in one embodiment, in each group =NR, if present, R3'Ic is independently
selected from: -H; unsubstituted aliphatic C1.6alkyl; substituted aliphatic Ci6alkyl; Sunsubstituted -
aliphatic C2.6aleoyGrsupstituted aliphatic C2.6alkenyl; unsubstituted C3.6cycloalkyl; substituted
C3.6cygcloalkyl; unsubstituted 06.10carboaryl; substituted C6.10carboaryl; unsubstituted
C6.10heteroaryl; substituted C6.10heteroaryl; unsubstituted C6,10carboaryl-C1.4alkyl; substituted
C6.10carboaryl-€ath Aarkgr. the EopvedRrmasn o aaBYSBIRMRL IR eachRIFSEP!=FERBREE A present,
R3Nc is indepentigRtr3&eciegkbentiently -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 310 7
ring atoms. '
10

3NB if present, each one of

R3NA

For example, in one embodiment, in each group -NR*R
R™ and R*™® is independently as defined above for R; or and R®™® taken together
with the nitrogen'atom to which they are attached form a ring having from 3 to 7 ring
atoms. |
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.

For example, in one embodiment, in each group -NR*™R®"®, 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; -



unsubstituted aliphatic C1.6alkyl; substituted aliphatic Ci_ealkyl; unsubstituted aliphatic C2.6alkenyl;
substituted aliphatic C2_6alkenyl; 15unsubstituted C3_6cycloalkyl; substituted C3.6cycloalkyl;
unsubstitutéd E?@?i’@éa?ﬁoaryl; substituted C6.10carboaryl; unsubstituted ESiLREATEY ;G Libstituted
C6.10heteroaryl; unsubstituted C6.10carboaryl-C1.4alkyl; substituted C6.10carboaryl-C1.4alkyl. 20In
another example, in one embodiment, in each group =NR3Nc, if present, R3Nc is independently
selected from: -H; unsubstituted aliphatic 01.6a1kgt; substituted aliphatic Cl.fialkyl; unsubstituted
aliphatic C2.6alkenyl; substituted aliphatic C2.6alkenyl; 25unsubstituted C6cycloalkyl; substituted
C3.6¢cycloalkyr R hantidr EX satpretogeting withdbdinispgen alaEhieyviphf ihrysais: afaeddorm a

independently I@g\pﬁ%f(,gm:y{&syjhggtgﬁq@iphatic C1.6alkyl; substituted aliphatic Cimalkyl;
30unsubstituted-aliphatic C2.6alkenyl; substituted aliphatic C2_6alkenyl; unsubstituted C3.6cycloalkyl;

substituted Cmcycloalkyl. WO 2008/155533PCT/G82008/002066 -21 - In another example, in one
embodiment, iin #atheyrauprpiRiittepentedityese | et tedirgroupHNBAY RS titiftee seiphedchonalky ;

Sunsubstituteg, alihalie gmallenyk sy LR GE fgvcloalkyl
-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®M® 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

R3NA R3N8

of and 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,



if present, R3Nc is In another example, in one embodiment, in eaeh group =NR3Nc, if present, Rmc is
independently selected from: 10unsubstituted aliphatic Clzalkyl; unsubstituted aﬁghatic C26_6alkenyl;
unsubstitut® %%Bﬁkyl. In another example, in one embodiment,}l?ﬁ%/g %%?Pﬁﬂf: R3tuct if
present, RaNc is 15independently 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-d6cther example, in one embodiment, in each
group =NRaNc, ifSB{esent,mﬁgENc is independently selected from: -H and -Me (e.g., =NR3Nc is =NH or
=NMe). In pre®idt argiedy, in@kamhtesringr withdbe vitfespiupemifpadishdhsyRea\attprbes prdsnt,
RThc is indepgrgigailypasirfinedrabevadaisR3NC. Nitrogen Ring Atom Substituent Also, in precise
analogy, in each one of the above formulae, RN10, if present, is independently as defined above for
R3NCc (or RThc). For example, in one embodiment, RN", if present, is independently selected from: -H
and unsubstititethathehatisraicsaikyle WORHOSL5E538RQUGBNTTEBEL06erezent Frachaample, in
one empodimgngsRN;, fpsesentqisndrpapdenivsaleried frams -eantb:MadE@; example, in one
embodiment, RN", if present, is independently -H. 5 Counter ton X-, if present, is one or more anionic
counter ions to achieve electrical neutrality. 10Examples of suitable anionic counter ions are discussed
below under thednegtingxample, in one embodiment, in each group -NR*R*®_if present, each one

of R™ and R*™® is independently selected from: -H, -Me, and -Et (e.g., -NR™R™ is

-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*™R* 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.

R™AR™E if present, each one of

20 For example, in one embodiment, in each group -N
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.



"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 independentl¥"\]é1r g}ﬁo%n')oboogwent, X-is
independeWtﬂ/lef f’?éfgmbinations 20 All plausible combinations of the em SRR 48% ribed 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, conforrpational, or anomeric forms, including but not
limited to, cis- and trans-forms; E- and Z-forms; c-, t-, and r- forms; endo- and exo-forms; R-, S-, and
meso-forms; Borerammsirsote SMbAcBEStnIs seehanoup)RIFNS; KeeesemoR] Grel enolate-forms; syn-
and anti-formg; syhslinal pedaitighpakforms; a- and 0-forms; axial and equatorial forms; boat-, chair-,
twist-, envelope-, and halfchair-forms; and combinations thereof, hereinafter collectively referred to as
"isomers" (or "isomefit forms"). WO 2008/155533PCT/GB2008/002066 - 23 - Note that, except as
.discussed below for tastarsiétiefozintasp &sifaaily exdtidéestfaiiphite (bralkidomers," as used herein,

are struﬁtural (or coqﬂ%gﬁ&m{é&sgwﬁéﬁéic% géﬁeﬂﬁ?&éf@é&*}éﬁ@@%mﬁﬁﬁéﬁwnS between atoms

rather than merely by the position of atoms in space). For exayrré%e, a reference’to a methoxy group,
-OCH3, is not 5t0 be“FEHBHTEIPAS aerefigRlkKe SHbRittRGC @8RS : a hydroxymethyl group,

-CH20H. Similarly, asreferaneedorriiearsbipyorlesitusdalgdaeheangirued as a reference to its
structural isomer, metaéggé%lgo réegyl. ngeve , a re{g&g%cle to aeglass qf structures may well include

structurally isomeric Yorme Ta |ﬁg V\ﬁ’[ﬁn’? At Qfasséj?g sfgl‘iky inclides n-propyl and iso-propyl;

butyl includes n-, isounsebstitiecéit-hericanstioxgistic Aybs Biner Ges-orthoarvhBiaaliafnd
para-mgthoxyphenyl). The above exclusion does not pertain to tautomeric forms, for example, keto-,

~enol-, and enalate-forms, as in, for mple, the following t eric pairs; /enol (illustrated
" below), imine}éﬂﬁﬁﬁ%?%ﬁﬁo‘é?ﬁﬁﬁﬁéa%%ﬁz ‘Qrﬁ?&?g}\gﬁﬁ%ﬁtrggﬁéé% ,%ﬁfﬁiokeltoune/enethiol,

N-nitroso/hydmdseeadanity seierEc-ndro.
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 Ce.qocarboaryt,
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.



00,0H I-C-C/G=C\\ ketoenolenolate Note that specifically included in the term "isomer" are

compounds with one or more isotopic substitutions. For example, H may he.| ' ic form,
including ﬁﬁg pp%lﬁ?:%and 3H (T); C may be in any isotopic form, includ%%q(f@q@g%a%% 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)
racemic and other mixtures thereof. 25Methods for % preparation (e.g., asymmetric synthesis) and
separation (e.g., fractional crystallisation and chromatographic means of such isorggcri_c forms are
either known IR 876ther 6XaMPIRARIRNE SENPRANANh IR BEAY IFRUMENAdS thBseRaTerBin, & known
methods, in aiknpEAdAIRINGSe M4 PEIA8/155533PCT/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 5pharmaceutically acceptable salts are
discussed in Berge enatbstiricd Rhphatnceuadiatly Acceptable Salts,” J. Pharm. Sci., Vol. 66, pp. 1-19.

For exanple, if the qapapQuRdds anipaik. er hagayunctional group which may be anionic (e.g., -COOH
may be -000"), then a salt may be formed with a suitable cation.
: unsubstitufed C,gcycloalkyl.

in another example, in one embodiment, in each group =NR™ if present, R™" is
independently selected from:
10 unsubstituted aliphatic Cy.satkyl;
unsubstituted aliphatic C,salkenyl;
unsubstituted Cj.scycloalkyl.

in another exampie, in one embodiment, in each group =NR*C if present, R™" is
15 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 =NEt).

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

in precise analogy, in each one of the above formulae, in each group =NR™C, if present,
R™C is independently as defined above for R¥C,

25
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%).

30

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, -
35 Me, and -EL



10Examples of suitable inorganic cations include, but are not limited to, alkali metal ions such as Nat
and Kt, alkaline earth CSations such as Ca24 and Mg2+, and other cationsgq:\;}:&ﬁ Oéﬁél-z@éamples of
suitable or%]grﬁguégﬁg?%s include, but are not limited to, ammonium ion (i.e., +§) substituted
ammonium ions (e.g., NH3P+, NFI2R2+, NHR3+, NR4+). Examples of some suitable substituted
ammonium ions are those 15derived from: ethylamine, diethylamine, dicyclohexylamine, triethylamine,
butylamine, ethylenediamine, ethanolamine, diethandfamine, piperazine, benzylamine,
phenylbenzylamine, choline, meglumine, and fromethamine, as well as amino acids, such as lysine

and arginine. 79 B3R LALEMPRGHEIABrnar BIFFABhiSHT SRS ferY. $8RAESBFHE compound
is cationic, orgrasgdunctional group which may be cationic (e.g., -NH2 may be -NH3+), 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: hydrochloric, hydrobromic, hydroiodic, sulfuric,
sulfurous, nitfer wesuRis2BEsphG0eiaeR: FROSphereseNERdRssRaNdratitddie organic anions include,
but aregnot limited to, those derived from the following organic acids: 2-acetyoxybenzoic, acetic,

. ascorbic, aspartic, benzoic, camphorsulfonic, cinnamic, citric, edetic, ethanedisulfonic, ethanesulfonic,
fumaric, 30glGHEEEE/RE, gluconic, glutamic, glycolic, hydroxymaleic, hydroxynaphthalene carboxylic,
isethionic, lactic, lactobionic, lauric, maleic, malic, methanesulfonic, mucic, oleic, oxalic, palmitic,

pamoic, pantgthgnic, phenylacetic sahenylsilionic, REPRIADIE RIS eRigvlicnslgalig. 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 acid, carboxymethyl
celluloge. W@ :2RRR5a853aR0d HAibaR0ARING2 066 aRbdisde seahnetundrcktissebdinmovided in the
~form of a mixega?t%l;t (i.e., the compound in combination with a salt, or another salt). For example,
~methyl-thioninitim chloride zinc chloride mixed salt (MTZ) is a mixed salt of methyl-thioninium chloride
(MTC), a chloride 5salt, and another salt, zinc chloride. Such mixed salts are intended to be

encompassedyeRFRirai, MhaJinaspeiigatyacsaigbicsalis theraclaribiiless otherwise specified,

referen rticular.com incl rms thereof. 10 Hydr n |
areterence tolnao%% grcn gdi%oent? %U?sdir%%?nénge“n‘?i?ﬁc?‘?‘gﬁ?or F‘.t ereof. 10 Hydrates and Solvates

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, opical, 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").



It may be convenient or desirable to prepare, purify, and/or handle a corresponding solvate of thé
active corgpoynd. /1T 5:%Serm "solvate" is used herein in the conventional ;%ﬁ%’?éﬁfﬁas%ﬁ%é&) 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 hydrate, for example, a mono-hydrate, a di-hydrate, a tri-hydrate, etc.
Unless otherwise specified, a reference to a particular compound also includes solvate 20forms
thereof. Some Preferred Examples Some prefe#éd diaminophenothiazines include the following,
and pharmaceutically 25acceptable salts, hydrates, and solvates thereof. W

. f. WO
2008/155533Mei% AE pssRioacusEed aiaw-for tayiemad RIRE, EPPettiealy SXaiRAsh ihium
chloride CI (Irfe 2MMECMbleMes 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
5 to be construed as a reference 1o its structural isomer, a hydroxymethyl 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

10 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,

15 thioketonelenethidi, N-nitroso/hydroxyazo, and nitro/aci-nitro.
[? /,O AN /OH H“‘ N o
—C—C == Cc=C === c=¢’
A s ™ 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),

20 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.

25 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.
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Salts

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

5 pharmaceutically acceptable salts are discussed in Berge ef af., 1977, "Pharmaceutically
Acceptable Salts," J. Pharm, Sci., Vol. 66, pp. 1-19.

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

10 Examples of suitable inorganic cations include, but are not iimited to, alkali metal ions
such as Na* and K*, alkaline earth cations such as Ca** and Mg, and other cations

 such as AP”". Examples of suitable organic cations include, but are not fimited 1o,

ammonium ion (i.e., NH,") and substituted ammonium ions (e.g., NHzR", NH.R,",
NHR;*, NR;"). Examples of some suitable substituted ammonium ions are those

15 derived from: ethylamine, diethylamine, 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(CHa)s". |

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.
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The compound may also be provided in the form of a mixed salt {i.e., the compound in
combination with a salt, or another salt). For example, methyl-thioninium chioride zinc
chioride mixed salt (MTZ) is a mixed salt of methyl-thioninium chloride (MTC), a chioride
salt, and another salt, zinc chloride. Such mixed salts are infended to be encompassed

by the term “and pharmaceutically acceptable salts thereof”.

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

forms thereof.

Hydrates and Sofvates

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

example, a mono-hydraie, a di-hydrate, a iri-hydrate, etc.

Uniess otherwise specified, a reference to a particular compound also inciudes solvate

forms thereof.
Some Preferred Examples

Some preferred diaminophenothiazines include the following, and pharmaceutically
acceptable salts, hydrates, and solvates thereof:

/N
Me " M
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Me Me _

methyl-thioninium chioride

A MTC
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1, 9-diethyl-methyi-thioninium chloride

Me Me
/N
' ci(=
E DMETC Et\i‘? N ITJ,Et
£t

Et

1,8-dimethyl-ethyl-thioninium chioride

Et £t N
[ Sees!
e
F DEETC Bt g N
L L

1,8-diethyl-ethyl-thioninium chioride




MTI 0. 0 Me.,NN,..Me Il -MeMe__ methyl-thioninium iodide 1 G J MTI.H1 methyl-thioninium MeN"Me N

16l Me s N R
_ M%g%%%g%ggr’ggen iodide 1 GHi mixed salt K ETI Et1401111 N’F}:T/Gmoosmozﬂéﬁ

-27 -
N
’d
' Me._ /(I\ I} Me ci (=) (0.52ZnCl)
G | M1z N @S N i
E 1
Me Me
methy!-thioninium chioride zinc chioride mixed salt
N
-
Et-_ Q D\ _Et cl (= {0.52nCl)
N S N
H ) ETZ | ® |
£t £t ]
ethyl-thioninium chloride zinc chloride mixed salt
N
-
Me. > D\ _Me i @
N S N
l MTI ® | ‘
Me Me
methyl-thioninium iodide
N
el
Me\N/CE\SD\N/MQ 1 (= HI
J MTI.HI , ® g
Me e
methyl-thioninium iodide hydrogen iodide mixed salt
N
-
Bt Q D\ LEt S,
N S N
K ETi | ® !
Et £t
ethyl-thioninium iodide
| N
-
Bl /Q\ D\ et ] Hi
L ETIHI N @° N ©
Et £t
ethyl-thioninium iodide hydrogen iodide mixed sait




N (r) -EtEt ethyl-thioninium iodide | (r) L ETI.H1 ethyl-thioninium -- SN Et SN Et N (D Il _EtEt_iodide =

hydrogen {%%"f'u‘?a% Qg'ﬂs's snéuxed salt WO 2008/155533PCT/GB2008/002066 528 e ru0s/002066

-28 -

N
o
Me\N/@xSD\N,Me NO, @
| @ ] _,
Me e

M MTN
methyl-thioninium nitrate
N
-
Et /<:E :@L JEt | NO, (D
N ETN O N
Et Et

ethyl-thioninium nitrate

N Me
L, | =©
© | Me,N g NH,
B ®

Tolonium chioride

N
L, | =@
P HNT g NH,
®

Thionine

Q N HCH
Me._ Me HCI
SN S N




M MIN _ Me.,1101*Me N INi _MeMe_ methyl-thioninium nitrate NO3 G N ETN _ Et.,el z-00,Et N

110N | _EtEt - ethyl-thioninium nitrate NOB(r) O
WO 20087155533 PCT/GB2008/002066

-29-

in-one embodiment, the diaminophenothiazine is selected from: MTC, ETC, DEMTC,
DEETC, Thionine, and Tolonium Chioride {also known as Toluidine Biue O), and
compound Example ‘Q above. Compound Q may be prepared as described in co-
pending applications based on United States Provisional Patent Application No.

