(12) PATENT (11) Application No. AU 199852442 B2
(19) AUSTRALIAN PATENT OFFICE (10) Patent No. 719290

(54)

(51)

(21)
(87)

(30)
(31)

(43)
(43)
(44)

(71)
(72)

(74)

(56)

Title
Method for treating Alzheimer’s disease

International Patent Classification(s)

A61K 038/00 A61K 031/58
AO01N 033/10 A61K 031/71
A61K 031/505 A61K 038/04
A61K 031/55 A61K 038/06
Application No: 199852442 (22)  Application Date: 1997.11.04

WIPO No: WO98/19690

Priority Data

Number (32) Date (33) Country
60/030642 1996.11.06 uUs
Publication Date : 1998.05.29

Publication Journal Date : 1998.07.23
Accepted Journal Date :  2000.05.04

Applicant(s)
Bristol-Myers Squibb Company

Inventor(s)
Anthony David Smith; Kim Anthony Jobst

Agent/Attorney
PHILLIPS ORMONDE and FITZPATRICK,367 Collins Street, MELBOURNE VIC
3000

Related Art
EP 595005




oo onte svsaren pervamat pcrsusesacter |IVINANIAENMAIORL OO
_.{ ACJP DATE 23/07/98 PCT NUMBER PCT/US97/20021
- ' AU9852442
- o _T)
(51) International Patent Classification 6 : (11) International Publication Number: WO 98/19690
A61K 38/00, 38/06, 38/04, 31/505, 31/55, | Al . L _
31/71, 31/58, AOIN 33/10 (43) International Publication Date: 14 May 1998 (14.05.98)
(21) International Application Number: PCT/US97/20021 | (81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY,
. CA, CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU,
(22) International Filing Date: 4 November 1997 (04.11.97) IL, IS, JP, KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU,
LV, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO,
RU, SD, SE, SG, SI, SK, TJ, TM, TR, TT, UA, UG, UZ,
(30) Priority Data: VN, ARIPO patent (GH, KE, LS, MW, SD, SZ, UG, ZW),
60/030,642 - 6 November 1996 (06.11.96) us Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

European patent (AT, BE, CH, DE, DK, ES, FI, FR, GB,

GR, [E, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ,

(71) Applicant: BRISTOL-MYERS SQUIBB COMPANY CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, TG).
[US/US]; P.O. Box 4000, Princeton, NJ 08543—-4000 (US).

(72) Inventors: SMITH, Anthony, David; 27 Abberbury Road, | Published
Iffley, Oxford OX4 4ET (GB). JOBST, Kim, Anthony; 1 With international search report.
Spence Street, Maryhill Park, Glasgow G20 0AW (GB).

(74) Agents: RODNEY, Burton et al.; Bristol-Myers Squibb Com-
pany, P.O. Box 4000, Princeton, NJ 08543-4000 (US).
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(57) Abstract

A method is provided for treating occlusive vascular disease or Alzheimer’s disease, wherein the patient has at least moderately
elevated blood levels of homocysteine and at least moderately reduced blood levels of folate and vitamin Bz, wherein the patient is treated
with folic acid, a folate or a derivative thereof, and optionally vitamin Bj2, and optionally an organic nitrate such as isosorbide mononitrate
or dinitrate, or an ACE inhibitor or an angiotensin II antagonist, or a NEP/ACE inhibitor or a combination of two or more of the above.
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METHOD FOR TREATING ALZHEIMER'S DISEASE

Field of the Invention
The present invention relates to a method for
inhibiting or preventing microvascular events leading to
ischemia and/or neurodegeneration, such as in occlusive
vascular disease, or in Alzheimer's disease, wherein the
patient has at least moderately elevated blood levels of

homocysteine and at least moderately reduced blood levels
of folate and vitamin Bjj.

Background of the Invention
Alzheimer's disease (AD) may be triggered by a
series of microvascular ischemic events in the brain,

notably in the medial temporal lobe. These events lead to

localized hypoxia and perhaps hypoglycemia which in turn

lead to the formation of neurofibrillary tangles in
vulnerable neurons of the hippocampal formation. The
deposition of these tangles leads eventually to death of
the neurons and thus the loss of synaptic connections
between neurons within the medial temporal lobe and between
neurons of the medial temporal lobe and neurons in the
neocortex. "It is the loss of these neuronal connections
that leads to the symptoms of AD.

