Met hods for the Treatnent of Senile Denentia of the

Al zhei ner's Type FIELD OF THE | NVENTI ON [ 0001] The

present invention relates to the diagnosis, risk
assessnment, prevention, and treatnment of Senile

Dementia of the Al zhei mer’ s Type (SDAT). Mre
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clinically indistinguishable. Therefore there is a
tremendous need for non-invasive biochem cal testing
procedures that can accurately identify subjects with

a particul ar neuropathol ogy or increased risk of

acquiring a specific neuropathol ogy. SDAT is the nost
common type of denentia and the percentage of

denmentias that is SDAT increases with increasing age

(2) making this formof denmentia the nost inportant



position to create plasmanyl PE. The final step
i nvol ves a pl asmanyl -specific enzyne that desaturates
the 1-0-al kyl ether to formDel. [0013]
Pat hol ogi cal ly, the formation of extracellular Al3
pl aques is a hallmark of SDAT. At the bi ocheni cal
| evel, detailed anal yses of brain |ipids have
denonstrated a dramatic (40 nol % decrease in EtnPI
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to a disruption in normal APP processing due to
i ncreased nenbrane chol esterol levels (57). This is
consistent with the fact that nenbrane chol esterol
increases with age in both rats and humans (58) and
that a high cholesterol diet can increase deposition




[ 0025] The present invention also discloses how

subj ects with SDAT have netabolically conprom sed
ether lipid synthesis capabilities, and how this
system can be corrected through the adm nistration of
met abol i ¢ precursors or peroxi somal proliferator
receptor activator agonists. [0026] Thus, the present
invention is directed a nethod of .treating a patient

Wi (SHIBORTF B9d afélﬁimﬁssﬁaée. nlibiterss ayhichy poteatigie gresidual  cholinergic
t NeL3R6NLLE 3o ? gﬁéﬁ‘ﬁﬁé inV&c g’ﬁfg gér E@ﬁ% Pauents (16).

precur sor d ano am ne osynt

systemor a perOX| somal proI i ferator receptor
act{Pe0Td @etealgd)mamses el tharehelinereic aenronsweshgdnenally shrunken and

SofeciEnd, Bt e S50, et TR 2803 P25 3BEE, Ruronal
et fphsﬁdtﬁﬂmlfaﬁgd@ RAGERFank hélgorl gervration otcus erlytin cogifavedecline

taken froma subject of unknown di sease, status, and

Thepersitanse plsianken bgsal foselrain cheljnergigupurons Bkiplis similar

I
(i e
_Th dojhowing nxotomy €19). Iofs thi applicst’s hypotiesis thatrdudodhd preservation of
. gt e S i B SBSrove

m?tcﬁ@d/drjf ®F a_dysteiicAddphiiion Vf Nef Gthet Bpid\iRsladiftes! thrtethe @holinergic
such metabolites in either a contrql or a SDAT

popiypiinstion in BBAT aay b gesponsive i restopativa therapythroygh pharmacological
d| '@@ﬁ? fyi ng subjects at
ri ?E eve o}p{)%@%ﬁ%‘fnﬂ%gﬁp&g ﬁdsg a mathematically

determ ned nmetabolite score froma test subject to the

avdPeRPd Syidiesof GhAT develstin ﬁxans b@-ﬂa&s and cogexinthesam@BATIpsy samples
r efh?k@&%g?@%? ﬂl 535% 9fAD \ygﬁ gs £ ?cglgﬁﬁ TS [ @1%1‘ with no

fur 0Ses a no

sulredaetion iatN. basals oruui €y k\@gEMg a%ﬁnémxaﬁlmpoagn $DAT. In this
rati o of one or t an one netabolite t . .
endOFEhBEE ¥ f s |in tfremﬁlr%%)@@é tte"&?ﬁ'ﬂ £9-4%)white

t NenadeIRIDALT autdtis) sdrRBleOEbnlfaRid 81 rofifil BnSls (34). Rfrophy of th
SDAT referencea popﬁl a{?lit'on I50031 A et hgd |2ﬂgrow%ydo e

f orcorppecaliosignalse is cotrelatadvish ntalfeotbtttmvedtsﬁmctionm patients (25).

o1 e doRfrvdrdRs fac (8 Qoo AANITHeByer SRR g an intrinsic
ot kempoeaesf SDA B (2652 B Mbteovelr Oﬁlﬁl&‘mltei lossedia petRlimioAl SIDAT where
TD%J&or denenti a \%tg lie'm%g ies (DLB). Further, a
me CAGIFakatrophy 5 poteuident 428) faisata hataxonyl dysfuctign prgerdesthe cortical
m%trdﬂﬁ»%&@%ve& hﬂWhﬁﬁMl)C eﬁﬁlfésteuesm@ ﬁlhf%fct SHAL ARsr 18%ons are

ear |y neuropat hol ogi cal features e di sease.
[ OpsVplentia aging.ioNK-1gnd merlmte@e&ﬂAT price b thedevelapmers of dementia

L

n oofa systetmcjdetptetxﬁﬁmﬁkey[eﬂﬁﬂﬁﬁldmohl:r.:uigﬂhﬁlhagledt}glapﬁrcant to the novel

T T Ay p—
coﬁeyaaém%mxﬁ&eémésah@mat is@8tolil€Be ©itsiel R¥Qbhisippldieentation of
nmet hod 034] 2. diagnhosing a given health-st ate or
ri §th efhlPi Joleupnent of a health-state by determ ning
any conbination of serumratios of any of netabolite

fe : t t
o S0ABF LIRS IE S OAGT HREA Wght i hutpon A" OFfese lipics,
adwewven $0r miol%naref plosphadipidspraed off these r;énbs;ihohpxﬂs over 60% are

fea ur i n .0n W t her therapi.es
e B Rl Y 8 PR P e Rty Aphgpias can be

b| ol ogi cal therapy; [0036]4.treating positively

di agnosed or at-risk individuals by adm nistration of

a chem cal anal og, netabolic precursor, or fornulation

of any or a subset of the nmetabolite features al one or

in conbination with other therapies including, but not

limted to, chenotherapy and/or biological therapy;




order to create an individual -specific baseline that
can be used for the early detection of SDAT-I1ike

net abol i ¢ changes; [0040] 8. screening of the genera
popul ati on for one or nore health-state using any
singl e or conbination of features disclosed in the
nmet hod. [0041] The present invention discloses
endogenous human netabolites that can be extracted
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nmetabolites in said test subject with reference data




[0052] A further enbodi nent of the present invention
provides a nmethod for identifying dietary, chemcal,
or biological therapeutic strategies for the in vivo
and/or ex vivo visualization of the SDAT and/ or
denenti a bi ochem cal pathway conprising: adm nistering
a dietary, chemcal, or biological agent or

conbi nation thereof to an in vivo_ and/or Vi Vo

an ipeitionfrgueate plasmmyl B The fippl sep invalves 2 Hlﬂ%‘ﬂl?\‘/vﬁl{eﬁlﬁc enzyme
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? gsr%t#%eﬁlg él%%% aPInQeci rcﬁ%g%l gn%e))see cotf bral nf C@E@aﬁ%ﬁﬁed a dramatic
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assocl at ed SDAT and/or -denentia can be visualized
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[0055] FIGQURE 1 shows the basic structure, different R

gr QOIS ] Mitchiasibago 6NviRrideRitodyss dville AR ipaptided 88&dtively decreases
FI GJRE 2 shows the White Matter and G ay Matter

Et miesmenyl Pipantent () iaad ENSoplasmeay PR dacreases eostlata with both the
OBty SRR B AR BRI, .
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-unsat urat ed .Et nPl s, and .sat ur a i nt er nal
c o ST gl eSS APt ol fekeptspariypeptosomal PE
(Z%Oﬁt)ent(ﬁu)n BixilaB Ry aaﬁolpm&em(dl@bkmmemﬂpﬁ 24, PARE (42, 51). Due
doubl e bonds, naqt_including, the vinyl ether double

bort®)the, pRsigyiy of SRl i Pyléétm PERY iU gerearchers haves eopehuded that
D1 GefedRd BerPBAh ‘S?ﬁﬂt ssue is due to increased oxidative Sh‘eSf Iti is. only through
di acyl gl ycer opho ati dyl et hanol amne wth

ac iagplicaat’ Sﬂlsme@rnﬁa beticEtaPlsand oiaamauyl PES d@:)reaac mspar that this

ﬁg?grﬁ?&%geg%%heorbﬁr % g% b\é%lﬁé?é ‘wgp 3, ﬁ gtk%gw er,]this is
D%ﬁi%&leﬁdeﬂf&(tﬂ)sy%ﬁ relGetitndR ethertlipid¥phdhbsislie 2 Odus&iv@ factor in
ratj o) _distributions i'n subjects with different |evels
of ntia severity: A - cognitive normal; B
| ow-cogni tive inpairnent; C - noderate-cognitive
| MGG ED both Bumafi€ Q] Br SRAHA hodes bR
fgwmal emgﬂbj ects conbi ned). [0059] FI %&éﬁ;&%ﬁi\;@g%{;@@gwm&d
conpieger aequired befersrthese peptidgs bagin owsr¢umrate ext@Lpiiniarly as plaques.
pat hol ogy (A) conpiled fromref. (5-8) and
experinmental ly determ ned distributions of serum
DHAEt nPl s (Log(2) EtnPls 18 0/22:6 to PhtEt 16:0/18:0
ratio) (B) in cognitively normal and denented
subj ects. Arrow indicates positive diagnhosis of SDAT.
[0060] FIGURE 6 is a linear regression analysis of
di sease severity (ADAS-cog) and serum DHA- P1sEtn




[0072] FI GURE 18 shows an extracted ion chromat ogram
(upper panel) and MS/ M5 spectrum (|l ower panel) of

EMPI s 18:1/18:2 and Plasmanyl 16:0/20:4 in human

serum [0073] FIGURE 19 shows an extracted ion

chr omat ogr am (upper panel) and MS/ M5 spectrum (| ower
panel ) of EtnPls 20:0/20:4 and EtnPls 18:0/22:4 in

human serum [0074] FI GURE 20 shows an extracted ion
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f aGhdhbradedPéRiterlol %Esegﬁnﬁﬁ é‘\ﬁlﬁdﬂﬁra&taha GluwbA (58) and that a high
determ nation by M5 an ectral analysis of
thrctaeleﬁetph@etqane@retaaeéﬁpptltl@dof&t?@ﬂb present invention.
[0079] FIGURE 25 shows the relative change in the

t of,

ch AT Sty GGl AR Gen viof Frosn FARNEU AR (€9 and
Pl appaks)@dtt aigital doengurddRbmigtationl (69), theapplicant mdﬁla/\ﬁnshto link the

chiyse ;o BPGRarBaiah o8 kesed 1 etRigaa D) b Geornsed

f olpefoaisotal stiRitIRNMiod (70). ErGEVnaL thmuoa%n %Hﬂhﬁ&ﬁduced
are normalized to untreated control CHO cells, and

ar e
an Pavefegseeration; (1) and paeprrn remtitien b £ APST (72).  Peroxisomes
St %Bhs%&r} &hap Jnﬂ%%@ﬁt%? célfala? B?g%ﬁ dng §é Qaté‘over 30% of the
tal t-test. [0080] FIGURE 2 e relative
c hdh@e. iCataldse tiH-prigipl pemmonmﬂmmﬁesmmbbrfm detoxjfying Ha0o,

2SR U, 8 (D 3F e S P 5 b 1o
a Wmﬁaﬁ(m tThentetredslin eatahise en;samdsmea&@umeaabr H,0, has

Z’f t he change in DHA- Pt dEt content of ,CHO an
enlinked foseyegely S%“PFleﬁeﬁ’ perpxieamal rectngsignaly s P&e increases (79).
p r eﬁbﬁr@é@é %@:‘1&! ?éncﬁfn? 1A 0RbiZRe LRSS BPE&PQ and DHA (80,
cont r ol are an average of three
in d!éh; dwol etmtlcaboqymomﬁmfsnoml aewrons! fmictioring and toamrreasedaxidative
det J1 9§)d using a two-tailed t-test. [0081] FlIGURE

F] the chol esterol content fromtotal cell

I ysat e. Total cholesterol (solid bars), esterified
chq0@s] &Vith refpeatto Hedndnd:r&)e,dysfnnbtlbn exd SIDAT ghdreare vell documented

(dat ntent Ls..represe er m 0 .
ot et A0rEits b7 el PORRT NS B Barokipoftal Rhapfis, olved in the
carsynthésis Of plasniiRpbds &%) DHAL r'Brt 0@ nibst BbwidR@fadty acids at the sn-2
.carrier; NDba: Islivl-4 cells treated with netabolic

pr &O8ifgw pf EwPls in naugpns A Ay @E@Pbtsen s eq a{f&om%]dermi from
r | 18y I 1

3560 YO8, 08) ALRA 1 S APLEE AR o inotric i

di f(t &B,e:ns) A sjathesis ntyetthmanmllougam ahnyt dekatugition eﬂl 8:3n-3inthe

oL o B S P06 R B AR o
rretﬁmtps as@l agybg?ﬁi xﬂﬁszem axiiel dQdied AMLEG REh Gaé. AA

dlsorders [ 00 e present i nvention provides
novel nethods for diagnosing one or nore di seases or
particul ar health-states. In particular, the present
i nvention provides nmethods for the diagnosis and
differential diagnosis of denmentia in humans by
measuring the levels of specific small nol ecul es




[0087] The nethod of the present invention is

mnimally invasive and is indicative of cognitive

i mpai rment and of SDAT pat hol ogy. Transl ation of the
method into a clinical assay conpatible with current
clinical chemstry |laboratory hardware is commercially
acceptabl e and effective. Furthernore, the nethod of

the present invention does not require highly trajned

pe sputhesis dotsonqb safiise perewitpmiahi-exigation. PHA- adAA-Poggsing Fgls are

e ti ) .
P e ool e R g i B S Ep AR PR BRI AN i extentthan
abuypdl®Eames(7BRt ween clinically di agnosed SDAT denenti a

and non-denented nornal serum Furthernore, the

pr i nvent jon detect neasures netabolites, .

P36 weleris b csiiaiss 31 8ine PEARIRORERLaReh DR ) Fihesize both
abysgRnese Foek, eRlesPRvE RREWE taf DIHAE &t fddwed WAl $RidEJoRfied into
from pat hol ogi cal l y confirnmed SDAT subjects versus

poghospbolipids indhalives shep transpered todheduain inthisSomm) wa the seump Only
m ni g DAT . itd ' j o .
CodiFFleud el st PR S Honf BBl MR i fices 2.
knotiiis providesfuethér.evidenceax aupporethe apydicmtisthgpdthesisshuit deprdased CNS
( el i PP AT AT SRS Bl YRGS and hat sppersentation
NeyrQmay GAas Gal ke of fositive Sfféts 6 CNG deBftnal difhgoSiAEY APfunction,
ability (speech and conprehension), nmenory, ability to
coeypagedisnin subjectsishoweeto berddficientdmthese meleqwescurrent tine

and place. Errors on the test are recorded resulting

in € SHN § 4 i .. T j :
o SO HERSS A & AR Titienode Sisay! B MO ul Wlochemical
A silteratiorsfprésefitin ISR AT rillieckeis eldo A aeaueb tredtGdbjects identified as having
consl dered mJ d- noder.at e i npai rmnent _and, a,scor e. of .

26 HRachCpfe BT o SOt Bk BB EP i R (o8 ateraton to
[ 0GRehal Ferap. eTHREO BRI 'bed \¥ 66 able B RiARe hadddbRificatich AWarly as
froma patient there are several ways in which the

[ - - - h
s aR9peble Hythedisegpanragretsipn professes fnfuvomaymgkhensfitig the palth of an
be ; ' : ' whol e bl ood) or as
co&%@ggbggkﬁﬂéﬁfggﬁg?é%ﬁ %?nggg?iicular cell type.
The npst common and routine procedures involve the
preparation of either serumor plasma from whol e
bl ﬁﬂ“ MARY QI BHEINWRNIE N cessi ng net hods, i ncl udi ng
spotting of blood sanples onto solid-phase supports,
SUGBoAS The biedént RARARorXelaltk B the WHTRGR, RsHRE&EhEt Sprevinfion, and

| db [0091] Sanple

al so conte ate y the 1 nvention.

Ex tireaiment of Sentie Dementissefdbe Alzbeither s ippc(SBLE0r Mnseispsbidigaly the

' hen .f .h ke | i.bl e

t n @R BHPHAE e SROS el AP R el BHBE S8yl In human
t haermei. Subsetyof sk mpRoulestresbeen fouhd & Heistynifioantiyeditered in subjects
AL e PSS9 ST AL 18 S
Pr QeSdsi RAd i s@FectO With @clBfcalinbhifk@nbh 8f d@ériia Cohfdtent with a

and chem cal derivatization. Extraction methods coul d ]
i neliagaesisef LT verpus nopsdementedsantglst OF partipylar iigepsteare changes in

ass| t [ @n. s Ao AR Uj . "
ok Anfet (RS WOkt R V) e Hnicuc e ant positon,
( Asbinmontyasfened gea diiagotagine plasmalopan (EHPE).,

pressuri zed hot water extraction (PHWE) and/or

sur, t assisted.extraction, (P in ¢ n

s ol 3B pien BvERiR RS sl st eckies iy REPHES that are found o
al GRGOdigniARRIYAIRfent Mun@ndeHefvee botSdHs Wit Cliniod nfinT¥dtation of
acetate or hexane. The preferred nethod of extracting
nmetabolites for HTS analysis is to perfoima

liquid/liquid extraction whereby non-pol ar

nmet abol i tes di ssolve in an organi c sol vent and pol ar

net abol i tes dissolve in an agueous sol vent. [0092]

Sel ection of Metabolites The netabolites described in

the invention are listed in Table 2, where the second




in Figure 23. Allosteric nodul ators (agonists) that
enhance the activity of any of the enzynes descri bed
could potentially be useful therapeutics in the

treatnment or prevention of SDAT. In addition the

adm ni stration of substrates or pro-substrates

(nol ecul es that get netabolized to substrates) of any

of the nol ecul es described in this pathway are al so
potSMT abd sormgk hos-detentedpatieits SThe presént inventinmaiset relgfes to small
SDAT.. Fi nal | Lecul es that..create.a neral increase

" Al B BT vt SBSAET Rt R og? WP Porons
exawifl @ mvpaihaloficals a@hintRiem of Jamylvid-f akdSgerdods absent of such
potentially useful therapeutics in the treatnment of . .
spartholagycPecasassd levelefithese tmaalyaqlequies Arretphylifss may be indicative of
def.i.ci ¢ ' . X i1 N .
e o 50l A 3t i enites it
1- &theheoloDhiAR phdsphbliqids Det/dPe signifibdyly d@83eysed inathk yérum of subjects
2-acyl - G3P;  1- y 2-acyl-qgl ycerol ;. 1- ' . .
o iaring omy TR e BreSfRY sl ARuElais do msthods 5 dipgnosing
us eldmeftifandvitiep RA¥blogicalisobdess, t  eat ment  of SDAT:

1-al kyl, diacyl glycerol (sn-1=16:0, sn-2=DHA,

sn-.3= sn-1, posjtipn has an al kyl, ether bond, sn-2.
andggﬁﬁ%é@ﬁwwﬁ@tm&@claw %ﬁ%}%ﬂﬂt Adymayhaye petabolically
9l YeoRipRimilcbthhndiBmbhe Ipﬁ@m Ao systent fid At &is#)oc@é%ﬂ-be monitored in
position has an al kyl ethef bond, sn-2 and sn-3

posE®imons have acyl bonds); triacyl glycero
(sn-1=16: 0, sn-2=DHA, sn-3=DHA) (all three positions

ha ) td I (8N4]1=16: .
o 1807 the BARER) it diseREK 0 4 S Elon By Deshanolamine
bo rpliedpholiffidsl 4@ BtnPle ise cangd fictoofn SIAE. enbodi nent of the

i nvention, the nethod for the treatment of SDAT

co ' ol ign of a 1-al kv, .'
50068 Hho hSerF a0l ioRis LB hisseR ho i s Wit SRAT v pplotially
anyompromisedf elicr YipRcsydthasis cdpabigitied) ahdhdva thiy sy@tiddan be corrected
in&%ydin t&ose of both the saturated and unsaturated

( PUERYER @5@ Imigysiration of F BrECyI3Acs Qrsroxisgmal pralafergtor receptor
18h&mm&§hgmﬁ&§23 as al kyls at SN1, and 16:0, 18:0,

18:1, 18:2, 18:3, 20:4, 20:5, 20:6, 22:4, 22:5, 22:6,

24: 4, 24:5, 24:6 as acyls at SN2. 100104]In a further
as HUR6T Fhus, thepresp daernton is dirested anethod of segtingja ngtignt sty SDAT

I S 0] - - . . -
(4 S SRUBNRHIPRO Uid pationt  therspeutically effective amount of & metabolic
an-peecysotidcathanalaring plemaldgdpthidsPnthasisaystam aratperoiizomal proliferator
[OOlOS%TQgggresent i nventors have al so shown t hat

de prEPEG?

OR8N8kl s are a causative factor in SDAT.
Ail accunul ation, the primary pathol ogi cal hall mark of
SDI027] dhelptesent irventidiedistiiosksia abved rrthodwifdiagiaing the presence of

D SRS P oot BY el 6L 5% of b tippokinne Hhospholpis
Pr PERER i9enf Suniple tkeéh ftdhea ARt SLARRWARLRNAY AR End &foparing

pat hol ogi cal process occurs via the fl-secretase

thesplpvelstocapmalser SDAT rfarensy lavals andythensgh s qomparisapigrriving

pa ! . .
Chet SEREd FORY RRUH GAAT ORRENABRIY o oneyrins

are sensitive to changes in nenbrane chol esterol in
t h£028h Theprssentinvention diselogs o hewed methbd Siridehtifying sutgdcys that are at

i nhi bi secr activit 1 ng activates .
o- BuRplfey 83615k SHA Gy Wanatetotan leyei it o i g metabolies
di sturbances i n neuronal chol esterol processing, such

that there is an increase in cellular chol esterol

shifts the normal APP processing cascade fromthe

non- pat hol ogi cal process t@ t he pat hol ogi cal process.

The rel ati onshi p between nenbrane chol esterol and SDAT
severity is conpelling (22). EtnPls deficiency

decreases chol esterol efflux (23) and conditions that

decr ease nmenbrane pl asnmal ogens simul taneously increase



[ 00108] The present invention al so addresses severa

key points: [00109] 1) The chem cal nature of these

bi omarkers is such that they can be readily neasured
system cally. This point is of fundanental inportance
since the majority of research pertaining to SDAT and

ot her neurol ogical disorders has ignored the

peripheral systens. The ability to nmeasure

ne uraml e desh subzact tpcaverage teyeleof sugh hptabalites|ie eitghes agpateol or a SDAT
mou%g TRKE this invention unique and of substantia

valty PFF 110] 2) The depletion of ethanol am ne '

pl asmal ogen within the cell nenbrane of the

¢ hdD0268 (Tiie prasent inveatidnsalso dischdsesa hyyebmbthed forfidentifyfimg subjects at

devel opnment of 00111] 3), Th Pls could .

< TP S Rlonfre STRRT by chmpde rpitas ety el B gl score
Si Medin b RdsBsuBRRLIGE tHedterS RSt sBéh sc6re THof HithekQaformislior SDATUSference
I n Parkinson's disease, a disease which is often
acdoRpigived by denentia [120]. [00112]4) The

specificity of plasnmal ogen to SDAT indicates that its

COMhesY] The glwséht FREMBnGRMer diBG0des ﬁ‘%de}’mém?@igfn fEntifying subjects at

l ongitudinally throughout the lifetinme o
i ndiskiofidevieloping $D'ISky comparingstke mtio pfone phwons dhah pne metabolite to an

det egt i on_of . SDAT i gr, Lo the.ener e of cli.nical,.

sy rafseROuserorénes mBlabolle i s S OGS A Poragt oL ik Ration from
b e asithetwigimbiorSH AR RfeaRe gopulatipast - nortem ti ssue of

very mldly inpaired SDAT patients (26) and is

5 o L SR SRS AP o
[ OGAd diFfeRhtiabidRgRosis T siBjEAPATlicteRSwil SD AL 6rQR S8 edtafBidfel from

and denentia, a pharmaceutical, biological or

nutatheridsmantiasiveh e feptotempore! dabe demgytia FID) op dementisawvitly Lewy
: ; . _ ! _
| 9 B R R, SHSRSUR R bl DB EN A Bt doos

t haoe shmvoamrdoguitivé signd aflSIRAT has thé eartyntearopathalogical dedtures of the
suppl ementati on of these netabolites or rel ated
net&B8% t es or derivatives of such could be used in

the treatnment or prevention of SDAT or denenti a.

[ 0qaa3y] Sp?xe inidthr'.]bah bfjthé ﬁrefeﬁ_giavﬁﬁifoh gadliléasddff&rtmIBLl(?Wiiﬁg, wﬁerein the
strategy for the restoratiqn of Etels to normal |evels

in 83%59% diealth-gpfficint tBis geplipationfefens to, Gy finiob Hwied SR

i ndividuals with various ether |ipid nolecules that

can e![om[q be, fidfidimE d'piEed hedthOdtatd) SR disk Ior HsveldPimehit!6ha

i ndi vi dual ' s net abol i c apparatus body strategies are

cont emgtlthrEge blpterminingthy Feégl,s of a5y ceménptw@,of melebolite features
meant o lang 1 . could include the fol |l ow ng:
[0011§?£%§&1 éﬂ%%ggg%inant sn-1noieties (R, Figure 1)

for ether lipids in humans are derived from cetyl

al cohd903H - héxdiagnosing|a given byalthstaiey rog | risk| fon Hepelopment of a

(1-oc cane! 0 olewl al co .

(cis- @%%t a gcb n&%’%?l?mggg I) é.oﬁﬁll%aggﬁm%ﬁ%eﬁem‘tl%eOf any of
pr ef emetaboRit feammss diseldsed irsthe inettod; gl yceryl backbone.
Since the incorporation of the vinyl ether occurs

[ .OXi he f ion of t.hi.s..vi
pona. 1301 3¢ REAE BHTRsl, AperBislion By RETlA” by

f or mataimihistiatibet 6TRInG oi iord WA Saetabblits foaires WIRRGYTPEbniination
the applicant's observation that both plasmanyl and

Et al s Wit albe thempicsi Beludivad biepeti hmited: it ademptherapy and/or
par al J: . Therefore, supplenentation with the
plasn%ﬁ£$$%%§E?$§hould result in increased |evels of

& ills. However, both the O-ether (plasmanyl) and the
O0-vinyl ether (Plasnenyl) are contenplated as viable
snl noieties for therapeutix supplenentation. It is
further contenplated that a m xture of suppl enents
containing an optinmal ratio of sn-1 constituents nay

be necessary to fully restore the body's natural ratio
of these nol ecul es; [00116] 2) The preferred




[00121] A therapeutically effective dose of the
conpounds of the present invention wll determ ned
enpirically, depending on a nunber of factors
including the tine since onset of the condition, the
progression of the condition, as well as the genera
health of the individual and their age. As a genera
gui de the conpounds of the present invention can be

adni nil@36} ed4f r dreating (positively k diamragsd \aoi ghtisk dndiniduals 19y

g/ kg hody el ; §“H‘E :

about %L%J “%?ﬁ%éf%%gilmf\%:lgﬁtgg’t 0 a g‘lu}t?r e‘g‘g%?’r?g; kggﬁgéjl{/%y
wei ghtor aTsubset @fipleumambalite ferturesiafioné st &1 eainkisatien swithy lother
dose qr in nultjplg daj.ly.dgse appropri.at e. )
001 2 Heranies et Byiadb 38 Bem SherRS g R biploBjen terapy:
nutritional supplenentation programthat bl ocks or

i nhi bi[oa37p P8I fargefing the nhitstolie Pathahy pRpdtsibie fonyher Ratumeset

the production of these bi omar kfrs and i nduce SDAT
pat holPEgNFoticw 1B efTar ie FrotoRg lexsispt thefoaturesdp syifin normal sange

b. 4 . H . . t i .
ook e e SR, Al GBEI bk, i

to a
phar maitenventon| lifedtyle inderv ergionor othet method ek exaimpleand without

regardl.ess of t{.he.intended.disease.tar.gef of these

! her aptisate ge i35 inech S5 htist SRARYE U lov st ke ey
that quFethtally HenefitSHIE She Use o periRisome| préleferation activating
described. There are nmultiple tyPes of cost-effective

assay TgfeRior GFARO pearistssuehasrendip tavglizany ahgepefbiest that

on th ' ' .
Col or e el i pRl PRal R aEh i A5G habité fat may notbe
wavel dirgttly) relatadt plopohlogeas eyhthesisyoreddgradidduh such as cholesterol

i bant ELIS hi.p- based and
ol y nar S RE desities TR R Sl Bre B R AGIM G oA)
assay sedudRAOnhidREGH sivhGs RigitoR Gtstvabaltiagt | on net hods,

di pstick chem cal assays, inage anal ysis such as

magnet j esgnange i ing (VRl), sitron em ssion
tonogrlQM (gmm@eg&n,ag@e%#@?t}ﬂfa% FB??&‘ETS%W drug,
scan, dpify YPhife@S cffB@§ spectronetry-based systens.
[00124] The preferred nmethod invol ves the devel opnent

of a high-throughput M5/ M5 nethod that is conpatible .
with ¢eFR9knt 71 epWrmeRiaylongitdinghmeniieringrofdpdividual subjects in

triples L,g i [

i bl SXBYRAGUAG oF AR SPRIAORBL I o Be 240 0B Icaty
syst edetectiongd SDAT -lilkeohetaboliciebangas;ent  nol ecul e,

fragnent it; and then the fragnents are neasured.