5 60/786,680 filed 25 March 2008 entitled “3,7-Diamino-10H-Phenothiazine Salis and
Their Use” (Wischik ef al. — published as WO2007-110827).

Dosage units, and formufation and administration of compounds

10 Administration of compounds, compositions or medicaments 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
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administration of pharmaceuticals can be effected parentally such as orally, in the form
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
suppoesitories). However, the administration can also be effected parentally such as

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
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.

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
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
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
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

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



1 N NMe MeSMeMe - HCEHCI WO 2008/155533PCT/GB2008/002066 - 29 - in one embodiment, the

diaminopvrb%;é)é%%ﬂg%g selected from: MTC, ETC, DEMTC, DEETC, Thi%@@ﬁ;ga%gs%%ﬂggum Chloride

(also kno uidine 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). Dosade units, and formulation and administration of
compounds 10Administration of compounds compositions or medicaments as described herein is

preferably in MFRASHARANG BFLIERTE QHBUMHPIR BEIRG YA EIR TRSHERF S 2R ASindividual
as discussed ahpy¢ruparanaeticarenis thexaelwahamosmichdrnis siered sapdrratecasd. time-course of

Loadministration il depend i e AR R RENly e MeL dengdepiedyargscription of

treatment, e.g. decisiohs on dosage etc., Is within'the responsibility of general practitioners and other
medical doctorsohals tpeieally Ihikeschoeagire gils Riorder iNanekte FUtRBESSRTion of the '

individupl patigntcthensiaohgelivans themathad-ahreminiataiobrand phssias it dmen i

PO, B T RE Yor ol s Sarenteray-2cbeptabis SqtaiE M BSNANE By eRtana gy be
has suitable pH, isotonicity and stability. Those of relevant skill in the art are well abie to
prepare suitable solutions using, for example, isotonic vehicles such as Sodium Chioride
Injection, Ringer's Injection, Lactated Ringer's injection. Presei'vatives, stabilisers,

10 buffers and/or other additives may be inciuded, as required.
Uses of the compounds herein as ligands may utilise simiiar carriers or compositions.

Thus in aspects of the invention wherein a diaminophenothiazine (for example MTC)is
15 used in a method of freatment or therapy of the human or animal body, that method will

preferably involve administration of the effective amount of diaminophenothiazine orally.

Preferably the medicament 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 units
of 10,20, 30, 40, 50, 60, 60, 80, 80, 100, 110, 120, or 130 mg t.i.d. {three times a 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



manufactured by the processes referred to in standard texts (e.g. Merck Manual, Houben-Weyl,
Beiistein E ll/IV 27, 1214 if, J. Heterocycl. Chem 21, 613 (1984), etc.). The compounds of the above
formulae, tWé?rZB?F‘é}ﬁ:inaf’eutically acceptable salts, or other 25compounds fuHE T NEPLAKE properties
defined in the assays provided, could 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 30has been described,-ipgluding treatment of methaemoglobineamia and
the prophylaxis of manic depressive psychosis (Naylor (1986) Biol. Psychiatry 21, 915-920), and CNS
penetration follbevifigeiysiernnicaayrivasirativencasrissierndebitripeanivmiles (1992 PAceaAREDY 144,
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form of'hasal sprays) or rectally (e.g. in the form of suppositories). However, nistration can
also be effectEippaenndpampies SHaPUSOHRE6rahtraVByR) rleTRUhe thA%e SKilfddtion
solutions). The,gQRRPEILARBBAREEIUde, in addition to the above constituents,
pharmaceutically-acceptable excipients, preserving agents, solubilizers, viscosity-increasing
substances, stabilising agents, wetting agents, emulsifying agents, sweetening agents, colouring
10agents, flavbeimyegientwjlsadte for fusthyengaheribemotit priesenre (o titfefelloviopamndiageats. Such
materigs shogd hengnstexic,and skavld aabiviprere withdhseHiracvnidbereivedagiadien. The
precise nature of the carrier or other material may depend on the route of administration. Examples of
"techniques antfprstaRd18 il BEMESRd in "Remington's Pharmaceutical Sciences”, 16th edition, Osol,
A. (ed.), 1980. 15 Where the composition is formulated into a pharmaceutical composition, the

administration,hergof, can s ffecied narepialinaugh a-arallk, e Yy Bealamsarsiablets, coated

tablets, dragees, hard and soft gelatine capsules, solutions, emulsions or suspensions, nasally (e.g. in
the form of nasiliepiayas artiecany gt itventnm isshriehpsesrbialy. infemaraiedieEdhistration
can alsg be effestegdiamgidally such as intramuscularly, 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 25may include a solid carrier such as gelatine or an adjuvant.
For the manufiiguresof tablets, coated tablets, dragees and hard gelatine capsules, the active
compounds and their pharmaceutically-acceptable acid addition salts can be processed with

pharmaceutically inegz lnorganic or organic excipients. Lactose, maize, starch or derivatives, thereof,
talc, stearic acidPdF ‘sg%%é].géﬁﬁsﬁg %@e%ﬁ%&&%r%eal%‘? e £k TRETIRASS 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



30excipients for tablets, dragees and hard gelatine capsules. Suitable excipients for soft gelatine

capsules gre, J&{spgégggple, vegetable oils, waxes, fats, semi-s.olid[an(.:i liquig-pelyaissaiczonthere the
composition is In the form of a liquid pharmaceutical formulation, it will generally include a liquid carrier

such as water, petroleum, animal or vegetable oils, mineral oil or synthetic oil. Physiological saline
solution, dextrose or other 35saccharide solution or %I%/cols such as ethylene glycol, propylene glycol
or polyethylene WO 2008/155533PCT/GB2008/002666 -31 - glycol may also be included. Other

suitable excipients for the manyf &g@ f solutions and syrups are, for exampl Wa%er Q%yols,

. n
saccharose, AR¥R g?fgﬁ??&fﬂ%o%@ét hil%%@,vé"ﬂg?%ﬁﬁ%? %'fdc?ln eﬁr%tg%gﬁﬂjcéaglﬁénh%% Utions are, for
example, watesatnheni gisypsipotsgigreerol, vegetable oils, etc. For intravenous, cutaneous or
5subcutaneous injection, or intracatheter infusion into the brain, the active ingtredient will be in the form

of a parenterBigusede fdBREBGSSRECEBNINS aiANEh FARHEY - faeh FRPIRNL BT O Y S&tonicity
and stability. Jioaedvaarashskihinife sy canathgble/to gagppbeisyisablensatutietiseusing, for

example, isotonic.vehj uch as Sodium Chloride Injecti inger.s Injecti ~ inger's
Injectiosn. Pre%%ﬁ%e@%@biﬁls?’éerg'\iﬂd%?f%?g%sr?gfé?;%%ﬁgr%%ﬁﬁ%sg r%s%ly %ingﬁjé&@(f ,%Eqriﬁq{uired.
Uses of the comyruadsdiaa®in as figands may utilise similar carriers or compositions.  Thus in
aspects of the invention wherein a diaminophenothiazine gfor example %T%s#%lsedén a Tethod of
treatment or THgH8\BoFIREARAHTBT SARMAD KHEF! BHadH tﬁﬁ?wmﬁ%? PA FORIE adffhistration of
the effective ampsnésiedampiiiraods dzinearatynd24 ferals)aitiee comgietiomesftiies derptedl for oral
administration, and preferably is.in soli it 1.2 -AgSaA0eWi

administered %’r‘r%ﬂ?/.'%r%?gﬁgﬁ& itwi %%g fggﬁfgﬁi (%%%L%ﬁ?ﬁ%@%%%mégg)ﬁe or 100 m@%ﬁﬁy total dose.
_For exémple trenmyent 8sastnsf 2isigechangedeye 902 56, 210 s5we (%80 J84ee 208 CYEF£50, or 130
~.mg t.i.d. (threg{igemaava-2aAkarpmtivety it may consist of dosage units of 10, 20, 30, 40, 50, 60, 60,
80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, or 200 mg b.i.d. (twice a day). Preferably the
treatment is dPintimadd Oalegladéddiocaiskiast’ 22 Spmpasite pReaBoIRLhRRRDAR: inUBBPEet Whithese

dosages may, bg, Included ILktER (RGP QEMEBrhie € ABME_URba-RikG Rursiriths dvention.
area twice the diameter of the platform; time in this surrounding area; and time in target
15 quadrant. Day 4 represen.ts performance 1.5 hours after completion of the fearning
phase. Day 5 represents 24 hours after completion of the learning phase. p-vaiues for
the statistical significance of differences between treatment groups both day-wise and

overall on an average over days (“MEAN") are shown.

Figure 10: Calcutated “latency”, a composite parameter based on the time taken to

20 attain the piatform‘ area and the time taken to attain an area defined as twice the
platform diameter. Day 4 represents performance 1.5 hours after compiletion of the
iearning phase. Day 5 represents 24 hours after completion of the learning phase. p-
values for the statistical significance of differences between treatment groups both day-

wise and overall on an average over days ("MEAN"} are shown.

25 Figure 11: Fraction of fime spent in the thigmotaxis zone (defined as the outer 10% of
the pool area) on Day 4 (1.5 hr after completion of learning phase) and on Day 5 (24 hr
after completion of learning phase). p-values for the statistical significance of differences
between treatment groups both day-wise and 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.



Where administration is in intravenous, it is preferred that the diaminophenothiazine.is not MTC. WO
2008/155533PCT/GB2008/002066 - 32 - The disclosure of any cross-reference mad;a her%in,
inasmuch gﬁ@ﬁ%@%@%quired by one skilled in the art to supplement thepspgggﬁf}%%é)(@%gure is

hereby specifically incorporated herein. 5The invention will now be further described with reference to
the following non-limiting Figures and Examples. Other embodiments of the invention will occur to
those skilled in the art in the light of these.  The invgation will now be further described with
reference to the following non-limiting 10Figures and Examples. Other embodiments of the invention
will occur to thfdgerskille & anithierairt tayheidg bveftreseof palthendibdlosiiratehall {sfeveder sizitel herein,

masmuch &= IR ORABEABENeRERBHUES RS PILIRAATH A48 InGAMETNONy Ry epecically

incorporated y 15cCross-reference. Figures . Effect of drugs in the spatial
reference meRASAERER feHbesemige tebrtiating Jrmiataily pEriovegth Bedadates s afals SE)

for all drug gr@ujes. 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
animal$in theFgpter MadenitedplotiresvisEtiaFiglaeitaunigainmot fasgioh walensnezanimals in

learning-phasg of walelamaze dasknbie MRIDSHRE RIRUERIPakR. o famaining Agwimmer (i.e.

not having found the platform) a?ainst pathiength gi.e. distance swum) for different treatment groups.

Figure 5: AfteNeciatrint aratnsipalienath (sraiairess SYHEHY pielrrl dEretmar: BRI from Cox

proportional hazard analysis.dheresidual disribution.shows dhet 20l Raihlengi s very close to a
predicted under%/mg eXponenflaET fRction. igure R the graph, am sure representing pathlength is

plotted for easieteaainsarftardapxaveperipsalinrane wevaik ribatrmadtdifistahubien abewsdbabver days)
i; being shown MO, 2008(dP38 38R ciEARLAGBEARLERind3iying exponential function.

Figure 16: In the graph, a measure representing pathiength is plotied for each treatment
group over age, for each day and for an average over days. The p values corresponding
to differences between the treatment groups are given.

Figure 17: In the graph, a measure representing latency is plotted for each treatment
15 group 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: Fraction of time spent in target quadrant after removal of the platform. Days
4 and 5 are shown for each age group (2.5, 6 and 13 monfhs) and represent
performance 1.5 hours and 24 hours after completion of the learning phase,

20 respectively. p-values for the statistical significance of the difference between treatment
groups and the chance level of 25% are shown.

Figure 19: Representative swim paths of a mouse in different age and treatment groups
(T identifies the target quadrant).

Figure 20: 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).



above the heading "MEAN". The p values corresponding te differences between certain treatment

groups are given. Figure 7: A measure representing latency is plotted for roup over
W BT el

days, with ment differences (average over days) being sh eading
"MEAN". The p-values corresponding to differences between certain treatment groups are given.
Figure 8: Fraction of time spent in target quadrant after removal of the platform. Days 4 and 5
represent performance 1.5 hours and 24 hours after 86mpletion of the learning phase respectively,
p-values for the statistical significance of the difference between 10treatment groups and the chance
level of 25% dxxashpl®® both day-wise and overall on an average over days ("MEAN") . Figure 9:
Calculated "localisation”, a composite parameter based on: number of visits to the previous platform
location; number of visits to the surrounding area defined.as an area. twice the diameter of the |
U R L RS QAL 4 represents performance

platform; timeSAS-Surfotia FHFareaane- e e S adatha it s
1.5 hours after completion of the learning phase. Day 5 represents 24 hours after completion of the
Iearning phasgg Hf-%%!lﬁ%g%rkwgmgﬁﬁggﬁjggificance of differences between treatment groups both
day-wise and overall on an average over days ("MEAN") are shown. Figure 10: Calculated "latency”, a
composite parameter based on the time taken to 20attain the platform area and the time taken to
attain an areargefecas tvicedbeyatationmcliam esesrs2asodritipsassitis pedleraaycaslabdiours after
completion of.the Jearni hase. Day 5 represents 24 hou r ti f ing phase.
p-values for tﬁnées%%?%?i@%%\s%lgﬂﬁ%gﬁlgé St gél) g?(!a%g’gg%)é Wér{egh%%&%%Wg%fﬁ)gu%g%%&éﬁg‘gwise and
overall on an iweRHTE s € aydetVIERIND) THiRig BEVASRE FighrasItar Recliviéfiie pent in the
thigmgtaxis zeRpe.gfined 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 Jcaymkinonarinsocalmalshgwingtessthigmotaxic behaviour is less anxious. 30Figure

12: Overall changes in pathiength (cm), latency (seconds), speed (cm/s) and thigmotaxis (fraction of
time spent in zone) with agfqggponths). Data have been avera;tged over the 4 days of the learning

phase of the SIFERARHPIGRIPHE S M P RIRICRURCHARIN SRRARTRST BIBLRSRR @ SHOM ARG AT 58 latform.
Standagd errofdapesied ergivieidie VEE:ROSBIHNDTE 335ASTE/ fetp00B/0 Q2Lhiety 34 tathguraldgWariation in
day-wise aver, f t ) Hatenc, i i ion of
time in zone) é%%ﬁ%‘éegﬁzﬁ%%g)& éiﬁllh-g[;' éﬁ%(%t(s?ﬁ %ﬁﬁ’ll?r? 3{%&%&%@5 ﬁ%gﬁ%%ﬁlﬁgﬁ%qplaﬂorm

are ignored. SBFHERI A FIOBEPE %@W@ﬁ.%ﬁ@%@‘s&%ﬁ pl&ET0r BRitPRrdfA: of animals in
learning-phasg @ipdRiamBRzsarticularly effective when administered just before task training.