- The above is supported by the following.

In addition to the well-known amyloid angiopathy,
small blood vessels in the brain in AD show several
abnormalities that could lead to a decrease in blood flow,
notably a reduced density, reduced diameter, a disorganized
angioarchitecture ((l1) de la Torre and Mussivand, 1993; (2)
Kalaria, 1992), and a loss of endothelium ((3) Kalaria and
Hedera, 1995), which are particularly prominent in the
hippocampus ((4) Fischer et al, 1990). 7

It is notable that the microvascular abnormalities
found in the hippocampus in AD are especially prominent in
area CAl ((5) Buee et al, 1994), since the same area of the

hippocampus .is especially vulnerable to hypoxia ((6)
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Schmidt-Kastner and Freund, 1991) and is the part of the
hippocampus that shows the greatest density of
neurofibrillary tangles ((7) Ball et al, 1985), and the
greatest cell loss ((8) West et al, 1994) in AD.

It is believed that one of the causes of the
microvascular events leading to ischemia in the medial
temporal lobe is a moderate deficiency in folate and
vitamin Bjz which, in turn, lead to an elevation of plasma
total homocysteine levels. It is the toxic effect of
homocysteine on the blood vessels that initiates the
pathological cascade process leading to changes in the
microvasculature.

Thus, the microvascular abnormalities found in AD
could be brought about by chronic exposure to elevated
levels of plasma homocysteine, which causes disorganization
of the elastic lamina ((9) Rolland et al, 1995) and damage
to the endothelium ((10) McCully, 1996; (l1ll1) Rose and
Tudball, 1996; (12) Stamler and Slivka, 1996) in arterioles
in the periphery. Small blood vessels in the brain are
likely to be particularly sensitive to the toxic effect of
homocysteine on the elastic fibers since cerebral vessels
only have a single elastic lamina. A correlation has been
found between elevated homocysteine and the risk of
cerebrovascular disease such as arteriosclerotic
cerebrovascular disease and stroke ((133 Brattstrom et al,
1984; (14) Brattstrom et al, 1992).

It has now been found that patients with
histopathologically-confirmed Alzheimer's disease have
elevated levels of serum total homocysteine. It has also
been found that the raised serum level of homocysteine in
Alzheimer patients is assoc¢iated with reduced serum levels
of two vitamins, folate and vitamin“Blz, that are required
as co-factors in the conversion of homocysteine to
methionine. It\appears that the elevated homocysteine is
due to a deficiency in the dietary intake or in the
bioavailability of folic acid and vitamin Bjj.
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Ubbink et al, 1994).

losartan, irbesartan, valsartan,
and eprosartan, are known for their use as vasodilating

cardiovascular agents in treating high blood pressure and

_,3;

It is also known that blood levels of homocysteiﬁe

may be lowered by treatment with high doses of folate ((15)
Boushey et al, 1995, (16) Stampfer and Rimm, 1996; (17)

Angiotensin-convertihg enzyme (ACE) inhibitors, such

as captopril, fosinopril, enalapril, ceronapril, lisinopril

and the like, and angiotensin II antagonists ‘'such as

candesartan, tasosartan

congestive heart failure.

Nitrates such as isosorbide dinitrate, isosorbide

mononitrate and nitroglycerin are known for their coronary
and peripheral vasodilating effect in the prevention and

treatment of angina pectoris. They have been shown in

- clinical studies to limit infarct size.

" The above discussion of documents, acts, materials, devices, articles

and the like is included in this specification solely for the purpose of providing a

context for the bresent invention. It is not suggested or represented that any or
all of these matters formed part of the prior art base or were common general
knowledge in the field relevant to the present invention as it existed in Australia

before the priority date of each claim of this application.