I nter ta r [ ecC 0,
sarpl Q000 2B RIinB pEl 3Berk ot b o3 S et e
f ur t haging khysitgladmsmmbinatibe of fehtueaidizglosaddnheasethod.
[00126] Exanple 1: Effect of Aging and Severity of

De ' . I | am P Li R
oeu5t) T8 PRl R RO givocsriraBB00R piiest HERRARK] feffen ve
se gmdt&i\fainsa sﬁ'ume4 x Bgzhg@@hrﬁi’duﬂﬁ_itﬂh@@lmn@]]yfqdl Cl'fhe igmﬂtﬁ 92such analyses
subj ect's, aged 40:, t.h varioqus |levels o mentia )
on s o o6 Red pekslasnltcapaifitont dieass Prsseoen s vl dispase severiy
cohorts is shown in Table 1. [00128] The effect of age
Wa$0®2R ThRtpestent Shvidtion V\Eﬁ{tid@efa AS@6d B diferdhdalty di Bk Between
0

cogni tive status but were currently not suffering

f r SlATedamantia now$HAdcdesmentis. andnanqraented normah statey, comprsing the

su .l life " 's .
5020 HE Rohtifin W05 shilple oy GBEG: hrethiglone i y 2 Ggpentia
pr énteleboeing sad sahple dito an gnalyticall imstrivaertt kapablevofi geindSmgeall or a
of denentia at this age. A significant gender bias was
observed in that only femal es exhibited an age-rel ated
decrease in EtnPls. Free D# in both males and fenal es
was significantly increased in the 50-59, 60-69, and

70+ cohorts relative to the 40-49 cohorts. However,

only mal es exhibited a concomtant increase in both

16: 0/ and 18: 0/ DHA-EtnPl. These data suggest that, in




[00130] The effect of CNS anyl oi d pat hol ogy was

assessed in post-nortemcoll ected serum sanples from

20 pat hol ogi cal ly confirmed SDAT subjects and 20

subj ects contai ning mniml anyloid deposition. Both

gray and white matter EtnPls were significantly

decreased in post-nortem confirned SDAT relative to

age matched controls. [00131] Exanple 2: The Gey and_ . |
Whisubset/mftthe ngaholitep)listed] ipuTabim 2f 00 ehsglrgaleted cantities: tabtaining
di f i -eqi ) ' n g

i 55 Beun 5T G5B T Gt R T oring the
spetid fromBEhe Rimpie ovithngfesans¢ darm whtindd \fwino piendlaripy enadymed samples

each. Etn i n each bject wa ornmal j zed to.their
o GHUE, Holp e TRELRE ot SamACROTRd, SOl QybicHS, Demented
| 0Gxibjettd With AedFRRePlRfeli BRI tABEIE LI Hagrbaaas SURT €Deménted subjects

white matter score was taken as the | owest such val ue
of Witlasermal/levels of rogtal®lites agealiggnegedzs non-SDAT.
18:0/18:1,18:0/18:2 EttiPls (M5, M6, MO and M1)

o oD, s By i 08 R g gty o

( Miirdividibgls whi 2recat disbvBfidevEippiRg SDAThesprisingpdbtdiniegla blood sample

scores reveal ed that both.gray and whiite matter EtnPls
woro st oSGt et ey BlodH s aplalp o ttiSlogdild on'it ora
| evabset bthPRSiabsTRES IREAGOTALE TTRE ISR e Rl Alitles BahiphRsk the data
level s in severely denmented subjects of both sexes.

Theohtgigpskonsaidmespbalitsspin said tesisuliegtywitihtefesence dafp ebtained from the
bR PRSI SBLESH o T AN gty on
t halepepiet Atmens andasing sdithicompdrison toditermireché prababdlitp dge the test

in serumlevels of gra r EnPls precede white
e bEe e of dteloBio8 SPN o Va-Gihentid Saed VHibgecrediep dovels of
f orméshdTites PelativeQd A8lth eertholy it atditk df dSRRPRRISIAEE OuUNt

for baseline variability anong subjects. "Indivi dual

| ongj inal_ trajectories of these scores may be nore
ac Eﬂ%"ﬁ jn apothex egibp niofiihg presegkingntiopaers iy Phvifisd g mgthod for
heqlidaiYying) M AR RS wolli Bgbft HFBASHLapPARe Jaetﬁﬁarﬁd% Ia.especif:ic

scores, risk prediction can be perforned on bot
andiechpmical pathyyay eimedateestoring Bi5Plsteinarmpl levedy comprising: alfifining a

val t I ' QX e 0-30% pof. . o
cor odsaBbick S s ok PREL Bl 00 el o gorg apapitving
| ntdatancecilbérea subsétiofther metkboligesUned.in Pablo @, bhélseblrelafidflentities;
val ue a_su jgcts white and gray, matter score is

ev SPTRRRRE the datp ptameonysaid metabalitesdp paid testsubisetvithasferasce data
subj ect ?@gftgbpo& ﬁ@gpgﬁalgyﬁ%ﬁg C?Wé&g or%::dsé,]:h{L g or from a
sulpwality 9fsnetedamentedohimeanat and usingedidatemparisém dmdiefefmine the

| o PeAREF bl Gk Bl e RO SR Bl 5. ° " °'

Quantitative and Qualitative Characterization of
Et 100451 &mstidl amnthepémbadpnens of the Bresentrinvefkdihdisds prowdaid method

in i On. Drovi des. . hr,omat ogr aphj.c .net ho olnbin.

Wi ?‘??Edeﬁé_ S gs%neélﬂ?‘g (e g c?%‘nehf grpmt ﬁ%%DCA ‘Spem%% therapy
quesinptigihg: ebtniflg @Uibdd Qiriple ﬁélﬂrsﬁﬁttedtls&?utoﬂm@fzin said blood
et hanol am ne phosphol i pids in serum [00135] For l\/§/l\/8

ap PRl e Frain gy lor a suportef thy me lsgaddmBable 2, or

o e 034 90 AR5 D SATRIBLED i o
An sljedt ewith Rderbuce dR¥% Bbthinéd) HHmK thbSAmlysis g pluniliynof vibcally-

gt S ety S b PR 3R ACAPT dotp s and using sid

i sopropanol t hexane: H20) at a flow rate of 1.0nmL/mn
for a total run tinme of 15mn. The colum was heated
to 35C. The sanple injection volune was | QgL. Organic
sol vent extracts (ethyl acetate) of sanples were
evaporated to dryness wunder nitrogen gas and the

resi due was reconstituted in 1004 of 55:40:5




[ 00139] Exanpl e 5. Popul ation Distributions as a
Function of Denentia Severity [00140] The EtnPl s
16:0/22:6 to PtdEt 16:0/18:0 rati o (DHA- EtnPls) showed
t he strongest overall sex-independent denentia effect
(Tables 2 I b, 24b) and was used for all subsequent
popul ation distributions and conparisons. A sunmary of
t he key .conpari sons u5|ng this ratio are listed_in
Tamoglpszasonﬁﬂldst%mp e, Rrebabelity; thap the test spbjeat i, Pepgfting, from such
Usqferhgy, Create a popul ation histogram for each cohort .
of 1 ncreasing cognitive inpairnment (Figure 4). A
cut-of f val ue was sel ected based_upon the findings of

BerlA@46] bea fgthey eybodqmeré of thg presant uwmtimgc supovidadiagnethod for

a5, S AR b

s e\é:he‘rqhesmd lemeglyecﬂestg?i‘.d ®Cprevent, @s@teot statdlize, SOAT ﬁnd/or dementia or

suhsequent classi.fi a I, To_.co e these

di SPPTEE maﬁ%Sﬁmi“ﬁig?ﬁim ] dgp}ep%qq%%mgq: obiaining 2 plurality
-Patgreloed YamplesTo . sazc!‘@st%%]@dt@é%ﬂarﬁt@c?bf ﬁﬁé"lahﬁyﬂﬁ% JaRH:Eood samples

prospective pathology studies (5-8)" to generate
t hé@ pbtmn@aant;fnpg:dm poall efiasubseindthiearabotiteaRstedinTable dyor closely

L, at. t hat,
B e b e
5A)subJEdfte\8ﬁh séfhﬂnmddte pbtatred fioff theOatlalysié 190 4 prediikhP8Y clrically-
cI| i cal | nosed SDAT subj ects have SDAT pat hol og%[
§Pd‘ angy oyl Qf@bi;’ ob por-dgRinied RImAns Ry With reference

S U t&aﬁ%&l&ﬁ%ﬂ%ﬁﬂf teR AR Qﬂtf i]‘fs‘i‘rl%sﬁfd' cBﬁl@é.l‘?soB & derifithe Whether the

deat h. When the datafro our ctognitively
t e Suatapolig Blatesf saidiastsubisntlian duprodaPduting 566 )hecdpeuiwrstrategy

non- denment ed popul ati on and 75% (192/256) of our

dem

baded ggﬁﬁ{éﬁée?frrﬂvgie{}ou ep lﬁ sf dﬁ%h(?%oﬁ@élﬁb@%sdlé%ﬁchemwﬂ,
c omp hiolaginal thempwtnedtrmhges fbh&le pleyentioagkrehinént, sbibiliz@ﬂimﬂff SDAT

DHA- Et fectl tched the t
i S PETRaa gt Gealproys e 4P enorield ST andior dementia
nokomlpriEing: asbtniy @Gilralidy OF bobliEARPRS Srof a PhiRRY of of test subjects;

Extr pal at i on of Di sease Progression and Serum E

analying s3id Plopsh samplesato-obtain muaniifeing detagepeal s>r a subset of the
t
T e

p opaifl meitabpliteT i saidtess sulbject eampiesswnioepmqmmiogncaleiam compriging diet
i neat r reSS|on a the nmean

¥ hisferfmly sBRF incides Broaipn i Togaion s, i Hiflory e, weight,

degamer Sk aRoRdlCsk Nphysi¢alr REGIHARRS ﬁﬂgus‘i@%a?d Eaﬁpanson to

each of these three cohorts (Figure 6). A very high

cofftermipe M%éiebﬂg&avébe%m@ndﬂms the teatmemt or prevention of

| exelaehd/drREmBRAN ADAS-cog scores of the three
denentia cohorts (r2=0.99). However, this |inear

de rease did not extrapol ate back to the ON group (X
vs 006&1} y&S annther gmbgdigrentf dhe preeptinyantign.dhar isrprafided agnethod

t hat “ﬁ%gt al l'fe)‘rﬁ&[ai(ie X Pioﬁﬁgt?gﬂ @liﬁgédgitc' ﬁ&’t n@ésefgl' fab Prevention,

apm@m#maswbr}dzammf SI2AT endfef densentihion |thzaaimpm@mehi MEsymptoms

| PRELEES b ASE R Akl B ek i APE el cutr
DHAyoBélrdf RDA T el pﬁthQaléﬁ}yTehénﬂvﬁ Sérd tgabg Whgéd?ﬁr Joﬁa%mauons
above redlctlon coul d be verified expefi ne
dethélreﬁF rdalyeing the eelin ofipenstmtsderized lﬁle such G@ubaﬂqnsm sbtain
f.. ti
(AP B T Sl e R SRR i e

conpared these groups to the clinical SDAT and CN
cohorts (Figure 7). The results of this analysis

revealed a significant drop in serumDHA-EtnPls in the
aged 60-69 cohort versus the aged 50-59 cohort (Figure
7A). This cohort also had significantly | ower |evels
versus the CN group even though the CN group was, on




[ 00149] Hi gh t hroughput screening (HTS) was perforned

wth a linear ion trap nass spectroneter (Qtrap 4000,
Applied Biosystem) coupled with Agilent 1100 LC

system Sanple was prepared by addi ng 15uL of internal
standard (5 ug/nL of (24-13C)- Cholic Acid in

nmet hanol ) to 120uL ethyl acetate fraction of each

sanpl e. 100 ul sanple was injected by flow injection
anaéntities; cOmipdringahedatotititudesl said drtaboidtesth reféreifeGhtaBE Med from

T T e R
e ac br dvefelied ddeft; ﬁ&jusgig%alﬂ E&Iﬁ%&ﬁ‘ﬁbn RlaeRHRn wh&ﬁ&'&ald gutauve agent

transiti on was scann for a total cyc
t i mapbe vabjy for theprevention, %@@natta S@b!l@%oap@ﬂa:\'l‘nndmemenﬂa orthe

el u ﬁlﬁﬂ 360 gl /mn
for{nh Bve\ﬂ?e e sg{oﬁgdsyggira%ﬁe ers vveorrélglge?n as foll ows:
CUR:: 10 0 CAD: 8, NC. -4.0, TEM 400, GS 1| : 30, Gs2:

50, [QOA‘B]eAmahw eibadisrentof, theTﬂresemnmuadptpwdeermahsd ﬂwrchntlfymg
set

> 200 dhe i ePgtﬂl%gl eipettc s tgc s iReatip, dreatment,
st agaksilightion 6FSDAP and/b c&nﬁﬁﬁd‘tﬁ@leflﬂbroﬁhh&t bﬁsyi‘lﬁytd%s%gso@lated with
generat ed by diluting a normal serum sanpl e

il pgora derpgntie sepmprisinge ﬂdma#sfmgoputﬁmedlnfary, chemical, or

St rﬁg%ﬂ: l(%%ﬂ%(?f?ot I@g%hg? &@ﬁéog;\%%r{albol 0, Ognﬁé?gpn%t? leal model of

| OOSE&]T@ng/an lementins aalyzing fll oo asubsstafsamplesdonived &mn biOﬂUldS or

o b B il B Bl Py i o SR A%E S St of
et (b adetdbEBites Hdiédlih TuBleQ, Sriciseil kA8 dnYitiby; 8&8parind the data obtained
intensity in extracts from heal t hé subj ects comnpar ed

to ?fh%fémﬁ%ﬁ!itm @éa@aen%é% ebtainp@fremdbe adminigtration of vehicle or a

fr:a{*al' 0 |ctélélh tWa et err‘n negﬁngp%ﬁgﬁb%s%%émﬁe whether said

BRARGItivivBgdtingy bevialily forkis/ fvlyepimys tremﬂnexa[mdbﬂimﬁOMDAT and/or
used to,ded cethe strutur The s / .
fr a(geﬁﬁeﬁfla PHLTE HpPrgygnest gf °6’fsr?§§°°f %@%ﬁ?&é‘*ﬂ%ﬂ% 0

| oss of sn-2 acyl group (mz 464) as a ketone, |oss of

th e[OQSD]]In‘aifmyher embadimsnichE ﬂﬁhﬂsﬁnt(ﬂﬁdeﬁhdiﬁtﬁ}reﬁﬂﬁwﬁﬁed a method for
[, h f t due t t I

?nmalger!f s r@ q?aﬁ] ?rl l?igl@glléglpq;tggq%tjﬂ;g Spr ?h% vtlx?uaj)lza%ircr)]nnoef these

ph%&ﬁ@dlit&ymhi'ﬁaﬂﬁﬂﬁﬂ‘ &ehzisiﬁp%mﬂﬁﬁ | feviiopi anubod or spec:lﬁc
arachi donic acid at the sn-2 p03|t| on. Base% H

dedu&twl@mscal !tﬁemgﬂmlﬂmsen &Gshn%@mmmaﬁ'm@lhvééed cpoxy—embedded

o ct ac ﬁﬁc en y%ﬁrf Al Ac us%é)ﬂald histochemical staining teohnique o vigufize all or
am asmbseTbfths metabélitesisodd in Tﬂbﬂsz Qﬁﬁif)sely‘ieﬁted ﬁntltles and using said data

1-0-1, - ctad cenyl- rac sn- cer o- 3- phos
hodp sk ARt of e Ssahelizsdn ik B OSiRNG e
their LC M5 and M5/ MS spectral data (Figure 9)

[ O(Iﬂ)ﬂil]] Thetill ymthice s@bodimgntof tielpdseit@dveniiéd) theed ie prolided a method

] ae, C39H74N0713 .and H7/4| NTO7P det erm ned by
%ﬂe%&"ﬂs g5k P%meeﬂeqrﬁ gi5al therapeytic steateates fopthe it vivo andlor

an adeyiRvistmlindioldr MR SiﬁRT’%HdJEf GERk bioR 1@51%&%\/&{ comprising;

fragrrentatl on patterns simlar to those
metadpunistedng adietaryy ﬂ@m of bmbglcalagyntgr mnttmatxomthereofto an in vivo

o4 kY v B Thdbliek ST hn it WGHeig S WG eS80 anror

: phc&aim&d, AfptiAgrthe nfird)andid or human or SpeClﬁc organ systems by imaging
1-0-1'-(2) - hexadeceni/l 2-arachi d | -sn-gl ycero- 3-

phd%‘é%%‘%%}ﬁhlaér#%ém hynltﬁpr%ep magnfmgs?megmag@g (MRI),
10-22 illustrate the retention tinme, M/ M5

fragnentation patterns, andgputative structures for

sel ected nol ecul es. Due to the conserved M5/ M5
fragnentati on mechani sm bet ween t hese nol ecul es, the
theoretical MS/MS transition can be determ ned for

any et hanol am ne phospholipid by using a conbination




H2(CH2) 14CH3 OH 2a TBDMS-Cl | midazole / pyridine RT
for 72 h t(c CH2(CH2) 14CH3 OCCODHA  CH2(CH2) 14CH3
OCODHA OTBDMs DHA-CI / pyridine Toluene, RT for 96 h
CH2(CH2) 14CH3 OH OTBDMS 5a4a3a [00156] All chemical s
and sol vents were purchased from Si gma- Al drich Canada
Ltd., QGakville, ON., Canada, VWWR Canada and Nu- Chek
Prep., Elysian, MN. Al solvents used were anhydrous.

Anahositionabmissibn thiy ?a k@h(PET@t BSthpRHze ﬂ&ﬁ‘% @Qr if@fdtional
out on precoated si TLC al um num s eets
sci BAgStic ReseRACY) énaghe: @’Eﬂ) elecirogncenhalogaply (HHQ), smgle positron

7
or B RolE Ay SR ot 0Bl pdfls HilentcSinotlReiRy, muis-
pl lame;ial iimaging; Using said Iilgl/n-(nﬂbswe mtsgh.gh@anhml f bﬁimmfgﬁ% g!ata onaliora
sol uti on.cont ai ni.ng_1%. cerjc. sulfate_an
(v R me R ety Tk 2ok glosels Bl deattiipomparing thedata
C ! SYEAQEIARIDn BRI 36 febithcl ita UYL R6ch o gﬁnaﬁi; of Ml delfrented
grade 60, nesh size 230-4 ctra were

r ecimalghemans @ wide refmmw pbtemecb ﬁBmesasi tetosubjetts; using said

8l 45 Ao B3 o

CDGESV[@%EZ&B ancp if)any@&uﬁdleinﬂ ar SbTREAHOh Of SDA Todrl/dr eR@eh@or the
near i gh_resol uti-on mass spectr.al

. Hi
dat'H‘Pﬁ%VF@esm a)ffﬁ%tama ﬁSSBFla‘lﬁg PDATand/pr demgntia ean e vispaligadm
ion cyclotron resonance nmass spectroneter (FT- I CRVB)

Wi t005T] POfipier dnfboRinRRbeftRe SRR ;ﬁéénubmbﬁaéé &fethdd fbhﬁemfymg
p03|t|ve node (HRAPCI - MBS). Fourier transforminfra-red

( FTHiesrys slaf@tl?aé oichialogisalotherapeusis sepiegipn EoriRSmeivo and/or ex vivo
spe‘g% faf g of!$hd %I%A'ﬁﬁdfofr USSndnth | B6URREGI neaihu?agr 8nprising:

sanpl e I sper sed
administering a dietary, chemical, or biological agent or combination thereof to an in vivo

and/or ex vivo animal mode! of SDAT and/or dementia or human with SDAT and/or
dementia, analyzing all or a subset of biofluids or tissue by imaging techniques such as,
but not limited to structural magnetic resonance imaging (MRY), positron emission
tomography (PET), computerized tomography (CT), functional magnetic resonance
imaging (fMRI), electroencephalography (EEG), éingle positron emission tomography
(SPECT), event related potentials, magnetoencephalography,-_multi-modal imaging; using
said non-invasive imaging to obtain quantifying data on all or a subset of the metabolites
listed in Table 2, or closely related entities; comparing the data obtained on said
molecules to reference data obtained from a plurality of samples obtained from non-
demented animals/humans or with reference data obtained from said test subjects; usihg
said comparison to determine whether the pathways involved in SDAT and/or dementia
can be visualized; and if any treatment or stabilization of SDAT and/or dementia or the

improvement of symptoms associated SDAT and/or dementia can be visualized.

[0053] This summary of the invention does not neces'sarily describe all features of the

invention.
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Synt hesi s of
ci s-()-2-0-Docosahexaenoyl- 1- 0- hexadecyl gl ycerol (5a)
()-2, 2-Di net hyl-4- ( hexadecyl oxynet hyl ) - 1, 3- di oxol ane
(la) [00157] To NaH (1.85g, 60% di spersed in m neral
oi I ) under argon was added anhydrous N,
N-d| nmet hyl f or mam de (DMF, 30 rrL) at RT. Sol ketal (2.20
g, 16.7 nunol: in 10 n|I anh rous DMF was then added
dr JPRIEFCDES G§ Br onbhexadecane -
_ (5 10g 16. 7 mmol ), d| ssol ved i n anhydrous DMF (20 ni)
St ¢ rﬁg' Treofd ofter tARIdsSAF e Blerfb Wil BecdmRRidré ?]ﬁﬂﬁh from the

for 72 hours. The reaction was quenche
addohewiap descriptionLin ovhichereforened is magle Wethe appendesdmveuga whegein:
cold ice water (100 ni) and extract ed with hexane (100

n IT,E% . :
pre[(s)(s)ﬁsjel:\lgn tltctsgwréggllggue C rom%t %%}réggﬁgﬁﬁl hosifres °8%Y°““°“
usiused lgrsiane- di chl oronet hane to obtain la (3.363 g,

57% yield).; NVR (in CDC13): 8 in ppm0.83-0.86 (3H,

o gl FIGURE 50 Wil yBhir Syt et sept Didifblionsfor
(1¥he diftorodtddeatidiedhord. 01-4. 03 (1H, t, J= 6.5 Hr),
4.20-4.25 (1H, quintet, J= 6.0 Hz). 1130 NVR (i n

: j 14, 3, 25.,6, , 29.6,
CD?%@H@?@HE%%@W the iffz %?? dementia wvewmtl ﬁa{lgatﬁaleevelsem
() “Bin®r- mlgqﬂﬁem t‘e‘:‘r?a% é&bjeétg &)mtlﬁ&ﬂ 5@1)-5.@0&%@&Hﬁﬂathﬁted EtnPls
(3.363 g) was add 0% HCl solution’(40 nL) and

! ofandseirated PLaTy x?emtcosuolmm) POl EOP Itk e DA 22:6).
wor e borBaEha; Bl oAttt . S8HURIE gk TR Being iy eter

( 5 thhble Ebo)id)amﬂ- p}obifio& vhrghreml bﬁhk%dndd @n-1/s6-20 D16:0/ 1820 sepresents
0 ol vent.. ]t s drijed.jn_a vacu L.
o Bt leoproPhgsBasiOplsifARoliring S PAIE 4 (L0)gk -1 and soaric acid
quams n%ﬁfsh e éﬂegﬂesé\t%é d DHAD ks méleiapreée@aﬁn%@cﬁh (o=19-
, 1.52-1.55 (2H,
dlakchangeam e), 3. 42 3.51 (4H, m) 3. 60 3 70 (2H
in), 3.84- 85 (111, n), 6.63-6.70 (1H, D20

23({?@8%6 B 5ot § %%Wla%ﬁZ 5 @%26 fo PhtEt

71.16;0/1820 @tlo)nzstgbutmns in subjects with different levels of dementza seventy A-

(s Syt OB e Rundr SR e Bhitnen
di mbmgglmiﬁﬁhlpﬁmm (Byleiafld fenale’fibjebes céthblﬁQ'd)U nder
argon. I mdazole (1.02g, 14.52 nmmol) in anhydrous

o RO Re Sehved mpreieeric usBRyiontal S0t yors

| N compyel Rt &Y [9- sv diﬁ e& yﬂaenﬁﬁa&ais@muﬁer&we.&um DHA-
was stirred at RT f oured into 0.5

p B5P1s iseABIPInk a: inttedt (g @Jraéehgﬂ) le@qgertwelr@ermal and
mL t th
S atd S‘?g%t%%mgecgéﬁgﬁﬂ mméte%\?t& d%%ﬁ&sgss wat er” " ( \iVIOO m),

drl ed over anhydr ous Na2SO4 and the sol vent renoved
0} EKiIeRHE 6p adingararegrassinm: anplysis of diseasesaverityd A Sagog) and

%%ETV‘B% ﬁﬁ. ep.g’s Y. ﬁ&gﬁ&tﬁ%@ Hrigf 1&%% 35,256 SDAT

O Sﬂajéht:SQX Eddicted initiktidR of RS depletich. 32iuks 23 eﬁ@'bksedfis mean *

2. H, exchangeabl e), 3.40-3.42 (4H,

3. 3&%3@6@ %ﬁtm akprg 819 asgymes 153@&&@05@9%@@3)
Sin ppm14.3, 18.2, 18.5, 22.9, 25.8, 26.0, 26.1,
26.3, 29.6, 29.8, 29.9, 32.1, 33.0, 64.2, 70.8, 71.6,
71.9.
()-1-0-(tert-Butyl di nmethylsilyl)-2-0-docosahexaenoyl-3
- 0- hexadecyl gl ycerol (4a) [1980160] Anhydrous pyri di ne
(0.15 nL) and toluene (10 nm.) were added to 3a (249.0
ng, 0.578 mmol) and stirred at RT under dry argon.
Docosahexaenoyl chloride (200.0 ng, 0.578 mml) in
toluene (5 inL) was then added dropwi se to the



127.2, 127.8, 128.1, 128.2, 128.3 (2), 128.4, 128.5,
128.8, 129.7 (2), 132.2,177.9.; FT-1R (cm 1) 3370
(br), 3013, 2954, 2918, 2850, 1712, 1470, 1397, 1382,
1326, 1239, 1123, 1060, 719.; HRAPCI -MS nfr: neasured
627.5349 ([MH +, cal cd. 627.5352 for C411-17104).
[00162] Exanpl e 12: Use of netabolic precursors for

restorati on of PtdEt and EtnPl pools in vitro
[ 0088) lﬁiG]LHﬁEe’é&hpgase@mmmﬂArEmP@(Eg@lsd@Q/m talftdBt £6:0/18:0ratio)

RSP AR B MrblicBL P B ABBE ISP i
pl aSEMl(pg 68-25¢)N (BREog2) dilddbutidhs.Was treated with the
met abol i c precursors 5a (sn-1-al kyl, sn-2-DHA glycerol) -

for ..a.cancentrati.on o 2011 and
| OB REY 8 AR BPu i iaoR s antard Sk deiypls 16:022:6
| i nig.heflfly@HuaiagSerum. t ot al et hanol am ne phosphol i pi ds

[ 00164] Figure 25 shows the rel ative changes in total

El\/Pds and total PtilEt content when wild t

cel 10863 FIGHRES shows £6-Me ppdMeAYS Nnéyﬁlwfgal’?f%lsaﬂ/%w Panel Al -
t
(SrEftieps el AR (pI8) BESS 950 RRH- of g pyre tapdands A2 MSIMS
t r espeesch ofipadentdotniid VS(b@a‘ctent(oneimeGﬂ 5. 0mimdes. B1stBIC ot‘ hf'é) froma

Er Rty g6l sit - W Sielap DY T b, c1-Bic

cel of 750 fidnt 4 SOATGubfedthC2 bMI/MY peiradIf OO 7665@4.85.Fohin.
Treatnment with 5a does not significantly alter the
in the CHO cell |ine (86.9%

: Otci%{%%%ﬂgbﬁﬁcﬁﬂé@%@wawtqdﬁen Flpmatogram ppsr peeq%hlsd MS/MS

g rjﬂﬁnéi%i‘ﬁnﬁiﬁl@%lsﬁ'lﬁhaﬁ%mﬁ that the
total PtdEt content in the NRel-4 cell line is not

g[gl fi cantlﬂr)ée reater than the control CHO cells
¢ Showe apjeractrd ign ghrpmploarsm Gippes parsbbanddS/MS

tot betflng! apos Bk 16:0/59 i & 0o 54.9%
sg 0008 ‘gf q’EFrllt?eat eoil controlll \I'/l\%lﬁm%é at of the
NRe14ceII line was found to be at 55.9% (P=0.12) of

t hd 0B HGURE(12) showa 8y extrastaddem Fhromatogramt (appsir panel) and MS/MS
ph %ﬁp&%ﬂ ﬁbygé' panel) of EmPls 16:0/20:4 in humar serum.

[0067] FIGURE 13 shows an extracted ion chromatogram (upper panel) and MS/MS
spectrum (lower panel) of EmPls 16:0/22:6 in human serum.

[0068] FIGURE 14 shows an extracted ion chromatogram (upper panel) and MS/MS
spectrum (lower panel) of EmPls 18:0/18:1 in human serum.

[0069] FIGURE 15 shows an extracted ion chromatogram (upper panel) and MS/MS
spectrum (lower panel) of EtnPls 18:0/18:2 in human serum.

{0070] FIGURE 16 shows an extracted ion chromatogram (upper pancl) and MS/MS
spectrum (lower panel) of EtnPls 18:0/20:4 in human serum.

[0071] FIGURE 17 shows an extracted ion chromatogram (upper panel) and MS/MS
spectrum (lower panel) of EtnPls 18:0/22:6 in human serum,
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[ 00165] Figure 26 shows the rel ative changes in total
DHA-Et nPl's and total DHA- PtdEt when wild type CHO

cell s and pl asnal ogen-deficient NRel-4 cells are

treated with nmetabolic precursor 5a (sn-1

-al kyl , sn-2-DHA gl ycerol). The NRel-4 cell line

treated with ethanol alone has significantly | ower

l evel s of DHA-EtnPls (8.7% P=0.000017) conpared with

t hel0BYR) FISURKE 1§ ghoms aptegtiacid: inn chremeortag @ppearipgnedoand MS/MS

T S OTBEOE 5 BTV A Y bl

(P=0.004) of CHO levels, and simultaneously restores
t he[ORFATFIGURET 1% shomts an eikiradtddrien chromatograwr (ppaCinandl oand| MS/MS

cortpatte B8V G0 SRR 0D L AT B TR Wb sqram
pool in both cell lines tested (CHO 93.5% P=0.18;
NRe[00724] FIGUREZ0 $obis &b )extrduted ion olrame@dgisin (ippdd panel) and MS/MS

untreat ed control ell |line. [00167] Exanple 13:
Ef £99E¢ %?@&5?@3%@5&%%% IBHLPER nd esterified

chol esterol levels in cultured cells [00168] To. test

t he[00T5|FIGURIE 21eéhale lah eRiratiedGs SRbma® mhp%@er Bitkl) and MS/MS
esterified cholesterol in vitro, ?:HO eli§4 c)el I

t he
| i ripesipietlovripageliaf Playmanyl 18:8120:4apdPlasmany] 16x0/R2¢tindyman serum
and chol esterol was quantified using the Chol esterol
Qu0bT4) FIGURBKitows Bh @¥irid my
sugges‘{]ed by theé%% ggitrﬁéeaih.m %ﬁg‘gﬁaﬂ dlugﬁé&g gﬁ\)u%g S/MS
i n SPRtrus: dewerdands) of BinPds Hala0:4,EshPls 1 6:022 5\ /Plasreany! 16:0/22:6 in
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dementia pugilistica [boxer’s dementia]), dementia resulting from exposure to an

infectious (e.g. Creutzfeldt-Jakob Disease) or toxic agent (e.g. alcohol-induced dementia),
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of whole blood may be used.