20 Morris water maze

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).



task. The vertical axis shows prebability of remaining a swimmer (i.e. not having found the platform)
against pathlen thp%g. distance swum) for different treatment groups.  FEigure 15: After treatment
effects ha\)g%%@'ﬁ/ fivalised using the parameters determined from CoxPp Sﬁoﬁffg}ﬁgpﬁ%fard analysis,
the residual distribution shows that 10the pathlength is very close to a predicted underlying
exponential function. Figure 16: In the graph, a measure representing pathlength is plotted for each
treatment group over age, for each day and for an avggage over days. The p values corresponding to
differences between the treatment groups are given.  Figure 17: In the graph, a measure
representing |13teMeaieraisianddrfefiiedeh 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: Fraction of time spent in target quadrant after removal of the platform. Days 4 and 5 are shown for
each age groUFfoBMHYAN L3 months) and represent performance 1.5 hours and 24 hours after
completion-of the learning phase, 20respectively, p-values for the statistical significance of the
differenge DetyeeR LA R 86aas A0C W8 RaNCe HS) Ao AL RPN P AP Nac):
Representative swim paths of a mouse in different age and treatment groups (T identifies the target
quadrant). FigeCa8immsensatdld) eranriatne hyetmisoiie. FaamererHasererinit Abee Bistisits 25to
the previous plaiteredesatioBidmanbat ehsisitiiPdhersuisouSsing arpasiREinashes 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.RiGstigink® inemtiasktitheoirestams gindiviresed theNpuasircas Sigaiticlnce of day-wise

differeqges. 3Q,FiguEeiR LaaRradminishationsab sihsaflesiverermsief g hapamnassa-o controls: the
.- figures shows comparison of the four groups on the measure o_fﬁﬁ)ath Ien%th (A and I%)&Jﬁﬂque(i:rtion in

' path length (CIPRIRHFCSBARRMICHGIRDIRIE BE)PRBELh St NRMBy frySaRfosven Ih
2008/155533REiT453 200/@0H2A66rm3 5. nitxastplysfo@mnipletd ¢higaifenthpfiWRCandscgpolamine in
cognition 1) Ae%? an background to the study The aim was to investigate if MTC can reverse cognitive
deficits induc Eyt e acute injections of the muscarinic antagonist scopolamine.
Scopolamine-induced memory

15 Female, NMRI mice aged 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.



impairments are widely used to mimic amnesia, such as fnay be found in MCI or 10dementia.
Scopolamine-induced memory impairment Pharmacologic blockade of ce * inic receptors
produces L EhBRE S A mnestic 15response in a wide variety of animal m%%% é%%egr@rgr%(ﬁﬁgg a variety of
tasks challenging learning and recall (Flood, T. and A. Cherkin, Scopolamine effects on memory
retention on mice: A model of dementia? Behav. Neurol. Biol. 45 (1981), pp. 169-184). Scopolamine is
particularly effective when administered just before tggk training. 20Morris water maze One of the most
widely employed paradigms used to assess working memory in rodents is the Morris water maze
spatial navigeRigreicesH @atndsya. Deediementngf thatdeeriswaterprecedipalitb navighiiorekpatial
learning in rat, Jy NEHRSGoMASAS hd1ASI). Rihsksrad HQ) waRiEY BHBN PElavERsas b0

scopolamine have been shown to effectively interfere with task performance. The effects of -
scopolamine &% A TeYuFRoRRE AT SHIREFEGE L OB P WAl it W T e Q¥ AT EaSRPhIly-acting)
muscarinic regggips antidH i@ aeticided|jrd0in kilitins| aftas¢8datio Mvedietagh 48t &antriatihg. and
Peters S. C. A co ison of cholinerqi [ j lamine-induced
ryperabivy DNEL o Bhoat e o ARLer AN S S Sty g aaeiany
2008/155533PGT @lelfoa08708tubey-patiab ernEapsosfd URSHEHS #isst!@®Hounds 5The following
test compounds were made up in vehicle consisting of saline (0.9% NaCl): MTC (Simpsons, UK);
scopolamine hydrobromide, a non-specific. muscarinic antagonist purchased from Sigma;. and
rivastigmine tg%/{?ét@?’ﬂ?gd“ ER %fvﬁgs%i /e 8@%&?@%@%39%?% Fg gvrggc%{y?cﬁgﬁhné%'i%#as% c|],F1%[|ibitor sold
by Novartis aseEretinnyd stay 30 seconds on the platform. If the animal did not find the platform

10 during the pericd time allotted (60 seconds) it was guided by the experimenter to the
platform. An inter-trial interval 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-fraining to test short and long-term
memory, respactively. The behaviour of animals was recorded via an overhead camera

15 and data transmitted to the PC for online storage and analysis {EthoVision basic version
3.0.8. Noldus Information Technology, Netherlands). The sofiware was set up as
follows: pool area, 150 cm diameter (240 bixe!s); thigmotaxis zone, 141 cm diameter
(the outer 10% of pool area; 225 pixels); platiorm, 12 cm diameter (19 pixels) and
counter area, 24 cm diameter (38 pixels).

20

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.



10Donepezil, gaiantamine, and rivastigmine are similar inhibitors that have all been approved in many
countries for the treatment of Alzheimer's disease, even though their efficacy, in the short term, is
modest, syfpEsfFaFESEhd evident only in a subgroup of patients. 15Femafé; IKRARIORH9&%a} ed 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 total, of which 12 were
excluded from the study for circling behaviour during e water maze test. They 20were separated into
6 groups to receive drug administrations as follows: Group Number of mice Treatment 1 Treatment 2 1
13 Saline Saline 2 12 Scopolamine (0.5 mg/kg) MTC (1 mg/kg) 3 11 Scopolamine (0.5 mg/kg) MTC (4
mg/kg) 4 11 The mice treated with scopolamine, foliowed by saling, did not iearn the task; the swim
path iength did not decrease over the 4 days, confirming a drug-induced learning
impairment; there was no day effect (F(3,33) = 2.004; p = 0.1325) for the scopolamine
5 group. An analysis by two-way ANOVA, with drug treatment and day as factors, yielded
an overall effect of drug (F(5,182) = 9.305; p < 0.0001). This effect was due mainly io
the {saline + scopolamine] group, since omission of this group from the analysis
confirmed that all groups presented with excelient 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
10 both MTC and rivastigmine reversed the learning-deficit induced by scopolamine.
Furthermore, in contradiction to the findings of Callaway et al. {2004), MTC (4 mg/kg)
had no effect on this spatial reference memory paradigm when given alone i.e. to

otherwise unimpaired animails.

15 The two doses of MTC both compietely reversed the scopolamine-induced learning
deficit (1 mg/kg (F(1,66) = 13.65; p = 0.0013); 4mgfkg (F(1,83) = 22.18; p = 0.0001)
relative to the [saline + scopolamine)] group). Rivastigmine also completely reversed the
scopolamine-induced learning deficit (F(1,63) = 17.55; p = 0.0004).

20 The wall-hugging (thigmotaxis) behaviour of the mice is depicted in Figure 2.
Thigmotaxis is generally taken as an index of anxiety and is defined as the fraction of
time spent in the outer 10% of the pool. Usually during the first day of training,
thigmotaxis is high as the animal is naive to the task and it has a natural tendency to

seek to escape along the edge of the pool.

25
A two-way ANOVA analysis of the thigmotaxis data, with drug treatment and day as
factors, revealed main effects of drug (F(5,192) = 5.954; p = 0.0001) and day (F(3,192}
= 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



Saline MTC (4 mg/kg) 5 12 Scopolamine (0.5 mg/kg) Saline 6 11 Scopolamine (0.5 mg/kg)
Rivastigmine %5 ma/kg) Animals received two injections, the first (saline ine) 35 minutes
prior to tes 8 ?%%(Sa%gond (saline, rivastigmine or one of two, differ(ent do%(%!e?((%8 gﬁl@{@) ?nginutes
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 intraperitoneally. The doses were as
indicated above. WO 2008/155533PCT/GB2008/0028%6 - 37 - Behavioural testing was undertaken
using the Morris water maze spatial navigational task (Morris, 1984). The water maze consisted of a
water-filled pdbe(E®peldhaineterivastiauing] erpitsh i plaifo e RS ARSEEEH DElolievaitMsurface

was the only mgaigef9sCRRR; Mireveradelsasesiipair-dsnipioabsiear®psianast sarh and

East) facing 5the wall of the pool in random fashion and thus had to acquire spatial knowledge of the
exact platformfastafitrPEFSBRHRS RESIAG HrotesimHey ﬁ%’u%%’u%?&%fe‘é.*égch animal was gﬁ]/en 6
trials/day and was allowed to swim for a maximum time of 60 seconds and stay 30 seconds on the
platformg. If thq),@_i_n@q%ﬂ%g%tﬂiggj _t_hﬁogclg;gg%&,g)gggng the period time allotted (60 seconds) it was
guided by the 8Xperimenter to the platform. An inter-trial interval of 10-20 minutes was given. The
animals were trained for 4 consecutive days and received probe trials (free swim for 60 seconds

without platforraifidhgtpeath appicHimaelyslahcinsbBAdms mepo shiigiein g dmdestsivortiandlieig-term
memory, reSpS%FQ’dea&Vm,Teﬂ%v chaviour Pl aNINAISWAS FEERd6H.1R.80 QYEIDSAH FAME Bmeter.

That is, animals are considered to “survive” in the status of swimmer unti they reach the

10 olatform, The results of this survival plot are shown in Figure 4. As can be seen, the
probability of an animal remaining a swimmer decreases fo approximately 20% as the
swim distance increases over 1500 cm. That is, animals have an increasing probabiiity

of finding the platform the greater the distance swum.

15 The treatment effects can be modelled formally using Cox proportional hazard
methodology. Once the treatment effects have been accounted for by differing swim
survival probabilities, the residual distribution is very ciose to that of an underlying
exponential function, as shown in Figure 5. The fact that the underlying distribution of
pathiength data is exponential has the foliowing behavioural interpretation. It appears

20 that any given animal swims at random until there is moment when the animal
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,



15and data transmitted to the PC for online storage and analysis (EthoVision basic version 3.0.8.
Noldus Information Technology, Netherlands). The software was set up as follows: pool area, 150 cm
diameter (3% 3&18558igmotaxis zone, 141 cm diameter (the outer 10% BFf PEBT2APEROBE pixels):;
platform, 12 cm diameter (19 pixels) and counter area, 24 cm diameter (38 pixels). 20 3) Results The
learning phase results are presented as two analyses, conventional and advanced. The conventional
analysis follows the statistical methodology commonlygaracticed in the 25field of behavioural
neuropharmacology, making use of analysis of variance (ANOVA) which relies on the assumption that
least-squaresdinest begressiponatiaysitsoh fagmals, thste s tedetatanissathpr apraimpfhesadvanced
analysis deve . %e ed on the i ] g]_% , farms sponding
statistical con!%%rﬁ’éﬁoﬂé. r%%%% %ﬁ%@%&%%ﬁ@%ﬁ%%?ﬁg%%ﬁé ’, @E‘t[tgw}e%?gt‘ﬁ%é%(%f%@%?é advanced
analysis 30is btAfistieesPPhisReiBUSarsing-in eiewspHaERPATA TEtRional analysis WO
2008/155533PCT/GB2008/002066 - 38 - The mice treated with scopolamine, followed by saline, did

not learn the task; the SVﬁim atth I?ngw did not decrease?over tpe.4% yS (fotnfirmlng. a, rug-induced
Iearniné| impa 8%%?%‘8 ¢ R8858' & y%rﬁecc?tn(ib—f(lfﬁ%"} o .S@E;aﬁ’ H9° %Fo??ﬁ% (sjcgipo Zmine
5group. An andisisthaswbameniAN@WVAT 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]
group, since omission of this group from the analysis confirmed that all groups presented with
excellent learnind&Ro85 &/ 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

scopolagmine. BULARILELI EAPEAYIRIBRE the Bdiags o' CHlaNaY Rllu(@0P8hMErd8ma/ka)

_had no effect on this spatial retference memory paradigm when given alone 1.e. to otherwise

L unimpaired arfim@®y. 3 § e amPBoiesiedial A BeH Keth BRo@N 28X &sder doe BedRmsisEinduced
learning deficigédcMad i, GherelotSPieoniiidad afinsiked bhluesSpsoRd 18y B 23 @ap3) relative to

the [s_aline + S§O og migg]i%glégguaﬁivasj@mine aI%%S%omﬁlreetgh/o(gv%rsaﬁqhtge}sgqpolamine-induceq
learning defici "f 1%&3 =17.55;p= 8%0 3?. FTrE WAl ugging hlgmotaﬁsti Behaviour of the mice
is depicted in Figure 2.
15 The primary parameter analysed was the proportion of time spent by the animat in the
quadrant in which the platform had been located during the learning phase of the
experiment. The analysis is shown in Figure 8. The model used for statistical analysis
was a linear mixed-effects model, allowing for treatment and day interaction and per-
subject variability {i.e. some mice may inherently perform differently in the memory task
20 irrespective of treatment grouping). 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%). Rivastigmine treatment did not reverse the scopotamine 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



Thigmotaxis is generally taken as an thdex of anxiety and is defined as the fraction of time spent in the
outer 10% 0of t 09l Usually during the first day of training, thigmotaxis js.hj imal is naive
to the tasl%‘gééh ﬁﬁzlésgaasg;atural tendency to.seek to escape along the edg&?’%%%ﬁo%%@& 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
[scopolamine + saline], showed the highest thigmota&kic-activity over all the training phase and this did
not decrease over the time. 30By contrast a decrease in thigmotaxis over days was observed in all the
* other groups MYREIFTERE, WRRHRI PRSI PN RIsE Shs deTal i %ﬁ@%ﬂﬁ%ﬁ?—mﬁfﬁfm@%ﬁ@%%
scopolamine spai(al 2006/455E3RRE Td GBRRABARA0aMr@RRithal{scopolamine + rivastigmine] group, in
which the 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 phaddurine aaaseeigidRaasyaghiasgintensy oms i arrarish BC’EMFH%M%{ ARFEanalysed
using & survivalsanay sie PGP 8, i NdHE Ry gdisRtenis theavaitablg-tansidefettastibie survival
parameter. That is, animals ?rﬁ con idgﬁg tq "tsurvive%; in.the gﬁzratlés i%ftﬁ\év'%rg% until theg reach the
10platform. THAPSLIR BIGRELRIVAISD R S B ERSH P TIT Eigre X

igure s can be seematlﬂéaﬁrobability of an
animal remainegsarswiimiengtb aidite steniiprthedranioll befzsait gsts sothe disanbeinsheases over

1500 cm. That i ARIMaR AN 8RdAUEASInG RaRakliaphHg Pnesther RatiamBrifedreaier the
distance swum. 15The treatment effects can be modelled formally using Cox é{éﬁv&ortlonpal hazard

methodology "SHER A SheWiB a1 NAEH BXRraRed QHEE ST B RIRAS A LRI
probabiities, Hierestdusitdistildutioppiamern+aii<) todhathef anopotengmglengonential function, as

-shown in Figyre, 5. T fack gk heupderhang s usian, iRl s exponeniahas e

. scopol 1 .
following beh ViouTa interpretation. It"appear at any given animal swims at random until there is

moment whestgtistisalpianiteannsiseativejasaliverdreaies afeisHE IR ANE O ERBYE GRimal has

recognised thigeCuidt temmaims dikeciiyiandheplatiefactraibiiicrendeticin tig Qalanediars
determined from the C raportional hazard analysis required ol %5 ﬁ Ec)j ect the
differences aSSoRERE! ﬁ%eﬁggtv%%&q t?reaatarﬁ(%%&?sg%ﬁ?éetﬁlr%;g%% %nrr% %%% p?tr:é % i%@rt%%%'at any given
momet#t an animal will recognise a cue required to solve the problem of the water maze. Recognising

the underlying-gyRengatialAisibuionAldh e dMa o shlistsap Rl sihwaspenaritakameo determine
treatment differences in terms of a Iogarithn]fjc trans{orm c%f 0 .
spent in the thigmotaxis zone (defined as the outer 10% of the pool area) is a measure
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.



30pathlength. These are plotted in Figure 6, with corresponding p-values for treatment condition
differences on each day and on an average over days. As can be seen, all of the treatments have the

effect of ré¥& N BB Ecopolamine-induced learning deficit by day 4. In pBFFHEFIWRYULEmine and

MTC both reverse the deficit, returning the performance of animals to a 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 MTC improves learning over saline-treated mice. Therefore, in
contradiction {80Ca)|Efient ef ita¢ignure MTd:dyds dispiraprovbAizaaing hdshesafsenuniitdpaired mice.