Description of the Invention

In accordance with the present invention, a method
is provided for inhibiting microvascular events leading to
ischemia and/or neurodegeneration, as in occlusi&e_vascular
disease, both cerebral and peripheral, or in Alzheimer's
disease, wherein the patient has at least moderately
elevated blood levels of homocysteine and at least
moderately reduced bloqd levels of folate and vitamin Bjj.
The method of the invention includes the step 6f ‘
administering to such patient a therapeutically effective
amount of a drug which causes a reduction in blood levels
of homocysteine (an established risk factor for wvascular

W:\SPECI\52442-88 SPE Jan00.doc
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disease (15) Boushey et al, 1995), and/or modifies the
toxic effects of homocysteine on the vasculature or on
nerve cells in the brain, to inhibit progression of

° Alzheimer's disease. .
In treating Alzheimer's ‘disease, it is preferred
that the drug administered to lower the blood level of
homocysteine is folic acid or a folate-or a derivative
thereof (aé,dgﬁ}ned hereinafter) or a combination of two or
10 ' ' o
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more thereof alone, or optionally with vitamin By (in
order to avoid the risk of neuropathy, (18) Savage and
Lindenbaum, 1995). However, any drug which lowers the
blood level of homocystéine may be employed such as betaine
or vitamin Bg or a combination thereof of with any of the
above drugs used to lower serum homocysteine, optionally
with vitamin Bj;.

Furthermore, in treating Alzheimer's disease,
modifying the effects of homocysteine on the vasculature or
nerve cells in the.brain can be achieved in two ways.
First, by administration of nitric oxide donors ((12)
Stamler and Slivka, 1996), such as organic nitrates (e.g.
isosorbide mono- or dinitrate) since it appears that
natural detoxification of homocysteine is achieved by
nitric oxide generated in the endothelium ((19) Stamler et
al, 1993). Second, by administration of ACE-inhibitors,
angitensin II-antagonisté or NEP/ACE inhibitors. ACE
inhibitors which have been shown to reduce . the damage to
the endothelium and to the elastic laminae in arterioles
caused by homocysteine ((20) Charpiot et al, 1993; (9)
Rolland et al, 1995). Although the exact mechanisms by
which ACE-inhibitors reduce the toxic effects of
homocysteine are not known, it is theorized that they may,
in part, involve nitric oxide. ACE-inhibitors have two
actions that increase local nitric oxide formation by the
microvascular endothelium. 1) ACE-inhibitors potentiate
the response of the endothelium to agonists that increase
the release of endothelium-derived relaxing factors, such
as nitric oxid; (U.S. Patent 5,212,165, Aberg and Ondetti,
1989; (21) Rizzoni et al, 1995). 2) ACE-inhibitors
increase the local levels of kinins, such as bradykinin,
which are stimulants of nitric oxide formation by the
endothelium ((22) Hartman, 1995; (23) Linz et al, 1995).

It is preferred that in treating Alzheimer's
disease, the drug administered to counteract or modify the
toxic effects of homocysteine on the vasculature or on

nerve cells in the brain is a nitric oxide donor, or an ACE

- 4 -
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inhibitor or an angiotensin II antagonist or NEP/ACEA
inhibitor or a combination of two or more of the above or a
combination of one or more of the above with folic acid,
folate or a derivative thereof, betaine or vitamin Bg, (or
a combination of two or more thereof) alone or in
combination with vitamin Bijj.

In treating occlusive vascular disease, it is
preferred that (1) the drug administered to lower the blood
level of homocysteine is folic acid or a folate or a
derivative thereof or betaine or vitamin Bg or a
combination of two or more thereof, alone, or optionally
with vitamin B3z, and (2) the drug administered to modify
the effects of homocysteine on the vasculature or on nerve
cells in the brain is folic acid or a folate or a
derivative thereof, betaine or vitamin Bg or a combination
of two or more thereof, alone, or in combination with
vitamin By and/or in combination with a nitric oxide
donor, ACE ‘inhibitor, or an angiotensin II antagonist or a
NEP/ACE inhibitor or a combination of two or‘more of the

above.

Brief Reference to Figures

Figure 1 depicts cumulative frequency distribution
plots of serum folate concentrations for confirmed
Alzheimer patients, patients with unconfirmed Alzheimer's
disease (dementia of Alzheimer type, DAT) and Controls and
shows a shift in the distribution of folate concentrations
in Alzheimer cases to lower values compared with controls;
and

Figure 2 depicts cumulative frequency distribution
plots of éerum homocysteine for confirmed Alzheimer
patients, patients with unconfirmed Alzheimer's disease
(DAT) and Controls and shows a shift in the distribution of

hqmocysteine to higher values compared with controls.
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Detailed Deécription of the Invention

5 Throughout the description and claims of this specification, the word
} “comprise” and variations of the word, such as “comprising” and “comprises”, is

not intended to exclude other additives, components, integers or steps.