[0087] The method of the present invention is minimally invasive and is indicative of
cognitive impairment and of SDAT pathology. Translation of the method into a clinical
assay compatible with current clinical chemistry laboratory hardware is commercially
acceptable and effective. Furthermore, the method of the present invention does not

require highly trained personnel to perform and interpret the test.

[0088] The present invention detects and measures metabolites that have statistically
significant differential abundances between clinically diagnosed SDAT dementia and
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are also contemplated by the invention.

[0091] Sample Extraction. The processed blood sample described above is then further
processed to make it compatible with the methodical analysis technique to be employed
in the detection and measurement of the biochemicals contained within the processed
serum sample. The types of processing can range from as little as no further processing
to as complex as differential extraction and chemical derivatization. Extraction methods
could include sonication, soxhlet extraction, microwave assisted extraction (MAE),
supercritical fluid extraction (SFE), accelerated solvent extraction (ASE), pressurized
liquid extraction (PLE), pressurized hot water extraction (PHWE) and/or surfactant
assisted extraction (PHWE) in common solvents such as methanol, ethanol, mixtures of
alcohols and water, or organic solvents such as ethyl acetate or hexane. The preferred

method of extracting metabolites for HTS analysis is to perform a liquid/liquid extraction
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[0094] LC-MS analysis of human serum samples (Chromatography). The present
invention provides a chromatographic method combined with a mass spectrometric
detector for the quantitative and qualitative characterization of ethanolamine

phospholipids in serum. Embodiment of the method are described in Examples 3 to 8.
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(1 Qﬁﬁl)sed to determine the structure of the metabolites. One embodiment of the method is
described in Example 10.

[0097] In humans, the oxidative by-products, and thus turn-over, of plasmalogens are
dramatically increased with age in both the brain (86) and in peripheral red blood cell
membranes (87). Increased oxidative stress and decreased synthesis of EtnPls and DHA
both point toward decreased peroxisomal function (39, 62, 80, 81). Catalase, the
principal peroxisomal enzyme responsible for detoxifying the H,O, created by
peroxisomes, decreases in activity with age (73-75), most likely due to compromised
catalase import (79). The combination of the EmPl vinyl ether bond, which is
preferentially oxidized during oxidative stress (42), the critical requirement of EtnP} for
membrane fusion events (52) and the fact that over half of the neuronal membrane
ethanolamine phospholipid composition is EtnPI (34), points toward decreased EmPls as
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agq0099] tHuavesarpthe pidsert inventors are the first to show that EtnPls are decreased in

the periphery (i.e. serum) in subjects suffering from dementia and in subjects with CNS
amyloid pathology, and to establish the utility of using serum EtnPls levels as a
diagnostic method for dementia or SDAT.

[00100] The present inventors have also shown that plasmanyl ethanolamine
~ phospholipids are also decreased in subjects suffering from dementia and in subjects with
CNS amyloid pathology. This is a critical finding in that it indicates that the decrease
EnPls is due to a decrease in ether lipid synthesis in SDAT and not due to oxidative
breakdown of EtnPls (plasmanyl molecules do not contain the vinyl ether linkage and
therefore are not susceptible to oxidative breakdown). Since the formation of this ether
bond occurs exclusively in peroxisomes, this provides the first direct evidence of a
peroxisomal impairment in SDAT. As peroxisomal function appears to be impaired, any
strategy that enhances the biochemical steps in the biosynthetic pathway that culminates
in EmPls, has potential utility in treating SDAT. This biochemical pathway is illustrated
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nouse liver. Biochime 77,288-93 (1995).
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acyls at SN2.

[00104] In a further aspect of this embodiment the 1-alkyl, 2-acyl-glycerol is as
shown below:
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[00105] The present inventors have also shown that depleted serum EtniPls are a
causative factor in SDAT. AP accumulation, the primary pathological hallmark of
SDAT, results from the dysfunctional membrane processing of amyloid precursor protein
(APP). The non-pathological process (>95% of total APP processing) occurs via the o-
secretase pathway and the pathological process occurs via the B-secretase pathway. o-
secretase is located in a phospholipid-rich membrane domain whereas B-secretase is
located in cholesterol-rich lipid rafts. Both of these enzymes are sensitive to changes in
- membrane cholesterol in that increasing membrane cholesterol simuitaneously inhibits a-
-secretase activity (I8) and activates §-secretase (19, 20), (see (21), for review). Thus
disturbances in neuronal cholesterol processing, such that there is an increase in cellular
cholesterol, shifts the normal APP processing cascade from the non-pathological process
to the pathological process. The relatioﬁship between membrane cholesterol and SDAT
severity is compelling (22). EtnPls deficiency decreases cholesterol efflux (23) and
conditions that decrease membrane plasmalogens simultaneously increase membrane
cholesterol (24). Furthermore, the decrease in serum EtnPls in SDAT described herein
occurs at an earlier stage of SDAT than the increase in membrane cholesterol reported
above (22). In addition to the cholesterol connection, the timing of depleted EtnPls
implicates decreased peroxisomal function (the exclusive site of EtnPls synthesis) as a
causal factor in SDAT. In mice, genetic conditions that produce 30 times the normal
amount AP fail to result in accumulation until after 8 months of age (25, 26). AP
accumulation in humans also requires an age-related trigger (27, 28). A well documented
age-related phenomenon is decreased peroxisomal function (29). Decreased peroxisomal
function leads to decreased synthesis of EtnPls and DHA (30-32). The timing of A
accumulation closely matches the timing of decreased peroxisomal activity in mice (33)
and the decreased levels of EmPls reported herein closely match the timing of AB

accumulation in humans. Finally, peroxisome proliferation inhibits AR induced

25



CC0000000000---"1-11-11.: 2 2 2 2 oo co CV13.CD 03 a)

03 CODCDOOOCDS8, apo < 000000000 0 0 0 0 a2 c?

tinr't 2 cce Vin .? cci | MS/M5 Transition | 718.0

/ 255.0 1 716.0 / 255.0 746.0 / 283.0 | 744.0 /283.0

702.0 / 281.0 700.0 / 279.0 724.0/ 303.0 752.0/ 331.0

748.0 / 327.0 730.0 / 281.0 728.0 / 279.0 752.0 /

303.0 780.0 / 331.0 776.0 / 327.0 700.0 / 281.0 698.0

| 2@@rQdeg@dRrdlion (B0 Andprésedved cognBibh.if) caf KBHAT (ﬁiﬁf&never iélthese

728.0 /281.0.726,0 / 279.0 750.6 / 303.2 778.. 331.

77 4P, gﬁ grogs fdiscyisy a‘&'@%*?edz%b@.s'éts/to sleggeased 0@8@\}@ stress (34) or

vat adtirdaoeit iﬂ&dlﬁ%kﬁsﬁtﬁﬁ%'&ﬁg ahddot t6eRiRL8R bf EtnBR Pevialk.

(C16H3102) - 255 R1 18H3502) - 283 R110181-13502) -

283[00106] Thus, according to the present invention there is also provides a method
for lowering cholesterol in a patient in need thereof, by administering to said patient a

therapeatically effective amount of one or more of the molecules described above.

[00107] The present inventors also show that the depleted serum EmPls described
herein is unlikely due solely to Ap accumulation. A possible explanation for the
decreased serum EtnPls observed in this study is the oxidative breakdown of these
metabolites resulting from AP accumulation. This may be the case in the CNS since
decreased EtnPls in the CNS are co-localized with AB (10, 12-14) and AB can directly
deplete neuronal EtnPls content (11). However, serum A levels do not correlate with
SDAT diagnosis or severity (36) and in aged humans white matter EtnPls content is
equally decreased inall brain regions at all levels of dementia (10). These findings argue
against AP accumulation as the sole cause of the systemic depletion of EtnPls described
herein, These two mechanisms of EtnPls depletion are not mutually exclusive. I is
entirely plausible that a systemic depletion in EtnPls, as described herein could initiate
the accumulation AP by distupting neuronal and glial membranes, and that once A$
accumulates to some threshold in the CNS, it creates an oxidative environment that

further contributes to the depletion of membrane EtnPls.
[00108] The present invention also addresses several key points:

[00109] 1) The chemical nature of these biomarkers is such that they can be
readily measured systemically. This point is of fundamental importance since
the majority of research pertaining to SDAT and other neurological disorders
has ignored the peripheral systems. The ability to measure neurodegenerative
processes within a blood sample would make this invention unique and of

substantial value.

[00110]  2) The depletion of ethanolamine plasmalogen within the cell
membrane of the cholinergic neurons is a viable hypothesis for the development
of SDAT.
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[00112]  4) The specificity of plasmalogen to SDAT indicates that its content
within serum could be readily measured longitudinally throughout the lifetime
of an individual to assess the risk or for the early detection of SDAT prior to the
emergence of clinical symptoms, as the ethanolamine plasmalogen content has
been shown to be decreased in post-mortem tissue of very mildly impaired
SDAT patients (26) and is predicted by our analyses to occur up to seven years

prior to clinical symptoms of dementia (Figure 6)

[00113] 5) Since the metabolites are decreased in SDAT and dementia, a
pharmaceutical, biological or nutritional supplementation strategy that
specifically targets metabolic systems that either lead into or from these
metabolites with the intent of increasing these biomarkers is viable.
Furthermore, the direct supplementation of these metabolites or related
metabolites or derivatives of such could be used in the treatment or prevention
of SDAT or dementia.

[00114) Specifically in regards to the therapeutic strategy for the restoration of
EtnPls to normal levels in subjects found to be deficient, supplementing such individuals
with various ether lipid molecules that can either be further modified or used “as-is” by
such individual’s metabolic apparatus body strategies are contemplated. Such molecules,

for example, but not meant to be limiting, could include the following:

{00115] 1) The predominant sn-1moieties (R 1, Figure 1) for ether lipids in humans
are derived from cetyl alcohol (1-hexadecanol, 16:0), stearyl alcohol (1-octadecanol,
18:0), and oley! alcohol {cis-9-octadecen-1-0i, 18:1). These would be the preferred
R1 substitutions of the glyceryl backbone. Since the incorporation ofthe vinyl ether
occurs oufside of the peroxisome, the formation of this vinyl bond, is not considered
to be rate-limiting in the formation of EtnPls in humans. This is supported by the
applicant’s observation that both plasmanyl and EtnPls metabolites disclosed herein

decrease in parallel in SDAT. Therefore, supplementation with the plasmany! form
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C39|—|76:Miotﬁg b-vﬁlﬁé%%neg‘nyl) are contemplated as viable snl moieties for
therapeutic supplementation. - It is further contemplated that a mixture of

supplements containing an optimal ratio of sn-1 constituents may be necessary to
fully restore the body’s natural ratio of these molecules;

~ [00116] 2)The preferred constituent at the sn-2 position is DHA. Subjects withan
impaired peroxisomal system could also have impaired synthesis of DHA. and the
DHA containing EtnPls show the most robust and earliest decrease in SDAT.
However, sn-2 moieties ranging from the simple free alcohol (R2=OH) or acetyl
(R2=0-C(0)-CH3) to any common (i.e. 16:0. 16:1, 18:0, 18:1, 18:2, 18:3, 20:4,
22:4, 24:6) or modified fatty acid is a viable sn-2 constituent from a therapeutic
supplementation strategy;

[00117] 3) The_ preferred constituent at the sn-3 position is the free alcohol
(R3=0H). However, sn-3 moieties ranging from the simple phosphate (R3=P04) to
fully intact phosphoethanolamine (R3=0-P(0)(OH)-0-C2H4NH2) or derivatives or
other moieties that can be converted back to the free alcohol or phosphate are viable

sn-3 moieties from a therapeutic supplementation strategy.

[00118] 4) The administration of one or a combination of one or more molecules
resulting from the combination of the sn-1, sn-2 and sn-3 positions disclosed above
is contemplated as a potential therapeutic intervention aimed at increasing levels of
EtnPls. The preferred route of administration of such molecule (s) would be oral.
However other possible routes such as intraperitoneal or intramuscular injectior,
intravenous, transdermal patch, or other is contemplated. Oral administration could
be in the form of a gel capsule or as a soluble or emulsified liquid or mixed with an

appropriate food product.

[00119] The formulations comprising the compounds of the present invention may
be manufactured in unit dosage forms and may be prepared by any of the methods well
known in the art. In general the formulations can be prepared by bringing the compounds
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salts include both organic salts such as succmates ﬁlmarates malonates, crotonates and

the like, as well as inorganic salts such as chlorides, sodium, potassium, calcium, nitrates,
phosphates, sulfates and the like.

[00121} A therapeutically effective dose of the compounds of the present invention
will determined empirically, depending on a number of factors mcludmg the time since
onset of the condition, the progression of the condition, as well as the general health of
the individual and their age. As a general guide the compounds of the present invention
can be administered from about Img/kg body weight to about 10 g/kg of body weight. A
more suitable dose may be from about 100 mg/kg body weight to about 500 mg/kg body
weight. The compounds can be administered as a single dose or in multiple daily doses,

as appropriate.

[00122] Likewise, a pharmaceutical, biological or nutritional supplementation
program that blocks or inhibits a part of the biochemical pathway may reduce the

~ production of these biomarkers and induce SDAT pathology and/or demential symptoms.
Therefore, these biomarkers can be used to monitor for potential dementia-related
adverse reactions to a pharmaceutical, biological or nutritional therapy, regardless of the
intended disease target of these therapies.

[00123] For routine analysis, a novel method that quantitates a subset of the
metabolites is described. There are multiple types of cost-effective assay platform
options currently available depending on the molecules being detected. These include
colorimetric chemical assays (UV, or other wavelength), antibody-based enzyme-linked
immunosorbant assays (ELISAs), chip-based and polymerase-chain reaction for nucleic
acid detection assays, bead-based nucleic-acid detection methods, dipstick chemical

assays, image analysis such as magnetic resonance imaging (MRI), positron emission
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tomography (PET) scan, computerized tomography (CT) scan, and various mass

spectrometry-based systems.

[00124] The preferred method involves the development of a high-throughput
MS/MS method that is compatible with current laboratory instrumentation and triple-
quadrupole mass spectrometers which are readily in place in many labs around the world,
A Q-Trap™ system is used to isolate the parent molecule, fragment if; and then the
fragments are measured. Internal standards are used to correct for sample to sample

variance.

[00125] The present invention will be further illustrated in the following examples.

[00126] Example 1: Effect of Aging and Severity of Dementia on Serum Levels of
Ethanolamine Phospholipids

[00127] The effect of aging and severity of dementia on serum levels of
ethanolamine phospholipids in 752 subjects aged 40-95 with various levels of dementia

was investigated. The clinical data on the subject cohorts is shown in Table 1.

[00128] The effect of age was evaluated using a set of aged 30 to 95 of untested
cognitive status but who were currently not suffering from -dementia. Subjects were
grouped into one of five subgroups based upon their decade of life (30’s, 40’s, 50°s, 60’s,
and >70). The 40-49 cohort was used as the pre-dementia reference group due to the low
incidence of dementia at this age. A significant gender bias was observed in that only
females exhibited an age-related decrease in EtnPls. Free DHA in both males and
females was significantly increased in the 50-59, 60-69, and 70+ cohorts relative to the
40-49 cohorts. However, only males exhibited a concomitant increase in both 16:0/ and
18:0/DHA-EtnPl. These data suggest that, in females, there may be an age-related
dysfunction in the packaging of DHA into EtnPls. This gender difference may explain

the increased incidence of dementia in very old females (84).

[00129} The effect of dementia severity was determined in subjects aged 56 to 95,
comprised of 68 cognitively confirmed non-demented subjects (MMSE > 28); 256
subjects currently diagnosed with SDAT (ADAS-cog 6-70, MMSE 0-26); 20 post-

mortem confirmed SDAT and 20 post-mortem confirmed controls.  Subjects were
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grouped into one of four dementia subgroups based upon either their MMSE score [> 28
= Cognitively Normal] or their ADAS-cog score [5-19 = low cognitive impairment); 20-
39 = moderate; 40-70 = severe]. In both males and females, the majority of EtnPls in all -
dementia subgroups were significantly reduced relative to cognitive contrels. In both
males and females, free DHA was significantly decreased only in severely demented
subjects. In females, a dementia effect was observed for three EtnPls (16:0/18:2,
18:0/18:2, and 16:0/20:4) in that both 18:2/EtnPls were significantly lower in severely
demented subjects versus either low or moderately demented females and 16:0/20:4 was
lower in the severe group versus the low group. In males, a dementia effect was observed
for DHA and 16:0/DHA in that free DHA was reduced in the moderate group versus the
low group and in the severe group versus the moderate group and 16:0/DHA was reduced
in the severe group versus the low group. These results suggest that there is a general
underlying dysfunction in plasmalogen synthesis in SDAT, regardless of gender but that
the progressive cognitive deterioration in SDAT manifests slightly differently in the two
sexes. Brain white matter contains primarily 18:1 and 18:2 EtnPls with low levels of
20:4 and DHA EtnPls whereas gray matter contains significantly higher levels of 20:4
and DHA EtnPls. In females, increasing dementia appears to affect both white (18:2) and
gray (20:4) matter EtnPls equally, whereas in males predominantly gray (DHA) matter
EtnPls appear to be affected to a greater extent. These findings indicate that therapeutic
strategies could be optimized for either males or females or individually depending upon
the specific EtnPls deficiency observed.

[00130] The effect of CNS amyloid pathology was assessed in post-mortem
collected serum samples from 20 pathologically confirmed SDAT subjects and 20
subjects containing minimal amyloid deposition, Both gray and white matter EtnPls were
significantly decreased in post-mortem confirmed SDAT relative to age matched controls.

[00131] Example 2: The Grey and White Matter Score Distribution

[00132] Considering the differential regional (34) and gender differences in white
vs. gray matter EtnPls, a white and gray matter specific EtnPl scoring system was
developed whereby each EtnPl in each subject was normalized to their respective gender-
specific cognitively normal mean, log2 transformed and mean centered. Each subject’s
white matter score was taken as the lowest such value of plasmenyl16:0/18:1, 16:0/18:2,
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18:0/18:1, 18:0/18:2 EtnPls (M15, M16, M20 and M21) and their gray matter score as the
lowest of plasmenyl16:0/20:4, 16:0/DHA, 18:0/20:4, 1‘8:0/DHA (M17, M19, M22 and
M24) EtnPls. These simplified scores revealed that both gray and white matter EtnPls
were decreased at all stages of SDAT and that the levels in post-mortem confirmed
SDAT closely matched levels in severely demented subjects of both sexes. The cross-
sectional white and gray matter score distributions in subjects of various levels of
dementia clearly showed a dementia dependent shift in the population means. This also
indicated that changes in serum levels of gray matter EtnPls may precede white matter
changes and potentially be an early risk factor for SDAT. Such cross-sectional data does
not account for baseline variability among subjects. Individual longitudinal trajectories
of these scores may be more accurate at detecting early risk of SDAT in otherwise
healthy, non-demented subjects. Based upon these scores, risk prediction can be
performed on both male and female subjects (Tables 15 and 17) where a cut-off value
that results in approximately 20-30% of cognitively normal subjects being classified as
either intermediate or high risk is used. Using this cut-off value a subjects white and gray
matter score is evaluated. If the subject tests normat on both scores, the subjects is
deemed to be at low risk. If the subject tests positive on one of the scores, the subjects is
deemed o be at intermediate risk and if the subject tests positive on both scores, the
subject is deemed to be at high risk.

[00133] Example 3: Quantitative and Qualitative Characterization of Ethanolamine

Phospholipids in Serum

[00134] The present invention provides a chromatographic method combined with
a mass spectrometric detector for the quantitative and qualitative characterization of

¢thanolamine phospholipids in serum.

[00135]) For MS/MS applications and experiments involving chromatography, an
Agilent 1100 HPLC system was used in combination with an Applied Biosystems
QSTAR XL mass spectrometer. An Agilent.Zorbax RX-SIL (4.6 x 150mm, Sum)
column was used for normal phase chromatography. Conditions included an isocratic
mobile phase (55:40:5 isopropanol:hexane:H20) at a flow rate of 1.0mL/min for a total
run time of 15min. The column was heated to 35°C. The sample injection volume was

10uL. Organic solvent extracts (ethyl acetate) of samples were evaporated to dryness
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under nitrogen gas and the residue was reconstituted in 100uL of 55:40:5
isopropanol:hexane:H20 solution prior to injection. Figures 10 — 22 show examples of

representative metabolites detected in serum.

[00136] The QSTAR XL instrument was equipped with an APCI (Heated
Nebulizer) source operating in negative mode. Values of major instrument parameters
were DP, -60; FP, -265; DP2, -15; GS1, 75; GS2, 15; CUR, 30; NC, -3; TEM, 400°C;

Scan range, 50-1500amu; Accumulation time, 1 sec.

[00137] Example 4. Effect of Dementia Severity and SDAT Pathology on Serum
EtnPls Levels in combined male and female subjects

[00138] The effect of dementia severity was determined using 324 subjects (176
female, 148 male) aged 56 to 95, comprised of 68 cognitively confirmed non-demented
subjects (MMSE > 28) and 256 subjects currently diagnosed with SDAT (ADAS-cog 6-
70, MMSE 0-26). The effect of SDAT pathology was determined using serum samples
collected from 20 post-mortem confirmed SDAT and 19 control subjects (Table 1).
Subjects were grouped into one of four dementia severity cohorts based upon either their
MMSE score [> 28 = Cognitively Normal] or their ADAS-cog score [5-19 = low
cognitive impairment; 20-39 = moderate; 40-70 = severe]. Mean serum levels of eight
EtaPls, free docosahexaenoic acid (DHA, 22:6), and phosphatidylethanolamine (PtdEt)
16:0/18:0 (D16:0/18:0) were determined for each group (Figure 3). All eight EtnPlsin ali
dementia subgroups were observed to be significantly reduced relative to cognitive
controls (24 pair-wise comparisons, t-test p-values 2.6e-2 to 2.0e-10, median = 3.9e-5).
Free DHA was significantly decreased in both moderately and severely demented subjects
- (0<0.05). All eight EtnPls were also significantly decreased in post-mortem confirmed
SDAT relative to age matched controls. D16:0/18:0 levels, a non-plasmalogen
phoshopholipid remained unchanged across the different dementia cohorts. In all further
analyses, the EtnPls to D16:0/18:0 (M01) ratio was used to minimize sample to sample
variability. Both the absdlute EtnPls levels and ﬂ1e EtnPls to D16:0/18:0 ratio exhibited a
significant dementia effect, The EtnPls to D16:0/18:0 ratios of all eight Etns were
significantly lower in the severely demented group relative to the low group while six of

the eight were significantly lower in the severe group relative to the moderate group
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[00139] Example 5. Population Distributions as a Function of Dementia Severity

[00140] The EtnPls 16:0/22:6 to PtdEt 16:0/18:0 ratio (DHA-EtnPls) showed the
strongest overall sex-independent dementia effect (Tables 21b, 24b) and was used for all
subsequent population distributions and comparisons. A summary of the key
comparisons using this ratio are listed in Table 30. This ratio was then log(2)
transformed and used to create a population histogram for each cohort of increasing
cognitive impairment (Figure 4). A cut-off value was selected based upon the findings of
Bennett et ai (8), (i.e. ~30% of the CN group being detected as SDAT) (Figure 4, dotted
line). Using this cut-off, 63%, 79% and 83% of low, moderate and severely demented
subjects, respectively, were subsequently classified as SDAT. To compare these
distributions with the known distributions of Ap pathology in SDAT, we combined the
results of four prospective pathology studies (5-8) to genetate the theoretical population
distributions of A pathology in demented and non-demented populations assuming that
AR is normally distributed in each population (Figure 5A). These studies reported that
only 71% (140/198) of clinically diagnosed SDAT subjects have SDAT pathology at
death and that 32% (87/268) of cognitively normal subjects meet neuropathological
criteria for SDAT at death. When the data from all of our cognitively tested subjects
were combined, 32% (22/68) of our non-demented population and 75% (192/256) of our
demented population were classified as SDAT positive based upon their serum EtaPls
level (Figure 5B). This comparison revealed that the observed distribution of depleted
DHA-EtnPls perfectly matched the theoretical distribution of SDAT pathology in

demented and non-demented subjects.

[00141] Example 6. Linear Extrapolation of Disease Progression and Serum
EtnPls Depletion

[00142) The data in Figure 3 suggests a strong correlation between the decrease in
EtnPls and increasing dementia in the clinically diagnosed SDAT population. To
investigate this concept in detail, we performed a linear regression analysis using the
mean DHA-EPls level (normalized to CN) of each of the dementia cohorts and the
average ADAS-cog score for each of these three cohorts (Figure 6). A very high
correlation was observed between the mean DHA-EtnPls level and the mean ADAS-cog

scores of the three dementia cohorts (*=0.99). However, this linear decrease did not
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extrapolate back to the CN group (X vs. CN). Assuming a clinical SDAT progression of
7.5 ADAS-cog units per year this extrapolation predicts that that DHA-EtnPls levels
begin to decline approximately seven years before clinical cognitive impairment (ADAS-

cog = 15) is evident.

[00143] Example 7. The Effect of Chronological Age on Serum DHA-EtmPls

Levels

[00144] To investigate whether the above prediction could be verified
experimentally, we determined the serum DHA-EtnPls levels in 209 subjects (110 male,

99 female, Table 1) of unknown cognitive status but currenﬂy not diagnosed w1th |
dementia, and compared these groups to the clinicat SDAT and CN cohorts (Figure 7).
The results of this analysis revealed a significant drop in serum DHA-EtnPls in the aged
60-69 cohort versus the aged 50-59 cohort (Figure 7A). This cohort also had significantly
lower levels versus the CN group even though the CN group was, on average, 13 years
older. Interestingly, the aged 70-95 cohort was not significantly different from either the
aged 50-59 cohort or the CN cohort, but had significantly higher levels than the SDAT

cohort,
{00145} Example 8. Sub-Populations Identified by Serum DHA-EtnPls Levels
[00146] We next examined the distribution of serum DHA-EtnPls within each age

group, as shown in Figure 7B. The pbpulation distributions of the five groups (three age
groups, CN and SDAT) differentiated by age and dementia status reveal the presence of
three distinct populations (P1-P3, Figure 7B). Using the conceptual framework
introduced by Katzman et al (6), who observed that cognitively normal subjects with
SDAT pathology had intermediate choline acetyltransferase (ChAT) activities relative to
cognitively normal subjects without SDAT pathology and demented subjects with SDAT
pathology. This middle group was said to have “reserve”, Therefore, we interpreted our
populations as: P1 - subjects with SDAT pathology and no remaining reserve capacity;
P3 - subjects with little or no SDAT pathology; P2 - subjects that are transitioning from
P3to P1. These P2 subjects are hypothesized to have SDAT pathology and some level of
reserve remaining. Since SDAT subjects have a life expectancy of less than 10 years
from diagnosis (16, 17) and low DHA-EtaPls are highly associated with SDAT severity,
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the decreased number of P1 subjects observed in the aged 70-95 cohort is most likely due
to differences in life expectancy between P1 and P2 or P3. The transitory nature of P2 is
best illustrated by examining the different ratios between the percentages of subjects
present in P3 compared to P2, as observed in the lower three panels of Fi gure 7B. These
three cohorts differ only in dementia status. The P3 to P2 ratio changes from 3:1 (68%
versus 22%) in the confirmed cognitive normal group to an intermediate ratio of 1;1
(43% versus 46%) in the normal healthy elderly group of unknown cognitive status, to
0.6:1 (25% versus 40%) in the confirmed demented SDAT cohort.

[00147] Example 9: High Throughput Commercial Method Development

[00148] The present invention also provides high throughput methods for
differential diagnosis of SDAT dementia and non-SDAT dementia states. The method
involves fragmentation of the parent molecule; in a non-limiting example, this may be
accomplished by a Q-Trap™ system. Detection of the metabolites may be performed
using one of various assay platforms, including colorimetric chemical assays (UV, or
other wavelength), antibody-based enzyme-finked immunosorbant assays (ELISAs), chip-
based and polymerase-chain reaction for nucleic acid detection assays, bead-based
nucleic-acid detection methods, dipstick chemical assays or other chemical reaction,
image analysis such as magnetic resonance imaging (MRI), positton emission
tomography (PET) scan, computerized tomography (CT) scan, nuclear magnetic

resonance (NMR), and various mass spectrometry-based systems.

[00149] High throughput screening (HTS) was performed with a linear ion trap
mass spectrometer (Q-trap 4000, Applied Biosystem) coupled with Agilent 1100 LC
system. Sample was prepared by adding 15ul. of internal standard (5 pg/mL of (24-13C)-
Cholic Acid in methanol) to 120uL ethyl acetate fraction of each sample.100 ul sample
was injected by flow injection analysis (FIA), and monitored under negative APCImode.
The method was based on multiple reaction monitoring (MRM) scan mode of one
parent/daughter transition for each metabolite and one internal standard. Each transition
was scanned for 70 ms for a total cycle time of 2.475 sec. The isocratic 10% EtOAc in
MeOH elution was performed with a flow rate at 360 ul/min for imin. The source
parameters were set as follows: CUR: 10.0, CAD: 8, NC: -4.0, TEM: 400, GS1: 30, GS2:

50, interface heater on. The compound parameters were set as follows: DP: -120.0, EP: -
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10, NC: -4.0, CE: -40, CXP: -15. Figure 8 illustrates a representative standard curve for
this method for EmPls 16:0/22:6 generated by diluting a normal serum sample while
maintaining a constant concentration of internal standard (24-13C)-Cholic Acid).

[00150] Example 10: Structure Elucidation of the Metabolite Biomarkers

[00151] Organic extracts of human serum taken from normal and Alzheimer’s
disease patients were analyzed using F T-ICRMS and LC/MS techniques. Three
metabolites, which were significantly higher in intensity in extracts from healthy subjects
compared to those from disease subjects were detected and structurally elucidated. The
molecular formula of metabolite 1 was determined as Cq3H7gNOP by HRAPCI-MS
(Figure 24). MS/MS spectral analysis was used to deduce the structure. The strong
MS/MS fragment ion at m/z 303 and other fragment ions due to loss of sn-2 acyl group
(m/z 464) as 2 ketone, loss of the sn-1 vinyl ether side chain (m/z 482) though small, and
the fragment ion due to phosphoethanolamine (m/z 140) suggested it to be a plasmenyl
phosphatidylethanolamine type molecule with arachidonic acid at the sn-2 position.
Based on these deductions, the structure of metabolite 1 was elucidated as 1-0-1'-(Z)-
octadecenyl-2-arachidoyl-sn-glycero-3-phosphoethanol amine. The structure of 1 was
confirmed as 1-O-1'<(Z)-octadecenyl-2-arachidoyl-sn-glycero-3-phosphoethanolamine
(commercial standard) by comparison of their LC/MS and MS/MS spectral data (Figure
9)

{00152] The two remaining metabolites with molecular formulae CagH;sNO,P and
C4iH7NO7P determined by HRAPCI-MS, found to co-elute with 1 in LC/MS, and
analyzed using MS/MS showed fragment ions and fragmentation patterns similar to those
of 1. These metabolites were thought to be very similar in structure to 1 and thus their
structures  were proposed as  1-O-1'-(Z)-hexadecenyl-2-linoleyl-sn-glycero-3-
phosphoethanolamine (2) and 1-O-1'-(Z)-hexadecenyl-2-arachidoyl-sn-glycero-3-

phosphoethanclamine (3) respectively.