SAn essential HRMACALPAIRACHR PRBRSILINAN analy s abIBgy e el ruheslAtiarm. as

shown in Figure 7. 3.3 Memary tests 100verall the behaviour on the probe trial on day 4 (i.e. memory
tested at 1.5 RERESINE 6 G578 Bl nidviBRF «5slad AiF92 RotirsF HRS et hiGRF Enidrfor the
parameters dgsckilge haloGalbbesenre thewanelyHans, are SasedvonMbag) 60)ethdéged 8nd day 5
data, ajthough.individual Wi ri esh ' the pl The primary parameter
analysegd Wasrl)ilﬁ%é gfgbgjﬁtﬁ/' \gﬁﬁlugg érg\gﬁt' k?;%tgfegén}?fhgqn %E%?qlhu'a%ar%giﬂ}w ia'i ﬁg%%tfg’rm had

been located &amAgitiele&ANNgVpeiage Bf théhapedniébiR4 T Nidh ARy eS8 ABIAERE FRJUPE 8. The

model used fefgtalisinak amlyaisHeAseA dibeaiaaxe drifetsgngdel calrwingsfor Areatras st and day

interaction an&%)er}subjgﬁtr%gaﬁ'?bility (i.e. some mice may inherently perform differently in the memory
task 20irresp WERG AT grouping). 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%).

Rivastigmine Heaimertdidigrline velassterscenplaniaesialicils B ernirgst-biEiatdasas of 1 malkg

~and 4 mg/kg reversed the memory defect produced by scopolamine, and returned animali to levels of
" performance MEEARGRILRAEBRTRIT DES SATCE S8R5 O8h RS2 R%S A6KIE RINPD REB&FHbiE%effect on
memory relatiseptoisaimdotidatest aoatipe oiiperatnetrpdbitespaciimeterictes|isatom tanges calculated,

pased on: theJIURBR! GEYALR dRrLhe Rt YD) i BIRLIPHY aRde s unRgh O visits [0 the

surrounding area as an area twice the diameter of the platform; time in this surrounding

area; and timSGAPRIATENG HRIRAE 56 S BB SVARIIMETR A SIATTERE WASRIICSER ect the
spatiak gccuragyirf easaoer kehpdsty sdmctstimaldns s aahianicisiihesplatigrasavould have
been expected from the.learning phase. The results are shown in Figure g/kg and
4 mg/kg prodaggﬁg?gn?fi%;fn?ﬁfaggnésa With ’r”e%%z’e‘%“t 0% éac%rr?o éﬂ’r%ﬁg.t%%g ﬁ’e'%g eﬂgéf%?wirc was
to reverse thebseopipgniag. Ravrestiantiesatid not reverse the loss of spatial accuracy produced by

scopolamine. Likewise, rivastigmine did not reverse the loss of temporal accuracy, as
measured by the composite parameter “latency’. However, there was a suggestion that
20 rivastigmine may have some calming influence in scopolamine-treated mice as

determined by thigmotaxis behaviour.

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

25 improvements in attention during the learning phase of the task. 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 - 41 - rivastigmine was not able to reverse the deficit. MTC

alone had rr1§ %ggﬁgggjgke effect on spatial accuracy relative to saline-treatgg 9({8?(9();59@45 A further

gy
parameterW easuredwas "latency". This is a calculated composite parameter 5 based on the latency

to platform area and the latency to an area defined as twice the diameter of the platform. A shorter

latency reflects accuracy in the time domain, and measures the length of time spent by the animal

before it gets to the area where the platform would h4ve been expected from the learning phase of the

experiment. The results are shown in Figure 10. When averaged qver, days, there is a highly significant
dnd e

10difference BEtvEBA RABFSTERARLMT ESE1018 RRAaMsSG ha learmipg phase o

[scopolamineexparitigniirethAtithe whiiith o defieit pitbd scepaipnsoepolaredaldidinetseach statistical

sanificance rHglYRIGIBNIEHERR B A0 aRe Mikt BRBRIRIDIBNRILARNG ARt AR canty.
ad no erre

Rivastigmine ct at'all on the deficit. MTC alone had no discernible effect on‘temporal
accuracy relafiRetgrde dviatie srrmPanhass. A dPEIRPRHERY - Wesea S eMAsi REUNTRIR the

memory phas@&h g rewaitiiend. thiae spriat in dhaiigmoByisizioa (dedined agahiarotiier 10% of the

pool area) is a measure of anxiety. As ¢ e seen from Figure 11, scopolarmine.increased thigmotaxis
eative 1o sl BT AT LS ETEH M0 o e e S oLy e B o ettt powith
[scopolaminewktTelhant wirG afohesiaifidintipasén nssipriithigpaemrictaibasivadhen compared
with the scopelamingsi eated Highinddica ikaalrthwithsveslign amase 186 1Ko pliranibngifferent from

either scopolamine or saline. 4 Conclusions from Example 1 25 The r‘kﬁsults confirm that a learning

defect can belfioHiEEeFEMRE By HERHAR S REHRRACR AR BRSO LRPBIAHHE K expected,
rivastiginine, &maelythgmdsterhsemmhiiiterraliceimbktessmare aupjiciotine aviiidblesaeprerve

(_,,..terminals, is éaﬂ%t@égﬁggﬁgtg}g %gipg}ggéggt%g%%wécopolamine. Rivastigmine is one of a

- widely used class cetylcholinesterase 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 Medrangcampreskiassmeasy ableebenelits dmdnisanaliins-(sescedpdfeltintam H.H.,
Ferris, S., Winblad, B., Sfikas, N., Mancione, L... H T g e BUIDS R A G Q?éﬂ. §: J., del Ser,
T., Inzitari, D.,'Br%‘é’g?)%&'%%ﬁ%‘ aaaé?,mlj\'?f} S}é gt%%hs%‘l’ga% g’caraprin'!lij Eﬁﬂﬂerr#ann,gk%, Farlow, M.,
Potkint35., CheeféssrRare Besingiics igataing rhasy of Seosreinssh arsitavectiensss - 42 - (2007)
Effect of rivasijgipisng auAaianide dironasissphMNheimey s disrassfronadsils saosifeariapairment: the
INDDEX study. Lancet Neurology 6, 501-5 2;06551 dnmanf Mé Pet%ig&BR'cr 'faetgii’ Sé'ﬁ'w‘ él'gr%)mas,
R.G., Aisen, PSS BEWNER '@.’ﬁﬁ?%@ Liegd o SuaRnee R’ MM ISR ST B8 aRN B g
Sano, M., Mobksy Bf i@aqatsimetss measured, MTC showed evidence of memory retention. The MTC

effect was not dose-dependent, in that there were no differences between MTC

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

completion of the learning phase of the experiment.

It is unlikely in view of the 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,



5 Kim, HT., Jin, S., Schultz, AN., Schafer, K., Mu'nerd, R., van Dyck, C.H., Mintzer, J., Zamrini,-E.Y .,
Cahn-Weiner, D. & Thal, L.J. (2004) Mild cognitive impairment can be distinguished from Alzheimer
disease artitheP§dPatihg for clinical trials. Archives of Neurology 61, 59-@6&1@5@3@8?‘9?f\/a3tigmine
reversed the learning deficit, this left no discernible trace in the memory of the animals. This can be
seen from the analysis of the memory phase of the experiment looking at a range of parameters. The
specific parameter, time in target quadrant, was not-diferent from the 25% expected by chance seen
either with scopolamine alone or after treatment with rivastigmine. A similar result was also seen
15using the bvoade be@xymresie pdramatertnc &itedmndyevhicashigraisearasctivtspaltizirecgaracy of the

animal's behaEylj‘cp]%{:r}@qﬂ{@giﬂgﬂg&@g@ﬁgﬂggﬁ%&@t@&p would have been expected. Rivastigmine

did not reverse the 555 of Spatial accuracy produced by scopolamine. Likewise, rivastigmine did not
reverse the loss of temporal accuracy, as measured by the composite parameter "latency”. However,
there was a spggestiptoHiaing0sivagiigminemanyphaye seniercriatiag tind femesdihisCopalassiie-treated
mice as determined by thigmotaxis tieh iaur, The ability of rivastigmine toJey: .the
scopolgmine-%n uréga-%&?%%ﬂg Gyg |ct? a}gabé:bogglvggngs‘tke‘%?%{éﬁ ?ﬁégv%ff’ éEI:\)//' hi%@[%%h!"fhat

enhancement\Wablotinbrgic Metiig sedd PrrmanploviiishttinAdekrisd duiiag theBesvAig phase of
lthe task. Thhaté%rﬁﬁﬂaqg%r%a%&mm!@e miee arerakigdaumakecdistiivse OblRTtNGHEHES ﬂyri_rég the
earning phase task, and this improvement persists from. one day. to the next, in that there is evidence
of restoration 6?%ﬁﬁ&é’fh{%ﬁ%ﬂ@%ﬁﬁ%b&'&rﬁm Shea m&%@?ﬁfﬁﬁ”ﬁ&d&&%&%ﬁgmd by
scop_o_lamine. tdgnieve irbagmiett béyh@ﬁgﬁn@mﬂ@amagdbamsm%pﬁmﬁp{ trece when tested
specifigally 25,40 AHEGL AWBRRY%OR SHilRRERhLMAMeRLRniAe Dlalidsmigqation pRRibsedetected

_-by any of a wide range of measures at either 1.5 or 24 hours after completion of learning. Therefore,
! rivastigmine d&¢% R8P24RA B PR EHBRe! Gellsity R RAnrHeandiNe dRMAIHAG ARG B erational or
performance manay siuitrgaiheatigyisienpligscintshil teskxpad:2 08/ LBR5R3RE T¢MB2008/002066

43 - MTC had cauyalent aplihulo (ESinre RSy Amanse.duing s lagening pliass ofe experiment,

in that the ability to reverse the scopolamine-in ICIt was Indistinguis om controls. The

marked differéegeiens /ifect ahdhinastrynsineg ¢ad Rt repfEminAgRE MR AR PHAZESHT the

gxper}melrllt- H@g%ntn@f@xwagr&#%ermea@fsém(sjﬁm@dsmse@{aﬁ@adnsa?mﬁﬂwaﬁamf wr?m@te?sas y
pecifically, the time spent in t et rant was significantly higher t e chance level, i.e.
25%, after trel’?ﬁ{é??{%?%é] i#]'gtr @'ﬁgfﬁé‘%ﬁﬁ"rﬁ& @gﬁfﬁé%r%%agﬁﬂgg% ?ggt%?]ﬁgq%rﬂg?ér also showed
restoration of seppbtieniriereoants AiiGhisushcistandibcsatiel itledaiwbriorerreirsefidatefaid there
was restoratiofeefkReIFAURANCHAE MBeansiad QyHamRIGRGHgaMeHPFInally, MTC produced a
complete reversal of the severe impairment in ability to escape from the thigmotaxis zone produced by
scopolamine. Therefore, MTC is substantially better at reversing scopolamine-induced deficits than

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.



the chofinergic drug rivastigmine. Although broadly similar in terms of operational 15performance
during the learning phase of the experiment, qualitative differences between rivastigmine and MTC
emerge duUWREME 1HEdory phase of the experiment. Whereas rivastigmin&gr&RIeR LAY Evidence of
memory retention of the task learned on any of the parameters measured, MTC showed evidence of
memory retention. The MTC effect was not dose-dependent, in that there were no differences between
IVITO 20administered at 1mg/kg or 4mg/kg. There wage-also no significant time differences, in that
evidence of memory retention could be demonstrated at both 1.5 and 24 hours after completion of the
learning phase of the experiment. It Branfikely in vigw of Alge fasuitsspbtained that MTC acts via a
cholinergic mechanism, 25since rivagfigmne even at izi.%h ragses(dagahot shown) was not able to
reverse the amnestic effect of scopplamine. Therefare, MTC acts via a qyalitatively distinct mechanism
to reverse the amnestic effect of scopai@ine. The natlite of tis mechanjsm is unknown. Since the
deficits seen in amnestic MCI are prigiegiy; ImgigAomaiy Of Memary, g 70 lows that MTC represents a
candidate symptomatic treatment ﬂLSQMCl,_pamJ;jaLLy_am j f MCI. Rivastigmine is -
already used in the symptomatic treatment of MCI. Based on the results herein, the potential benefits
of rivastigmin@depeand-itgsivowaffactetakat estantickiNugriaslaiac cuasitiopaiatinagigation@mory, it
follows that a g, a | whic ing task
acquisition an%%ﬁ(m?rﬁ%rié\g\%%aggé%%%%%%gg:%@%z O%%%&%ﬂ%@%%%?ﬁﬁ%g to have
superior efficdBpas/eeiNabrgimaat and sifeserspmesngiydriainginbigruys T isatae M Al oPamnestic
MCI. A secentyepngensusiafiiatematipnadapisionhasdesonlateshina-fierms-ef dE b aminrgtic 5and
non-amnestic (Winbla .,.Palmer, K., Kivipelto, M., Jeng, V. tiglioni, L., Wahlund, LO., Nordberg,
JA., Backman, 91,5%55% téﬁﬁhﬁm\e{gﬁ ngﬁ}\/?gl I[?é r@%@uﬁﬂ%—ﬁ?&%ﬁ@vﬁﬁﬁﬁg\é\é‘ﬁyM., De Carii, C.,

- Erkinjuntti, T., Giacobini, E., Graff, C., Hardy, J., Jack, C., Jorm, A., Ritchie, K., van Dun, C., Visser, P.
& Petersen, R€z42064) Mild cognitive impairment - beyond controversies, towards a consensus:
report of the 10International Working Group on Mild Cognitive Impairment. Journal of Internal Medicine
256, 240-246). Since operational deficits in non-cognitive domains are characteristic features of
non-armtestic fof mbeciriigl pitaze HdCbevexpectdrthesM TC would represent a possible symptomatic
treatment of non-amnestic forms of MCI. Specifically, MTC exerts a strong effect on thigmotaxis
induced by scopolamine, which is generally taken 15as an index of anxiety. Rivastigmine however did
not significantﬁ/%&(ﬁﬂ)&%mgdaﬁéﬁ?w jhe 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 MTC (1

mg/kg). Aged mice were impaired in acquiring the reference memory water maze task.

15 Examining only the data of the control (saline-treated) mice across the three age groups,
13-month old mice were impaired in the task relative to 2-3-month old mice. The older
mice had longer path lengths across all days. Escape path lengths of 6-month old mice
did not differ from those of either 2-3 or 13-month 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.



therefore likely that MTC could have beneficial effects on anxiety and other non-cognitive components
of MCI, such as apathy, social withdrawal, loss of confidence and decision-making ability, as well as
general so¥8 ¥A8AFRTent. 20Example 2 - Effects of MTC on water mazé fé%ﬁﬁﬁ%eﬁﬁg%q?ﬁg 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 25spatial reference learning and memory water maze task in MARI
mice at three different ages: 2-3, 6 and 13 months. 2}dlethods 30MTC (Simpsons, UK.) was dissolved
in water. Female NMRI mice aged 2-3, 6 and 13 months were grouped after excluding any animals
with abnormalrstharmanily téhmigadraatmeniveth M4z digarit ABTEMM SREREG) WHEHTAR 2-3

intraperitoneally, (kP Jidhdd kg sd e ember pireninals alother ansh absthitanas asirllowsrinyVO

2008/155533PC T/GB2008/002066 - 45 - Group Age (months) treatment 2-3 6 13 Saline 10 6 7 MTC
(1 mg/kg) later training sessions.

5 The wall hugging behaviour (thigmotaxis) was evident in all mice at the start of training,

but all groups showed a progressive decrease with successive training sessions.
Learning phase — Advanced analysis

10 Age-related changes were examined as in Example 1 in terms of the parameters
pathlength, latency, speed and thigmotaxis, comparing animals treated with saline or
MTC at 1 mg/kg. These are summarised in Figure 12. Examining the crude means,
there is a general deterioration in all four quantities with age. There is a beneficial
treatment effect of MTC only in the 13-month mice, and only in respect of pathlength

15 and latency. In the case of thigmotaxis, MTC causes a worsening at 2-3 months and 6
months, and has no benefit at 13 months.

The day-wise changes are plotted in Figure 13. Younger mice improve more from day 1
to day 4 than older mice. it is unclear if MTC has any systematic impact on learing,
20 although there is a suggestion that MTC improves the day-wise change in older mice.

As in Example 1, the pathlength and latency data were analysed using a survival model.
As previously, the survival analysis calculates the probability of survival in the status of
“swimmer” with respect to pathlength. The survival plots of the pathiength data are

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.