The phrase "at least moderately elevated blood
levels of homocysteine" refers to a serum homocysteine
10 level in the upper tertile for controls of the same age or
at least about 15% higher than the homocysteine blood
" levels of controls of the same age.

The phrase "at least moderately reduced blood levels
of folate" refers to a serum folate level in the-lower
tertile for controls of the same age or at least about 15%

15 lower than folate blood levels of controls of the same age.

The phrase "at least moderately reduced blood levels

of vitamin Bj3" refers to a serum vitamin Bj; level in the

lower tertile for controls of the same age or at least

P ~about 15% lower than vitamin Bj;;-blood levels of controls
153 20 'of the same age. _
":.. i The term "occlusive vascular disease" encompasses
2::. stroke, TIA, intermittent claudication, vascular dementia,
? 25 multi-infarct dementia, senile onset dementias, presenile
5.{.: dementias or Binswanger's disease.
kN » In accordance with the present invention, the blood
2::} 25 levels of homocysteine can be lowered or the toxic effect
:::E . of homocysteine can be modified through administration of a
Q-JE therapeutically effective amount of folic acid |
:"‘3 (pteroylmonoglutamate) or one or more. folylpolyglutamates
e . as well as compoﬁnds in which the pyrazitie ring of the

pterin moiety of folic acid or of the folylpolyglutamates
30 is reduced to give dihydrofolates or tetrahydrofolates, as
well as derivatives of all the preceding compounds in which
the N-5 or N-10 positions carry one carbon units at various
levels of oxidation. Thus, examples of com-pounds suitable
for use herein to lower blood levels of homocysteine, or
treat the toxic effects of homocysteine, include, but are

not limited to

R
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dihydrofolate, tetrahydrofolate,

S5-methyltetrahydrofolate,

5,10-methylenetetrahydrofolate,—

5,10-methenyltetrahydrofolate;
5,10-formiminotetrahydrofolate,
5-formyltetrahydrofolate (leucovorin), and
10-formyltetrahydrofolate.

Preferred is folic acid.

The angiotensin converting enzyme inhibitor which
may be employed herein to modify the toxic effects of
homocysteine includes those containing a mercapto (-S-)
moiety such as substituted proline derivatives, such as any
of those disclosed in U.S. Patent No. 4,046,889 to Ondetti
et al mentioned above, with captopril, that is, 1-[(2S)-3-
mercapto-2-methylpropionyl]-L-proline, being preferred, and
mercaptoacyl derivatives of substituted prolines such as
any of those disclosed in U.S. Patent No. 4,316,906 with
zofenopril being preferred.

Other examples of mercapto containing ACE inhibitors
that may be employed herein include rentiapril (fentiapril,
Santen) disclosed in Clin. Exp. Pharmacol. Physiol. 10:131
(1983); as well as pivopril, that is

P

CH,) 3— CO—S— CH,— CH— CO— and YS980, that is

CH;

HS-CH,—CH—CO—N~ s

CO,H

Other examples of angiotensin converting enzyme
inhibitors which may be employed herein include any of
those disclosed in U.S. Patent No. 4,374,829 mentioned

-7 -
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above, with N-(l-ethoxycarbonyl-3-phenylpropyl)-L-alanyl-L-
proline, that is, enalapril, being preferred, any of the
phosphonate substituted amino or imino acids or salts
disclosed in U.S. Patent No. 4,452,790 with (S)-1-[6-amino-
2-[ [hydroxy- (4-phenylbutyl) -phosphinyl]oxy]-1-oxohexyl]-L-
proline or (ceronapril) being preferred, phosphinylalkanoyl
prolines disclosed in U.S. Patent No. 4,168,267 mentioned
above with fosinopril being preferred, any of the
phosphinylalkanoyl substituted prolines disclosed in U.S.
Patent No. 4,337,201, and the phosphonamidates disclosed in
U.S. Patent No. 4,432,971 discussed above.