[00153] Figures 10-22 illustrate the retention time, MS/MS fragmentation patterns,
and putative structures for selected molecules. Due to the conserved MS/MS
fragmentation mechanism between these molecules, the theoretical MS/MS transition can
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[00155] One compound on the presentinvention; (4Z ,7Z, 10Z, 13Z, 16Z, 197)-1-

(hexadecyloxy)-3-hydroxypropan-2-yl docosa-4, 7, 10, 13, 16, 19-hexanenoate (Formula
5a) was prepared according to the following synthetic strategy:

H CH2(CH2)14CH3 Ha(CHz)14CHs3
i{o >< CH3(CHy) 14CH,Br - O>< 10% HCL, reflux at 120°C H
o]

NaH/DMF, RT for 48 h o) for 30 min, leave RT overnight OH
1a
Solketal 2a
TBDMS-CI
Imidazole / pyridine
RTfor72h
CH2(CHz)14CH3 CHa{CH2)14CH3 CH2(CH2)14CH3
OCODHA _TBAF in THF ocopHa _PHACl/pyridine OH
OH AcOH, RT for 48h OTBDOMS Toluene, RT for 96 h OTBDMS
5a 4a da

100156] All chemicals and solvents were purchased from Sigma-Aldrich Canada
Ltd., Oakville, ON., Canada, VWR Canada and Nu-Chek Prep., Elysian, MN, All
solvents used were anhydrous. Analytical thin layer chromatography (TLC) was carried
out on precoated silica gel TLC aluminum sheets (EM science, Kieselgel 60 Fasq, 5 x 2
em x 0.2 mm). Compounds were visualized under UV light (254/366 nm) or placed in
iodine vapor tank and by dipping the plates in a 5% aqueous (w/v) phosphomolybdic acid
solution containing 1% (w/v) ceric sulfate and 4% (v/v) HySOq, followed by heating.
Flash column chromatography was carried out using silica gel, Merck grade 60, mesh size
230-400, 60 A°, NMR spectra were recorded on a Bruker Avance spectrometers; for 'H
(500 MHz), 8 values were referenced to CDCl; (CHCl; at 7.24 ppm) and for *C NMR
(125.8 MHz) referenced to CDCl; (77.23 ppm). Coupling constants (/) are reported to the
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1.

Arangform infra-red (FTIR) spectra were recorded on Bio-Rad FTS-40 spectrometer using

the diffuse reflectance method on samples dispersed in KBr.

Synthesis of cis-(:l:)-Z-O-Docosahexaenoyl-l;O-hexadecylglycerol (5a)
(#)-2,2-Dimethyl-4-(hexadecyloxymethyl)-1,3-dioxolane (1a)

[00157] To NaH (1.85g, 60% dispérsed in mineral o0il) under argon was added
anhydrous N, N-dimethylformamide (DMF, 30 mL) at RT. Solketal (2.20 g, 16.7 mmol)
in 10 mL anhydrous DMF was then added dropwise with constant stirring. 1-
Bromohexadecane (5.10g, 16.7 mmol), dissotved in anhydrous DMF (20 mL) was then
added to the reaction mixture dropwise and stirred for 72 hours. The reaction was
quenched by adding about 5 mL. of methanol. It was then poured into cold ice water (100
mL) and extracted with hexane (100 mL, 3x). The solvent was removed under reduced
pressure and the residue chromatographed on silica gel using hexane-dichioromethane to
obtain 1a (3.363 g, 57% yield).; 'H NMR (in CDCl5): 3 in ppm 0.83-0.86 (BH,t,J=6.5
Hz), 1.22 (26H, m), 1.33 (3H, s), 1.39 (3H, s), 1.52-1.55 (2H, m), 3.37-3.48 (4H, m),
3.68-3.71 (1H, 1, J= 6.5 Hz), 4.01-4.03 (1H, t, J= 6.5 Hz), 4.20-4.25 (1H, quintet, J =
6.0 Hz).; >C NMR (in CDCl;): 8 in ppm 14.3, 22.9, 25.6, 26.2, 27.0, 29.6, 29.7, 29.8,
29.9,32.1,67.1,72.0,72.1, 74.9, 109.5.

(1)-1-0-Hexadecylglycerol (2a)

[00158] To compound 1a (3.363 g) was added 10% HC! solution (40 mL) and
refluxed at 120 °C for 30 min. The reaction mixture was then kept at RT for 24 hours.
The white lumps formed were filtered. The filtrate was extracted with hexane (50mL, 2x)
and the extracts added to the white lumps after removal of solvent. It was dried in a
vacuum dessicator for 24 hours to obtain 2a which was quantitative. 'H NMR (in
CDCl): & in ppm 0.83-0.87 (3H, m), 1.23 (26H, m), 1.52-1.55 (2H, m), 2.67 (1H, D0
exchangeable), 3.42-3.51 (4H, m), 3.60-3.70 (2H, m), 3.84-3.85 (1H, m), 6.63-6.70 (1H,
D,0 exchangeable).; *C NMR (in CDCls): § in ppm 14.6, 23.1, 26.5, 29.8, 29.9, 30.0,
30.1, 30.2, 32.4, 64.5,71.0,72.3, 72.9.
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(#)-1-O(tert-Butyldimethylsilyl)-3-O-hexadecylglycerol (3a)

{00159] Compound 2a (2.297 g, 7.26 mmol) was dissolved in anhydrous pyridine
(20 mL) at RT under argon. Imidazole (1.02 g, 14.52 mmol) in anhydrous pyridine (10
mL) was then added followed by fert-butyl dimethylsilyl chloride (TBDMS-CI, 2.25 g,
14.52 mmol) in anhydrous pyridine (20 mL). The reaction mixture was stirred at RT for
72 hours, poured into 0.5 M H,804 (150 mL) and extracted with diethyl ether (100 mL,
3x). The extract was washed successively with saturated aqueous NaHCO; (100 mL) and
water (100 mL), dried over anhydrous Na,SO, and the solvent removed under reduced
pressure to obtain 3a, an oily material which was dried in a vacuum dessicator for 2 days
(3.164 g, 100% yield). 'HNMR (in CDCl;): 8 in ppm 0.83-0.89 (15H, m), 1.22 (26H, m),
1.52-1.53 (2H, m), 2.60 (1H, s, D;O exchangeabie), 3.40-3.42 (4H, m), 3.59-3.61 (2H,
m), 3.64 (1H, m).; "C NMR (in CDCl;): 8 in ppm 14.3, 18.2, 18.5,22.9,25.8,26.0,26.1,
26.3,29.6,29.8,29.9,32.1, 33.0, 64.2, 70.8, 71.6, 71.9.

(+)-1-O-(tert-Butyldimethylsilyl)-2-O-docosahexaenoyl-3-0-hexadecylglycerol
(4a) |

[00160] Anhydrous pyridine (0.15 mL) and toluene (10 mL) were added to 3a
(249.0 mg, 0.578 mmol) and stirred at RT under dry argon. Docosahexaenoyl chloride
(200.0 mg, 0.578 mmol) in toluene (5 mL) was then added dropwise to the reaction
mixture over a period of 20 min and stirred at RT for 96 hours. The reaction mixture was
poured into water (100 mL), extracted with diethyl ether (100 mL, 3x), washed
successively with 0.25 M H,;SO; solution (100 mL), saturated aqueous NaHCO; (100
mL) and water (100 mL), and dried over anhydrous Na;SO4. After removal of solvent, the
crude product was chromatographed on silica gel using hexane-dichloromethane to obtain
product 4a (348.4 mg, 81.4 % yield). 'H NMR (in CDCly): 3 in ppm 0.89 (18H, m), 1.24
(29H, m), 1.53 (2H, m), 2.06 (2H, fn), 2.40 (4H, m), 2.83 (10H, m), 3.40 (3H, m), 3.55
(2H, m), 3.71 (2H, m), 5.36 (12H, m).; ’C NMR (in CDCL): 8 in ppm 14.2, 14.4,20.7,
22.2,25.7(2),25.8,26.0,26.1, 26.3,29.5, 29.7, 29.8, 29.9, 32.0, 35.3, 65.4, 71.7, 72.9
(2), 127.1, 127.9, 128.0, 128.1, 128.2, 128.4, 128.5, 128.7, 129.2, 129.3, 130.1, 132.1,
168.8.
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cis-(1)-2-0-Dacosahexaenoyl-1-0-hexadecylglycerol (5a)
[00161] To a mixture of 4a (348.4 mg, 0.4704 mmol) and glacial acetic acid (120
ML) was added 1.0 M TBAF in 2 mL THF over a period of 15 min at 5 - 10 °C (ice-water
bath) with constant stirring. The reaction mixture was stirred at RT for 48 hours. It was
then poured into water (100 mL), extracted with diethyl ether (100 mL, 2x), washed
successively with saturated aqueous NaHCO; (100 mL) and water (100 mL), and dried
over anhydrous Na;SO,. After removal of solvent, the crude product was
chromatographed on silica gel using dichloromethane-methanol to obtain 5a (140.8 mg,
48% yield). TLC: Re = 0.65 (CH,Cl:MeOH, 95:5 v/v).; '"H NMR (in CDCls): § in ppm
0.85 (3H, t,J="7.5 Hz), 0.95 (3H, 1, J= 7.0 Hz), 1.23 (26H, m), 1.54 (2H, m), 2.05 (2H,
m), 2.38 (4H, m), 2.80 (10H, m), 3.44-3.50 (5H, m), 3.62-3.68 (2H, m), 3.85 (1H, br s,
D;0 exchangeable), 5.29-5.35 (12H, m).; ?C NMR (in CDCls): & in ppm 14.3, 18.3,
22.7,22.9,25.7, 25.8(2), 26.3, 29.6, 29.7 (2), 29.8 (2), 29.9 (2), 32.1, 64.4, 70.7, 72.1,
$72.7,127.2,127.8,128.1,128.2,128.3 (2), 128.4, 128.5, 128.8, 129.7 (2), 132.2,177.9.;
FT-IR (cm™) 3370 (br), 3013, 2954, 2918, 2850, 1712, 1470, 1397, 1382, 1326, 1239,
1123, 1060, 719.; HRAPCI-MS m/z: measured 627.5349 ((M+H]", calcd. 627.5352 for
CaiH7,04).

{00162] Example 12: Use of metabolic precursors for restoration of PtdEt and
EtnP] pools in vitro

[00163] To investigate whether exogenous metabolic precursors can restore the
ethanolamine phospholipids deficiency in vitro, a CHO cell line deficient in plasmalogen
synthesis (NRel-4) was treated with the metabolic precursors 5a (sn-1-alkyl,sn-2-DHA
glycerol) for 72 hours at a concentration of 20uM, and its lipid profile was compared with
the wild type cell line,

(A)Change in total ethanolamime phospholipids

[00164] Figure 25 shows the relative changes in total EmPls and total PtdEt
content when wild type CHO cells and plasmalogen-deficient NRel-4 cells are treated
with metabolic precursor 5a (sn-1-alkyl,sn-2-DHA glycerol). The NRel-4 cell line treated

with ethanol alone (vehicle to administer the compound) has significantly lower levels of
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total EtPls (10.8%; P=0.0001) when compared with the CHO cell line treated with the
vehicle alone (Fig 25 a). Treatment with 5a does not significantly alter the total EtnPls
content in the CHO cell line (86.9%: P=0.083), but does elevate the relative total EtnPls
content from 10.8% 0 44.2%. Fig 25b shows that the total PtdEt content in the NRei-4
cell line is not significantly greater than the control CHO cells (P=0.062). Treatment with
Sa significantly reduced the total PtdEt content in the CHO cell line to 54.9% (P=0.0008)
of untreated control, while that of the NRel-4 cell line was found to be at 55.9% (P=0.12)

of the control.
(B) Change in total DHA-containing phospholipids

[00165] Figure 26 shows the relative changes in total DHA-EtnPls and total DHA-
PtdEt when wild type CHO cells and plasmalogen-deficient NRel-4 cells are treated with
metabolic precursor Sa (sn-1-alkyl,sn-2-DHA glycerol). The NRel-4 cell line treated with
ethanol alone has significantly lower levels of DHA-EtnPls (8.7%:; P=0.000017)
compared with the CHO cell line treated with the vehicle (Fig 26a). Treatment with
compound 5a significantly elevates the total DHA-EtnPIs pool in CHO cells to 136.8 %
(P=0.004) of CHO levels, and simultaneously testores the NRel-4 deficient cell line to
72.3 % of CHO levels (P=0.39).

[00166] Fig 26b shows that treatment with compound 5a does_not'signiﬂcantly
alter the DHA-PtdEt pool in both cell lines tested (CHO: 93.5%, P=0.18; NRel-4:
110.6%, P=0.85) when compared with the untreated control CHO cell line.

[00167] Example 13: Effect of metabolic precursors on total and esterified

cholesterol levels in cultured cells

[00168] To test the effect of metabolite precursors on total and esterified
cholesterol in vitro, the CHO/NRel-4 cell line model was used. Total cell lipid was
extracted, and cholesterol was quantified using the Cholesterol Quantification kit
(BioVision, Mountain View, CA) as suggested by the manufacturer. CHO cell kine
cultured in the presence of the ethanol vehicle (C_V) has 6.66pg total cholesterol/million
cells. This reflects the wild type phenotype, and was used for normalization. The NRel-4
cell line deficient in plasmalogen synthesis cultured in the presence of ethanol vehicle
(N_V) had 10.75ug total colesterol/million cells (61% higher than control). Culturing the
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deficient cells with the metabolic precursor 5a (sn-1-alkyl, sn-2-DHA glycerol) for 72
hours at a concentration of 200M (N_5a) reduced the total cholesterol content to
8.28pg/million cells (24% higher than control). A similar frend was seen with respect to
) ‘the free cholesterol which increased from 4.5ug/million cells (CHO) to 8.9ug/miilion
cells (NRel-4). Treatment with 5a reduced the free cholesterol content to 5.8 ug/millioh
cells. A reciprocal trend was observed when assaying the fraction of cholesterol that was
esterified in the cell lines. Plasmalogen deficient Nrel-4 cells when treated with the
ethanol carrier (N_V) showed 16% lower basal level of esterified cholesterol
(1.84ug/million cells in NRel-4 compared to the control CHO cells which was at
2.19ug/million cells). Treatment with compound 5a brought about a modest ‘increase
(34%) in the esterified fraction of cholesterol in the NRel-4 cell line (1.84ug to
2.49ug/million cells). These results, shown in Figure 27, put together indicate a possibié

therapeutic effect of the metabolite precursors.
[00169] All citations are hereby incorporated by reference.

(00170} The present invention has been described with regard to one or more
. embodiments.. However, it will be apparent to persons skilled in the art that 2 number of
variations and modifications can be made without departing from the scope of the

invention as defined in the claims.

REFERENCES

[00171] L. Canadian study of health and aging: study methods and prevalence
of dementia. Cmaj 150, 899-913 (1994).

[00172] 2. Breitner, J.C. Dementia--epidemiological considerations,

nomenclature, and a tacit consensus definition. J Geriatr Psychiatry Neurol 19, 129-36
(2006).

[00173] 3. Khachaturian, A.S., Corcoran, C.D., Mayer, L.S., Zandi, P.P. &
Breitner, J.C. Apolipoprotein E epsilon4 count affects age at onset of Alzheimer disease,
but not lifetime susceptibility: The Cache County Study. Arch Gen Psychiatry 61, 518-24
(2004). '

43



1/1138uaavy *0108900 9000110 30109300 9001) 9600
3010610' 0 100' OLOO1) 900' 0910 10009300 1000110'0
30109E0' O 1010 31100130 900' 08610 E0106410 80004610
3010L300 63106310 110417(0 4001)t4210 001)9E110
101106101) 91100E10

[00174] 4. Cummings, J.L. & Benson, D.F. Dementia: A clinical approach.
Butterworth-Heineman, Stoneham, MA (1992).

[00175] 5. Polvikoski, T. et al. Prevalence of Alzheimer's disease in very
elderly people: a prospective neuropathological study. Newrology 56, 1690-6 (2001).
[00176] 6. Katzman, R. et al.-Clinical, pathological, and neurochemical
changes in dementia: a éubgroup with preserved mental status and numerous neocortical
plagques. Ann Neurol, 23, 138-144 (1988). A

[00177] 7. Galvin, JL.E. et al. Predictors of preclinical Alzheimer disease and
dementia: a clinicopathologic study. Arch Neurol. 62, 758-65 (2005).

[00178] 8. Bennett, D.A. et al. Neuropathology of older persons without
cognitive impairment from two community-based studies. Neurology 66, 1837-44 (2006).
[00179] 9. Perry, E.K. et al. Correlation of cholinergic abnormalities with
senile plaques and mental test scores in senile dementia. Br Med J 2, 1457-9 (1978).
[00180] 10. Bowen, D.M,, Benton, J.S., Spillane, J.A., Smith, C.C. & Allen,
S.J. Choline acetyltransferase activity and histopathology of frontal neocortex from
biopsies of demented patients. J Neurol Sci 57, 191-202 (1982).

-[00181] 11.  Henke, H. & Lang, W. Cholinergic enzymes in neocortex,
hippocampus and basal forebrain of non-neurological and senile dementia of Alzheimer-
type patients. Brain Res 267, 281-91 (1983).

[00182} 12, McGeer, P.L., McGeer, E.G., Suzuki, J., Dolman, C.E. & Nagai, T.
Apging, Alzheimer's disease, and the cholinergic system of the basal forebrain. Neurology
34, 741-5 (1984). |

[00183] 13.  Etienne, P. et al. Nucleus basalis neuronal loss, neuritic plaques
and choline acetyltransferase activity in advanced Alzheimer's disease. Neuroscience 19,
1279-91 (1986).

[00184] 14.  Wilcock, GK., Esirii, M.M., Bowen, DM. & Smith, C.C.
Alzheimer's disease. Correlation of cortical choline acetyltransferase activity with the
severity of dementia and histological abnormalities. J Neurol Sci 57, 407-17 (1982).

- [00185] 15.  DeKosky, S.T. et al. Cortical biopsy in Alzheimer's disease:
diagnostic accuracy and neurochemical, neuropathological, and cognitive correlations.
Intraventricular Bethanecol Study Group. Arn Neurol 32, 625-32 (1992).

[00186] 16.  Behl, P., Lanctot, K.L., Streiner, D.L., Guimont, I. & Black, S.E.

Cholinesterase inhibitors slow decline in executive functions, rather than memory, in

44



t71113Lt 73' 0 401089110 EO00098110 810' OPL311 | Ape
Ctl, 40-49, Male 1N3SWOW 9001)9901) 90106140 010LZ10
9011099(10 301010.0 1010LOO 000910 30110930'0
1011031011 Mrh930' 0 100' 0110 91009810 LOT0G6610 4003910
800' OE910 EO010930' 0 9EQ' OZEE1)

Alzheimer's disease: a I-year observational study in the Sunnybrook dementia cohort.
Curr Alzheimer Res 3, 147-56 (2006).

[00187] 17.  Whitehouse, P.J. et al. Alzheimer's disease and senile dementia:
loss of neurons in the basal forebrain. Science 215, 1237-9 (1982).
{00188] 18.  Perry, R.H. et al. Extensive loss of choline acetyltransferase

activity is not reflected by neuronal loss in the nucleus of Meynert in Alzheimer's disease.
Neurosci Lett 33, 311-5 (1982).

[00189] 19.  Pearson,R.C.etal. Persistence of cholinergic neurons in the basal
nucleus in a brain with senile dementia of the Alzheimer's type demonstrated by
immunohistochemical staining for choline acetyltransferase. Brain Res 289, 375-9
(1983). '
[00190] 20.  Vogels, O.J. et al. Cell loss and shrinkage in the nucleus basalis
Meynert complex in Alzheimer's disease. Neurobiol Aging 11, 3-13 (1990).

[00191] 21.  Lehericy, S. etal. Heterogeneity and selectivity of the degeneration
of cholinergic neurons in the basal forebrain of patients with Alzheimer's disease. J Comp
Neurol 330, 15-31 (1993).

[00192] 22.  Gilmor, M.L. et al. Preservation of nucleus basalis neurons
containing choline acetyltransferase and the vesicular acetylcholine transporter in the
elderly with mild cognitive impairment and early Alzheimer's disease. J Comp Neurol
411, 693-704 (1999).

[00193] 23. Mufson, EJ. et al. Loss of basal forebrain P75(NTR)
immunoreactivity in subjects with mild cognitive impairment and Alzheimer's disease.J
Comp Neurol 443, 136-53 (2002).

[00194] 24.  Kobayashi, K. et al. Apoptosis of astrocytes with enhanced
lysosomal activity and oligodendrocytes in white matter lesions in Alzheimer's disease.
Neuropathol Appl Neurobiol 28, 238-51 (2002).

[00195] 25.  Meguro, K. et al. Corpus callosum atrophy, white matter lesions,
and frontal executive dysfunction in normal aging and Alzheimer's disease. A
community-based study: the Tajiri Project. Int Psychogeriatr 15, 9-25 (2003).

[00196] 26.  deLeeuw, F.E., Korf, E., Barkhof, F. & Scheltens, P, White matter
lesions are associated with progression of medial temporal lobe atrophy in Alzheimer
discase. Stroke 37, 2248-52 (2006).

45



910' OOE3' 0 9000 800' 0910 10006110 6/1088(0 11109E3'0
9010010 9010380 0 101)961'0 I Age Ctl, 30-39, Mle
1413S ueavy | 90109900 4.10113310 tO00' 09300 4110301'0
40006101) 30100110 911013L0' 0 90103EOQ' 0 zoin
9011017E10 30109110 LETO14,3'0

[00197] 27. de Leeuw, F.E., Barkhof, F. & Scheltens, P. Progression of
cerebral white matter lesions in Alzheimer's disease: a new window for therapy? J Neurol
Neurosurg Psychiatry 76, 1286-8 (2005).

[00168] 28.  dela Monte, S.M. Quantitation of cerebral atrophy i preclinical
and end-stage Alzheimer's disease. Ann Neurol 25, 450-9 (1989).
[00199] 29. Bums, JM. et al. White matter lesions are prevalent but

differentially related with cognition in aging and early Alzheimer disease. Arch Neurol
62, 1870-6 (2005).

[00200] 30. Medina, D. et al. White matter changes in mild cognitive
impairment and AD: A diffusion tensor imaging study. Neurobiol Aging 27, 663-72
(2006).

[00201} 31.  Morris, J.C. et al. Mild cognitive impairment represents early-stage
Alzheimer disease. Arch Neurol 58, 397-405 (2001).

[00202] 32, Boyle, P.A,, Wilson, R.S., Aggarwal, N.T., Tang, Y. & Beanett,
D.A. Mild cognitive impairment: risk of Alzheimer disease and rate of cognitive decline.
Neurology 67, 441-5 (2006).

[00203] 33. Ginsberg, L., Rafique, S., Xuereb, J.H., Rapoport, S.I. &
Gershfeld, N.L. Disease and anatomic specificity of ethanolamine plasmalogen deficiency
in Alzheimer's disease brain. Brain Res 698, 223-6 {1995).

[00204] 34, Han, X., Holtzman, D.M. & McKeel, D.W., Jr. Plasmalogen
deficiency in early Alzheimer's disease subjects and in animal models: molecular
characterization using electrospray ionization mass spectrometry, J Neurochem 77, 1168~
80 (2001).

[00205] 35. Han, X. Lipid alterations in the earliest clinically recognizable
stage of Alzheimer's disease: implication of the role of lipids in the pathogenesis of
Alzheimer's disease. Curr Alizheimer Res 2, 65-77 (2005).

[00206] 36.  Kitajka, K. et al. The role of n-3 polyunsaturated fatty acids in
brain; modulation of rat brain gene expression by dietary n-3 fatty acids. Proc Natl Acad
Sci US 499, 2619-24 (2002). i

[00207] 37.  Horrocks, L.A. & Sharma, M. in Phospholipids (eds. Hawthorne,
J.N. & Ansell, G.B.) 51-93 (Elsevier, Amsterdam, 1982).

{00208] 38.  Farooqui, A.A. & Horrocks, L.A. Plasmalogens: workhorse lipids

of membranes in normal and injured neurons and glia. Neuroscientist 7,232-45 (2001).

46



1301) 1E1' 0 6001)990' 0 410' 09810 900' O3E01) 3011)6810
4101630 31109800 t71-01)LLO'0O 010330'0 OML7911
$4,10463' 0 1 TOO80' 0 110131600 41109030 | Metabolite
Code 3011 LON POWLOWG6011 80141 LO N 90141 SOWN E
11/4 31W 14W 011A1 61W

[00209] 39. Nagan, N. & Zoeller, R.A. Plasmalogens: biosynthesis and
functions. Prog Lipid Res 40, 199-229 (2001).

[00210] 40. Han, XL. & Gross, R.W. Plasmenylcholine and
phosphatidylcholine membrane bilayers possess distinct conformationai moiifs.

Biochemistry 29, 4992-6 (1990).

-[00211] 41,  Han, X.L. & Gross, R.W. Proton nuclear magnetic resonance
studies on the molecular dynamics of plasmenylcholine/cholesterol and
phosphatidylcholine/cholesterol bilayers. Biochim Biophys Acta 1063, 129-36 (1991).
[00212] 42.  Reiss, D., Beyer, K. & Engelmann, B. Delayed oxidative
degradation of polyunsaturated diacyl phospholipids in the presence of plasmalogen
phospholipids in vitro. Biochem J 323 ( Pt 3), 807-14 (1997).

[00213] 43.  Tiraboschi, P. et al. The decline in synapses and cholinergic
activity is asynchronous in Alzheimer's disease. Neurology 55, 1278-83 (2000).
[00214] 44.  Cutler, R.G. et al. Involvement of oxidative stress-induced
abnormalities in ceramide and cholesterol metabolism in brain aging and Alzheimer's
disease. Proc Natl Acad Sci U S 4 101, 2070-5 (2004),

[00215] 45.  Cheng, H, Xu, J., McKeel, D.W., Jr. & Han, X. Specificity and
potential mechanism of sulfatide deficiency in Alzheimer's disease: an electrospray

ionization mass spectrometric study. Cell Mol Biol (Noisy-le-grand) 49, 809-18 (2003).
fo0216] 46. Ginsberg, L., Xuereb, J.H. & Gershfeld, N.L. Membrane
instability, plasmalogen content, and Alzheimer's disease. J Neurochem 70, 2533-8
(1998).

[00217] 47.  Davis, J.B. Oxidative mechanisms in beta-amyloid cytotoxicity.

Neurodegeneration 5, 441-4 (1996).

{00218] 48. Christen, Y. Oxidative stress and Alzheimer disease. 4m J Clin

Nutr 71, 6218-6298 (2000).

[00219] 49.  Butterfield, D.A. & Lauderback, C.M. Lipid peroxidation and
protein oxidation in Alzheimer's disease brain: potential causes and consequences
involving amyloid beta-peptide-associated free radical oxidative stress. Free Radic Biol

Med 32, 1050-60 (2002).

[00220} 50.  Urano, S. et al. Oxidative injury of synapse and alteration of
antioxidative defense systems in rats, and its prevention by vitamin E. Eur J Biochem

245, 64-70 (1997).

47



8111 9111 111 1731/4 EZIN 33W 13W 0311 93w 9311

POROUIO—

70+ vs. 40-49, Female | | wan Z1.9'0 1, 0-39' Z0141.
989 9.0E-01 I 0.811 1.2E-01 0.832 8.7E-02 0.805

.7TE-02 0.726 4.9E-02 0.640 1.9E-02 0.912 5.6E-01

.863 1.1E-01 0.843 1.1E-01 0.848 1.2E-01 0.839

.3E-01 1.149 2.6E-01 0.871 1.5E-01 0.867 2.3E-01

. 786 1.9E-01 0.733 7.4E-02 1.030 8.5E-01 4.0E-01

. 9F80@2112. 3E-301 7 Z4&led R A. et al. Increasing plasmalogen levels protects human

endothelial cells during hypoxia. 4m J Physiol Heart Circ Physiol 283, H671-9 (2002).
[00222] 52.  Glaser, P.E. & Gross, R.W. Rapid plasmenylethanolamine-
selective fusion of membrane bilayers catalyzed by an isoform of glyceraldehyde-3-
phosphate dehydrogenase: discrimination between glycolytic and fusogenic roles of
individual isoforms. Biochemistry 34, 12193-203 (1995). .

[00223] 53.  Sugihara, S., Ogawa, A., Nakazato, Y. & Yamaguchi, H. Cerebral
beta amyloid deposition in patients with malignant neoplasms: its prevalence with aging
and effects of radiation therapy on vascular amyloid. Acta Neuropathol (Ber) 90, 135-41
(1995). -

[00224] 54.  Esiri, MM, Biddolph, S.C. & Morris, C.S. Prevalence of
Alzheimer plaques in AIDS. J Neurol Neurosurg Psychiatry 65, 29-33 (1998).
[00225] 55.  Pratico, D., Uryn, K., Leight, S., Trojanoswki, J.Q. & Lee, V.M.
Increased lipid peroxidation precedes amyloid plaque formation in an animal model of
Alzheimer amyloidosis. J Neurosci 21, 4183-7 (2001).

[00226] 56.  Holtzman, D.M. et al. Apolipoprotein E isoform-dependent
amyloid deposition and neuritic degeneration in a mouse model of Alzheimer's disease.
Proc Natl Acad Sci U S 4 97, 2892-7 (2000).

[00227] 57.  Puglielli, L., Tanzi, R.E. & Kovacs, D.M. Alzheimer's disease: the
cholesterol connection. Nat Neurosci 6, 345-51 (2003).

[00228] 58.  Hegner, D. Age-dependence of molecular and functional changes
in biological membrane properties. Mech Ageing Dev 14, 101-18 (1980).

[00229] 59. Refolo, LM. et al. Hypercholesterolemia accelerates the
Alzheimer's amyloid pathology in a transgenic mouse model. Neurobiol Dis 7, 321-31
(2000).