105 Behaviouraltesting was undertaken using the Morris water maze spatial navigational task
(Morris, 1984) [as described in Example 1]. Mice were first habituated to the water maze before
treatment %%Fé?ﬁ?é memory training. Mice were treated with MTC orBy /ﬁ? PPN 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 phase - Conventional analysis Figures 12
and 13 show the path lengths, latency, speed and th#Jmotaxis across days and averaged over days for
2-3, 6 and 13-month old mice treated with saline or MTC (1 mg/kg). Aged mice were impaired in

acquiring the ToRependeahseMBRWRERSBRMEICHESE 1S EX SN RARPEHIgRAL daaidsrariE aetrol
(saline-treateqhHicaRURSHIR (HEaRAIMGIOHRRASTRANJuR d SITRaNE IS drapaeshing Rerdask

relative to 2-3-month old mice, The older mice_had |onger.path s across all days. Escape path
ength of 6-niGRR B AR AT o] 5L PATES 3L PSS JRUNRR o fsape eree

20MT C-treatesf, MBenoarttte dleHmmicth meidesig mificdustng bty edpathtiherpptbre theaihis aiforitinglog
saiine-eated(igg,IHRLRWAS R Sl Alier e BrineaR AR Wi lftbats

e
saline-treated mice, nor were the two MTC-treated groups different with respect to their escape path
lengths. The P BRI ARTAL iRy PORPRINES RiAtHHTElEIqBEEANENRy DA BNGRS Beross
training days; gheyeibergrongs-rersion tiecdithe 2 8sefeTercesuitatoryatatey anazesastiailpll groups
started at the .same level as the path,lengths.in iri I t dif . | eed
enabled moto’r% %E%rifsgrrﬁamggetgoﬁg %Eiség gnergéfjbe ,\1/%3(197 '%%%o%?%%ﬁ)%%g a?ﬂ%%@%ﬁi@ ?v%ether
treatment witlefeTS sisiveghstabsbcairianitrraerier thain e’ e AR 82 AT E8Hsistently slower

than yayng micen@Rgthisdrailenas (hdanendersoaiieentins ibs MRN8/ 155533PCT/GB2008/002066
- 46 -

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.



In 13-month old mice, treatment with MTC did not alter swim speed; however, in 2-3 month old mice,
those treated with MTC swam slower than age-matched controls during | nin jons. 5The
wall huggiwyﬁéfﬁ}(thigmotaxis) was evident in all mice at the start oaégg:}h@ﬁ’ab?g@%agﬁgroups
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 parameters .
pathiength, latency, speed and thigmotaxis, comparid§ animals treated with saline or MTC at 1 mg/kg.
These are summarised in Figure 12. Examining the crude means, there is a general deterioration in all
four quantitied et dpRNtTREHES S BEAISASTRU FREI BIR SEIPRAIRIGHRS RPthe -2 #M&fth mice, and
only in respedigtfatiaienaiht WnsTaessyréa taeatiage ofitbigmdtaxiniMdsSiseuser@winsening at
2-3 months and 6 months, and ha b it.at 13 months. Th Wi h edin
Fiqure 13, Y LR R B TR e AL 6 R e R R BPRRAE RACT o
any systematiddysadtroerieaffivieg! egingiongn threisaentugies tormprserc Bridiss the day-wise
changesin oldgx Jigs. Am i aRRa bR RAIENGIkLRAL fRsa0s L IRiE MR RS Ehusing a survival
model. As previously, the survival analysis calculates the probability of s rviY | in the status of
"swimmer" Wiﬁ’]’?@gﬁ?é‘%‘?‘f’é%&ﬁﬂ@ﬂ%."%ﬁ‘@’@ﬁ@ﬁ)éﬁ’ﬁﬁqg lfﬁénpaaﬁéﬂ%?ﬁj a?aamaor%sagi‘ﬁ(r)wn in Figure
14. The 13-mte#melda salinegTkated mice achieve only a 56% probability of finding the platform 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 may¥s avay#sridoselisrticaInes snpatiasymhichis SSAWR Thidpredl AS RIBRTSIider mice -
30swinprandomiyssumtibthey deiechapophtipbeunsritesiubirly theyishdoodrerty ¢edtel, platform.
rounder Mmice A oI keIBReYE Aiead IReRaand BSHSHSPL SN itk ePRRRY IpgR0! he

e
- initial period s(\:/wﬁ%]mlng randomly before swimming \ tform., L
2008/155533PSTIGBROERE0EBE a3 ampea iiNFedhe haeeies & e RREENsERE EINGTox

proportional hazasdsieslimaieandese R gRoWihamingmatalepgeatiitatesijutigore 16. There is a
strong aging effect seen.in the saline-tfreated ggnm There is no qg‘er% gfaIXLt g*q‘sh omljjrrlg%brgice. The
effect of MTC'B7RRRIA A RABLYILPR QYBSERRTAIRy L ATCRANE SVerafihatniength, bringing the
perforniance tftheToldeamice btk ogaifmasit diffseerenaniteoubbaivedioiti i snenrsidredice. The
overall differepce. approaches stafisticalSignsicanss simdd74). 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 4Afeiniiathahfipaith eiginan ddide heyeiesiadoe siQ il anefo08%5 Vaspectively).

20 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.

25 Furthermore, they showed no evidence of recall of the task at 1.5 hours after completion
of the fourth day of learning. Therefore, by 13 months of age, NMRI mice show _
significant cognitive deficits. There is also some evidence of wors.ening of the non-
cognitive parameter, thigmotaxis, with aging. This is taken to be a measure of anxiety.
However, it was not possible to establish a model fit to this data set using the Cox

30 proportional hazard parameterisation because between-subject variability overwheimed

the treatment effects in the analysis.

As in the Example 1 data, MTC showed no evidence of improvement in cognitive
function in 2-3 month and 6-month old animals. Specifically, there was no improvement

35 in the Cox proportional hazard parameterisation of pathiength or latency. Analysis of the



3.2 Memory tests As in Example 1, animals were tested either at 1.5 hours after completion of the
learning 1%£hase "Day 4") or 24 hours after completion of the learning phase(gf%Da 5"). The first
parameter ﬂ&ﬁ&s e time spent in the target quadrant. This is shown 47 %/GS H%URYS with and
without treatment with MTC in Figure 18. As in Example 1 the statistical analysis used a linear
mixed-effects model, allowing for treatment and day 20interaction and per-subject variability (i.e. some
mice may inherently perform better in the memory tagi@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 1.53Mm@mesaxs drsarassdorandesienSitiaryiMe tiaiRf dorrgder an sridrRace it significantly
different from; ?r&li@fﬂéﬁt lewed (3PY0- It 2P RBaFS iHNlkehatat/tbisis dnentodatbiméntratalbeas there
was evidence_ 0 recalkat 4 hou{s iq Iiﬁampli%ﬁRatpe,&.t 'siima¥ore[1;lrc]a§t e%iencté%\ o;,f1 traee gearching
behaviour in ARG PG IRIR BRI S ERHeAABIP: 1B ROUR 'R0 pratformn the target quadrant.
Younger aninGddianay &ain(Bi0 effibiRihtetivit (2208) ithabMdkgeradlpltaforpidveviRin@Bwas previously
the target quagrant, rdipadifyheissarel sirtray-Arsardingly. There is no effect of MTC at 1.5
hours in the 2-3 month mice (i.e. they do spend significantly more than 25% time in the target
guadrant, like the saline group). In the 6-month old mice, MTC appears to produce an impairment of
recall at this timg=po] VTR ZQ/ hEEIFRETIGERE60288MiredDy Tine kStarymithusdliam treated
mice show conpele ComPelanea a0l ARAtORUTyd [eakRen iR Micafrsgrehaecall at

1.5 hours. It is not possible to determine from this experiment w MTC failed to restore recall at

24 hours, or Witsgiuedet &-proantisd whsre\dfiteiea Bxmi@roAtARE TRMT MEdSdffArable to the

salineigeatedg2nd; 30BN GROmE MldaniesaRaPmaaRigikamuurpathsbi/eadlskigare 19 show
complete restitution

f swim path directignpality in . 13:mo |d mouse [ freatme ] TC. An
- analysis of Ioc%ﬁféﬂ%?ﬁrﬁgs@a?ﬁ%ér?gﬁeegn,?ﬁ ;I%Ko{g’s owrilsiﬁq?r]—!%g%)rgn%fr ﬁ&%@%g&f&g}ﬁ% alisation'
is a compositenpataltretes. reflecting spatial accuracy of search, calculated from: number of visits to the
previous platform location; number of visits to the surrounding area defined as an area twice the
diameter of the platform; time in this surrounding area; and time in tar %i uadrant. As cgn.be seen
from Figure 20, Yo SHERIBING &t EMEPNB?(?QQEWW'P& 'i'ﬁ"irgyr%%% %|8%ﬁ?ég‘ AR Bhour
probe 1%time.tAd erenasey phather HigrifipanndiffeTdmcesyidtrosepn dissitidadyljn MEGRgYRaes to impair
localisation at,j W@é@%ﬁ&%ﬂh R0 D6 RS ICUAE AR S AHAIS W AlRFLIP YRR

significant effect o Conclusions from Example 2 This stud%cgas,d,emonstrated an
age-related spRiPNOMERTPIRVRERTR AT PYIRERNEES FRiReL SR B RSREMUAHNRY YRS BRedata for
both pathlengéhgnodateneyaitartbervpiibsimaearafisgeAtiemrentorntasky V3-tdinth ioltkrgite were
unable to aCQlél&g(}pa%tt%%  indistinguishable from the performance seen at 2-3 months. Likewise, the
20 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 latency.
25
The age-related defects seen at 13 months in these animals can be taken as a modet
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.
30

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,



25Furthermore, 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 co{gnitive deficits.
There is al¥%8 e Bitfence of worsening of the non-cognitive parameter‘,) '@Gr%?g%os, Wth aging.
This is taken to be a measure of anxiety. However, it was not possible to establish a model fit to this
data set using the Cox 30proportional hazard parameterisation because between-subject variability
overwhelmed the treatment effects in the analysis. - 5&s 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 MSrGverent 3samete SR sTepbrliSiP R 8NP aIRRBL N 8R1ltN 161555BRRAGH or latency.
Analysis of th@lewgg,%gwgﬁag?p?@a@a@g@%m%@- 49 - 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 SallawviayFeeaip@ROMTEnaaRibbletapr (2008 pthitvrre e abie RETRIEREE memory

5functign in the, ARSeNCe GRFG HRISING (RPaiTBGREINCRSS bATCMBRAIERELBaRENUPEsTormance as

measured by time'in target quadrant and localisation at 1.5 hours in 6-month animals. This pattern is
quite different’ﬁ%?W?Hﬁtt%%%%ﬁ/"@Haé‘? %28 REoRHFRD AR MRPRE HANH PRAESE A ShARHNTy. There is

also a 10suggrsfias in hedasa 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 15the memory phase of

the experimerfing Bt afdVI& deansiriricosiy o dnstiondly tiesr mereln paivatanihat AhCAT®S months,

salinejreatedRnials Wergpelticaly incaspesentane shewsdiss @jdrneeiofihaving Majuired target
~quadrant discrimination when tested only 1.5 hours after completion of learning. After treatment with

~ MTC, time in Pé’fbdé{)aﬁgdrant was indistinguishable from the performance seen at 2-3 months.
Likewise, the 20composite parameter localisation showed essentially complete restoration of

performance tqdfatseRrbiisalardieater ArimAma 2Broent:afrosvalshe: brow e trial.

Similarly, during the acquisition phase, the positjve effects of MTC approached significance on day 4 in
13-month old P RVR PRI MBHNMRAEH NG and latency. 25 The age-related defects seen at

13 motghs in these animals can be taken as a model for MCI and age-related cognitive decline in

humans. The ghilit, pf MTC, I restore camitiye function sy eds| indisatearhat MT Sonygy be

useful therapeutically in the treatment of age-related cognitive décline and MCI syndrgmes. 30
that memory consolidation can be improved in otherwise unimpaired anirals. That is,

the claim is made that otherwise unimpaired animals can be made to have better than
normally expected memory by treatment with MTC.
20
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
25 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

© 30 accepted that the studies enumerated provide a basis for the treatment of memory
disorders on the grounds that MTC has intrinsic and universally applicable memory-

improving properties.

There are further ambiguities in these earlier studies. For example, they generally do

35 not suggest, and indeed specifically argue against the proposal, that MTC could be used



Example 3: General conclusions WO 2008/155533PCT/G82008/002066 - 50 - MTC produced a
complete reversal of the severe impairment in ability to escape from the thigmotaxis zone produced by
scopolamirféCA8%H5%WA%in Example 2, MTC was able to produce an improVereREAIEH S mance
5during the memory phase of the experiment. The age-related defects seen at 13 months in these
animals can be taken as a model for MCI and age-related cognitive decline in humans. The ability of
MTC to restore cognitive function in these models indidates 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, MEGBhanwedsas ndden te sMimprosave thahtee ghreke oLNCie atn srsieflisalled animals. 15

Itis claimed induafdhe sikidiss eonsbriaier dralkuvRudin. HMER B stane2dR:tbatmemory

consolidation can be improved in otherwjse unimpaired animals. That is, the claim 'ﬁ?made that

otherwise uniri=FHRPIFRFHRRN BRRAARM HRIRE S SIS ISR RHRLIME SOUERE P HRATE B
treatment withtiMdTdtuic?2B Adraipitset fndatgdiyharefarpridongeddnfrmairealaiths enpelenianiGallaway et
al. (200§) anddgg@igéoql. (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 mg/kg) did not produce enhancement of learning and memory in 25otherwise unimpaired

animals in a wellirlified thehayie witprIBEtoM £ Brat ainiRie s RRENMIRMAIYL Rayuedy the Morris water
maze Furthermaore, it is shown,in Example 2 that in certain, clrcums r @Q g freafment with
MTC can impaﬁFCig%?ﬁiﬁ‘é"W%?ﬁe%%%%%r‘?ﬁ?ﬁ%ﬁé& %‘ﬁ%‘ﬁ%&.%erﬁgﬁgﬁ? aﬁiﬁ(ﬁg'[g e(g1 6aaccepted that the
studies enumédf gieehprefpigetrainiasisoisrans afeeirrnnef Hryavey tiscitiick! on rererFbuReS that MTC
has infjinsic apg, maﬁt@ﬁgyeam%&?@%éaﬁ-mwm%@um BT RRALEBSH Y& administration were
2008/155533PCT/GB2008/002066 . ) . .
o to be restricted only fo 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.



-51 - 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 memory
consolidatiBiPefieti§5xist also occur in the course of learning, as the drud §sTAdRAIRPAPESF repeatedly
over a prolonged time-course in the experiments 5described. 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 traingag, but only after training. However it is difficult to
reconcile how a 10drug could have utility for treatment of disorders of memory if such administration
were to be regirisiegienly totibieaiide thbansy fof WNEhrehBdided memory is desired. This set of
circumstances could only be envisaged in the context of specific training regimes, such as the
extinction of conditioned fear as an adjunct to exposure therapy. There would be no expectation from

the teaching eaprieriRpave dhiriteapeihel MEHMRRATE TS0R9H B8 S RsiaveeihaRtE%karning and
memory moreug-gggﬁaél,yawig}pgﬁ tptcspbReEgidhgdigang of doses. Thus these earlier studies do not
credibly teach whether MTC, or any of the diaminophenothiazine compounds disclosed herein, are
agents %,vhich could enhance 20learning and memory by mechanisms other than specific
neurotransmitfefustysteesamespesiipalipwiadicistenstatothpitbihai R THetapBRidsThey further
do not teach V&%‘?@%ME@%%B?VE more general utility, other than if given at specific times with
respect to training tasks, and if given at certain specific doses. 25By contrast, it is shown in Example 1
that MTC is able to rectify defects of learning and memory in a model which is unrelated to
mitochondria' Einergyenatabatismetfiduky édorgs ibod ot biewat eptedativatahe tefeg poftdddTwesve
anything to do Wit%ﬁfl rectificati f @gﬁ Telag ndrial energy metabolism. Furthermore, the
,potent?aq utilit)}ggsJ / Ig ?sg %%%%ﬁ%%@r@éﬁ%e @@ggﬁggﬁ by the presence or absence of disorders of
" mitochondria! 30energy metabolism. Rather, MTC may be able to demonstrate positive effects on

learning an memoexp¥dRAdhEIEdREdIEMaa edliewlsficits produced in any way whatsoever and
irrespective of_.any presumption as to the underlyi anism.of t
2008/155533PETROBS0 g&é&b’g% 4 Enéexa'r%%lléelai%?r\% Slhjﬁg%eﬁ]%?gqﬁ@%%ﬂ%%aenné %ﬁlfflSAs noted
above, the trewenentaseM@ndiarpg TErRRIHVLIRED & Penapsd fnakt f6r throtRl 8haRHYn'Gn the
cholingrgic sysigmsQitiurEhar/SXneimast wassperformed to demonstrate the utility of DAPTZ
compounds along with ChEl therapy. The materials and methods (drugs, and behavioural
apparatus and testing protocol) was 10generally as described in the Examples above.