Other examples of ACE inhibitors that may be
employed herein include Beecham's BRL 36,378 as disclosed
in European Patent Nos. 80822 and 60668; Chugai's MC-838
disclosed in CA. 102:72588v and Jap. J. Pharmacol. 40:373
(1986); Ciba-Geigy's CGS 14824 (3- ([1-ethoxycarbonyl-3-
phenyl- (1S) -propyl]amino)-2,3,4,5-tetrahydro-2-oxo-1-(38) -
benzazepine-1 acetic acid HCl) disclosed in_U,K. Patent No.
2103614 and CGS 16,617 (3(S)-[[(1S)-5-amino-1-
carboxypentyl]amino]-2,3,4,5-tetrahydro-2-oxo-1H-1-
benzazepine-l-ethanoic acid) disclosed in U.S. Patent No.
4,473,575; cetapril (alacepril, Dainippon) disclosed in
Eur. Theraﬁ. Res. 39:671 (1986); 40:543 (1986); ramipril
(Hoechst) disclosed in Eur. Patent No. 79-022 and Curr.
Ther. Res. 40:74 (1986); Ru 44570 (Hoechst) disclosed in
Arzneimittelforschung 35:1254 (1985), cilazapril (Hoffman-
LaRoche) disclosed in J. Cardiovasc. Pharmacol. 9:39
(1987); Ro 31-2201 (Hoffman-LaRoche) disclosed in FEBS
Lett. 165:201 (1984); lisinopril (Merck), indalapril
(delapril) disclosed in U.S. Patent No. 4,385,051;
indolapril ‘(Schering) disclosed in J. Cardiovasc.
Pharmacol. 5:643, 655 (1983), spirapril (Schering) =~
disclosed in Acta. Pharmacol. Toxicol. 59 (Supp.VS):l73
(1986) ; perindopril (Servier) disclosed in Eur. J. Clin.
Pharmacol. 31:519 (1987); quinapril (Warner-Lambert)
disclosed in U.S. Patent No. 4,344,949 and CI 925 (Warner-
Lambert) ([3S-[2[R(*)R(*)]]3R(*)]-2-[2-[[1-(ethoxy-

- 8 -
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carbonyl) -3-phenylpropyl]amino [-1-oxopropyl]-1,2,3,4-
tetrahydro-6, 7-dimethoxy-3-isoquinolinecarboxylic acid HC1)
disclosed in Pharmacologist 26:243, 266 (1984), Wy-44221
(Wyeth) disclosed in J. Med. Chem. 26:394 (1983).

Preferred ACE inhibitors are captopril, as well as
fosinopril, enalapril, lisinopril, quinapril, benazepril,
fentiapril, ramipril, and moexipril.

NEP/ACE inhibitors may also be employed herein in
thét they possess neutral endopeptidase (NEP) inhibitory
activity and angiotensin converting enzyme (ACE) inhibitory
activity. Examples of NEP/ACE inhibitors suitable for use
herein include those disclosed in U.S. Patents Nos.
5,362,727, 5,366,973, 5,225,401, 4,722,810, 5,223,516,
4,749,688, U.S. application Serial No. 160,540, filed
December 1, 1993 (file HAS599b), U.S. Patent No. 5,504, 080,
U.S. application Serial No. 487,358, filed June 7, 1995
(file HA662b), U.S. Patent No. 5,525,723, European Patent
Application 0599,444, 0481,522, 0599,444, 0595,610,
European Patent Application 0534363A2, 534,396 and 534,492,
and European Patent Application 0629627A2.

Preferred are those NEP/ACE inhibitors which are
designated as preferred in the above patents/applications
which U.S. patents/applications are incorporated herein by
reference.

The angiotensin II receptor antaéonist (also
referred to herein as angiotensin II antagonist or AII
antagonist) suitable for use herein to modify the toxic
effects of homocysteine includes, but is not limited to,
irbesartan, losartan, valsartan, candesartan, tasosartan or
eprosartan, with irbesartan or losartan being preferred.

The nitric oxide donor employed to modify the toxic
effects of homoCysteine includes, bﬁt is not limited to,
organic nitrates such as isosorbide—S—mononitréte,
isosorbide diniﬁrate, nitroglycerin, with isosorbide-5-
mononitrate being preferred.