[00230] 60.  Poirier, J. Apolipoprotein E and Alzheimer's disease. A role in
amyloid catabolism. Ann N' Y Acad Sci 924, 81-90 (2000).
[00231} 61.  Harman, D. Role of free radicals in aging and disease. dnn N ¥

Acad Sci 673, 126-41 (1992).
[00232] 62.  Masters, C.J. & Crane, D.L On the role of the peroxisome in
ontogeny, ageing and degenerative disease. Mech Ageing Dev 80, 69-83 (1995).

438



1 8.1E-01 2.4E-07 1.2E-01 60- 69 vs. 4049,
Female Ratio ttest 1.118 1.8E-01 0.835 9.5E-02
C0-31."'960E0 1.0-36t906'0 0.798 2.0E-02 0.731 1.5E-03
0.718 1.9E-02 0.569 1.3E-04 0.784 9.4E-02 0.882
1.3E-01 0.832 3.5E-02 0.815 2.5E-02 0.737 2.0E-03
0.953 6.9E-01 0.841 3.7E-02 0.786 1.5E-02 0.773
1.0E-01 0.594 1.8E-04 0.872 3.8E-01

[00233] 63.  Yu,B.P. & Yang, R. Critical evaluation of the free radical theory

of aging. A proposal for the oxidative stress hypothesis. Ann N Y Acad Sci 786, 1-11
(1996).

[00234] 64.  Markesbery, W.R. & Camey, JM. Oxidative alterations in
Alzheimer's disease. Brain Pathol 9, 133-46 (1999).

[00235] 65. Sun,G.Y.& Sun, A.Y. Effect of chronic ethanol administration on
phospholipid acyl groups of synaptic plasma membrane fraction isolated from guinea pig
brain. Res Commun Chem Pathol Pharmacol 24, 405-8 (1979).

[00236] 66.  Zs-Nagy, L. The role of membrane structure and function in cellular
aging: a review. Mech Ageing Dev 9, 237-46 (1979).

{00237] 67. Roth, G.S,, Joseph, J.A. & Mason, R.P. Membrane alterations as
causes of impaired signal transduction in Alzheimer's disease and aging. Trends Neurosci
18, 203-6 (1995).

[00238] 68.  Perichon, R., Bourre, J M., Kelly, J.F. & Roth, G.S. The role of
peroxisomes in aging. Cell Mol Life Sci 54, 641-52 (1998).

[00239] 69.  Janssen, A. et al. Neuronal migration depends on intact
peroxisomal function in brain and in extraneuronal tissues. J Neurosci 23, 9732-41
(2003).

[00240] 70.  Bourre, J M. & Piciotti, M. Delta-6 desaturation of alpha-linolenic
acid in brain and liver during development and aging in the mouse. Neurosci Lett 141,
65-8 (1992).

[00241] 71.  Santos, M.J. et al. Peroxisomal proliferation protects from beta-
amyloid neurodegeneration. J Biol Chem 280, 41057-68 (2005).
[00242] 72.  Watson, G.S. et al. Preserved cognition in patients with early

Alzheimer disease and amnestic mild cognitive impairment during treatment with
rosiglitazone: a preliminary study. Am J Geriatr Psychiatry 13, 950-8 (2005).

[00243] 73.  Haining, J.L. & Legan, J.S. Catalase tumover in rat liver and
kidney as a function of age. Fxp Gerontol 8, 85-91 (1973).

[00244] 74.  Rao, G, Xia, E. & Richardson, A. Effect of age on the expression
of antioxidant enzymes in male Fischer F344 rats. Mech Ageing Dev 53, 49-60 (1990).
[00245] 75.  Perichon, R. & Bourre, J.M. Peroxisomal beta-oxidation activity
and catalase activity during developme‘nt and aging in mouse liver. Biochimie 77,288-93
(1995).

49



0.842 5 0.763 1 0.741 0.663 0.871 1ZOL I. I 50-59

VS.

40-49, Female | Ratio ttest 0.925 3.7E-01 0.838

1.3E-01 30-3ZLL'O 1.0-3017LZ6'0 0.811 1.1E-02 0.815
1.1E-02 0.798 3.4E-02 0.721 4.2E-03 0.934 5. 8E-01
0.841 3.1E-02 0.843 2.3E-02 0.862 6.2E-02 0. 806
8.8E-03 0.981 8.6E-01 0.864 5.6E-02 0.846 5.3E-02
0.856 2.0E-01 0.778 2.4E-02

[00246] 76.  Voss, A., Reinhart, M., Sankarappa, S. & Sprecher, H. The
metabolism of 7,10,13,16,19-docosapentaenoic acid to 4,7,10,13,16,19-docosahexaenoic
acid in rat liver is independent of a 4-desaturase. J Biol Chem 266, 19995-20000 (1991).
[00247] 77.  Andre, A, Juaneda, P., Sebedio, Jj.L. & Chardigny, J.M.
Plasmalogen metabolism-related enzymes in rat brain during aging: influence ofn-3 fatty
acid intake. Biochimie 88, 103-11 (2006).

[00248] 78.  Favreliere, S. et al. Age-related changes in ethanolamine
glycerophospholipid fatty acid levels in rat frontal cortex and hippocampus. Neurobiol
Aging 21, 653-60 (2000).

[00249] 79.  Legakis, J.E. etal. Peroxisome senescence in human fibroblasts.
Mol Biol Cell 13, 4243-55 (2002).
[00250] 80. Zoeller, R.A. & Raetz, C.R. Isolation of animal cell mutants

deficient in plasmalogen biosynthesis and peroxisome assembly. Proc Natl Acad Sci U S
A4 83, 5170-4 (1986).

[00251] 81.  Martinez, M. Severe deficiency of docosahexaenoic acid in
peroxisomal disorders: a defect of delta 4 desaturation? Neurology 40, 1292-8 (1990).
[00252] 82.  Scott, BL. & Bazan, N.G. Membrane docosahexaencate is

supplied to the developing brain and retina by the liver. Proc Nat! Acad Sci U S A 86,
2903-7 (1989).

{00253] 83.  Gaposchkin, D.P. & Zoeller, R.A. Plasmalogen status influences
docosahexaenoic acid levels in a macrophage celi line. Insights using ether lipid-deficient
variants. J Lipid Res 40, 495-503 (1999).

[00254] 84.  Fratiglioni, L. et al. Very old women at highest risk of dementia
and Alzheimer's disease: incidence data from the Kungsholmen Project, Stockholm.
Neurology 48, 132-8 (1997).

[00255] 85. Wells, K., Farooqui, A.A., Liss, L. & Horrocks, L.A. Neural
membrane phospholipids in Alzheimer disease. Neurochem Res 20, 1329-33 (1995).
[00256] 86.  Weisser, M. et al. Dramatic increase of alpha-hydroxyaldehydes
derived from plasmalogens in the aged human brain. Chem Phys Lipids 90, 135-42
(1997).

[00257] 87.  Brosche, T., Summa, J.D. & Platt, D. Erythrocyte membrane
changes associated with nutrition and aging~-the role of plasmalogens. Arch Gerontol
Geriatr 9, 291-6 (1989).

50



Gray Matter

Z0ON 1. 0W LOW60W

.1111 1.1.1IN 01.11 6141 91411

Met abol i t e Code,

0.986 9.2E-01 0.843 5.6E-02 0.829 5.0E-02 0.832
1.2E-01 0.797 1.5E-02 0.957 7.4E-01 1.176 4.8E-02

141 91411 91.W ZIN OQZW 9ZW 971, 11

80W LOW 90W 90W HI M ZI
Scor e

1. 003 9.6E-01

L 84 01 Sl 1D wWenop 1sod
gL ¢vvy8 6 ejewa4 1O weuop 3sod
Sl 94 0L 9Lewad 1vgs wslon jsod
145 1’08 0Ol S[BN LV(S WaloW 3sod

(AT A Ll 9 L'e 978 8i s[ew '0-0¥ Svav ‘Lvas
L0 S22 90 @9 60 96L BS 9le ‘6€-0T SYAY 'Lvas
S0 €81 L9 €Yt 'L 06L OF SiEN ‘61-S SVYAV LvaS
St gL L0 [4 4 L'l 618 8y oewad '0l-0F SYAV 'LVAS
80 04 20 99 01 98. PS5 SEWIS6E-0Z SVAVY LVAS
90 291 L0 9Ll L 96, 8E 9jewad ‘'61-G SYAV '1vaS

€1 ¥LZ S0 €Sl L0 88L il . oW e LVAS
9L Z¥e L0 92 80 008 Ovl sewad I Lvas
10 €6z LI 89 T aje 'fewloN aapubo)

L0 962 LI 9L oE ajeway ‘|ewoN smiuboD

L0 6%, &¢ alew +0. ‘no eby

L 6L L2 oewad +0.L ‘1o aby

G0 ¥ve vt a2y '69-09 'NO by

€0 VE9 SS eBwad ‘69-09 1D oby

0 VPSS 65 8|l ‘65-05 ‘ND 9By

€0 IT¥S L0 alewad ‘65-05 ‘no aby

90 vy L2 ele ‘6¥-0F ‘NO oby

S0 gbr b sjewad ‘6y-0v N0 aby

0L Zst il 2leW ‘6g-0¢ N oby

60 v9E vl sfewad ‘6g-0g ‘N by

W3S ueaw WIS UeaN WIS uespyy

Boo-gvay JSN aby u uopendod

sHoYoD 102iqng uo eje TestuI) [ SqeL [8sz00]

51



el |

LZ*0-81100 ZO 39Zsap 1.9'0-81190 Wiite Matter Score

I D-JO

.;sap 690-ellea Z0-31'1l.isan Cl10-131180
90- 3ZZpap 6EO0-e1180
It LEO

CO 39t;sap Z9' 0-ell ed
60' 0- FPO 30-3

*

Delta -0.46 test 4.6E-05 ZO 3Elpea WO-Rea CO 361.

W ellea

170-3
10- 399wan-

G'65Z /2 €0E 8SZ - (LEHBLD) TE0E | 2Z0PZPOE Z202EH0ZD t.0C 9814 oz
(A TR AT A £82Z - (LEHLZD) zlze | zZovzmee Z0ZEHZZD 9:Zg @aid S
0228/ 0V 12¢ - (ZO1eHZZD) 2o Syl | 951666/ | LdZOINSLHSYD [ 9'2e/0:8l Kuswseld PZN
0'lee/0BLL LEE - (2OSEHZZD) 2o S8l 9828S5'62L [ LdLOLNZBHSYD | b-Z2/0:8) MAuswised €2
Z'C0E /9082 £0¢ - (201EH0ZD) 2 6§08, | 951s6°1SL | LdZOLNSZHERD [ p:0Z/0:8l uswseld ZZN
0'642/092L 6.2 - (ZOIEHBID) 2 §'9Z. | 951997222 | LAZOINGIHLYD [ Z:8L/0:81 uawsely (R
0'L8Z/082L 182 - (ZOEEHRLD) T S'8Z/ 1229562, | LAZOLNOBHLYD | 1:81/0:8L luswiseld ozW
0°LZef00v. £2€ - (OteHZZO} 2 s'obL | 920z ivL | LJLOINVIHEYD | 9'22/0'91 Kuswse|g B8IN
0'LEE /006 ee - {TOseHzZED) 2 S'0S. | 9G165°1SL | LALOWNSLHEYD | :22/0'91 Huswse|q LN
0'€0E/ 0222 £0¢€ - (ZOLEHOZD) 2y SZTL | 9Z0ZS'€ZL | LJLOWNVLHLYD | #:02/0:91 1Auewsely LW
0'64Z 10869 842 - (TOLEHBLD) 2 S'869 | 92025669 | LILOINWLHBED | Z:84/0'9) Kuswse|y =TR A
0'182 /0002 18Z - (ZOEEHSB1LO) 2y 5'002 LBSES 10L | LAZOLNGZHBED | 1:81/0:91 Auswseld SN
0°22E /09, lze - (ZO1EHZeD) 2 S9/7 LZ296°24L | LAZOLNOBHSYD | 9:22/0:81 Aueuiseld I
0°LES /008, LEE - (ZOSEHZZD) 2Y 508, 16865°18L | LdZOLNYSHSYD | v'z2i0:8l lAuawse|q LN
0'€0E /025, £0¢ - (ZOLEH0ZD) 2d §254 12495°€SL | LdZOLNOSHEYD | #:0Z/0:8) [AuBwsely ZIW
0'642/082L 622 - (ZOLEHBLD) 2 S8z, 12295°6ZL | LdZOLNOBHLYD | Z:81/0:91 Auewseid LLN
0'L8Z / 0'0EL 182 - (ZOSEHELD)} 2y S0eL | 98285182 | LJZOLNZBHLED | 1:81/0:8) AuBwse|d DLW
0/2E/08p. 228 - (COLEHZZD) 2 c'8vl LBYES6YL | LAZOLNSZHEPD | 9:22/0:91 iAuewse|d 60N
O'LEE /025, LEE - (COSEHZZO) Tx G525 129968 | LdLOLNOSHEYD | #ize/0:9l 1Aueseld 80N
0'E0E/0vEL €0¢ - (Z2OLEH0TD) 2o S¥eL L6SES'STL | LdZOLNGIHLYD | 1i0g/0:9t Nuewseld LONW
0'84Z/0°00L 64 - (ZOLEHBLD) 2y §'00L LBGES L0L | LJLOLNSLHBED | Z:81L/0:91 HluBwseld 0N
0'L8e /0'20. 182 - (ZOTEHBLD) T 6204 ] 95168°€0L | LZOLNBIHBED | L'gtip:ol HuBwseld SOW
0'€8Z/ 0L €8¢ - (2OSEHBLD) LY SybL | £1295GFL | LdBOLNOSHLYD 1:81/0'81 13P1d O
0'E8Z/ 00V £9¢ - (ZOSEHLD) LY SObL ) 2112Giv) | LABOLNZSHLYD 0:81/0°81 13Md E£0N
0'552/091L gge - (201EH9LD) 1Y 69l | €80£G° /1L | LJBOLINSZHBED }'8L/0'91 13PId ZONW
0652 /0'8LL 692 - (ZOLEH9LD) LY ggis | 8poveels | LABOINBZHEED 0:81/0:91 13Pid 1OW
uonisuel | SW/SI | ssepy Juawbely oysouBelq [ssep H-W | ssen jusied | BjnuloL Jeinsaioly | sweN slilogeia  [op0) ajcqeien

SSU[OEIOIN JO I51T PatIRJoId JO IST] T OIqBL

[6s200]

52



SO0OZ O
Otml
) 1
— oo .o
o e n o
oo . 0>0
ONLO !
— N~ Dl
—oU) T Oo<COo
o Lo~ O
1 O< «+ >0
OOA O N
- O Nt o
—- o< o
— O -
_m Q<o
co ool m
O x L __ ()
n N meIO
<z EEES
N~
L6mFmeO
™M - %Fr
P M O .
O 4 = -
So*6 .o
N—- om
Z oo m
S <L 1 O
L O nNZ
— 0 _.O
——0moo
OA<C i =
P 0 O
O, —NOO
9005376
7CmAOOI
19dm24m
©C— O nv o
v—_ocoL L
non_00
;SOWAA,
©_ > —
- N QOOLO
oS EE =
O& o mmn
2826228

AJHI9A9S BNUOWA(] JO S[AYT JUAIIJI( JO SIBIA UT §[aA2T pidijoydsoy surmejousys] wniag afeIoAy ¢ 9[qeL

9000 5800 £000 06200 ¥00'0 %100 2000 0200 €000 7200 9Zn
| __L100 €810 0100 80Z'0 8100 8YZ0 600°0 81Z'0 1100 orz 0 sz
200°0 1900 9000 5100 0100 0600 S00'0 6400 2100 9110 Vel
1000 €100 1000 ¥100 1000 9100 1000 5100 1000 2100 ez
1800 ¥290 2500 €210 1200 6820 LE0°0 920 1800 ovo'L ZZW
€200 1020 PLOD LZ0 6100 9220 0100 420 2100 5920 2N
£00°0 6500 £00'0 1900 5000 6900 £00°0 P00 5000 8200 oZW
9000 9500 9000 900 6000 §80°0 Y000 8200 €100 1210 BIW
2000 9100 1000 8100 2000 0200 1000 6100 €000 9200 gL
920'0 Z¥z 0 0200 2620 1200 gec’o 5100 Z0E°0 800 0L¥0 LW
8100 16L0 ZL00 2020 5100 €120 6000 L0Z°0 SL0'0 9920 BLW
9000 0800 £00°0 2900 5000 £90°0 2000 $90°0 $00'0 9,00 SLW
€000 8200 Z00°0 ¥E0'0 000 1900 2000 9200 Y000 1500 PIW
1000 0100 1000 0100 1000 LI0'0 0000 1100 1000 €100 ELIN
€100 L0 8000 0910 1100 010 900°0 Z9L0 L100 5020 ZIW
800°0 880°0 9000 600 000 S60°0 ¥00°0 580°0 S00°0 o110 LW
5000 1900 2000 150°0 €000 £50°0 2000 Z50°0 2000 ¥50'0 OLW
1000 1100 1000 G100 7000 9100 1000 L0 2000 7200 B0
1000 $00°0 0000 5000 1000 9000 0000 5000 1000 100°0 80W
¥00'0 9€0°0 £00°0 ¥H00 $00°0 100 2000 00 5000 2900 LOW
2000 200 2000 5200 2000 ¥20'0 100°0 5200 2000 8200 90N
100'0 0100 LOO'0 0L0'0 L00'0 1100 0000 0L0'0 1000 ZL00 S0W
£000 2200 2000 1200 ¥00'0 5Z0°0 2000 9200 2000 0£00 YOW
2000 2L00 5000 0800 800'0 160°0 Y000 800 £000 6010 0N
9000 9¥0°0 Y000 ¥S00 6000 0900 Y000 9500 8000 9800 ZOW
LL00 LLL0 8000 LLLO 9000 210 Y000 6LL0 g00°0 oLi'0 LOW
W3S ugIW W3s uesiy W3s uesiy W3s uBa W3s ueeyy | apoQ aNogeIoN
GBI 0L-0v SYQY ' LVaS | 916 '66-02 SYAV 'LvaS | PN 616 SvaY Lvas oleW e 1vaS o2 JEWION BANIIBOS)

[09Z00]

53



00

0 0*) Cel

N-01T-01r 0Ox

, 110 i<

00 00000r
E8 OuS

.5Ch Cnh 1-cc C cr,'-

Co a-.

- NOr

N O

10-36¢C 2060 10-35°9 8960 1035 L €201 0ar's 8160 9z
20-90°¢ 0920 20-30°8 S98°0 L0-3p'L SE0'L 10272 606'0 SZN
£0-38°C ¥es0 €0-3€°L 1v9°0 20-38'6 1110 €03i°F 0890 Ve
£0-39'8 €2L°0 £0-30'7 9.L0 10-39'1 /580 Zo-3i1 108°0 ceiN
£0-36'1 009°0 £0-3¢°1 $69°0 20-3LC 85.'0 Y0-3b'y 80,0 ZZN
20362 ISL°0 2030 9620 10-3¢'1 258'0 2032 8180 LZn
Z0-36°C 29L°0 £0-31'9 9820 10-3L2 268'0 z0-3e'2 928°0 0ZW
v0-30C ZvP 0 50-31'9 9650 Z0-3L'L 8850 S0-30'F 1190 BN
£0-3L°L €190 £0-30'Z 689°0 20-30'9 8520 €0-39'} 8040 8L
b0-30'L 5150 S0-3¢') 129°0 £0-35°L 8LL0 90-35 b vr9'0 LIN
€0-32°€ 8120 £0-32'1 65.0 20-aL'L 2080 €0-39'1 8240 1A
20-36'L p8L0 £0-30°¢ 018°0 10-38°L £88°0 2032 Zv8'0 SN
PO-IEC £55°0 pO-3L°1 9990 20-36'9 0080 p03L¢C 0.0 pLN
20394 8820 rAvg= LZ8°0 10-38'1 0680 20342 058°0 e
vO-3E'8 989°0 €0-322 €80 20-36°€ 1£8°0 £0-38'L €610 ZIW
20-392 8620 Zo-31'8 198°0 10-31°L 1980 20-3€°6 998'0 LW
10-3LL 1180 l0-90Y " Z¥80 10-36'2 8160 L0-90'9 096°0 oL
YO-3CC ZLv0 €0-3¥'L ¥S9°0 Z20-3.2 1620 V03,2 8590 60N
20-35'L 6290 20-34°2 §5L°0 10-38'} 908°0 20-36'1 65.°0 80N
£0-31°1 685°0 €0-39'1 $0L0 T0-38't €620 v0-36°€ 6040 LOW
O3l 958°0 10-39'} 9.8°0 20-31'6 S68°0 10-3€'L 1180 90N
10-35°1 9£8'0 20-3L'6 $98°0 10-32°T 968°0 10-3¢°L Z88°0 SOW
203LT 92L0 =12 968°0 10-36'Z 9280 10-36°€ 2880 )
£0-3v'L $69°0 $0-3r'9 SEL°0 20-36'9 9g8°0 £0-39'1 69,0 con
Z0-3r'Z 0690 Z0-35Z 9180 039S 8680 I=TK2 5¥8°0 ZOW
10-368 pLO'L 10-3¢°¢ 910’} 10-36'8 Ty 10342 820l LOW
159y ojey 1580 ojey 159 oney 1580 ojey | apoJ sljoqele
/el 'ND 01 0-0F SVGY | 1B 'NO 03 66-0¢ SYAV | BIEW 'ND 01 61-6 SYQY S[EW 'ND o1V 'aY

O00O0O0OOONNDOIO T
000-Ort. 1. 10.
CO CO 01 Nr

E-

RHUIWIA( JO S[PAY] SNOMEA JO SIJBJA] UIIMISE SINEA 1S3)-1, PUe OneYy "By QB [19Z00]




(1) @
NON ad 04

If/ NC 0 04
N 717 999 0d ZZ 78

go5 14-4 0 0 0 0 O-
ID N |
r 01 0)
- 2 2x 1

UUoIlQLo NN sr;

r

sle -J

04N 7: 7 91-9 202 00OT
-SC;

din LOIC

t-040 NIt) 1.0LO 10 IC 0 10 IC
3lts

2a r OONNO NCOVI CDr OON r

10326 €60 03¢ 2 7980 1037 V60 9en
10-31°C 61870 20-38'T S£2°0 203 9£8°0 SZN
1038 0180 20-36'G vi90 10321 £28°0 vZN
10-39'G 1860 10-38°C Pr80 10-3€°€ 906'0 £
Lo-3E°E £98°0 10-39' 1640 1035 L1680 ZZN
10-32¢ Z56°0 LO-3¥'Y 6880 L0-I2'S vE6'0 L2
10-30'8 0460 10-3L°C PS80 10-39'} 088°0 0ZW
20-3v'L w20 Z0-31€ Zvo0 10-35¢ 9980 6N
L0-3r Y 068°0 10-38'C 608°0 1035y 6050 gL
L0-36°L 8280 20-39°S 9120 10-36'1 598'0 LN
L0-3'9 9v60 10-36'€ 5680 10-3p'S LV6'0 oL
L0-3¥'L 896°0 10-3LE 8880 10308 1160 SLI
10-302 0£80 Z0-35v 169°0 =T} 2£8°0 YW
10-3€'9 0660 10-32°€ £98°0 10-38°€ 0260 eI
10-3v'Z 1180 10-3€"4 9280 Lo-38v Zv6'0 ZLIN
LO-3Y'S 1Z60 10-32°S 1260 00430°1 000°} LN
10-30°G ZE60 L0-3L°€ 168°0 10-38'9 £96°0 OLIN
10-30°% 1220 Z0-3¢ € 9v90 03¢ v G680 60N
10-3v'2 €€8°0 10-32°2 0820 10-3€'9 9€6°0 80N
L0-362 2880 10-3¢°t €820 10-36'S S€6°0 L0W
10-39'8 960 10-36'6 L00°L L0-31'8 veoL 90W
103472 9960 10-3L9 €260 10-30°2 996°0 SOW
10-38°C 0180 10-38°c 8980 10-38'9 ZI0't YOI
10-3v'E 168°0 20-30°2 v220 10-35°L 0880 £OW
10387¢ ove0 03¢ € 897°0 10-3€S 8060 TOW
10-38'6 2660 10-38'6 _ £00°) 10-3r'6 S00'L LOW
158) oney 1590 —oney 1590 ojey | apod auoqelei
BIEN '6€-02 01 0/-0% SYQV| SiEN '61-C 01 0/-0v SYAY | 9B '61-G O 6€-0C SYOY

2HUSLIA(] JO S]9AY'] SNOLIEA JO SIBIA] UOSMIDE SIN[EA 153)-1, PUE OBy 'qp SqeL [z9200]

55




Je
01000

a SZgla CX cc.

1- 1 S co ..=
---g OCNL CO OE 0-J

I nCo. coal CO C-.

| -1-
ra. Z C) 2

. 141

o

£20°0

7200 ¥89°0 9000 0500 8000 9Zh
piL0 1810 9200 0810 £20°0 8e2'0 ST
2000 8ry0 €000 €100 ¥00'0 6200 veW
$00°0 950 1000 S00°0 1000 6000 €TW
0200 98y'0 2100 9010 0r00 020, Zen
8000 Yoo 8000 €600 1100 Z200. LZW
8000 Zrs0 Z00'0 2100 Y000 1200 oZw
1100 ZSP0 2000 ¥100 8000 2800 8L
$00'0 1250 1000 $00°0 100’0 0100 8L
980°0 68Y0 2000 Iv0'0 1200 2600 LN
Z10'0 050 2000 £50°0 ZL00 260°0 giN

| 9200 8r9°0 ¥00°0 620°0 S000 SYO0. SLW

6000 62r 0 2000 1200 G000 S200 PIW
8000 9.5°0 1000 8000 1000 600°0 SLN
¥20'0 L850 ZL0'0 800 €100 600 ZI
1000 vy 9000 P00 900°0 2500 LLA
6100 8090 9000 8£0°0 S00°0 P00 0L
8v00 8920 1000 €000 Z000 9000 60N
G100 OL0 0000 2000 1000 £00°0 SOW
€€0°0 IS¥'0 1000 600°0 €000 Z10°0 LOW
S00°0 L0 1000 8000 1000 600°0 90N
6LO°0 6470 0000 ¥00°0 1000 9000 SOW
¥20°0 0zv'0 2000 £00°0 #00°0 L10°0 POW
pLO0 0190 8000 9600 9000 6500 ]
2200 895°0 5000 9200 9000 9v0'0 ZOW
1600 Z0L'0 £10°0 8800 2100 1ZL0 LOW
15y ogey Was Uealy W3s ugay___] opo) syjoqeen
JOIUOD SA IVAS | 9BW 1VAS WIHOW 1504 | SIeW i) Wepo 150d

SO[EAL Ul S]oAYT pdTjoydsoyd SunuRoUR)T WSS U0 djels ASoToyied JO 10K b SJqBL [€9z00]

36



o) Zgt 8.

-AS e a u-
V7 < EO WN fa.0 5% nr

O tr -
0 co a-

cn CA,

0 GN a.
c 00 0 D.

M <

00

0.