Exp. 1 confirmed the ability and dose-response relationship of different doses of

rivastigmine to reverse scopolamine-induced cognitive deficits;

20 Exp. 2 established whether and at what doses MTC effectively reversed cognitive

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.



- The experimental design was as follows:  The present study was performed in 8 replications. In

these, mulfjple nt groups were present and animal numbers of ea all. For the
s AR

sake of clarity; w: re split the analysis'into three arms: Exp. | confirme ity and
dose-response relationship of different doses of rivastigmine to reverse scopolamine-induced cognitive
deficits; 20Exp. 2 established whether and at what doses MTC effectively reversed cognitive deficits
induced by scopolamine; and Exp. 3 tested the effects of co-administration of sub-effective doses of
rivastigmine and MTC in reversing scopolamine effects. 25The data from Exp. 1 and 2. is based in part

on that descriePapmiaeine 2 BHavE! BArdl sursas faniaadheadnineiinsy &aebfcdBirison
with the modghHae@tiaiExp08) Amirmcispaeresrag fosily sieciiedd e anblichéhetsabrdnteyetips as

summarised | Tﬁ#é? -1, Subjects received the first L.p. injectjon, 35, minut ior to. test, this injection
30consisted g% el r%#@g%ﬁ%?&p%&%%ﬁ%@éﬁﬂ" Wtégt\‘%)rﬁ(gb'vhgél @ﬁ%du%g#aﬁe\ﬁ;%y?%éfong and/or in
some groupsaftauscppipsainenwitbithe fitestiv 2StgHia @ adRYEMTC ARENCON &RFENERY minutes after

scopolgmine gy MINLREHHRAGE @Rk AMEPING R ad AR ML RCaRMIARINErWREBIGh@saN to enable

pharmacological occupation of 35muscarinic ACh receptors prior to treatment reversal, based upon its
pharmacokin808% SRHS 968888434BLE%5H182008/002066 - 53 - Scopolamine has a Tmax of 20-40
minutes following i.p. administration (Kim et al., 2006; Janas et al., 2005). Initial experiments in our

aboratories egiglihec Reak ATaIN RIS LI A AC UBhiER i b ASRBISHERIPR Gnpublished

data). MTC was Injected after scoF%oIamlne with'the intention of acting as a reversing agent on a

pre-existent SRHAiRBhkEPWIDISBRYRE B SRAIO MRy driphukaniticriss BniRisRkERe A %ept in their
home pRge upfiiishavimoal iesing: A |ovodoreioff stappiiMevil. hyag/ko) dewsidrafreensory side

_effects (Robinson et al.,. 2004) but known to ind ' IGit injecieed-p.

. (Steckler andgﬂ?plgtis gé‘?g%i%o S ngéigues'gya .? g@%%%%%’%%%%@%@%%@e%é %E?/#\gstigmine
was given at d&rerapredaendievadurelyCriceriYert BBepkiOdt BUPEY90Y KB dBSEY6F Were based
0{1 Iilterlagtgge) (S t@@?}b?tﬁ'\fﬁ@@ﬁis‘éblﬂk@ﬁdﬁnd ﬁﬁ?@%éﬁﬁ&&ﬁfﬁ?ﬁiﬂﬁtﬁtﬁﬁ@m@@ﬁgemmwﬁf@f (I\\;IVTichhik
etal., . Side-effect profiling was ¢conduc nly with highest effective e doses o
(amglg) and HOAEHTAD TSLHROAGHATE £ e DAL e O BN frmber o
animafs useds#tiitiatretdibsisitinrivestigrminsice theseeife. 5 anir@izSisag/knital plodesaibe of
scopolamine H&Q&@ﬁnws{a&&éewwsﬂd%é%za%nﬁ ardvarse-RilentsdauBlisRikeIeLsaardination
problems, ataxia, brief episodes of convulsions). 20Data ana%sls as as follqws;.

were discontinued due to severe adverse effects in mice (mofor 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.



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-suifjetanssazdy/trial as within-subject factor 25followed by plannE8T6MPHFE6HSDetween
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. Analyges were performed two-tailed and the null
hypothesis was accepted at probability levels of 5% (p<0.05). Only terms for reliable 30differences are
mentioned in &g for simplicity. WO 2008/155533PCT/GB2008/002066 - 54 - Results: Exp, 1:
Rivastigmine reverses spatial learning deficits induced by scopolamine 5Acquisition learning
Rivastigmine was administered in a dose range of 0.1-0.5 mg/kg to establish its efficacy in reversing
the scopolamé Rivaptamingevaipas Anetal I8a0iHEaef BRegRESvas administered

12| 0] LTC SR LG | i {H ) ; H K
after saline to perform side-effect profiling of the drug. 10Analysis of the swim path length (data not
shown) revealed a main effect of treatment (F(6,207)=7.408; p<0.0001), an overall day effect
(F(3,207)=25 BCFLH 55 Ao interaction (F<1). Performance achieved in trial one was also
analysed and an overall effect of drug treatment was found (p=0.0067), however post hoc analysis

showed that nope af e dreatmant R difterdram,eantEolss BEhis eeaupRoEs s view that

scopolamine treatment impaired learning throughout the training period, and that rivastigmine is able
to reverse thid"dENERS PG P SRAREINEORTHETEFRIBIHTHRRRIENGRbU P2 Ed BPB {88 #REiRipression of a
dose-related rgvessalgRivRstigminaisledasagsaiQimans 4a2vregike felly sesftirgest the deagning deficit
(F's>2,5; 20p<0.05 compared with olamine, no difference with saline). I a/kg
_rivastié?nine v?é%gl %T:‘fgf:%?/ee RO di zﬁg%???}aw%%?o’b%é|§{r§%@ %@éegifi%@%l:%#sc&%rg%&%@ saline).

{ Strangely, revéT€aR@f PP RGAL bratpaneralbrny sirmMI(BSRa TS Soarskldifiebed "25 from both

scopolamine (F{SHQrP(E« Pr-GOdehait S AbAR (BRI b5 R=0.880)akdnsednslestioveafithe
individual perfoymances, however, revealed that thi s probably dye to one animal in t roup,
which showecEHBHES AT BE BT oh HE L B R RE o Ea R R A AR TP detgmine
dose. 30Finallyomivastignieatmkmie didpsalitideeddpemiaidatioling in this task. Similar results were
observygd for the overall learning between day 1 and 4. This is expressed as an overall reduction in
path length and showed significant improvements in all groups (t values>2.3: p valug_‘s;o. 5) apart

from the s_copgﬁﬁﬁ#?e"@yzi‘.‘ﬁ?%ﬁ%Vﬁf§%&@ﬂ9%§ﬁf@¢"§86%%’ﬁﬁé%ﬁﬁ 9“E78%0.07).
The same motiectidenttfiperabpsedibaiaivagiigmare cudide tn theclkatidhigrdefmitiiteribstipapnahimals

treated with O'ébmgélﬁgons of individual groups supported this impression of a dose-related reversal.
Rivastigmine at doses of 0.5 and 0.125 mg/kg fully reversed the learning deficit (F's>2.5;
20 p<0.05 compared with scopolamine, no difference with saline); by contrast 0.1 mg/kg
rivastigmine was ineffective (no different from scopolamine, F(3,63)=09.6; p=0.003

relative to saline).

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



WO 2008/155533PCT/GB2008/002066 - 55 - rivastigmine presented with a substantial overall
improvement despite a lack of reversal for the overall daily performance. Thj inly due to the
poor Iearn?ﬁ& 8?P§é§)s%ﬁe in this group. Swim speed was also altered as a;%‘ﬁ;é%ﬁ,@@ (Q%l%(’cireatment
(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 effeet of drug treatment for thigmotaxis
(F(6,207)=4.059; p=0.0015) was primarily due to the scopolamine alone group, which differed from
controls (F(3,693st0mipe 0reps)teiiiiugsumstrnia! gusipls SRIETIRM SRR 826 SR 8YSEal hugging
on day one, this prosiassivalogesinaanardmasRtHiflaenidetheqiiop lRabiediah menvor/in
Short-term memory was ﬁecorded 5 ho%\r?s ager the Iasft trg\tiirairqg tgeﬂ'a@ tiamrge%pent in 15the target
quadrant (datSTSHBWR)RISPGRS WG IR LEEBD RS TSH con{rofsganﬁ Scopolamine + rivastigmine
0.125 mg/kg tEEEHTHFESBH5 vetGdiDa) SRelattivc ecomos! cleandeseapiiMastigmings(faiRMeSa0w this
preferepce. C ' Yota)ifc : g&fg@gﬁmg ficih ik Hne\sepRAlamie eievps as well as
> QWQ?@H'HQQOQ@F@%;?%%{%E%% (p valﬁeigﬁo.OS; )Sé[udent's } %st). 20 Exp. 2:

scopolamine + rivastigmine 0. /kg -
MTC reversedG¥8psRmimYRbEReY aﬁﬁi%%@ﬁ%f&%@ §heESGRRdRARAIRst A ftiition learning

25As describeafkmnkmaritp higrabaxe, @e)3sTs-ef 1he; it pHlh dersgtimevibated tmtoverall effect of
crug veamen) (RS ARE RS SR IO FiRkSHap LA RPHR) 260 R adntgracton

(F(21,240):1.§, e was separately analysed and no between-group difference was
found (data @il SbengFoRREFiataghyilh bishpErRSSHNB RPN RIABY RIS Progressive
scopolgmine-ijeaigednice ek tvedBsentrols3ee3169)=24; p<0.0001). MTC reversed this learning
~deficit in a dose-related manner 4 and 1 mg/kg MTC achieved full reversal (F values>13.6; p

" values<0.002 compared with scopolamine alone group, not significant compared with saline); 0.5
mg/kg producépgaatiabresrsal (F(1,60)=4.8; p=0.04 compared with scopolamine, F(1,63)=4.6;
p=0.04 compared with saline); 0.25 and 0.15 mg/kg failed to reverse the scopolamine deficits 35(not
Zlcg)](? g;iggg\gg %%gggé%@%gluf%%g&g 6}{| .uSeﬁc’; uoréogﬁg?mg %Std té’a\al ié'?n%%'z’:%?&s %1%% spent in

15 the target quadrant (data not shown): A spatial bias was estabiished for controls and
scopolamine + rivastigmine 0.125 mg/kg treated mice (p values <0.5 relative to 25%
chance); all other groups failed to show this preference. Comparison to controls
confirmed the memory deficit in the scopotamine groups as well as scopolamine +
rivastigmine 0.5 mgfkg and 0.25 mg/kg (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).



MTC 4 mg/kg was also administered together with saline, but did not affect normal acquisition
learning. Overall learning calculated as reduction of swim path over days confirmed this data. 5There
was no ové‘?glpﬂ?%]r%\?éﬁ}ent in the scopolamine and the scopolamine + M EREB Y S5 mg/kg
groups while all other treatment groups (including scopolamine with higher doses of MTC) showed
reliable learning (all t values>2.2; p values<0.05). Swim speed did not differ between groups (p>0.05).
By contrast, thigmotaxis was higher in the scopolamisg&-group but was reversed by MTC treatment
independent of dose 10 The overall factorial analysis confirmed a main effect of treatment
(F(7,243)=3.9"pac omrkoavas plspad s iens) igeipovio Galinanbul didy ol affecitneemeinteraction
(F(21,243)=2 36igRicH. b Oy dhe feaReigRiNKIgISY BYa8 UBIBAIER dURIAHNE: 1 SolBR
(F(1,69)=9.2; p=0.006), all other groups were not. 15 Spatial memory Spatial short-term memory was
assessed by f‘r% nggffm%%’r@oe trial 1.5 hr post training. As for acquisition learning, controls and the
two high doses of MTC in 20conjunction with scopolamine supported memory formation and mice

spent rgliably-mgye faan £B9RCR ImiG.are) MRl Al uAESER:30 YaNaSRIET acopqiamine

alone and the lower MTC doses were not effective. Exp. 3: Co-administration of sub-effective doses of
rivastigmine @79 MFITHKE JEXBB NEHIEFHAhES. e aiReD! SRPBinrieingsrPPeaipse Wibendently
reversed the apgeityes#ppavTEnsset bpbicRRENDIRG. (SiEoedhe Inpcharisan oS actiwinior MTC in
vivo differs from ri igmin e reasoned that sub-effective do of bath compaunds may act
citvely of QISR DRI Ea Sosan e ] R P R TN R
MTC were 0. BIPRPRUTEIUNIOLD Mt/ EayRistvdly MAOI2EUBETS BBERRPEIEG 800087002066 - 57 -

Acquisgion learning Comparison of the four groups on the measure of path length (Fig. 21A and B).

_revealed n overall effect of treatment (F(3,132) =15.52; p43.0001), o (3,132)=22;

" 5<0.0001) Al E AN EERPMTALEE CRIROHE @ 18 E0es! BLEBHT A Lttt reatment o

rivastigmine arF@.RONE sigaﬁmmyﬁ(ﬁp?éﬁﬁﬁﬂneﬂ)aﬂai)eandiagiaheﬁgitfﬁmmiwwpmlamine (F

values=4, p vipuoes gsenalyisasfifpmeni AR BFROAROLYLREGrlion gppearcd
able (F values<4; p va

slower than in controls, this was 10 not reli ues>0.05 with treatment as factor).
Similarly, rivaS8Ritid PR TPCRIRRMR e RHRTNEIE Bt not significantly improve controls

suggessing that combination of the two drugs did not enhance normal animals. When calculated as

savings (redugH%Pa}r}qu%?{fngth from day Ito day 4; Fig. 21C), only the scopolamine alone group had
not improved, while all other treatments did learn the spatial task (t

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

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.



15values>3.4; p43.005). While.swim speed (Fig. 21D) was not affected by any drug administration,

combination theraply_full reversed the scopolamine-dependent increase i égj é){}?%%-’%g 21E) (F
values>4; 8’9&8%@% 31 for overall analysis with treatment as factor; F?l, %E .2, p=0.006 for

scopolamine versus saline, all other groups not different from saline). 20 Spatial memory Rivastigmine
and MTC also reversed the memory deficit induced by scopolamine (t=2.5; p=0.02 compared with
scopolamine; not significant to saline), but combined Z5administration did not alter normal spatial
memory per se (Fig.21F). All groups apart from scopolamine-treated mice presented with a spatial
bias (t valuesABIHisHpaIlRa:2DD2) confirming that reversal of the learning deficit was also transformed
into short-term memory. 30Discussion of Example 4 Scopolamine has been widely used in animal

models to mimjic muscarinic decline characteristic of ageing and, dementia (Drach and | eavitt,
Tor). WO SRR BB SO TS HLRATEN e LT Aveantiee
provides a dose-clegreihdffatrel teestihentigifida) dofichs; eReH0SdopeidminE(mbRIFIRIvas also

effectivg Whe%@&ﬁﬂﬁiﬁtﬁﬁ%damiﬁtéﬁé@fﬁﬁ%%@s@%@t@kﬁ@@ﬁ!@iﬁiﬂi%.QEP.'effeCtiVe dose of

rivastigmine suggesting that it may be useful in a combination 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. MThandmibiastigmirnatditat ehtiedytitpuiers arcbyiTiGvaghifizitshriduysedebytrecspatiamine in the

water maze tagl 0 Spaal waIkINORNG ShRILIRI LS pasiiaan s9RslR L fjggiage of

cholinergic transmission (Buxton et 4:'Han et al., 2000; Ballard and McAllister, 1999) leading to

an inability. totteaHperh s faree imferatarue FAmINESTERARFTEBVOUE AT TR LIRS was
scopolgmine-tggiethBuce shawedparsiniently biokile eisiekitigmtasiy. Shanasibie sitrytanan

~impairment of se filtering, an enhancecgl.an lety (Smythe et al., 1996). Moreover, swimming away
“from the edgeagfj':ﬁl(ceir g&‘%@@&%ﬁ%%gd%%"é‘ u?%tmm“t—‘?rﬁoxr?}é\‘;ﬁgl4 ‘l%f?éﬂle& @?ﬁg?g?c%)gﬁr?zsrgsl%ggg Vation

(Blokland, 19983t Ténisbinmtiearsf thdbvecinigoditseet ensgope Refn®-arsad iYitenadl paatrditgrly
relevant during Gayly ioh SPalis] KAINGoMVeatherelary augest babhatiE\RsHgmiRa:and MTC

may act on 20reversal of short-term procedural memory initially to restore the animal's acity to
learn the Iocaﬁ&ﬂﬁ‘%ﬂfﬁ&%ﬁﬁ@é‘&féa’mﬁﬁﬁﬁ?{%ﬁﬂs‘ﬁg‘éﬁ’/ﬁeﬁm}%’?t@#é@g?ﬂhH??e%f}ﬁ?/az&%%gq mine were

not obsgrved,gilies:therepwe D H Wi endesspesw g HE) veasonwesifavep mvimystyugxcluded visual
impairments f%ﬁ#ﬂﬂi&%ﬁ%%&ﬁ%ﬁ\miﬂ%ﬂ%?%ﬁ?%\%?@éd g’:%os@opoiaminedependent 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).