0"
CA

, 7
z

..., Ccn g9

Sa[RWS UI S]oAaT pidijoydsoy surue[oueyly WSS HO 3)BIS BHUITIA(] JO 19339 S 9[qe],

€000 €00 #00°C ci00 €000 900 <000 €L0°0 €000 6900 9ZN
1100 #OC0 #i0'0 414y €100 g8Le0 L0940 iz0 €0 L0 ST
800°0 4900 2000 €200 8000 600 #0000 €400 6000 €010 ¥
1000 €100 000 ¥LO0 L1000 5100 000 Y100 1000 8100 €z
2500 azZg'o 8800 8eL’0 1900 £S2°0 8E0'0 204’0 4200 €60 TN
LLOO SOL'0 SL0°0 S0Z0 5100 R A 8000 S61L°0 SL00 S92°0 LZN
£00°0 ¥s0°0 00’0 0800 00’0 $90°0 Zo0'0 6500 000 2400 0ZN
9000 £90°0 900’0 TLOC 2000 6100 ¥00°0 100 2000 €0L0 6L
100’0 2100 000 6100 1000 600 1600 8100 ¢000 Y200 g
FA 20 920’0 ¥0e'0 9z0'0 LIE°0 L0 882°0 €e00 80¥0 ZIN
8000 ¥oL°0 cLoo 10Z°0 €00 | 4TA £000 2610 gloe 0sZ0 SLN
€000 9500 €000 1900 €000 180°0 <000 6500 $00°0 €400 SIN
€000 €800 €000 ¥e0°0 €000 000 €000 SE00 €000 oo vLIN
1000 000 100°0 0L00 oooc LLOO 0000 ot00 00 1 g €N
o100 erio oLoo 254’0 6000 9910 5000 £51°0 Z100 9610 cliN
¥00'0 0800 5000 0600 Y000 Y600 <000 8800 Y000 soro LW
€000 8r00 2000 L9070 2000 6¥00 1000 800 £000 ¥500 OLN
Loo'o 00 000 100 Looo goo 1000 gL00 €000 6100 GOW
0000 S00°0 1000 8000 0000 5000 ocoo¢ S00°0 Lo0'0 800’0 S0
€000 9e0'o Y000 evoo 000 L4 2000 oo S00°0 9500 L0W
o0 0c00 1000 €200 100 LAY 1000 cTo0 Looe 4200 0w
1000 6000 1000 6000 1000 0100 0co0 6000 L1000 L0 SO
€000 $C0°0 €000 £200 <000 ¥00 1000 5200 €000 820’0 Yo
¥00'0 €00 ¥00'0 9,00 $00°0 080°0 <000 80’0 5000 £60°0 cON
¥00°0 280’0 $00°0 2500 €000 050°'0 c00'o €500 " S00°0 €900 ZON
8000 8L1'0 5000 Zio ¥00'0 6010 £00°0 13180 S00°0 810 LN
| W3S uesiy W38 uesiy W3s ueapy W3S ueapy w3s uesiy apey ajloqelsi
sleiad ‘6L-0F SYQVY "1vaS | elewed 5e-0Z SYaV '1vdsS | elewes 615 SYav Lvas 8[BwWaY ‘e Avas 8j2iuad '|EWION BAjIUECD

[+9200]

57



04

G 046 SD ca9 0 a,co O cc it ¢c,0 cc UtQL. OLOnNn

0 CD

3,
0d

al0 =(1? azci
9 9 ci

7 1

o0 Gocc c.
l-- - 8

cC u.
-c7 cA

e

cu9 0 8co e
in,
in C

0
to

LO-AS'S 0Ol LO-38'S EroL Lo-38’'l [4: v Lo-38'¢ 950’} 9z
e03se L¥8°0 10-35°1 0880 1-3ET 2060 ¢0-39'9 9480 ST
£0-3CY ¥6O'0 £0-3E6 €140 20395 8940 £0-367 B0L'O LAY
F0-38°L 6690 €03y 681°0 €0-3¢¢ 6080 e0age voL'0 124
£0-3¢°L G890 20-3L'9 0620 20-30°2 2080 £0-32°% 47 41] 2
40-38'9 LA N 20-3L'i 9440 20-3.°¢ 9280 r0-36°L LELO B T |
S0-38°¢ €00 203’} 28.°0 Z030°E 8280 PO-36'v 8920 ocin
S0-30°L 90 €0-36°¢ 6690 €0-35°¢ 89L°0 $0-38°1L 899°0 6L
v0-36°2 €290 <0-48'9 ¢6L0 €0-365 080 EO-3FE vSL'0 gL
SOo3EY S09°0 20-37'L SvL0 e¢o-3ce 8LL°0 ¥0-35°€ 5S040 LLN
80-3¥'9 8890 £0-36'9 Log'o <0-3E'Y €580 50-35°L S9.°0 9LA
P03’y 0120 Z0-3E2 1€8°0 20-35°1 SEGD #0-35°0 Ligg | SLA
€0-39°G velo €0-30'¢ orl’0 10-36°L 6980 £0-38°¢ ZLLD | IN
€0-d¢'e 08L°0 £0-49'8 ¥6.°0 €0-3s¢e vee'o v0-35°8 0080 ciN
¥0-38°'S 9eL'0 €03LYy 8410 co-3aTY L¥8°0 vO-38°5 B8LLO 424
vo-3avr’l 29.°0 c03Le 0880 20-35°4 #68°0 £€0-35°¢ ce80 LA
Z0-38'6 £88°0 Z0-3'y 098°0 ¢0-38'8 5690 (A =13 Li8°0 oL
¥O-3E°v | {AR] €0-36°2 2040 20-36°¢ LLL0 y0-39°C 9690 60N
€0-3L'y ceL0 1g-3L'e 6880 1-ari 680 20-30°G 18’0 80N
€0-3ai’L 9890 <0-30°¢ €620 €0-36° 8620 £0-39°) eeL’0 L0
yo-3L's 1920 2¢0-38'6 6980 10-32C 0160 20-3r'L EV8°0 90WN-
¢0-3r'e 4880 1312 G680 103y e 5260 L0-31°1 £68°0 SONW
10-32'9 2¢E60 L0-3¢'8 Le0L L0-38€ cl6'0 10392 €960 FON
¥0-38'4 LEL°0 #0-30'8 5140 £0-=0'8 ¥igo 50-32°S cLi0 £0N
L0-3T°1 £Ee2'0 l0-36'¢ 2160 2095’y 8080 20-d0'6 9680 <O
10-39'8 00’1 L3y LS6°0 o312 6260 L03¢'S £96°0 LOW
158y oney i) oney s8] oRey 1sa) oney | 8poQ Sjjoqe
sjewsad ‘N 0} 0£-0F SYAY | 8lewad 'NO o) 6€-02 SYAY | sIeuis] ‘N 01 6}-G SYAY Sfewia] ‘N o v 'ay _

BHUIWIP JO S]IAJ] SNOLIZA JO SO[BWIJ USIMIBq SANJBA 1S3}~ ], PUE oney B9 SqE], [s9z00]

58



00co 2 2 03

"C. 0.0 0 a

e (0(1)
IL 047777

DO
r

e
V

BHUSWAP JO SJOAS] SNOLIBA JO $I[RUISJ UASMIDq SAN[LA 159)-] PUB oney Q9 I[qLL

10-38°6 8660 VO35 ¥56'0 1032 G 5560 oz
10399 2960 L0-30°F ¥E6°0 10-36°L 1260 SeW
10-38°G 8160 10-32°¢€ 2580 10-90'9 8260 VW
10-30°¢ 988'0 L0-3v'L ¥58°0 10-3¢'8 G160 €z
L0-36'4 1¥8°0 10321 ¥Z8°0 1038 6160 zzn
Zo-3L'¥ +08°0 €0-39'F §52°0 10-35°G 6€56°0 Lew
10322 8680 20-38°9 6Y8°0 L0-3L'S S¥8'0 oZW
10-3L€E 680 Z0-35°8 8620 103l Y 1160 6L
10-39') 058°0 20-39°2 16880 10-30°6 5860 8L
z0-39'6 zL8'0 2030 8140 10-arL 0960 LN
20-39' 6180 $0-326 6920 L0-3LY ov60 9L
10-3L'E 9z6'0 10-3€°2 7260 10-39'6 966°0 SLN
10-30°8 1260 =T €680 1039'L 8580 VI
10-32°8 286'0 10-39°€ 986°0 Lo-aY's €560 ELW
L0-3L¥ 5660 Z0-3/L 8580 loaLe L16°0 ZIW
10-39'1 9680 z0-38°C £68°0 O3S 156°0 LA
L0-3Z'L 120'} L0-39'8 /86°0 L0-38'G 1960 oL
1035 6880 20-35°6 2080 F0-36°€ €060 60N
Lo-31'L Z180 Lo-aL'h 0580 10-322 ov0'L S0W
10-38°C 1180 03T ) 2280 10379 P60 LOW
o321 9,80 2035°C 1£8°0 10-36G S56°0 90W
o-31'L 896°0 10-32% 9260 Lo-30°L 1960 SOW
10-30°S 1060 10-38°8 Z20') 10-39°€ gzl YOW
LO-3E'S 256'0 10-32T 9060 LO-34'S 1560 SO
1o-aLy P1L60 10-39°2 vEO') o362 ZELL ZOW
Lo-3r'y 9500 | 10-38C 080} 10324 €20'} LOW
1sop onEy 1591 oneY 1500 olley 8po) ayjogeIepy
9[ELa ‘6E-0Z O 02-07 SYAV | S[ewa '61-5 0} 02-0v SYQV | ofeWad '61-5 0} 66-02 SYAY

[99z00]

59



Co 00000 Table 18. Effect of Age on Wite and G ay

8 8 f2 9 7 000

S

Scores in Ml es

Vat t er

XA

886y0 8000 1800 8000 ¥50°0 92N
L2L0 1SO'} ceoo 86L°0 §10°0 681’0 SZN
g200 96¥'0 200’0 8100 2000 GE00 ¥
AN 095°0 100D 000 €000 2lo’0 £ci
1L00 €65°0 ¥e0'0 8910 8500 €820 <CN
gLo0 biv'o 2000 Wwoo 0200 0010 e
Zroo 4] 3¢ €000 1200 100 0S00 Ocin
el 990 Y000 TAA Y 000 SE00 8L
9810 6450 L000 800D Y000 vi00 BLW
6100 2650 6000 2900 LA €0 FAY |
1800 ¥65°0 8000 900 1200 010 9N
1510 1250 ¥00'0 PE0'0 2100 0900 SLA
2640 ¥06°0 2000 1100 rCo0 €200 141}
€50 5980 1000 S00°0 2000 0Loo EIN
8 ALY evio 800°0 5500 1200 FLLO (434
eeLo 0580 ¥00°0 gz00 ELC0 ¥90°0 LW
E6E0 2480 000 G200 S10°0 €600 Ol
L9070 9950 0000 €000 1000 $000 680N
8520 89’0 0000 000 1000 €000 80N
L80°0 0es'0 1000 S00°0 €000 9100 on
0900 1€5°0 1000 000 £00°0 100 90N
g60°0 8050 1000 €000 2000 £000 SOW
£95°0 SLL°0 000 <00 5000 8100 o
8L10 6190 S00°0 €00 6100 0,00 EON
49570 €410 100 80’0 2200 290’0 4414
00€°0 1680 8100 ¥eLo 0800 6410 LOW
e onEy W3s == w3s uesjy 8poJ alllogeIsy
ajewsa4 ‘joijuoy) 'sa gy Asdojny S[BWa 1 ydS WaloW 1804 feWad ‘1D WaloW 1sod
S3Jewa ] Ul s{aAa] pidijoydsoy sunmejousyyy wniog uo aeyg ASojoused 3o 10a1d 'L jqeL [£9z00]

60



000¢Q

0-

0) 0 COO 01 e4 +.
00000 9 9 c?

Scor e

LO 03 N C 01 C 1gl

VWhite Matter

6000 vIL0 5000 8010 €000 9800 5000 2800 1100 1600 9o
LE0'0 ¥I€0 5200 0LE0 8100 ¥L20 2100 560 ¥10°0 5020 SN
9100 £01°0 0100 880°0 1000 - 9800 8000 €900 v100 Li0°0 vZN
1000 2100 £00°0 0200 1000 6L0°0 1000 6100 €000 2200 £TW
¥01°0 508°0 2010 £€6°0 2900 0860 6.0°0 88.°0 02Z0 $50') e
810°0 9ec0 8100 ZeTo 100 vz 0 2100 982’0 900 ¥62°0 Len
900°0 100 9000 8900 $00'0 8900 8000 000 £100 980°0 0z
2100 PLL0 ZI0°0- 8600 8000 v80°0 8000 €900 V100 9800 8IN
2000 €200 ¥00°0 9z0°0 2000 2200 £00°0 520°0 5000 2E0°0 gL
P00 0Lr0 8900 250 6200 6Z¥0 5600 ZEE0 2010 68¥°0 LN
8100 9vZ0 8100 €220 €100 A 9100 0220 £#00 1620 LN
5000 9200 9000 P00 ¥00°0 ¥20'0 S00°0 5200 2100 580°0 SIW
8000 %00 ¥00°0 0¥00 Z00°0 9E0°0 €000 9200 S00°0 ¥€0°0 vIN
1000 ZL0'0 $00°0 £10°0 1000 ELO0 1000 £10°0 2000 . §100 SIN
9100 2020 210°0 £120 Z100 0120 SLO0 9810 2£0°0 w20 ZIN
£00°0 . ¥0L°0 L00°0 660°0 5000 8600 2000 660°0 1200 IELD LN
£00°0 £50°0 ¥00°0 S50°0 £00°0 6700 ¥00°0 7500 6000 850°0 Ol
£00°0 7200 2000 6100 2000 8100 Z000 €100 $000 6100 G0N
1600 900°0 1000 2000 1000 2000 1000 2000 2000 0100 80N
900°0 0900 2000 190°0 500'0 £90°0 2000 £50°0 S100 8100 LOW
2000 1200 2000 5200 1000 9200 2000 9200 5000 7£00 90W
1000 1100 1000 Z10°0 1000 LL00 1000 ZLo0 2000 100 SO
£00°0 1200 £00°0 1200 Z00'0 §20°'0 £00°0 1200 ¥00°0 920'0 YON
0100 0iL0 8000 £01°0 5000 5600 9000 $80°0 7100 2010 soN
5000 9500 2000 6500 Y000 8500 9000 8500 8000 9500 ZON
9000 0£L0 1000 zeL'o 9000 £LL0 800°0 6LL0 L10°0 rAAY)) LON
ER uesy W3s ueapy W3s uesiy W3S ueayy Was ueayy | epoD ayiogespy
B[EW_+0Z 0 eby 3[e|y '69-09 ‘RO 2BV o[2N °65-0G 1D @by 3B\ '6F-0F RO 9By 9IE[ 6-0€ "BO 9By

SO[EJN Ul S19AST Plfjoydsoy suiurejouey)H WIdg uo 98y JO 19957 "8 J[qEL (892001

61



Tabl e 21b. Ratio and T-test Values of Ethanol am ne
Phosphol i pid Ratios to MOlLBet ween Mal es of Vari ous

Level s of Denentia C?1 00 Cl 0 O

$o8e JUSIIIJIP JO So[eW UIIMID] SANBA IS~ pue oley 6 [qeL

£0-3¢9 68E1 2031t Vel Z0-38'1 SI1'L 9z
S0-324°1 ZI6'L ¥0-3L°9 695L | £0-308 SoF'L SeN
Z0-3LY Zvo'L Z0-30'9 eor'| T A Goe'L vZN
10-39°€ 0060 10-95°2 9901 L0-38'6 800°L £TIN
10-36'C 6v1} 10-36°T €81l 10-31T 8l1') Zen
00+30'} 000'% 10-39'S 160 10-3€9 8o’ bz
10-30'6 pL0L 10-3v'g 960 10-3972 1160 OZW
20-36'1 68L'1 20-39'C ors i Z0-36°% ver i BIIN
10-36'Y #06°0 10-32'8 780’ 10-39'9 GS0'L BLW
10-36') SETL 10312 W'l Z0-3r's 16Tt LLN
10-36'Z 8Li'L 10-31'6 £10°) 10-aLE 601’1 LN
10-35'8 020°L 10-36'8 $86°0 10-368 1860 SLIN
£0-382 208’ €0-30°2 o£g’L Z0-35'1 €8l vIN
10-3ry 1260 10-30'8 Ze0'L L0376 200'} cIN
10-39'F $80' 10-36°2 L 10-362 AN} N
10-39'G 850°L 10-3°6 pOO'L 10-35'6 2660 LW
10-36'8 €101 10-38'S 190°} 10-36'G £660 oLW
20-3t'e YAD 20-35v eiv | 70-3L¢ oA 60N
10-37'S 1060 10-3v6 - PLOL 10-32°8 E0'L 8O
10-38'7 gel’} 1031y v9L°L 10352 8611, LOW
10-32°9 ¥50°L 10-3¢'8 9160 10-36°L L£0'L 90
10-35°'8 61610 10-3¢'6 LL0'L 10-3€'9 £66°0 SOW
10-3¢'8 S10°l 10-3L'6 6L0°L 10-30'Z ¥S60 YOI
20-30'S 9624 Z0-3v'6 1T’ 10-3€°2 AN £0N
to-3re G960 "10-38°8 vZ0'L 10-366 8660 Z0W
10-ar'T 260°L L0-32°2 0LL') 10-30'9 §56°0 LOW
156} oney }sa) opey] 1sop oiieY | 9pOD eljogeei
SIEN 6107 ‘SA +02 3jEN '6F-0F ‘SA 69-09 SIBIN ‘670 'SA 65-0G

(69200}

62



63

o —
L O
c -
eZ2 1l ¥ I 9 2000 1010 ¥000 ¥60 0 €000 €600 8000 €600 ZI00 1600 oz
g N2 aS:® 0200 €2£0 z20°0 9ze'0 ZLO'0 1120 ¥10°0 9EZ°0 €200 6£2°0 Sz
— O oWl o W 8000 8600 8000 1800 800°0 680°0 1100 £60°0 5200 2010 ven
2C RO ON 2000 L100 1000 5100 1000 1100 2000 2200 £00°0 1200 cen
ScAoNONOL — 960°0 1590 8900 65L°0 9500 £58°0 - 8010 §20'L 0410 8£6°0 N
—_ HOoMNAHAOMS 000 62¢0 #1100 o1z'o ci00 . 8220 ¥200 SiZ0 2600 ¥62°0 1eW
W—oo % o _M_ o % o 5000 890°0 #000 £90°0 £00°0 £90'0 8000 G200 €100 #1200 0ZN
c oW LWL 800°0 €010 6000 180°0 2000 8600 2100 0010 vZ00 1010 BN
O NPVOHOMOM £00°0 £20°0 2000 6100 Z00'0 5200 £00°0 7200 ¥00°0 8200 gLn
VOH_OFTMmTN©M £€0°0 09£°0 9200 ¥GE'0 ¥Z0°0 Z660 €500 8570 9100 BL¥0 LN
22501 L10'0 ZET0 €100 0120 1100 920 - 1200 8920 vr0'0 vizo 9L
— W w ool ouws #00°0 690°0 ¥00°0 9900 £00°0 890°0 S00°0 6200 6000 1200 SLN
N2ghootTOoT© ¥00'0 6Y0°0 €000 1v00 €000 Zr0'0 ¥00°0 €700 000 0¥00 PLW
> o OCNOO MmO 100°0 Z100 1000 1100 1000 ALY 1000 SL0'0 1000 €100 ELN
. £10°0 8810 1100 1810 6000 1610 5100 Z2Z0 Z200 9610 Zin
2498388338 800°0 004'0 9000 660°0 00°0 0010 8000 6110 8100 0zL'0 LU
= m 20~ W™ £00°0 150°0 £00°0 2500 2000 8Y0°0 £00°0 650°0 2000 0500 OLN
- OONGC®OS O 2000 8100 7000 2100 1000 0200 Z00'0 1200 Y000 1200 G0N
T O . : . : L000 9000 1000 8000 0000 2000 1000 0100 1000 8000 80N
o - m ~EY8®X8Y $00°0 2500 5000 LS00 £00°0 1S0°0 2000 1200 0LO0 1900 LON
w0 Qo 0 I 2000 5200 1000 £20°0 1000 §20°0 2000 1€0°0 5000 1200 aon
cosalallue 100°0 1100 |. 1000 0100 0000 0100 1000 €100 2000 LL0'0 oW
== e NS s 2600 9200 2000 £200 Z00°0 5200 €000 ££0°0 5000 8200 YON

TOoOULHONOMO .
o3 S00°0 0010 800°0 1600 $00°0 £60°0 1000 1010 $100 S60°0 SON
5ol 3838888 ¥00°0 9500 ¥00°0 8500 $000 8500 8000 6900 9000 700 ZON
M _Ss® ™5 @ ok _swo 9Z1L'0 2000 2ZL0 500°0 501°0 900°0 piio | zioo €010 LON
s P Sl R =T UESN W3S ueap n3s UES Was T TER UesiN | 9p0D SHIOGEIoN

Nz m D6 o 1o o S eEwad 40 D aby SfeWo '68-00 'ND 9By | 6jewad 65-06 ‘N 90y | oewsd 6p-0y WD 9by | ojelia] '6e-0¢ 1D obY

h o o o N
L Q O 1O O 0O
= w QlUmlolly safewo] ul sfoaay prdyoydsoyq sunweourmy wmuog uo 93V Jo 109 01 dI98L f02z00]
FOAMNANONO WO




ADAS 5-19
AR t o CN,

1. 000 #DI V/ 01 0.872

6.4E-02 1.0-3019960 Z0-39'1.tLEI*0 0.989 8.7E-01

Femal e ;sat;olleM 1.0-3E90960
L 1.0-369996'0 AD,

0.826 2.1E-03 1.086 4.9E-01 0.962

6.4E-01 0.928 3. 7E-01 0.796 3.2E-02 0.943 6. 2E-01
0.740 5.4E-03 0.913 1.1E-01 0.902 1.5E-01 0.823

Ratio ttest

Fermal e |
1. 0E-01 0.963 4.4E-01 0.953 4.4E-01 0.932 3.4E-01

5.0E-03 0.854 3.1E-02 0.789 6.6E-03 0.897 1.3E-01
0.861 9.3E-02 0.786 3.2E-02 0.844 1.4E-01 0.733
5.3E-03 0.826 2. 8E-02 0.829 5.6E-02 0.828 1.1E-01
0.966 6.3E-01 0.890 3.2E-01 0.934 4.9E-01 0.837
0.914 1.8E-01 0.935 4.9E-01 0.900 5.1E-02 0.901
1.6E-01 0.851 1.6E-01 0.879 1.8E-01 0.813 5. 1E-02
0.878 8.7E-02 0.879 1.2E-01 0.873 2. 3E-01 0.877

0.831 6.8E-02 0.750 1.7E-02 1.0-3r9C960

ADAS 20-39 to CN,
10/ A10#0001.

to CN

1.3E-01 0.811 7.2E-02

Femal e

T4 6511 10-36°2 1201 10-39'6 €004 - 92N
20-3r'Z 1951 £0-3L') 18€°L zo-38'¥ 911 SZN
loare ovo'} Lo-39°€ 1280 10-3¢°2 1560 VN
2034 9140 ¥0-36°€ £990 z0-35't 180 €T
10-38°2 2180 zo-9ce W20 10-32'4 2680 zZN
L0-36°) 2690 z0-38't €920 20-30°S 6280 lew
10-30'% S060 z0-35'6 Zv80 20-39°5 £v8°0 0z
10-35°8 020’} 10-38°€ 7180 10-326 9860 6l
zoarL €50 $0-38°} Y650 Z0-3v'e 8120 8LW
L0-36'L 9820 10-30'} €120 10-30 9580 LIN
10-36°C 1980 20-35°} 9820 Z0-3'S ore0 oL
10-35°) 148°0 20-3.°€ L0 20-39'S ¥98°0 SLN
10-39°Z 6vLT 10-26'0 €560 10-39'8 1860 PLIN
L0-3€°L 6€8°0 €0-30°C 1800 £0-38'9 9080 ELN
10-32°t 8vg'0 Z0-35°2 5180 20-32'9 298°0 ZLW
10-3L°) £¥80 20-35°€ Z€8°0. Z0-36T £¥8°0 LN
L0-31°1 £98°0 10-3¢°L 2880 Z03bE L1780 oL
10-39°G ZI60 Z0-3v'6 ¥8L O 10-38°S ¥€6°0 60N
z0-36'1 ov90 $0-3¢'} 695°0 €0-3Z'y 1220 80W
Z0-36'% 9zZ.'0 Z0-36'1 8L.0 - | Zo-3ve 8640 LOW
20-3L°6 5080 £0-36'} 1EL0 20311 518°0 90N
z0-aL'8 2880 20-30'C 86.°0 Z0-31'L 1180 SOW
10-3Z'1 1180 €0-31'G 6020 2031 ZLLD PO
10-30'6 6860 10-36°C 906°0 L0-30F 1260 £ON
103} Zi80 20-356 SE8°0 L0-3et ge80 ZOW
L0-39°C oLL4 10-38'L gL'l 10-34°€ $26°0 LOW
1551 oney 1590 oney 153 ojey | 9pod SHIOgEII

S[ewWa| ‘gi-0p 'SA +0.

9jewsd '6p-0F ‘SA 69-09

slewad ‘61-0b "SA 65-08

so% JUSIYIP JO SO[RWIY UGOMIB] SINJBA 159)- [, pUE ouey "1 [ J[qeL

{12001

o4



ZON 1. 0VR1
. ZIN

t

10/ A10#000'
t 9080 0.941 3.5E-01 0.885 6.6E-02
ass 4.8E-03 0.804 2.1E-03 0.742
met abol i t e Code

Z0-3L '171.69' Ol
N 9LIN 91.IN 17ZI N OvJEZI N ZZ1N |

j 10- 3C SL1760
i 001 CO'N 60N 90I N LO N 901N 90IN O IN 014/ 11 pwd

1.5E-03 0.798 9.5E-03 0.709 1.6E-04 0.800 1.0E-03
0.776 1.4E-03 0.782 9.6E-03 0.801 5.3E-03 0.729

0.776 6. 7E-03 ,0.869 1.3E-01 0.724 3.1E-04 0.919
7.3E-02 0.868 1.6E-02 0.823 1.5E-03 0.854 6.6E-03

Ratio ttest

10- 39139960 90-3C
0.802 5.5E-03

1. 6E-03

6141 BUN LI .

€0-38°2 I1sep £0-36'8 1sep
gL}~ B}eg 69°0- BliaQ e Yloauod ‘sa gy Asdo:
LO-31°} FEE) 10-30'8 180y Qy ey
pE0- B)eQ #0°0- Elea _ |slen '6£-02 0) 02~
20-32S 15e) L0-36€ jseq PAt Sy
Sp'0- eleq 51°0- e S '6
. -5 0
:“.m_o g jsey 1032 159 Pt SvdY
Lo~ elsg 010 ellag 9N '81-§ O}
‘ 6¢
mﬁmw L ] €0-31°€ jsep e Svav
- eja0 or'0- ZIEle SIEN 'ND 0} 02-0F
mm%%.g 158 £0-35'1 158y =Y
e3eqg L¥'0- Elleq alBW 'ND 0} 6g-
€0-36C 159 20-38'1 1Sy 2 AR SYQY
95°0- gjleq LE0- Eleq aen *
; NO 01 61~
mo-m.v z sey €0-36°L 1say £V
29°0- e 280 eljeq __3EW ‘ND oIV 'ay
1005 Japel Aeigy 21005 JOYRIN YA uosuedwon
mwnm 8} 610 91" 9Bl |1 VQS waliop 1504
o o Q.c o SIEN 'ND Wayo 1804
o:w S¥'1- ¥L0 LLo- 9N '0L-0F SYQY '1vas
are bL- 800 190 Siel ‘68-0Z SYQV 'Lvas
&ro 00't- 600 95 0- SIBI '81-S SVAY 'Lvas
80 :. L- 800 £90- seW e Lvqas
10 tad's 80°0 520~ Sley 'lewioN aayuBony
W3s uealy W3S ueapy HOYOD
84003 lajep Aeis) 84003 JOle SIYAA ‘

SO[BIN UT 521008 JapBN ARID) puB spyp U0 oBlS ERUSWA(] JO 19IPT ‘7] QgL [zLzo0]

6S



1. 000

Wl ) ORBSI

1. 000 #DI V/ 01 0. 949

ADAS 20-39 to 5-19,

) S

< !

a) Ll

< <
N N N N M M .ood o
O O O OO0 O OHWHdHxtoOmwo
.O .O© 0. L 00 .~ o <
Coo~ULUooodAWmomL© .o W
279877% 67571% 0306
901050& NONOMN ®© MG ™
NN HO N ONO MO o <t
"dOoOt OO0 FOWMOOOOMOMUWmwom
0O .00 ;0 . 00 .M~ M~ oo O
.o . Lo, A NI | A 1N
d0806010 O-dOMNOANNHO SO
—NOAANNAA . AdSM~NMNMANAANN
mO O O O+HO O o oo o
T M N .M. T~ L 0OdA L.
olmwWowww _Wolld~wow .© 00 ©
F2889473w874817 — M O M~
9.4060202|3060400m_709
ONANNMNAONOOMNNOMNMNS. —N-HM
F0OOMNOOVONCHOOOMNOWOS>SN~NO®
0O .00 .~ .ocoO i~ .~ .N™HOoO , ©
N .©O .©O .© .—- .U .o .oNO .W .
00401030 OMNOOOA._FOTO
. . . ] . .- .
S ANNASTONA OO AHOOM CTO O
O O O O_0O O O Mmoo o
O.O.4.8.m.5_1_0_0_0_
NUmovomnmocldgsWolWNo WA W
&2809281%57576711306
<tTANOHOSTO A HOHOMO _SMWHAS
8215112191362132m217
LCO0OOMOMNONATONOHOO SNO
O ,0 .~ .0 0O .OO .~~; .0HA .O
< .l .0 .0 . .0 .© .WWown .0 .
1060202000303079;140
ANNANON == LOOMO© «HMd
O O O O o m o DO O
O—< .0 .00 O  NON ;, 0 — ;O .
VV16961E7E9.8E09mE96
N_—OLWOMOA i ANNOWOWOON €O 0L
nQo ... .. . 0. .4 .. ..0 . . .
—FOoMmMoOUMOoOMSTOWVWOMWOOLWLTOm

0. 844 8. 6E-02

20-357¢ sy €0-30°C jsap
18'0- Ejlsg 2L EleQ sjewa] ‘joluoy 'sA gy Asdojny
Lo-30° 1se) 20-3r'6 ey
g0 glsd 120 Ellag siewe4 ‘68-02 0} 02-0F SYQV
co-3Le Isen €0-36°C 1sey
L£°0 Bliag 9e'0- i lile] sfewad ‘gL-G 0} 0.-0F SYQV
10-38'S jsen 10-3L°¢ ey
60'0- eled vio- Elad ejeway '61-g 0} 6E-0Z SYaQY
S0-32°¢ 1S9 £0-956 Isey
62°0- Ejed Fo'0- ejad sjewad ‘ND 01 0L-0F SVayY
€0-39'¢ jsep £0-36°L issy
Zs'0- elleg Er Q- elledg olewa4 ‘N 03 6£-0Z Svay
20-3e°L 59y 203l 1say
€r0- 2ale] 62°0- ejlad S[ewad 'NJ 0} 61-5 Svay
yO-31°L }say S0-39'% js8j
690 Elleg gro- Bl sjewad ‘ND o} IV 'ay
| 54005 JoREN ABJO) 9100S JORRW SHUM uosiiedwon
G20 VG L i20 Ve L- BjeWiaq | vaS WaloW }80d
9z 0 €50 TAM 050 slewad ‘1O Weuop 1sod
cLo YA 800 V60 sjewed ‘0L-0v SVQAV 'LVAS
L0 v6°0- 600 69°0- dlewsd ‘8¢-0Z SVAV 'LvaS
L0 SB8°0- 800 86°0- djewad '61-5 Svyav 'Lvas
00 10°L- 500 eL'0- s|ewa4 ‘le” Lyas)
ELD ro- 60°0 Le0- Slewa '[PULIoN aapuBod
Was uesp Was ueajy yolos
al00g Iaye Aelg) 8102G ISKeN SUUAA
SO[BWD,] Ul SAI00S JANBIA] ABID) PUE QINIA) UO JJEIS BNUSWA( JO P3P "€] 9[qB L [eLzo0]

66



7-71.998 - - 9.7E-C-Fr- 0.956 6.2E-01 0.924 5.26.01
0.960 7.2E-01 0.901 3.8E-01 10-31997Z6'0 10-31'99176'0
10-3198413'0 1.0-39' 9Etr60 10-361, 146' 0 10- 3E9910' 1.

| Metabolite Code ZO N 101N POVI 60W SOW LOW 901N
901/il SIAN 11-141 OLW61W 914N LIM 91. 1IN 914N flil
Stinl MN QzW

NODOrrNNO OO0 NOO~MNMN- 000 ~00C

Frequancy
Frequency

OO0 ONNMNNOTT OO COOQOrrrNTOH-COO

Fraquency
Frequsency

QOrO-9T TO-ND O N TONTNT 0000

Frequency
Freguency

x-omvmmw«‘_)gmm-—wc THNONRUNRNTNNOS

20-39 ADAS-cog 40-70 Autopsy Control Autopsy AD

]

Frequency
Freguency

FOONNMNQQGPDON TNTFOTOOGNTON

8-19 ADAS-co

Table 14. Distribution of White and Gray Matter Scores in Males (Mean Normatized to CN Male)
MMSE = 28 ADAS-cog 8-19 ADAS-cog 20-39 ADAS-cog 40-70 Autopsy Control _Autopsy AD

2 kS
1)
5 g
8 y
u oi&
_ <
QODOOe M MMAOAWN~NOD © OO0 T Oy hONOUNMMON
5y NI
% o
3 w
g |3
=8
w sh
"gagTRSRORGe " YEeRTRERORLR"
' 9°'9 © © T'Y @' © ©
£
[+1]

White Matter Distribution
Bin
Gray Matter distribution

[00274]
More
‘ More

67




‘0

70+ Mal e yesueaw 1:13000310
/ W03V 1L0Ov849' 0 1730' 031.1 400' 06400

6E0019te0 310' 0013' O 500' 0890' O 14009E*0 900' 0360' 0
LOWZ591 8EOO01. 180 9100LOVO 1E101880 4100.17 11

Aae di.

000' 00001

SZI' N

00 ool 9'6S g9'ze 062 Szl HH %
L i oL &1 oL ¥ HH yeu ubiy
00z 002 82z VT 51z sl Wy %
Z [+ S 143 _ (11 9 Wi )SH ajeipalusaI|
oo 00 £'gl L'E¥ gLy 8'go m %
) L £ 74 6% 7z T Y811 MO
ool ] 2’94 gy S'iy 6'4L %1
6 Z Gi ze 1z 6 H 0]
I - € 74 6l €T oL
0l 0l 12 85 or Zg NIe10L

%
PAZIBILION [0JJUOD)  POZ|EULION [OJU0D) PoZIfeWION [OJU0D) POzZBWION |OIUDD PIZIBULION jONUOD  POZewloN joiuc)

2J00G sonepy Aesey  9100g 1ojep Aele) 0008 JeNe AB)D  Blodg Jenep ABJD 509G IBNEW RIS 24005 JaNe AeiD

Ooe 008 L4 g'89 ¢l 8 %1
L [4 ol 0e oL S HieoL
£ 8 8 8¢ oe L2 1oL

0} ot 8l 8% or [43 NiejoL

P e e e
PSZIBWLION [OHUCT  POZIBULION [OJUOD PaZ||BWION [OJUOD POZIEWION O4li0D  PozZjeUiON J0JUCD  PSZI[BULION J0U0D

2I00G JANRN UM  DJ0OS JONB SIUAA  BI00S JBJIBW BHUAA  2I00S JSHBW OHUM  2J00S JORBW ONUA 800G JONel BUUM
Lvas WNd O Wd ol1oAdg ajesspoly MO NO SIElS

sopesy ut uonorpaxd ysny sy 9Bl [sLzool

68



0 1 E € A £ YT
0 0 0 Z < € l
o 0 0 4 Z 3 € 810
L 0 0 } 4 rA S g0
S } z 0 9 £ ) 520
o O A Z £ v S 14 0
o3 0 z € L 9 § 520"
X % - o 4 2 9 14 g L g0
o w S L 0 S 9 g i SL0-
w_.0o rA b 14 8 14 Z b
= w w © 0 0 9 v 4 z sZ'1-
o . o 0 0 g £ 3 I gl
OQOoOOo .
W a9 4 0 i HA b 0 mn.w
N Aouenbeig Aduienbai4 Aotienixolf Aguanbei- Aduenbes Aousniei uig
© > Qv ASdoiny  [onuoD ASdoiny  02-0v BOS-SVQAY 6¢-02 Bo0-8VAV 61-8 Poo-SvaY 62 2 JSWN
eoNo NoN{e) _uonnamsip Jepep A=lo
— ~0O ©
MNHO O
™ % % ,nl_u 0 ! 0 } 0 0 alop
g 0 0 4 0 € ]
NeXe))
O+HO ] 0 I 4 € 14 ¢l0
o)) o 0 (o) } 9 € € S0
©. Q= 0 z € 5 9 8 A
ow m_ % 0 b 6 8 G 6 (o}
5 m s } z € g 8 v 520
™ 8 i ol o g 4 S0
© - E ™o 0 } L 8 s } 8.0
n,m_ W —_ € 0 ¥ g 4 3 -
Q M aSo 0 0 ! z 0 b sz'L-
NnO A< N € A ¥ € 0 g G-
= b 0 0 0 0 0 sLL
— - % oo 3 0 | 0 0 0 4
™ % > mw Sk Aouenbel- ao:mzammm_ Aouenbei.y %ﬁz&&k Aumozomt Aouenbeiy uig
H__ o B o % av Asdony  jonuop Asdoiny  04-0F B0o-SYQY  6€-0Z BOo-Svay 61-8 599-S¥QY 92 < SN
oot >d ucHNQLISIA JONEN SHUAA
O%l%% , ‘
S S (Srewa N 03 PIZI[eULION UESJA)) SS[EWI | T $100§ JONEJA ALID) PUB M Jo uonnqisi(y "9[ I[qe ], [92200]
o ul W )
<O =00 ©

69



411' 017991 350068E0 81.006140 980' 069E0 13009610
030191E 9410i | LEL 1EOO0 310.00010 910' 00910 4179' Ot el ;
/ 941" OELL' | bEO6390 1930809.3 GM'69-09 'no BOV
14,139 tem LZOVL 00000001 E10093' 0 OE004980

Et WO11: 0 170001900 14001990

70



o
ol §
O N~
OoONO -
oM. «d
O 0o
o<t dHO
IS ©.
4380 009 LLL Z'vs 9'Zy £ 6€l H
. 92 : H %
ogu- 9 ] 9z €z oL g HH Y813 4614
o
SEmN ooy £'ee 622 o€l 6'8Z 9'g Wi %
88 S ¥ g L L " z W sy asjepauua)u)
S <O 00 9'sg 62T vy Loy 908 M %
MmN o 0 g ke e FA 62 RILE Asl MO
5882
S g 008 gll £'eg T 9'z8 908 %7
SNo L Z ze 82 gl L H fejol
=X € L 91 9z 0z 62 TieloL
m Qo ~ o 8 e v 8 9 _ NEwL
oo PSZIEWION [0UOD  PSZ)BULION [OAUOD  PBZIBULION [0/UCD  PBZIEWION [0UCD PaZ|EULON [ORUOD  Pezieution [0Auos
n_/u_ g < 81005 Jope AeiD  BI0OS SN ABID  @u00S JONEN ABJD)  2I00G JANE ABIS)  8U00G JNBN ARJD  8100G Jajew ARID
O .
2R3 = 00k £'99 e LS 859 1'o8 %1
9 O 6 € 1€ 74 £l g H =0l
023 o b 0 L 62 sz 1€ TieoL
2202 04 8 8y ¥g 8¢ g€ N B30,
§
3 o PaZ|eWION [0JUOD  PAZIBUALION 00D  PEZI[EWION |0JU0D) ~ POZEWION [OJU0D)  POZNEWION [0JUCD)  POZIBWIION jOJU0T
o o mua ~N - BI0DS JSUEN SHUM  2J00S JSUBI OUUA  BI0DS JSNEIN SHUM  BJ0IS JOUEI SHUM  I0IS JONBIY SUYUA 91005 JONBI SNUM
O ~O . 1vQas Wd B BIOAD )
oo 0 Wd S 1219poN no ND s181g
<t —— .O
Sooo
S88®S SO[eWa,] UI UONOIPAIg NSTA 'L 298l [££Z00]
AATHO
MmMO-HO

ri!



72

2031 15o) 103272 1S90
050 e)eq §0°0 2)eg SleN ‘G0 'SA +02
20-32e isen 103, 159y
S¥'0 Ejleg 500 ejjeQ AL '6i-0F 'SA 69-09
Z0-32 v IS8 10-3v'6 1500
8E'0 Ejjad L0'0 2] OB '67-0F 'SA 65-09
21098 Jenew Aeioy 2J02g JANEIN SHUM uasuedwon
#10 8.°0- 600 i 3leN +0Z RO b
14%)) ¥80- oLo0 €50 9leN '69-09 D 9By
Lo 06°0- 800 b0 alelN ‘'65-0G "D 8by
vL0 TR 00 8r'o- olew ‘6-0r ‘D oBy
820 Z6°0- 620 520 dle '6¢-0¢ N0 96y
W3s uespy W3s uespy HOLOD
21003 JaNep Aeln JOOS 1NN SHUM

690' 0669' 0 330'0 17910 1760' OLOWD 93006330 8110POVt,

91100302 140' 08990 86009090 911109110 912109frE' L

130017W) 1000ZO IV 630031, 30 600VLI VO 891, 08311
6810912 240' 09190 99309161

9300633' 0 640015t 0 1004310 /00' 017900 010' 0610

SA[EIA] Ul SAI00G JMBA hﬁumu pue s\ to uw< Jo 193134 81 919el, HMFNOD”_



ZPOv9110 00000V

Mal e P139ueeinji
9300t 2t 0 90' 0' 99' 0 93110191; 0 010061110 9E10990

30- 39,

M Cl,

111' 0901 9300two 1010gZEO 930' 0893' 0 191*0/ W/ 99306313

6311093' 0 80110 W EEVO483' 0 6000931: 0 153' 089( EZ
| TEWD 6690 980' 061, 90

10-38'8 s io-ale isan
€00 ElRg Lo 8)8a Sjewad ‘6i-0F 'SA +0L
103kt isep c0-35'¢ 594 ,
0g'0- 212a 6¢Q- elsg s[ewad ‘60t "SA 68-09
Lo-3ar's 159 ¢o-36'9 1saly
0L'o glsg (44 Elleg djewa ] ‘6¢-0F "SA 65-06
2100G Ja)jEl ABIO 91095 ISREN SHUM uosuedwo)
vlo 850~ FL'O Lbo- s[BWad +0. O obv/|
rAN)| 06°0- 600 c9'0- sjewa ] '69-09 ‘PO by
600 bLQ- 900 S9°0- dlewa] ‘65-05 B oby
€L0 190~ oi0 EE0- slews '6-0oF ‘RO @By
A 9G°0- 8l'0 9e'0- gewsa 'se-0¢ ‘No by
W3S uesy W3S ueap BoyonH
21008 Jaje Al 200G JOe SHUYM

Saewa ] Ul S31008 JOPEI ABID) PUE ANGA U0 98y JO 10314 "6 J[qBL [6£200l

73




ST
ogLe ¥ZN
. 8EL0 o0L0't £ZIN
) 5802 880°0 voL'0 ZZW
. G110 zL90 800°0 606 LZN
0 m_‘m.w ¥E0'0 SzZL'0 vl90 1182 o
2 mi. 0LL0 ¥00°0 08Z9 9210 2690 6IN
10 g0 = @B.m €EL'0 1£20 1591 LE0°0 0Lt gL
zZ Ll L8 0 .hvm.o mco.o 199 8600 8vs0 2600 ZETO LN
5 0 - 6£0° 413 yey 1561 9100 £99°0 2100 c0Z ¥ 9L
et gee 6850 €000 L51'9 8210 £65°0 Z€00 9510 #0E0 868°C SIN
K 5000 e oot seat %00 0v2 0 et i pr oS PN
52 2690 bt Y200 o 00 o S0+ 0 06} 1600 v LN
Z m_ o Mvw.o vom.o 24 o ocw.o _ Nwo.o mmm.w \.mo.c 8550 200 110 FAL
gz° Y00 9050 6000 pr o0 e B 0 | o000 ol I
1O o S¥0°0 orL0 SELD Ly 2200 ME.o 5000 Caes 0900 sS850 S
o . . . . . . - 200! 66 ep 8y 60
S o Eo.m Bp.w 280'0 150 9200 960°0 8£0°0 1180 1200 mm-.o S0W
OY=g £ve 189 9100 10E0 ¥00'0 oF | 200 0 0 0 W
- 110 750 D 0 0 0 ] g ; V4 : SLO Z290 20
-9 " g 0 0cg 510 160’ 650 8280 | 6000 9210 5000 ¥55°0 SO
—0 - ¥z0 g5z0 €000 ok | 1500 0St°0 9000 Y00 00 0 oW
osSd< G200 8800 €S0°0 $28°0 9100 6510 2000 €10 :mod mmm.c 2 m
2099 oo et se00 L0 2100 1b0°0 7100 €120 m%.o mmw.c con
. 080 oL EL0" 4Z1°0 ¥00°0 6€°0 0’0 0 ; :
o - ‘0 ‘0 o . . g ) Fis j 680 G100 0960 2O
S<o . 9e0 g0¥ 600 $0°0 $20'0 1120 2000 Z0 0 .
Py a 100 500 000 &0 0 0 . oL . 050 $95°0 FOIN
ooz 910 €60 €00 sS4 clo 160 6000 ZLL0 €00 0} ljogersl
oQ= 8000 8€0°0 0200 ¥iz'0 $00°0 520 00 5 Lo 00 8po eyl
S, £00°0 1260 0100 00 . €0z BLO £gy 0000 ueapy
R o : : . 68 L100 8140 5100 000’} Bog
azR §z0'0 Hzo £00°0 6120 £0°0 v0 0 W3S JON A1
oo ZI00 5800 0 . LE0 Siv 000 uesy EETHED
©o , £10 ¥69'0 £0°0 00')
22 = $00'0 €810 ¥20'0 G&b'D 6000 m«ms_ PR TVGS [ogz00]
£z M 3 ¥i00 4190 2100 000’} W3S ‘1vas '0Z 9jqeL
) L200 80 000 615 SYaV 1 AV 0T
O« - €8e’ 0 ueajy ETKD sFer
N_ — 7200 000} S IVaS wnRg
ON_ . W3 av'l oueyly
1 0000 ueey ‘6202 SV auyue)
Qoo 38 Lvas [ e idgjoydsoq aur
— — SIPN 0L 0N :
S oy . 3(1 JO S[OAYT JUSIOT
o.- M iy HIAJS BRUWE _
— © M ,
05D o o |
emlww
%t%ﬂ.
—
023

74




75

™
o - 10-39'L. 8£8°0 10-3r'8 €160 10-36'2 520°L 10-35°L 5960 SZN
SN o w a2 4 a_ ¥0-30°% €650 S0-36°¢ 1790 =T A €90 GO-35°€ S99°0 vZn
_©9,9,909¢0 W omo_ ¥0-35'9 9690 v0-38' ¥SL0 20351 0180 ¥0-32°1 £92°0 ST
UWoWnw ~“Wn .~WUol n ¥0-30'9 £09'0 9038t 1990 ¥0-36'6 P10 20-30T 6990 ZTN
GYONTORNONDRO O £0-30°¢ 8eL'0 ¥0-39'G 0.0 20-322 1280 ¥O-3L°€ Z8L0 LZw
LPO—H6 s mS oaT o £0-38'1 geL 0 v0-30'1 890 Z0-I8°E 858°0 50-31'6 €620 oz
PR AONNCNANAO AR T 50-3¢¢ g5¥ 0 90-31¢C 6650 €0-3L') Tl90 80-35°9 109°0 BLIN
w€O9OY SoxoXOLW p0-3¢€ €090 $0-36°C 9990 €0-3L'} #1L0 £0-38'6 2L90 8LIN
T T R TV T BT i IR S0-30'% 0250 80-32'L 6650 $0-3L'E 8290 60-31'Z LLO0 LN
[PENOOOHCOANYOHO R v0-3v's v0L0 S0-38Y L0 €0-35') vLLO 90-3E¥ L0 SIW
DANANT IR A~ NN o ¥0-39'8 2940 S0-3r'e Z6L°0 £0-38°¢ 1680 90312 £08°0 S
S.Mm iHd =< M ©  F| 9036 950 90-3aL’L 0890 20-3v'} 870 90-3k¥ 100 LA
_Wolloll m m Quolol H g€0-3L'y 2120 0-30'% 2080 Z0-3¢L 9r8°0 $0-30'} 1180 ELN
SRR SRR S0-30°L 6190 $0-36'} €920 #0-36°C e6L0 L0-3v°¢ 85.°0 41
SOCNCTORONON™ AN >0 yhaee €240 €0-38' 1680 20-35°C 80 €0-36'1 0£8°0 LI
NS SSmno oS00 oRR ™ _zoaet E¥80 20-30'8 €160 10-31T Z€6°0 20-3v'e 0180 0L
OO D ® O ;D ® D L GEg] 9.%0 S0-35°2 ¥590 €0-3r'Y €120 80-38C S¥90 60N
MOOWHOOT—HOOCOOCOOMO | V3re 2090 £0-35'} TL0 z0-3¢1 JAIAY p0-31') €10 80N
B AN NG Aa AN No | voArE 085°0 go-ale 9190 €0-34'4 SLLO 03y €290 20N
No o_o & o o o | wuy 8280 2032 orgo 20-30°C 1280 £0-30°S €58°0 Q0N
UolloWafollimlinllemo | 20321 860 £0-36'5 L¥8'0 20362 858°0 ¥0-326 0v8'0 Son
HHOMOM_—-0OON®O v [Tg-3e7) 0020 203y 9680 Z0-39°%1 V10 £0-3v'8 2080 YOW
MOo-d-N—Adgo®ON~O—N | 90336 £v9'0 L0-35F veL 0. £0-38°¢€ 2180 80-3v'9 ZvL0 £ON
“owdhdoN do-d0woo« R | v0-381 0890 €0-32'} 2080 20-3CS Zv8 0 v0-32°L £08°0 ZoNn
5ROCPXOPO OO ONO J Livngs 000} i0/AIG# 000} I0NIC# 000°} ioinIa# 000'} LOW
SsiisUsH= 0 usus 156l oney == oney 159) oey 158} oney 3poD SoqEIN
SCMONOZROMAOCCMO SEN NI O 00y SYAY_| SPW 'NO O165-02 SYaV | BB 'ND 01 61-6 SYGV 8[EN ‘N O} v AV
= N O AN A AT
N R T i
S Wo o Wio S enuiue@asihaSnoLe A Jo sa[ejy Uaamiaq [QJN 03 soney pidijoydsoyq suruejoueyiq Jo sonjeA 159)-1 pue oney e[ S[qel [18z00]
Chdmo o FadS a0



—
S =z LO-3b'y 2980 10-3€') 8180 10-3L9 BY60__ SZN
N SO<9aaaN 10-35'1 Z£80 Z0-3L°S 6690 10-32°1 ov8'0 ¥ZIN
4O ,u8©oNg 10-35Y €260 L0-38'1 098°0 10-36°C LE6°0 cZN
oWmw .U s L0-30'Y Z160 10-38') vre0 Lo-3ve 9z6°0 ZZN
LA AN m 10-38'9 6560 10-39'¢ 668°0 10-3TY L56°0 1Zn
LN ®8s 10-36°S 1S6°0 20-39'5 g58°0 20-398 968°0 0ZW
Ot MmO ©  — 2035V ZaL0 20-39¢ 6190 103872 1680 BLN
W gz _ 10-36'€ 5060 10-36°L 4y 10-35'Y €60 8L
o llds .2z35 10-39°2 §28°0 20-30'9 2920 10-3%'} 1280 LLN
o PaaT5 20 10-38'S 0560 10-3v'e 608°0 L0-35'S 1560 oL
s 2NO dod = g 10-32°S 2960 10-3L'L 1180 L0-39Z 1960 SLI
© T SWo T oo 10-3%4 1v80 2031 ¥ ZEL0 10311 ¥98°0 YLN
ofgeonde ot 10-3¢'9 €960 10-392 €160 L0-36E 8v8'0 SN
CsaT 88 M Y 1039} 0690 20-38'S 8580 Lo-31L'S ¥96°0 CIN
©o; ToIlrx 10-35°€ ¥26'0 10-30'7 6160 10-31'6 $66°0 LI
SRggUy 2 . 1036} £26°0 L0-31'L g080 | 0399 086°0 oL
Ll Waw ™o M < Z0-36°¢ 8210 Z0-35 4 8990 103 ¥ 1160 60N
< -0 466308 10-3€7 8280 10-3¢1 808°0 10-38'L €60 80NN
0w O N D o m © . 10-38'4 1580 ¢o-3v'e 1180 10-31'S 9v6°0 LOW
0022995002 -~ 10-36'8 1860 10-39°6 200’} 10-3F'8 9L0'} 90W
NS We S S LO-3b'y 8160 10-32°¢ 0E60 10-92°L 0960 SOW
COeN 93T =l €80 fo-3e v £060 1035 ¥ 080't YO
dNAAAONO© M 20-38'6 8880 £0-36'9 26L0. 20397 168°0 E0N
ANMNANANNNAAD 20-35'¢ ereo 20-31'L 2080 L0-36°S 8560 ZON
ocronevegd | I0/AKTE 000°% i0/NIC# 000'L e 000'L Lon
Wby doeds = oney 1590 oRey 1590 oney | @poD SH0GEIoW
N Ao M N e "68-0¢ 1 0.-0F SYQY| 9EIN '6}-G O 0/-0v SYQAY | SiEW '61-G 01 66-02 SYAY
03aS0Sd
SWown o SPUPRUIR] JO SI2AT STOKEA JO SIS HaAMIIFLOW 03 SOHTY pidifoydsolJ Sufure[oUeTHT JO SaNEA 15311, PUT ONEY 91T 9JqE, [z8200]
S NP e B

76



MOD1 ZZ' O 94008ES8' 0

910' 091' 0 GOODZ900 140' OOE10 L10' OElI ZO 9000690' O

EZ0' 09910 000' 00001

ECODZWO 010' 0401' O 001' 04991 990' 0048' 0 ZZODEZVO

LLODLAM VZOD161' 0 99ZD01. Ot 9E1; 0496' 1 ECCDILY' O
419' 0 41000410 ENDEZ6' 9

VB Snen

| u8v0 ¥SLL 88¢°0 ¥RET §ZT0 990'Z SZN
[ 6200 8860 L1100 oL 6E0°0 1520 VEN
1900 0620 ¥00°0 8500 8000 ¥10°0 EZN
Z600 ¥€9°0 £80°0 661°1 8.E0 068'L N
Zro'0 $09'0 1200 LIEO 6010 €190 12N
8200 1600 600°0 281°0 1200 ¥520 0ZN
9500 1090 G100 7910 1500 €220 6L
8100 9590 #00°0 8500 1100 $80°0 8L
9610 099°0 0r0'0 1950 L6L'0 6+8°0 LLIN
orzZ'0 1620 100 1290 8210 Z6L°0 SN
£8P0 8160 $20°0 PPE0 SE0'D S0 SLIN
9200 P20 0100 GLL0 6€0°0 %A LN
S80°0 8520 5000 0900 6000 6200 LN
£pL0 €620 ¥20°0 9190 0eL'0 6180 ZIN
8100 2090 1100 ZiT0 9900 Zsh0 LLIN
20L°0 8620 €100 8920 8E0°0 IS0 OLIN
¥20'0 WEo 2000 8100 8100 7500 60N
LE0°0 LSO L00'0 Zi00 S00°0 ¥20°0 80N
v20°0 6V5'0 5000 6500 $Z0°0 0L0 LOW
££0°0 1850 £00°0 9v0°0 7100 080°0 90N
2500 2090 200°0 6200 600°0 8400 SOW
2500 6250 6000 900 LE0'0 £yL0 YOWN
¥S0'0 L1180 €100 16£°D Zv00 28r0 SOW
9/0°0 1640 6200 0620 6200 1960 ZOW
I0/AIG# 000’} 0000 000°t 0000 000°L LOW
jseg —  oney W3s ueapy W3s uesyy  [epoD ejijcqes
[OJUOD SA 1YAS Sle Lv(S WoLOW 1s04 | ofely i0 WSHOW §80d
S3[eN Ul [OIN 01 soney pidijoydsoyq sujwejousyly uo Ae)S ASojouyed Jo 199519 "2 dqel, [£8z00]

71




010" 0491' 0

60- 69,

Age Ct1I,

B8EL 0 0ls’L zoL'0 80’z 8210 z0T 980°0 1£0'Z 1210 T ST
€500 €450 8500 6990 €800 v 0 ¥E0'0 1890 8500 €680 ]
8000 Zilo 0100 1E10 6000 6EL'0 5000 Praky 600°0 8510 £ZN
08€'0 €LE's 8950 189'9 0090 Wo'L YOE0 0iEe 9650 890'8 ZTN
9600 19v°1 P10 261 2EL0 6E0°T 9200 861 8110 gLee LZW
Z20°0 ¥p0 9€0'0 £66°0 ZE0'0 850 8100 6250 SE0'0 699°0 0z
Tv00 7E50 $50°0 9590 7500 8220 0E00 ¥E90 1800 5660 6IN
800°0 8EL D ¥10'0 01’0 110D 8L1'0 000 1910 100 2020 8N
810 Sz 9zz'0 0642 99z°0 962 210 £65'Z 1Z0 LB¥E 2N
690°0 0r'l 1210 906' L01'0 ¥66°L ¥90°0 08L') ¥LLO vz LN
9L0°0 £6H'0 0800 £95'0 LZ00 950 7100 625°0 ¥20'0 2290 SLN
8100 8220 8100 60€0 8200 1560 €100 SIE0 €200 660 vIN
$00°0 6900 00°0 S60°0 S00°0 1010 £€00°0 S60°0 8000 LD SLIN
2800 85Z'L 2500 pegt 0800 895'1 Z6¥0'0 88’1 820°0 289'1 Zi
0£0°0 8040 $H0°0 8E8°0 L¥0'0 988°0 £€20°0 2080 6£0°0 6260 LU
910’0 gLpy0 8100 9Z¥'0 9100 LSP'0 0100 LEY'D 910'0 60F'0 oL
2000 €010 6000 kAN oL00 CrLo S00°0 iZ1o eL0'0 281°0 60N
Z00'0 600 $00°0 150°0 £00°0 0800 2000 1400 ¥00'0 #50°0 80N
5200 PIED 8200 LIE°0 6600 ZzZv'D 8100 §9€°0 ¥£0'0 vy 00
8000 0810 €1L0°0 1120 L0 9220 1000 2020 Z10'0 vEZ0 901
$00°0 180°0 500°0 880°0 $00°0 160:0 £00°0 980°0 $00°0 Z60°0 SO
5100 2610 1200 e o €100 - 6120 0100 8i20 €100 ZZZ0 YON
Z20'0 ¥29'0 LE0'0 ¥0£0 0800 ZPi'0 100 189°0 ¥E0'0 Z58°0 £ON
8100 IeF0 €200 86+0 1200 ¥er0 ZH00 €BV0 6200 0250 ZON
000°0 000' 0000 000'; 000°0 000't 000°0 0po'L 000'0 000'} LON
Was uesp ER ueow Was ueew W3s uzap Was ues BpoD SHOgEIsI
s[ewed '0/-0y SYAV ' L¥aS | SleWed '66-02 SYQY '1¥03 | OlEWes '61-6 Svav 1vas QeWwad e 1vas SIEWS JeLloN sAnuBog

4EQ0' 009L' 0O ZI TOe51' O 400' OL40' O 650' 09510 Z10' 0C61' O
900' 0990' 0 1Z0' OECE' 0 900' 0Z60' 0 980' O4E9' 1 LECDEZ9' 0

910' 04710 190' 091L' O ZI OD0910 9L3' 0596' Z 960' 0591" 1.

Femal e 1"138ueavg 910' 00910 000' 0000' 1.