25 Rivastigmine at low doses readily reversed scopolamine-induced spatial short-term memory deficits
(Bejar et al., 1999; this study). This effect is dose-dependent and required doses >0.125 mg/kg
administer®@280RERFE8%ully restore spatial learning and this is the first deRforSPIEEH 8 E0ch an effect
in NMRI mice; chronic treatment may be 30efficient at lower concentrations. Our data offer the
interpretation that ChEls enhance attention (Lindner et al., 2006), reduce anxiety (van der Zee and
Luiten, 1999; reduced thigmotaxis in this paper), andsaffect to some extent procedural learning or
cognitive function, i.e. short-term memory. WO 2008/155533PCT/GB2008/002066 - 59 - Our previous
work suggestadhiatonbeddrnitie Ectiviglés ehitiea) T @lpthedespariosrerasandent imsesaRbloff et al.

2007 and et chdiar dslaumee bl Mo anyRemadiicaraanAlRsaamenta

designs. Here only interested in et effect of the drug treatment. Given that

rivastigmine-id@deeifedhisfrsaiipraobRrinn st RS HE R FiBPPE RICRETHAARR S4edrHitdtes that
anxiety, procegitrakiearping afdlispadiahbheiibio harepigHis inkess (Wich eais@iiadn 2084)md may
indeed all be requlated by cholinergic activity jn the hippoc -COrti tem. (Niewi aetal.,
2008). ot S BaT A A BATuLa] i I ey B e A 0, e
versa remainsurskbied. Consistent with previous reports, however, is the observation that
over-stimulation of the cholinergic system by high doses of ChEls is detrimental for memory formation

in both preclinical models and humans (Bejar et al., 1999: Mihvojevic et al. 01, Beglinger et al.,
2004, 2005; AhTHH %‘f%ﬁ’?%ﬁ?fﬁnﬁ WELERRGPR 8rqféﬁﬁiléﬁ%”ﬁ%?z&zsﬁ?ﬁs?z%ﬂ%%‘”

autoreceptordfBreatt etzak, (8§1996). This explains the narrow therapeutic window and possibly the
short-lasting effects of ChEl treatment in dementia. MTC 20In contrast to rivastigmine, MTC presented
with a different pharmacological and psychological profile and proved safe and without observable side

{effects even atRROGLWHKING #d SHETKEPEP MGRA THSRaRRMIA SRS BRG LoRloda9R 8fapeutic window
and may alsogpsive gafersiamntesiinuBusttieatragnt 3egimas T hie, @068; Bairor senddlitidfehip for

g <rd R RIS NAROSEI I AU o UGl ip vt fom

anti-oxidant aetvigskdntihel serppieqHtieaRies Mirfore amhastsieadiighbiegalalisigmpiargor ;

Martinetal., 1985%iioyes & ah ihS9adeh; ekesehafindPardaliawayal ahxigQ0dbreupsist\Wischik
etal., 1996). Thes% er!\r}}echanisms..fail in differept fort' S (g{g;jerp&ntia apd neiurgdtl—;'cacen ur%Jivee r(;I‘idc,eases SO
that MTC may] %?8 %r%ﬁéc%%@'g'ﬂ%\?@f%oéﬁﬁﬁveee% heer fortReir treatment. 1n eerc?, sconp'olamine

can trigger  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

20 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).

25
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
30 efficient at lower concentrations. Our data offer the interpretation that ChEls enhance
attention {lLindner 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.



the production of free radicals (Fan et al., 2005) and increased brain oxidative stress (EISherbiny et
al., 2003). Consequently, several antioxidants such as acteoside (extract from Callicarpa dichotoma,
Lee et al., PEOBVEEEE Dligosaccharide sugar chain (Fan et al., 2005), as€6rbfeBE/ (¥d% ngelis and
Furlan, 1995; Palle and Dhingra, 2003), and 35oroxylin A, (Kim et al., 2007), reversed
scopolamine-induced cognitive deficits. WO 2008/155533PCT/GB2008/002066 - 60 - This Experiment
therefore shows that MTC also enhances memory foggation in hypochohnergic subjects COX activity
declines in dementia (Gonzalez-Lima et al., 1997; Kish et al., 1992; Valla et al., 2001) and in
fimbria/fornix anpesirtdaiswibdovetsere halswanic tactvity isippbcaiyped (Mesgphetadier001). Also,

CoX decreases SoinliconlipaleL AR (R Al RRLeaplaIRg JamEOf (e

pharmacological differences between ind rivastigmine. A corollary of enhanced COX activity is
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Co-administration and rivastigmine 20The 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 combipginineedvasiigaivre dptovEEGrame vher iextisyo eeyistiol wfvargaitighvdsfitiat @ach
constituent contributed to the final eff baye IS SW0.AISIGH VR AseNEHe Wl gryersal of the
_.scopolﬁofnine-i\r'ﬁ%é’gas dencit Wﬁr?%e eﬁ%%lgﬁ;c,ezé ?a er day 2 ﬁgtraining) whereas additive effects of

“equivalent dosgsevbien telgevaiotlimuatipreaiife Fhalitargewyar iydiagsases ot Hb5Versal (MTC).
A time-related pesmalisatiandRayTinendieweyBiRise Qe T etbudie aritvastgMNBeamtMIC were

administered individually in cognitively effective doses n tributed to t mbined drug
effects. An BOiﬁggrféﬂ‘PyB’SM? t%‘ ﬁgak gl%r ?“ﬁ%&?ﬁw%@@?@%&% r@é?é%é&f%ﬁ% I (S,d;r‘r)’;?i'ght arise
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activated in a task-dependent manner. If this were the case, one would expect a beneficial outcome of
longer term coPfBRISEHG B IERRIMAR N @EMRMEP2008/155533PCT/G132008/002066 -61 - treatment

may also widen the therapeutic window for rivastigmine while reducing toxicity.
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 scopolamine-induced cognitive deficits.
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This Experiment therefore shows that MTC also enhances memory formétion in hypo-
cholinergic subjects. COX activity deciines in dementia (Gonizalez-Lima et al.,, 1897,
Kish et al., 1992; Valla et al., 2001) and in fimbriaffornix ’gransected rats with lowered
cholinergic tone in hippocampus (Krigel et al., 2001). Also, COX decreases

5 significantly after ChEl administration (ito et al., 1988) explaining some of the
pharmacological differences between MTC and rivastigmine. A coroltary of enhanced
COX activity is enhanced giucose metabolism i.e. ATP production.

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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treatment may also widen the therapeutic window for rivastigmine while reducing

foxicity.
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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



a own wes mei 5 Table 4-1: References for Example 4 102.Ballard-TM, McAllister KH, (1999). The
acetylcholinesterase inhibitor, ENA 713 (Exelon), attenuates the working memory impairment induced
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4.Beglinger LJ, Gaydos BL, Kareken DA, Tangphao-Daniels 0, Siemers ER, Mohs RC, (2004).
Neuropsychological test performance in healthy volunteers before and after 15donepezil
administration. J PsychopharmaCaol ar, 18(1):102-108%-Beglinger LJ, Tangphao-Daniels 0, Kareken

DA, Zhang L, Mohs ft Siemers ER, (2005). Neuropsychological test performance in healthy elderly
volunteers befigtararingraheibRe e gAY HslpYRS AoV SR RBE, e Shilfomenedatie Allin

Psychopharmagglg 2325162 $han i @5 2008 Hbh 23R RmE/ mBRKNE]1 002066 -62- 6. Bejar C, Wang RH,
Weinstock M, (1999). Effect of rivastigmine on scopolamine- induced memory impairment in rats. Eur J
Pharmacol, 383(3):231-40 9.Blokland A, (1998). Involvement of striatal cholinergic receptors in
reaction time dnddvardtiateivhi asspondiogeih FRS-BRINFewBDk04S Blugxse Positron Emission

5 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.

10 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).

15 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

20 arresting neurofibrillary degeneration irespective of Braak stage, risk factors and strictly
defined diagnostic subtypes.

The results of the study are summarised as follows:

25 Molecular brain imaging was included in the trial, both as a baseline stratification
variable, and as a surrogate efficacy marker. There were 138 subjects in the SPECT
cohort who had images both at baseline and at visit 4 (18 weeks) as a response {0
treatment with MTC and 20 subjects in the PET cohort who had paired images.

30 When used diagnostically, SPECT and PET both reveal a characteristic bilateral
temporo-parietal defect. However, the underlying 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

35 depends on local biood flow over a short time-course, and so provides an indirect
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Decline in giucose uptake did not reach statisticat significance in any brain region in

20 - 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

25 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.

30 Discussion

The PET data now show that treatment with MTC exerts its strongest metabolic effect in

the medial temporal lobe (MTL) structures. This is expected to produce a corresponding

increase in functional activity as measured by enhancement in glucose uptake. The fact
35 that a statistically significant effect could be demonstrated with such a small number of
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15 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
20 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
25 {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
30 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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Example 5: Further evidence of efficacy of DAPTZ compounds in the treatment of cognitive
impairment The foregoing Examples have been conceged with the ability of MTC to rapidly restore
25cognitive 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-consumptio g'rr@itochondriat defect would exist. 30This
indicates that MTC may be useful therapeutically inbf"re-rreatment of age-related cognitive decline and
MCI syndromes irrespective of the mechanisms for those declines or the precise diagnosis. WO

2008/155533RC T/GB2AQB/9RARAoHAENANEIRUNBEIRIRI HsSRiRRYAS e FhegrBitvR decline in

mild or moderate AD (using ADAS-cog change as a primary. outcome measure). However the study
also err?ploye(%ﬁs&tr E‘F‘%Mr@%&g n%\fﬁgg?é’" %ﬂ{@%}ﬁﬁ@igﬁﬂgmﬁg %égnra?)ﬁy r%?rﬁ%QTe
HMFAO-SPECT (Hexzrethsd nopytenedinise OxihfrorB icgtpflkrste nfthe ésiowilp oyrigshy) as a
secondary outcome measure. Neuronal function (and hence cognitive performance) is known to be
closely coupled with blood flow and glucoge utili%atiqn that can be measured by SPECT and PET,
respectively. 10These imaging methods i ere% OowWnh to be particularly useful in assessing the efficacy
of pharmaceuticals for use in the tRéatment o itiy&disorders (see US provisional 60/996,177
(Wischik) filed on 5 November 2007, t
_reference). 15Importantly, the Btutywasstrati§
- molecular imaging diagnosis (i.e. presenge of moreF{iAD-ilglg@" versus more vascular-like features) on
therapeutic efficacy. In the study th&re was no evidepce'?or a difference in treatment effect between
these different underlying pathologies. Rather the stiggestion was that DAPTZ therapy may be of
benefit in the aging population in $dwing sting®feurofibrillary degeneration irrespective of
Braak stage, risk factors and %t,rhigtly df (@)

~

subtypes.
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wherein each one of R', R? R%, R°® R® and R®is independently selected from:
..H|
-F -Cl -Br; -f;
15 -0OH; -OR;
-SH; -SR;
-NO,;
-C{=0)R,;

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



The results of the study are summarised as follows: 25Molecular brain imaging was included in the
trial, both as a base_lirlesstratification variable, and as a surrogate efficacyg&?r 2‘@@? were 138
subjects intRe EBEC T Eohort who had images both at baseline and at visit wee sg as a
response to treatment with MTC and 20 subjects in the PET cohort who had paired images. 30When
used diagnostically, SPECT and PET both reveal a characteristic bilateral temporo-parietal defect.
However, the underlying biological mechanisms of actibn of these imaging modalities differ. SPECT
reports a cerebral blogd flow image qbtajned..fir ss' after inttayapous injection. PET reports an
image of glucose upf 3@%‘?‘%?&@%% ﬁ%ﬁr@s rTQL@é%&%BO h'report neuronal function in
different ways. SPEGNFHSddpBnesrun-BdiRBod flow over a short time-course, and so provides an
indirect WO 2008/15gp33E6HGRROVSMIZ 0GR E6HjRNadREE Bfmeuronal function, since neuronal
oxygen demand is closely linked to cerebral blood flow. PET measures metabolic function more
directly, but integrate'gaglucose ‘uptake over a longer time-course. 5SPECT results Analysis of the
SPECTsdata stiewes thatMTCindalkdoaas peveaatsitberdecline in perfusion in the characteristically
affected neocortical regions.that.can.be.measured ohjectively. i te over a period of 6
months. The diﬁerenlére%geg}\!/%%qd ﬁé@:@%@éﬁf&q a%?%%ﬁgg&géﬁm%ﬁgee%%@highry significant by both
the Region of InteresifsRstitiadopinbatttal-PipnyictHe s AIRNS NG @H@)¥es. There was also a
suggestion of improvigraentdnfeertiisionibaiybiecksivirecnerectdRfataild at baseline treated with MTC
at 60mg tid, but this im%rct):’V(ﬁ%!nierc}rt1 ie diff%rencle in cttlrggg geore f[?]om %_ero) did not reach statistical
significance, aIthougHrf &g tFe R AN e&‘?ﬁs fﬁ”a b RES ?Sﬁfy 15significant in most brain
region$0 PET results unsulBibiied :gloeisseanyiakbsiiidindtGeabrteratstical significance in any brain
~region in 20placebo-yratadeuRieets; (3,609 gi‘mg\é@bg&@g&gg’@@mm@,%re was a
“region of significant increase in glucosqqp%u.g e from the basegline image to the second PET scan at
visit 4 (18 weKRS'@IBriB &R BRI RomparREMEI Y 05s tREWROICHEALITHR HEPdi&e was

located 25in timtdedemadial temponahnberdtipcezdipus and@ehtoihgiaboditex]. iMhetotte data were
re-analysed, making the assumption that changes were expected only in the

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

RSNB

, if present:

R and

each one of is independently seiected from:
H:
unsubstituted aliphatic C.galkyl; substituted aliphatic Cealkyl;
unsubstituted aliphatic Ca.salkenyt; substituted alfiphatic C..salkenyl;
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



medial temporal lobe (ie a small volume correction for multiple comparisons), the increase in FDG
uptake was significant in the MTL structures bilaterally. 30Discussion The PET data now show that

treatment WY EBR21ts its strongest metabolic effect in the medial terfSoraT & LS structures.

This is expected to produce a corresponding increase in functional activity as measured by
enhancement in glucose uptake. The fact 35that a statistically significant effect could be demonstrated
with such a small number of WO 2008/155533PCT{/@&B2008/002066 - 68 - 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 robugndrehergimdreasnomunoNGrame Infiargerease series SFurther analysis is required to

determine if SRECIsGRRPer i ehangascateReyalsriedigsapnstrated in MTL structures. Although
SPECT scans have a lower resolution, it may be possible to determine if there are corresponding MTL

blood flow changes 6‘)’/ altering the planes in which image reconstruction and registration are
undertaken. As discusseosfitcieeratiphmtic tb e algli statgitigtatalhidis Meyglpt provide the same results

10as they are depenggson leLABhaRRAANIREAS CLaRliRnAl MgleRdaL BRGINg. The relationships

between regional loss of grey matter (as measured by MRI), loss of perfusion (as measured by
SPECT) and loss of #ihetistemh e Realubittisytiist SareYEGRBYEx. There is a strong correlation
between cognitive dgglnsstifidedeClingarobaceretivatifatedCllawarmaeigularly for the frontal lobes and

less for the temporal lobes (Brown. et 996). F e, if ally recognised that there is
Bistt fknlSE0) s Moty

posterior to anteriorié?)srga%to per Isease (Matsuda et al., 2002).