991' 09561 6500999' 0 947 A09Z' E

SS[eWa] Ul [QIA 03 sonwy pidiyoydsonq sunelomeyId U0 SjEls BHULWAQ JO 10T ‘€2 8L [p8200]

78




VMSueen

030' 0199' 0 000' 00001 110014t0 0500936'0 1100L616
COODOLO O OCCODZ89' 0 010' 019n0 EOO' 0SCLO 91004110

Femal e
4000Z31' 0 COODZ96' 1 1EO' 01 ZO 1 01000640

50-59,

| Age CtlI,

Scr o966t

4700099' 0 490'0199'0 900" Of it 4910CND 901; OLOL' 1.
6Z20' 04390

10-3€°¢ 0680 10-3.L'¢ £86°0 L0369 9960 10-3€S Lv60 ST
y0-3€°¢€ ergo 20-3L°L - 0820 c0-3ac’L LLg0 £0-99'1L 6¢L0 ¥CIN
S0-36°% 20470 €0-38°9 LlEg0 Lo-3e4 1180 £0-3¢°S L08°0 €2
G0-38°'L 6590 L0-3L’L 8280 0-3€°C €480 £0-39'6 e8L0 &N
20-3¥'s £€€90 20-39'S 6280 1032’ 6480 €0-3’tL 9LL0 LN
90-3Ir'E 6040 £0-38°7 928’0 ¢0-32'8 8/8°0 £0-30°L 008’0 0ZN
90-3¢°¢ 0090 £0-3€°'S €€L°0 Z0-31's €180 ¥0-39°} 6040 6N
S0-3£'9 €890 Lo-3v’L P80 10-38°1 6480 €0-35°6 8620 gL
o0-3¢°2 S090 20-32'¢ 98.0 10-39°} 1G2°0 €0-35°L 'A ZA) LEN
80-38°'8 OO0 ¢0-3¢'6 1980 L0-39°L 1060 €0-31¢C 020 9lLIN
80-31L'6 98L°0 i0-3E°L 2680 20-31's 0060 £0-38F 0980 SIN
ro-avre LLLO €0-49'9 6840 10-36'% GE60 €0-35°6 <080 147}
¥0-av'6 9080 20-3i¢ 580 10-39°1 ri80 £0-39'9 $68°0 ELN
S0-30°¢C 9eL’0 £0-30'5 €280 L0-3¥'E 2€6°0 €0-35°L €280 I
§0-30°¢ 29,0 10-4G°L e060 o3y £S6°0 20-39°L 8980 HN
<031’ €680 10-34°1 £L6°0 LO-3v' ¥ £96°0 €0-3¢€°2 6160 oL
S0-3Z'¥ gL90 €0-3a¥'s orLo 1g-30°1 1£8°0 +0-3L°¢ ¥ZL 0 60N
£0-35°L SEL0 10-32°9 ereo LO-36F P60 i0-3e'L 698°0' BOW
¥0-3€C £990 2032t 9640 L3¢t 0680 €0-3L'9 9.0 LZOW
¥0-39°C LLL0 10-32°¢ 8Z6°0 10-3€9 986’0 €0-39'9 §88°0 90N
€0-3S°S 6180 . Fo-mv.m 2960 10-34'8 6860 L0-36¢ 60 SOWN
10-3£°C 2880 10-36'V 980°1L L0-30°L 8960 L0-38'8 9860 14014
80-38'0 Zel’0 £0-31'C 9ze'0 ¢0-39°L 1,80 G0-3¢°| S08°0 EON
£0-40°2 8eg8'0 LO-3L'S 0960 0-3r'e 2480 c0-3L'y £68°0 0N
iQ/NIQ# 000'L iO/ANIQ# 0001 10/AIQ# 000°L 10/AICH# 0001 1O
1598 opey Jsay oney 1500 oney 159)) oney 8p0D Syjoqean
aewsa4 ‘ND 0} 02-0¢ SYQY | sjewsd 'ND 01 8£-0Z Svay 8jewsad ‘ND 0l 61-6 Svav sgWwR4 ‘ND 9 {ly 'ay
EHUSWIP JO S[IAS] SNOLIEA JO SITEWIRJ U3MISq [QJA] O) soney pidijoydsoyd suImejoueysg JO Sanjea 153)- 1, PUe oney BT 9[qEL [s8z00]

79



RCD690 000' 0 0001 LIO

OCUD C40' 0 11410 LICTO461' 0 LOO' 0680' 0 950' OL99' O

NES ueei ni
610' Ol WD 900' 091. 1D KOD1950

Femal e

99004L6' 0 0100 60ZDLOVE 1. 60D94Et 61006690 6400Z99' 0
40- 49,

900 OLL 091097913 Z6001 CC*3 1. Z0t 1L59' 0 191061 ZE Age

cl,

_ 10-39°€ 9080 0-30°t (A4 Fo.iw.m.m 8101 SZIN
, L0-3€°C 9580 2036’9 162°0 O3PS Gee60 i
0-3al’k 1680 co-ar’i s08'0 10-319 gv6'0 cZN
e0-3aL’s 66,0 2032} GG8.L°0 40-3L°9 6¥6°0 ccW
<034 €9L0 vo-3L'E AN ) 10-38'G eF60 LW
20-3E'L 8580 £0-32°¢ 8080 L0-36°F {960 o
¢0-32'6 6180 €0-3L°L geL O 10-38°¢ L1060 6LIN
20-3L°S 6080 €0-3lLy LLL0 10-3T°L 0950 BLIN
20-ar'e 6940 £0-39°¢ L L0 1O-32s 260 FAR]
€0-3¢¥ VLLO S0-30'G 2eL0 L0-329 9560 oL
20-JE°S 9.8'0 e0-3L°L 180 10-3.'6 8660 SN
10-39¢ €060 £0-366 1940 Z0-39'8 80 1435
L0-3l'y 60 20-3e°S 2880 L0-39°€ eS80 N
10324 G680 £0-36°¢C 0840 ¢0-34'6 £88°0 A%
20-36°1 e ¥0-3'9 66470 1039 60 N
10-38'9 2260 10-35°L g¢8’0 10-35°¢ 8p60 OLIN
10-30°¢ gee’o £0-3L9 8eL0 L0-3Y'2 880 60N
035 0840 c0-3dl’l 4840 i0-3re glLo’i 80N
¢0-38'6 £EQ0 203l SvL0 Lo-3rE S680 LOW
0T 0e8’0 €0-3¢°) 6L°0 LO-EE'D 19670 S0N
L0-39'2 7160 €0-39°L 688°0 Lo0-3¢’L 160 SO
¢0-326 L1280 10-38°¢ 1160 10-3ce rAAN" , roiN
2092y 1880 £0-35°L 180 1030 660 0N
<0-3¢°¢C 2980 W-aL v 6¥6'0 10-39°L oLt - cON
i0/AICH# 000°L 10/NO# 000°L ___I0/MCH 000t 10N
1sep oney 1591 oney —__1sen ojey 8poQ SMIoqeIe
Qw4 '6e-02 O 0.-0F Svav | 8lewaq 61-G 0} 0Z-0F SYQY 8lewsd 's1- 0l 6£-0T SYAY
BHUSWISP JO S|OAS] SNOLIEA JO SRR UadMIaq [QIN 0} Souey pIdijoydsoy SUTUIRoUeg)E JO SanJeA 159-1, PUB ONEY qy JqPL [98Z00]

80



491' 0997t

WAsU891, 111 50042. 41)

Fenal e

69r0 1010641'4 191'OEflta 4EQ0' OOZEO 9LOD4E9' O
30- 39,

410' 0ZQZz' O O6L' Gxrfrn 910LUZ 9400289’ Ol

Age CtI,
0000000"'1 950' 0620 680' 01E60 9500VQZD 800' 06L0O' O

LOODOEL' 0 V4407 090' 0Z60' 1 t/ Z0' 09CO9*0 990' 0Z06' O

§22°0 612°1 1220 190°) ¥12'0 Z8E's ST
9100 1690 9100 6V1 0 8100 ¥i20 vz
SLZ0 9180 900°0 0900 1100 €200 gTW
2860 1€8°0 5220 o8yl 1520 Z8LL ZZN
£0z0 ¥.9°0 £21L0 1270 6100 ¥29'0 VW
Zr0'0 089°0 2800 £61°0 $20'0 €820 0ZN
0620 €880 8100 0810 2100 1120 BIW
Zor'0 580 8000 690°0 PLO'0 180°0 gL
6260 8¥8°0 2800 1650 €900 1690 LU
5090 68'0 ZLo 665°0 990°0 0,90 oL
1620 688°0 £20°0 LOE'0 LZ0'0 EE°0 SN
1620 120'1 €00 G510 5100 PYL0 - PN
8870 AN L00°0 690°0 8000 190°D SIN
1110 156'0 650°0 669°0 9600 lELO ZIN
2620 0S80 4500 P9E0 00 pEED LW
186'0 £00'L £20'0 1620 §20°0 06Z°0 oL
€EL0 $2L0 €000 ¥20°0 G000 €00 60N
ZZ6'0 186°0 2000 2100 2000 L0 80N
A gAY Z5L0 €100 L10°0 910'0 Z0L'0 LOW
S09'0 558°0 2100 6500 800°0 690°0 90N
S2e0 608°0 §00°0 7€0°0 €00°0 ov0'0 SOW
86.°0 690°) 6100 2600 ZL0'0 9800 PO
120 206°0 £20°0 1920 2200 00’0 £0W
ovr'o ort'l LY00 2980 8200 ZZe0 ZOW
IOINICHE 000} 0000 000'L 0000 000'L LOW
15en ogey W3s uea W3S ueap 8poD BYIIOqeIPW
BiEtieS JoIUoD SA QY ASGOINY SeWad 1VGS WAHOW 1S0d | ojewad R0 WalopW 180d ,

safew,f Ul (O] 03 soney pidijoydsoyd supmeouryg uo aers AJojoyqed Jo 1wePd ‘sz olqel - [£8200]

81



L1ZD909' Z

HLVO 996'0 1.10'0

Lwol610 9L6001. ZZO 0729713

3011 1001 VOW COW 601/4 BOW LOW

¥92'0 990'¢ 152°0 8092 1120 WL 5920 561 444! Z8L'Z gzZW
7210 6620 Z100 00,0 1500 1820 8600 8090 9800 6¥9'0 vZ
800°0 EEL°0 9100 0S1'0 6000 810 9100 S/1'0 8100 8810 €2
$£9°0 026'9 ¥v9'0 AW 6v5°0 1£6°8 £88'0 ove’L 6251 Ligg ZZn
8040 ove'L 810 eLL) 2210 19T 681°0 £91°2 G120 §6€'T 12w
$£0°0 £55°0 ¥£0°0 6250 0800 8190 £40'0 9190 6¢0°0 169'0 0z
IEL O 1880 G900 6910 €900 G980 ¥60°0 2090 1040 S22 0 8L
¥10'0 vLLO 1200 G610 #L0'0 YhZ'0 5200 622°0 $20'0 8520 8IW
¥62°0 8LL'E 0Ze0 91E 1620 086'¢ gLy'0 vo1'e 1540 vy LI
ZL0 726t Sp1°0 8LL) 2LL'0 vaz'Z SLL0 020'C 5820 6Z'e oL
620°0 0850 1800 1950 €200 $19'0 100 859'0 ¥E0'D 6690 SLN
P00 €980 6200 91e0 0200 ZEE0 8200 ZvZ 0 €600 ¥6z0 PIW
5000 Z80°0 9000 2010 S00°0 LZL'0 6000 2110 6000 921’0 ELN
1800 zZss't 1410 yog'L 6600 Zre'L 8910 geLy | 1szo 8902 ZLN
820°0 Leo 2500 682°0 1200 8060 6300 6680 LD £90'L !
910'0 L0v'0 8100 L0 ZL0'0 Sh0 220'0 S0 5200 ¥Or'0 oL
¥200 ZLL0 BLO0 v5L0 | €100 €LL0 7100 vZLo GZ00 ETRY) G0N
$00°0 600 S00°0 ¥50'0 $00°0 £90°0 200°C #90°0 0100 600 S0W
6£0°0 LSP'0 2500 8140 b0 1850 0200 €60 910 €890 20N
ZL0'0 0120 910'0 6610 ZL00 €920 1200 YEZ0 620'0 €920 90N
S00'0 8800 5000 1600 $00'0 1010 2000 2010 800°0 ELL0 SOW
Z100 ¥0Z'0 BL00 €020 €100 SE20 9z20'0 6220 5200 ¥220 vOW
1200 880 1500 Z6L0 0£0°0 980 8Y0°0 152°0 £90°0 £98°0 SON
8200 0Zv'0 €00 1EV 0 1200 7150 ¥E00 1170 Zv00 90 ZOW
0000 000t 0000 0001 0000 000's 000°0 000'} 000°0 000'L LOW
nas uesy Was Uealy Was Uesiy was ueaiy W3S uesly | apog ayjoqeley
Sl +0L 0 90y S[eW '69-00 O 8By OB "65-05 WO 8BV 3[EN '6v-0v O oby S[BN '6E-0¢ 1D 9bY

060' 0919' 0 440' 01.1t0 600' 0Z11' 0 L40' OBLED 900' 06t
Met abol i te Code

861'0 ZE6'0 1L6'9 1110 9997 650'0 90EO
90W90W 41.01 51W 71104 11.141 01. W

1' O 091/ 06L6" 1 69100zZ' |
66109904 MEDGEL' Z 440' 090L' O

SS[EIA Ul [QIN 0} soney pidijoydsoyq surmrejoueig uo 38y Jo 1004 97 JJqBL [88Z00]

82




lgm Table

29. Ratio and T-test val ues of Ethanol am ne

Phosphol i pid Ratios to MOL between fenal es of
mal es and

Conparison Ratio T-test 60-69 to

[ 00292] Tabl e 30. Summary of key
50-59 0.75 1.2E-02 70-95 to 50-59 0.95

rati o and p-value statistics for anPls 16:0/22:6 (ML9)

91W PEW SEW ZZI N 17141 QzZVI
85

to PtdEt 16:0/18:0 (M)1) serumratio for

f emal es conbi ned.

61W91W9l1. VI
di fferent ag

£0-37°8 €651 Z0-306 12€'L 20-35°¢ 16€'L SZN
L0-3¥'T 6LE'L 10-3€Y 9611 Z0-31'6 00E'} vZN
20-35'1 6620 10-38°2 8580 L0-3L'8 9L0°L £ZN
10-36'9 Z¥60 10-3¥'g 0460 10-3H'T zoL'L ZeN
10-32') 168'0 10-30°L 0Z8°0 Lo-38's 180°L LeW
10-35°2 8680 10-3i°L 858°0 10-39'6 00t 0ZW
= LS¥'L 10-31T 99z 1 Z0-3re ozv'l 6LN
20-36'F 1920 10-30°¢ 1580 10-39°S 19074 8LIN
10-38'6 #00'L 00+30'1 100t Z0-38'8 8521 LW
10-32°9 1§60 10-36C 088°0 10-31° eV 9LW
L0-3L'L 968°0 20-39'/ 2980 10-30°2 9z0'L SLIN
20-3L7 005} Z0-37'L 90¢e’t Z0-3T'} ZEL vIN
Z0-3¢'L 1810 10-32°L © €180 40-32°'9 5€0°'L SLN
Lo-3€°¢ 8690 10-aP'L £96°0 10-36C AN LN
L0-35 £06°0 1030 880 10-30°6 0l0'L LW
20-39°2 9680 L0-3E°Z ¥26°0 L0-31°L 1850 OLW
10361 16E} 10-3¥°C Tzl 20-36°¢ vOv' | GO
20-3r's 5920 10-39C ¥80 10-32'9 €501 SOW
1L0-3%°9 1760 10-39'8 0.6°0 10-39°'2 LI} 20W
L0-3L°E 8680 10-36'L 158°0 10-38°'9 0L SOW
20368 €980 1039’4 88D 10-3¢'8 ¥86°0 SOW
10-36°€ 688°0 10-30v £89°0 10-37'8 €20l YOW
LO-30'¢ AN 10-38°G ¥50'L 2035y 8Ll £OW
10-36°1 6280 10-3T°€ €060 10-36°¢ z80'L ZOW
IO/ 000°} i0/AIT# 000'1 IO/AIQ# 000°} LOW
}sen oney 158 oney T opey 2poD aNOqRIBIN
(e ‘B0t ‘SA +0/ [e "6v-0v "SA 69-09 91BN '6-0F SA 65-05

Sa3® JI9JIP JO SI[EW UIMIq [QIA 03 sopey prdijoydsoyy sure|oueys JO SONeA 159)- ], PUE oney * LT 9IqeL [68200]

83




6.4E-01 CN to 50-59 1.07 4.8E-01 SDAT to 50-59 0.70
4. 7TE-07 70-95 to 60-69 1.26 6.9E-02 CN to 60-69 1.42
3.8E-04 SDAT to 70-95 0.74 1. 3E-04 SDAT to CN 0. 65

7.6E-11 ADAS 5-19 to CN 0.74 3.06.04 ALMsS 20-39 to CN

8le'e

8yZ 0 082°¢ 6520 S66'Z 1810 ¥oL0 9822 L1z0 5052 gZN
1200 ¥i80 ¥50°0 1890 6¢00 z88'0- 800 €80 vZL'0 G560 VZW
¥10'0 ovL'0 800°0 Y eAX) 9000 VO ¥10'0 2020 400 8610 £ZN
€890 £26'9 par'o £92'9 0sy'0 5298 0620 A ZE6'0 1.6'8 ZZN
8510 56l 5010 17K 2600 155 810 85T Lo $89'Z 12N
8E0°0 595°0 6200 250 L20°0 2690 S¥0'0 2890 650°0 800 0ZW
1100 1180 1900 9lL'0 9500 V160 5800 Z06°0 SLL0 600'L 6LW
¥20°0 1610 Z10'0 00L'0 0100 SH20 z20'0 692°0 2200 Z8z0 gL
892°0 010¢e G120 £96'C 6020 186'€ LoFo 6bi'y 66¥'0 G680V LIW
9£1'0 96! 960°0 €8} 160°0. SrE'Z 19L'0 £8Y'Z £6£°0 68LT 9L
££0°0 8250 Y200 0950 6100 669'0 vE0'0 0ZL0 ¥H0'0 902°0 SLIY
€200 2i¥0 1200 ££°0 810D PLY0 ¥20'0 ) 1p0°0 6L5°0 b
0100 ¥01°0 5000 Z60°0 Y000 zzLo 2000 9g10 8000 6210 EhN
0040 b9g°L 980°0 ¥ES) £90°0 Z56°) Lo Pz 0510 6.6') ZIN
850°0 ove'0 100 £290 1£0'0 120'} 090°0 Z60°) 6510 0z L LW
2200 Zer'o 510'0 ¥Zy'0 0100 060 200 5660 1200 L6¥'D oL
G100 €90 TH0 6EL0 1100 1610 Zi50 v61 0 9t0'0 Y0z 0 60N
2000 500 $00°0 Ly0'0 £00'0 0200 £00°0 6800 8000 6200 SOW
Lb00 0Evo 6800 SEP0 0200 2850 9500 199°0 0600 8190 LON
LL0°0 €120 ZLo0 £61°0 0100 1920 610'0 1620 ¥0'0 g0 80N
9000 680°0 500°0 5900 £00°0 5010 9000 8110 600°0 ZLL'0 SON
0200 1220 0100 ¥81°0 100 XZ40) 2100 €920 9e0°0 6120 YON
8v0'0 8680 v£0'0 081°0 080’0 9260 £r0'0 1160 680°0 LE6Q E0WN
€200 5GP 0 8100 09¥'0 0200 1SS0 8200 1650 1800 vivO ZON
0000 000’} 000°0 000’4 000°0 000’ L 0000 000°L 0000 000'% LOW
W3as uespy W3s uesiy W3as ugepy W3s ueap W3s uesyy | apoD eljogeis|y
9lelidg +02L RO 8BV | elewdd"60-00 O 9Dy | oIelwed '66-05 0 8By | e[eules ‘6y-0F #0 o0V | BIeWad 66-08 WO aby
SSfewa] Ut QN 03 soney prdijoydsoyq ourwejoueyyg uo a8V Jo 19954 8T JIqeL [o6z00]

84



*rati o and

0.55 4. 7E-03

0.66 1.3E-07 ADAS 40-70 to CN 0.53 3.9E-11 ADAS 20-39
to ADAS 5-19 0.90 1.6E-01 ADAS 40-70 to ADAS 5-19 0.72

3.4E-04 ADAS 40-70 to ADAS 20-39 0.80 1.0E-02

Post - Mort em SDAT to Control *

Use of

CLAI MS: 1.

p-val ue of EttiPls 16:0/22:6 al one.

1-al kyl,
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the sn-1 position has

and the sn-2 and sn-3 positions

a therapeutically effective anount of a conpound

sel ected fromthe group consisting of:

2-acyl -glycerol;
di acyl

sn-3 is DHA,

1-al kyl ,
1-al kyl ,

2-acyl - G3P;
2-acyl - GPE;

gl ycer ol

wherein sn-1

di acyl gl ycerol

bond,
1- al kyl

et her
bonds;
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3. The use of claim2, wherein the side chains include
a saturated or unsaturated fatty acid of the follow ng
type: 16:0, 18:0, 18:1, 18:2, 18:3 as al kyls at the
sn-1 position, or 16:0, 18:0, 18:1, 18:2, 18:3, 20:4,
20:5, 20:6, 22:4, 22:5, 22:6, 24:4, 24:5, 24:6 as
acyls at the sn-2 position. 4. The use of claim 2,
wherein the 1-al kyl, 2-acyl-glycerol is:
ocH2(CH2) 14cH3 o
47100629102, 1 .
an S ocodacs % PAMEVIENGINRIAL il e R, Mz
of v SBtt%BWEIt 16D 8:0(Vd rseirary MOeﬂ)maies ang fexhelesmmhned
agent selected fromthe group consisting of: 1-alkyl,
2-acyl -@&3P; 1-al kyl, 2-acyl-glycerol; 1-alkyl,
2- acyIGPE 1-al kyl, diacyl glycerol wherein sn-11is

5 st | he sn-1 position has
B0-6Y lo ) 100751 P and sn-3 positions
ogswboagnds 1- alkylggy q gl ycerol wherein sn-1
OBL950-8n-2 IS 18: 1, |stur34is8-03B: 1, the sn-1 position
hasjsaaT aldmds et her bond,o.arnd.7elel sn-2 and sn-3
posj7e-Ldtasoieave acyl bordis2e [BrRE@R)y! gl ycerol wherein
sn-|CNitg6QEB 0, sn-2 is [PHA2 |88ER4] s DHA, and the snl,
sn-20aNt 7953 posi ti ond dvavie.38@¢] bonds; triacyl
gl ViIEBABlo Ghherei n sn-1 i|N8BG7GE-18h2 is 181, sn-3 is
18: |ADABE-18heCNsn- 1, sn- 4 GaMdd 39B-08] posi ti ons have acyl
'bon@BAS 2038 Il naceut | 186y 18ES@bt abl e sal ts t hereof;
APAS40rEaCACt ur e of 1P.53H3i%Edfbnt f or treating
se ﬁDéSa%ﬁ%fﬁﬂPéséfwt he {A%¥H4iE| s Type (SDAT) in a
sujpl g @ &' t h Sﬁﬁﬁ3éﬁﬂ“jecrea5ed | evel s of

on 49 bgen. 6. The use of
pytifortemp SPAT 12 Gogtrol’y qr A4<EQBl SDAT i s deternined

c

usi ﬁﬁ“’é”dﬁé’ﬁlf“?ﬂ@WﬁEﬂ%lG@HPe test, and the risk of SDAT
is determ ned using the subject's age. 7. The use of
claim6, wherein the neuropsychol ogical test is the
M ni -Mental State Exam nation (MVSE) or the

Al zhei ner' s Di sease Assessnent Scal e cognitive subset
(ADASv-cog). 8. The use of any one of clains 5 to 7,
wherein the decreased | evels of one or nore

et hanol am ne pl asmal ogen-is determ ned using nass
spectronmetry. 9. The use of any one of clains 5 to 8,
wherein the decreased | evels of one or nore

et hanol am ne pl asnmal ogen is determned froma bl ood
sanple fromsaid subject. 10. The use of any one of
clains 5 to 9, wherein the one or nore ethanol am ne
pl asmal ogen is selected fromthe group consisting of
Pl asmanyl 16:0/18:1; Plasmanyl 16:0/18:2; Plasmanyl
16: 0/ 20: 4; Pl asmanyl 16:0/22:4; Plasmanyl 16:0/22:6;
Pl asmanyl 18:0/18:1; Plasmanyl 18:0/18:2; Plasnanyl
18: 0/ 20: 4; Plasmanyl 18:0/22:4; Plasmanyl 18:0/22:6;
Pl asmenyl 16:0/18:1; Plasnenyl 16: 0/ 18: 2; Pl asnenyl
16: 0/ 20: 4; Pl asnenyl 16:0/22:4; Plasnenyl 16:0/22:6;
Pl asnenyl 18:0/18:1; Plasnmenyl 18:0/18:2; Plasnenyl
18: 0/ 20: 4; Pl asnmenyl 18:0/22:4; Plasnenyl 18:0/22:6;
and conbi nations thereof. 11. The use of any one of
clains 5 to 10, wherein .the ethanol am ne pl asnmal ogen
el evating therapeutic agent is a peroxisone
proliferation activating receptor (PPAR) agonist. 12.
The use of any one of clainms 5 to 11, wherein the

et hanol am ne pl asmal ogen el evati ng therapeutic agent
is 1-al kyl, 2-acyl-G3P. 13. The use of any one of
clainms 5 to 11, wherein the ethanol am ne pl asnmal ogen
el evating therapeutic agentgis a 1-al kyl (0O-ether,

pl asmanyl ), 2-acyl-glycerol. 14. The use of any one of
claims 5 to 11, wherein the ethanol am ne pl asnmal ogen
el evating therapeutic agent is a 1-al kyl (0-vinyl

et her, plasnenyl), 2-acyl-glycerol. 15. The use of




17. The use of claim 13, wherein the sn-3 noiety of
the 1-al kyl (O-ether, plasmanyl), acyl-glycerol is
selected fromthe group consisting of OH, a fatty
aci d, phosphate, phosphoet hanol anm ne, and derivatives
t hereof 18. The use of claim 14, wherein the sn-1
noi ety of the 1-al kyl (0-vinyl ether, plasnenyl),
€1a9¥s:9l ycerol is selected fromthe group consisting
%‘cetyl stearoyl, and ol eyl alcohol. 19. The use of
cIa|n114, wherein the sn 2 nDiety of the 1- aIkyI

Leiberta FraRbuidlg e e mmfulioly St selefi from ghe sroup

a feahditidCodfd. 1240yl Tilﬁcﬂﬁi%f@fl -glkcsu, méb‘ﬂrl-ﬁlyﬂ%ﬁl nalicke 2 acyl—GPE

sn-3 noi ety of the 1-a I kyl (O-vinyl et pl asmen

2 dealkylgHiper gycarel \gbq:rémt sl iy bt He2 dy Bﬂsﬁ (ﬁ@r?slssmylﬁg the sn-1
oAt pAE I RSB P URE BT NIOR AR D6t boncs 1

C| alkyg dhadyd glycerolhehi@tin $he ietlided)Gnalriinegil ansdalsogrm, the sn-1

el evating therapeutic agent is oc H2(cH2)14¢cH3 --COH
(4 Poyigion 8125 qn 3Q(y§_e pr porid, and the sn-2 and sn-3 positions have acyl bonds;

82)1%%?& g%gtgﬁ GHERXY da-37 4;31'512 Ogﬁl@ ﬁsoﬁ %n33]15 %ﬁ-ﬁgsﬁld‘lthz stk 1, sn-2

, exaenoat e an et 1 am ne
pl asd&hdgmsztairs\mwb ragylt lbmﬁapmabylcglagmrnl whereint frel is 16:0, sn-2 is

rra fa,llcstg A ?Eé ﬂﬂlrzfﬂt%ﬁca ntén‘f'fz%}@t %é%t i ng. seg{a&gtﬁcgcponds; and
?)gmut‘maﬂ a%%?ab?@ chideRéress %{' th€ Yr?a!nﬁfl:?@fur@ Bfa Medicament for

et hanol am ne "pl asmal ogen, wherei n
et Heatihgsanie dphnastirmdiche Aldicaver s Rypet ("X eeut i ¢ agent
is OCH2(CH2) 14CF13 ale --OH (42,7Z,1 Oz,1 37,1 67,1
97) - 1- (hexadecyl oxy) - 3- hydr oxypr opan- 2-y1l docosa-4,7,1
9, Thelis® of8ahte X aRRG8IEhSSompound is a 1-alkyl, 2-acyl-glycerol.

3. The use of claim 2, wherein the side chains include a saturated or unsaturated fatty
acid of the following type: 16:0, 18:0, 18:1, 18:2, 18:3 as alkyls at the sn-1 position,
or 16:0, 18:0, 18:1, 18:2, 18:3, 20:4, 20:5, 20:6, 22:4, 22:5, 22:6, 24:4, 24:5, 24:6 as

acyls at the sn-2 position.

4, The use of claim 2, wherein the 1-alkyl, 2-acyl-glycerol is:

OCH3(CH2}14CH3
0o O

OH

(4Z2,7Z,10Z 132 16Z,192)1-{ hexadecyloxy)-3-hydroxypropan-2-yl docosa-4,7,10,13,16,19-hexaencate

5a

87



5.

10.

Use of an ethanolamine plasmalogen elevating therapeutic agent selected from the
group consisting of: 1-alkyl, 2-acyl-G3P; 1-alkyl, 2-acyl-glycerol; 1-alkyl, 2-acyl-
GPE; 1-alkyl, diacyl glycerol wherein sn-1 is 16:0, sn-2 is DHA, sn-3 is DHA, the
sn-1 position has an alkyl ether bond, and the sn-2 and sn-3 positions have acyl
bonds; 1-atkyl diacyl glycerol wherein sn-1 is 16:0, sn-2 is 18:1, sn-3 is 18:1, the
sn-1 position has an alkyl ether bond, and the sn-2 and sn-3 positions have acyl
bonds; triacyl glycerol wherein sn-1 is 16:0, sn-2 is DHA, sn-3 is DHA, and the sn-
1, sn-2 and sn-3 positions have acyl bonds; triacyl glycerol wherein sn-1 is 16:0, sn-
2 is 18:1, sn-3 is 18:1 and the sn-1, sn-2 and sn-3 positions have acyl bonds; and
pharmaceutically acceptable salts thereof, for the manufacture of a medicament for
treating senile dementia of the Alzheimer’s Type (SDAT) in a subject diagnosed

with SDAT and decreased levels of one or more ethanolamine plasmalogen.

The use of claim 5, whercin the presence of SDAT is determined using a
neuropsychological test, and the risk of SDAT is determined using the subject’s

age.

The use of claim 6, wherein the neuropsychological test is the Mini-Mental State
Examination (MMSE) or the Alzheimer's Disease Assessment Scale cognitive

subset (ADASv-cog).

The use of any one of claims 5 to 7, wherein the decreased levels of one or more

ethanolamine plasmalogen is determined using mass spectrometry.

The use of any one of claims 5 to 8, wherein the decreased levels of one or more

ethanolamine plasmalogen is determined from a blood sample from said subject.

The use of any one of claims 5 to 9, wherein the one or more ethanolamine
plasmalogen is selected from the group consisting of Plasmanyl 16:0/18:1;
Plasmanyl 16:0/18:2; Plasmanyl 16:0/20:4; Plasmanyl 16:0/22:4; Plasmanyl
16:0/22:6; Plasmanyl 18:0/18:1; Plasmanyl 18:0/18:2; Plasmanyl 18:0/20:4;
Plasmanyl 18:0/22:4; Plasmany!l 18:0/22:6; Plasmenyl 16:0/18:1; Plasmenyl
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- 16:0/18:2; Plasmenyl 16:0/20:4; Plasmenyl 16:0/22:4; Plasmenyl 16:0/22:6;

11.

12.

13.

14.

15.

16.

17.

18.

Plasmenyl 18:0/18:1; Plasmenyl 18:0/18:2; Plasmenyl 18:0/20:4; Plasmenyl
18:0/22:4; Plasmenyl 18:0/22:6; and combinations thereof.

The use of any one of claims 5 to 10, wherein the ethanolamine plasmalogen
elevating therapeutic agent is a peroxisome proliferation activating receptor (PPAR)

agonist.

The usc of any one of claims 5 to 11, wherein the ethanolamine plasmalogen

elevating therapeutic agent is 1-alkyl, 2-acyl-G3P.

The use of any one of claims 5 to 11, wherein the ethanolamine plasmalogen

elevating therapeutic agent is a 1-alkyl {O-ether, plasmanyl), 2-acyl-glycerol.

The use of any one of claims 5 to 11, wherein the ethanolamine plasmalogen

elevating therapeutic agent is a 1-alkyl {O-vinyl ether, plasmenyl), 2-acyl-glycerol.

The use of claim 13, wherein the sn-1 moiety of the 1-alkyl (O-ether, plasmanyl), 2-
acyl-glycerol is selected from the group consisting of cetyl, stearoyl, and oleyl

alcohol.

The use of claim 13, wherein the sn-2 moiety of the 1-alkyl (O-ether, plasmanyl), 2-
acyl-glycerol is selected from the group consisting of OH, acetyl, and a fatty acid.

The use of claim 13, wherein the sn-3 moiety of the 1-alkyl (O-ether, plasmanyl), 2-
acyl-glycerol is selected from the group consisting of OH, a fatty acid, phosphate,

phosphoethanolamine, and derivatives thereof.
The use of claim 14, wherein the sn-1 moiety of the l-alkyl (O-vinyl ecther,

plasmenyl), 2-acyl-glycerol is selected from the group consisting of cetyl, stearoyl,
and oleyl alcohol.
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19. The use of claim 14, wherein the sn-2 moiety of the l-alkyl (O-vinyl ether,
plasmenyl), 2-acyl-glycerol is selected from the group consisting of OH, acetyl, and
a fatty acid.

20. The use of claim 14, wherein the sn-3 moiety of the 1-alkyl (O-vinyl ether,
plasmenyl), 2-acyl-glycerol is selected from the group consisting of OH, a fatty

acid, phosphate, phosphoethanolamine, and derivatives thereof.

21. The use of any one of claims 5 to 11, wherein the ethanolamine plasmalogen

elevating therapeutic agent is

OCHz(CHz2)14CH3
s} (0]

OH
= == =

(42,772,102 132,162,192} 1< hexadecyloxy)-3-hydroxypropan-2-yl docosa-4,7,10,13,16,19-hexaenoate

Sa

22.Use of an ethanolamine plasmalogen elevating therapeutic agent for the
manufacture of a medicament for treating senile dementia of the Alzheimer’s Type
(SDAT) in a subject diagnosed with SDAT and decreased levels of one or more
ethanolamine plasmalogen, wherein the ethanolamine plasmalogen -elevating

therapeutic agent is

OCH(CH2)14CH3
o O

CH

(42,7Z2,10Z 13Z 162,192} 1{hexadecyloxy)-3-hydroxypropan-2-yt docosa-4,7,10,13,16,19-hexaenoate

Sa
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