However there is notassiaptiged felatfenaenpybetwaly regisiiyist ecweatPpiuSiod ¥d 20regions of

loss of gpecifig,crRonitivg fimetigrsriragiinsalitiaralisesssntbese toratidegieps& uithewadoemthere is

_-not a simplistic relationship betyeen regions of atrophy, measured by MRI, and SPECT perfusion -

" defects. Thus?iﬂ"ﬁﬁ@d’@a% ?Itfhgrréné %{ém?rally a greater reduction in volume than reduction in
cerebral blood flow, and indeed there can be reductions in volume without any corresponding loss of

cerebral blood gy 25(6:Or/ ALUARAGEEANR VI, AORafedEhabnhPBBMalRYR €t ol

(2002) found in a longitudinal study that there was discordance between areas of regional atrophy and
areas of decreased bfood flow. The explanations offered are that observed decline in blood flow in
neocoftex is in part exglabisetliey reipledtd Esigriky(esgbatitatad diipladtaoiesdikaind secondly that in
regions of primary damage.aieh ARRARENAIGATEX AT AMPLAARR Bdufes ghrouting of he
remaining nerve fibres replacing los connections and maintaining synaptic activity, and hence blood
flow. 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 Cqealkyl; substituted aliphatic Csalkyl;
25 unsubsﬁtﬁted aliphatic C,salkenyl; substituted aliphatic C.salkenyi,

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.
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Regardless of these potential complexities, the present discovery that MTL structures are
metabolically highly responsive to MTC therapy ig-an important finding. WO
2008/155533PCT/GB2008/002066 - 69 - The present evidence that it is possible to demonstrate
selective metabolic enhancement within the MTL structures raises the possibilityé of undertaking a trial
to prove efficacy i Csérantticting éomanfPETesiasanhoyaeRd-RoiRt pRayEa angi& role. 5 Brown
DRP, Hunt%riﬁde\élmnwsag%ﬁeggn.}? Kelly RC, Mantaldi D, et al. Longitudinal changes in cognitive
function and regional cerebral function in Alzheimer's disease: A SPECT blood flow study. J Psychiatr
Res 1996; 30:10936. 10Matsuda H, Kitayama N, Ohnishi T, Asada T, Nakano S, Sakamoto S, et al.
Longitudinal evalugjon of both morphologic and functional changes in the same individuals with
Alzheimer's disease. J Nuc Med 2002; 43: 304-11. Ibanez, V., Pietrini, P., Alexander, G.E. et al. (1998)
Regional glucose metabolic 15abnormalities are not the result of atrophy in Alzheimer's disease.
Neurology 80, 158%1683)cey0inD bBrEEsBePEs NGRS W0 2066 B InderEAEMYse of a

diaminopheppthiaZipsreompound in the manufacture of a medicament 5for the treatment of mild

Compounds of the FABIATER T CLH s H TR L g+ oo



RORi 10 (2) (3) wherein each one of R1, R2, R4, R6, IR9, and R9 is mdependently selected from:
H; -F; -ClI; -Br; -I; 15-OH; -OR; -SH; -SR; NO2; Q;Q-O)OH -C(=0)0R; WO
2008/155533PCT/G112008/002066 -71 - -C(=0)NH2; -C(=0)NHR; -C(=0)NR2; -C(=0)NRNIRNZ2; -NH2;
-NHR; -NR2; -NRN1RN2; -NHC(=0)H; -NRC(=0)H; -NHC(=0)R; -NRC(=0)R; -R;

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(=0)OH; -C(=0)OR’;
=)

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



5wherein each R is independently selected from: unsubstituted aliphatic C1.6alkyl; substituted
aliphatic 06alkyl; unsubstituted aliphatic C2.6alkepyl; substituted aliphatic Cmalkenyl; unsubstituted
C3_6cycloalkyl; substituted C3_6cycloalkyl; unsubstituted C6.10carboaryl; substituted C6.10carboaryl;
10unsubstituted C6.10heteroaryl; substituted Cs_loheteroaryl; unsubstituted
C6.10carboary1-Qu4slioghitstdssGiipat@®d9tarboaryl-C14alkyl; wherein, in each group -NRN'IRN2,
independently, RM‘ngﬂgsl%télé_(?org:ép&gﬁ;g@ﬂmkgﬂe nitrogen atom to which they are attached 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 Clg6alkylrhe use acetiaustiieterhaliphatier 24mkerybf RIbSHIREARS|iphatiedG2.6alkenyl;
20unsubstituted C3_6cycloalkyl, sybstituted Cmcycloalkyl; un_§yrbstituted C6.10carboaryl; substituted
Cs.locarbogasr)'/rf;g Ghel %%&t%%%%?i%ﬁ%%teﬁa@ﬁ’ gggs %te%j%si_ oheteroaryl; unsubstituted
C6_10carboaryl-C14alkyl; substituted C6.10carboaryl-C14alkyl; or: R3NA and 23N8 taken
together wi) the Riffogeg a?é@&?diﬁ%\tbie@imay AFRAIAGRBE iOBRCRRsHERY RAAGHIOR!, 3 7 ring atoms;
and wherein, in each group =NR3Ne, if pr?ser]t, 3N ijﬁindependently selected from: -H; unsubstituted
aliphatic CIFRSIEY1is(l mgﬁﬂwﬁ%%%*%’ﬂégikﬁ

aliphatic C24alkenyl; unsubstituted Cmcycloalkyl; substituted C34cycloalkyl; unsubstituted

Co-10carboaryh susliular (bt Q9310aR,; URSHRSUMIEA - Backbrtorenfk SbSRI A

Cs_wheter%agryl; PL‘fnsu ituted C6. 10carboaryl-C1_4alkyl; substituted C6Aocarboaryl-Csaalkyl;
IS -k,

afhifubstituted aliphatic C2.6alkenyl; substituted

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.



WO 2008/155533PCT/GB2008/002066 - 72 - and wherein, in each group -NR7NAFeNA, if present:
each one of IRMA and ea is independently selected from: -H; unsubstituted aliphatic C1.6alkyl;
substituted aliphatic Ci_ealkyl; 5unsubstituted aliphatic C2.6alkenyi; substituted aliphatic C2.6alkenyl;
unsubstituted C3.6cycloalkyl; substituted C34cycloalkyl; unsubstituted C6.10carboaryl; substituted

C6.16carbogyyl; umpyhskituted Gig 10hatesaary crubsiiluied Gaenietereany gunspibstituted
C6_10carboaryiscl4alkyl; siituted C6.10carboaryl:Cldalkyl, 10gr: IRMA and R7NB taken together
with the nitr_o%%n at%r%r?gev@ Lllg1 th'gf/ngre %?fpa%ﬁigos %%rcr%egl }Tr?én he}_\%ng‘?l*o?n}/’g r}%r’?arriﬁ\r)ldgIﬂazl%')ms; and
wherein, in each group =NR7Nc, if present, Rmc is independently selected from: -H; 15unsubstituted
aliphatic CLpalkyksubstituted-afhatis:¢ drtabkdaknsyhstiuteshalinhaticcGehGal@ny!; substituted
aliphatic C2_6alkenyl; unsubstituted C3.6cyclo&kyl' sutéz}ltuted‘:?S.chﬁloalkyl; unsubstituted
C640carboaNR sutlSREAREACE . 1084PSERRTC RN BRI DGRBS substituted Cs.loheteroaryl:
20unsubstituted C6.43carboaryl-C14alkyl; substituted C6_10carboaryl-C1.4alkyl; and wherein Rm, if
present, i inglenenflgnily selesiith 1oy theBpupstiLied alipbaledd gkl syfiuted aliphatic

atic C2"6a

C4_6alkyl; 25unsubstituted alip kenyl; sub%gtuted aliphatic C2.6al entyl;
: -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

R?NA RT’NB

-NR™*R™2 if present, each one of and is independently selected from: -H

and -Me.



unsubstituted C3.6cycloalkyl; substituted C3_6cycloalkyl; unsubstituted C6.10carboaryl; substituted
C6.10carboaryl; unsubstituted C5.10heteroaryl; sejpstituted C6.10heteroaryl; unsubstituted
C6.10carboaryl-C,..4alkyl; substituted C6_10carboaryl-C1.4alkyl; 30 and wherein r, if present, is one
or more anionic counter ions to achieve electrical neutrality; and pharmaceutically acceptable salts,
mixed salts]sydratés, uascaseivdinsthereoned daimse! gd hovbeiy 1 23&MmEURherein each one of

R1, R2, Rs:R{MREs ﬁréié%% iwideprRMentxasleeiedikpimiiRIvS; -Eiense asgorling to claim 1 or
claim 2, wherein each R is independently selected from: unsubstituted aliphatic Ci_ealkyl; substituted
aliphatic C1.6alkyl. 74 4.The use according to any one of claims 1 to 3, wherein substituents on R, if

present, aré3ndeptins est pselatiteddram ofg eCtlaBrs -1;1cOH; WOREIE (rBEH; gOE0)OR'; -R'
=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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one of R1, R2, R4, R6, R8, and R9 is independently selected from: -H, -Me, -Et, -nPr, and -iPr. 6. The
use according to claim 1, wherein wherein each one of RI, R2, R4, Rs, R8, and R9 is independently
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14, The use according to any one of claims 1 to 11, wherein, in each group =NR7Nc, if present, R7Nc
is independently selected from: -H, -Me, -Et, -nPr, and -Pr. 15. The use according to one of claims
1 to 11, wiERIP§ASEEh group =NR7Nc, if present, RThe is mdependentl@%@%‘&@%ﬂ?ﬁﬁ“ H and -Me.
16. The use according to any one of claims 1 to 15, wherein RN10, if present, independently selected
from: -H, -Me, and -Et. 17. The use according to any one of claims 1 to 15, wherein RN10, if present,
is independently -H. 18. The use according to any ori@ef claims 1 to 17, wherein X", if present, is one
or more anionic counter ions to achieve electrical neutrality, optionally selected from Br, or L. 19. The

use according to claim 1, wherein trje compognd is sele%ted from t% followinmcompounds, and
pharmaceutidally acceptable salts, mixed salts, hydrates and solv es thereof:] WO
2008/155533PCT/GB2008/002066 1 78 -. MTC .,..Me e methyl-thio@nium chloride ClI
(N BETC _ $N - - et Cl
F DEETC ~N s N~
| ®
. Et Bt
1,8-diethyl-ethyl-thioninium chloride
N .
LI
Me. X Me | cl(=) (0.52ZnCl)
G MTZ N S N
Me " Me
methyl-thioninium chloride zinc chloride mixed salt
N
"
Etw. /©; :©\ Et | Cl (2 (05ZnCh)
H ETZ N S N
ethyl-thioninium chloride zinc chioride mixed salt
' N
v
ME\NQ\SD\N,ME
! MTI | & I
Me Me
methyi-thioninium iodide
N
LI
Me._ N Me | @ Hi
J MTLHI N S N
| l |
' Me Me
methyl-thioninium iodide hydrogen iodide mixed salt
K ET!
ethyl-thioninium iodide




EtN,Et N 1eEt _Et ethyl-thioninium chloride C| CD C DMMTC - MeMe Melllle N--Me N 11 MeMe_

1,9-dimethyl-methyl-thtoninium chloride ci G D DEMTC _ EtEt SN -Me
WO 2008/155533 PCT/GB2008/002066

-80-

Bt = st i @ Hl
N s N
| ® %
£t Et

L ETLHI
ethyl-thioninium iodide hydrogen iodide mixed salt
. N ]
o’
Me._ /@\ D\N,ME NO3®
M | MIN Y s l :
L Me Me J
methyl-thioninium nitrate
N
"
Et /©; D VBt NO, (D
N S N
N ETN i ® |
Et £t

ethyl-thioninium nitrate

N Me
o Me,N \S = NH,
®

Tolonium chioride

N
- ca®
P =~
HN s NH,
®

Thionine




Me.Me N 11(r) MeMe_ 1,9-diethyl-methyl-thioninium chloride CI(r) E DMETC MeMe SN Et., NsN,Et |
EtOEt __ 1,9-dimethyl-ethyl-thioninium chloride C4{r) WO 2008/155533PCT/GB2008/002066 - 79 - F

Me Me
“N s N HC




DEETC _ EtEt| ..- Et....Et NN EteL 1,9-diethyl-ethyl-thioninium chloride _ ci0 G MTZ __ Me410ilia
N"Me N 1el MeMe __ methyl-thioninium chloride zinc chloride CI C)( 0.5 ZnCI2)

82

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.



mixed salt H ETZ Etallo11 N"Et N I E Ett ethyl-thioninium chloride zinc chloride CI C)( 0.5 ZnClI2)
mixed salt 1 MTI Me...NN,Me' 101 _MeMe - methyl-thioninium iodide I(r) J MTILHI
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Abstract

-The present invention relates generally to methods and ma‘fer';ais based on
diaminophenothiazinés for use in the treatment of Mild Cognitive Impairment (MCH).



methyl-thionin Me110IS N M e N lel _MeMe_ um iodide hydrogen iodide I(r)HI mixed salt K ETI ..--
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121
Scopolamine o ——~  Scopolamine+MTC 4mgrkg O -
Scopolamine+Rivastigming + ~=-7- MTC 4mg/fkg G cereemeen
Scopolamine+MTC tmghkg v -—— Saline ®
! ; | d
o
g -
o
8 -
£
\E2
£
=)
o
&
=
5 &
o=
% smmre]

Day

Figure 1

SUBSTITUTE SHEET (RULE 26}



ETI.LH1 ethyl-thioninium EtO1110N,Et N Il Etat_ iodide hydrogen iodide | OHI mixed salt MTN 1 _
Meelle N,Me N le MeMlej methyl-thioninium nitrate NO30 N ETN

WO 2008/155533 PCT/GB2008/002066
2/21
Scopolamine ° —=== Scopolamine+MTC 4mg/kg & -
- Scopolamine+Rivastigmine + ~~~77~ MTC 4mg/kg O e
Scopolamine+MTC 1mg/kg v Saline *
! | { ;
oo’
N -
o
)
& 8.4
RS
=
@
£
it
o 84
g o
T
&
=
2
g 2.
5 <
E
2
L
b
2
< -
i

Day

Figure 2

SUBSTITUTE SHEET (RULE 26)



aN_ EtNN ,Et 10l _atEt ethyl-thioninium nitrate NO3 G 0 | Me2N e Tolonium chloride CIOI=P - -
NH2 0 _

WO 2008/155533 PCT/GB2008/002066
321
Scopolamine ° === Scopolamine+MTC 4mg/kg B ==
Scopolamine+Rivastigmine + "= MTC 4mg/kg e E—
Scopolamine+MTC 1mghkg v —— Saline '
! i x ]
"lﬁ.
. .
g -
o
&
e
]
O
Qo
0, o
%)
g —
E_Q -

Day

Figure 3

SUBSTITUTE SHEET (RULE 26)



Thionine CIO 81 Me Me HCI HCI -

WO 2008/155533 PCT/GB2008/602066
4/21

Survival curve

—~ Scopolamine . 7 e
---- Scopolamine+Rivastigmine |
- Scopotamine+MTC 1mglkg
''''' Scopolamine+MTC 4mg/kg
"""" MTC 4mglkg

~ —— GSaline

0.2

0.0

i I i 1
0 500 1000 1500 2000

Pathiength (cm)

Figure 4

SUBSTITUTE SHEET (RULE 26)



82 20.A diaminophenothiazine compound as described in any of claims 1 to 19 for use in a method of
treatment &férgh%g%gégve impairment (MCI) in a patient suffering therefr%T %&%%gg comprises
administering an effective amount of said diamiggphenothiazine compound. 21.The use or compound
according to any one of claims 1 to 20 wherein the MCI is amnestic and the treatment is for
symptomatic relief by amelioration of amnestic symptoms. 22.The use or compound according to any
one of claims 1 to 21 wherein said patient is selected from the group consisting of: (i) patients not
diagnosed with Alzheimer's Disease and\or 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 acetylcholine, or
(i) is a cholinesterase inhibitor.
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83 Abstract The present invention relates generally to methods and materials based on
diaminophg%i@f#g or use in the treatment of Mild Cognitive Impairm 'M%%(}a o6
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