Preferred combinations of ACE inhibitor or AII

antagonist and nitrate are captopril or fosinopril, or

-9 -
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losartan or irbesartan in combination with isosorbide-5-
mononitrate and/or folic acid and/or vitamin Bjj.

The folic acid of folate will be employed in a
weight ratio to vitamin Bj; (where employed) of within the
range from about 0.1:1 to about 50:1 and preferably from
about 0.2:1 to about 25:1.

The nitrate (where employed) in combination with an
ACE inhibitor or AII antagonist, will be in a weight ratio
to ACE inhibitor or AII antagonist or NEP/ACE inhibitor of
within the range from about 0.1:1 to about 50:1, and
preferably from about 0.2:1 to about 20:1.

It will also be appreciated that the drugs or
compounds employed herein in accordance with the present
invention may be employed in conjunction or combination
with one or more known therapeutic agents for treating
Alzheimer's disease, such as, for example, but not limited
to cholinesterase inhibitors such as tacrine, muscarinic
receptor agonists, inhibitors of P-amyloid production,
and/or inhibitors of neurofibrillary tangle formation.

In carrying out the method of the present invention,
the various compounds to be administered in accordance with
the present invention, such as folic acid, folate or
derivative thereof, betaine or vitamin Bg, vitamin Bjj,
nitric oxide donor, ACE inhibitor or AII antagonist oxr
NEP/ACE inhibitor may be administered to humans -
incorporated in a conventional systemic dosage form, such
as a tablet, capsule, elixir or injectable. The above
dosage forms will also include the necessary carrier
material, excipient, lubricant, buffer, antibacterial,
bulking agent (such as mannitol), anti-oxidants (ascorbic
acid or sodium bisulfite) or the like. Oral dosage forms
are preferred for the above drugs including vitamins
although parenteral forms such as subcutaneous,
intramuscular, intraperitoneal, and intravenous are quite
satisfactory as well. '

The dose administered must be carefully adjusted

~according to age, weight and condition of the patient, as

- 10 -
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well as the route of administration, dosage form and
regimen and the desired result. .

In carrying out the method of the invention, the
folic acid or folate or-derivative, betaine or vitamin Bg
will be employed in daily oral doses within the range from
about 0.1 to about 100 mg, preferably from about 2 to about
10 mg, and vitamin Bj; will be employed in daily oral doses
within the range from about 0.001 mg to about 10 mg,
preferably from about 0.5 to about 2.5 mg.

For parentefal administration, the folic acid,
folate or derivative thereof, betaine or vitamin Bg will be
employed in an amount within the range from about 0.002
mg/kg to about 10 mg/kg, and preferably from about 0.01
mg/kg to about 3 mg/kg and the vitamin Bj; will be employed
in an amount withinvthe range from about 0.002 mg/kg to
about 5 mg/kg, and preferably from about 0.01 mg/kg to
about 3 mg/kg. V '

For oral administration, a satisfactory result may
be obtained empioying the ACE inhibitor or AII antagonist
or NEP/ACE inhibitor in an amount within the range of from
about 0.01 mg/kg to about 100 mg/kg, and preferably from
about 0.1 mg/kg to about 25 mg/kg. The nitric oxide donor
will be employed in an amount within the range of from
about 0.01 mg/kg to about 100 mg/kg and preferably from
about 0.1 mg/kg to about 25 mg/kg. ‘

The above drugs (including vitamins) may be employed
together in the same oral or parenteral dosage forms or in
separate oral and parenteral dosage forms taken at the same
time. B

A preferred oral dosage form, such as tablets or
capsules, will contain the ACE inhibitor or AII antagonist
in an amount within the range from about 0.1 to about 500
mg, preferably from about 5 to about 200 mg, and more
preferably from about 10 to about 150 mg; the nitric oxide
donor will bevpresent in an amount from about 1 to about
350 mg, preferably from about 2 to about 200 mg, and more
preferably from about 30 to about 150 mg.

- 11 -
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For parenteral administration, the ACE inhibitor,
angiotensin II antagonist or NEP/ACE inhibitor will be
employed in an amount within the range from about 0.005
mg/kg to about 10 mg/kg and preferably from about 0.01
mg/kg to about 1 mg/kg, and the nitric oxide donor in an
amount within the range from about 0.005 to about 20 mg/kg,
and preferably from about 0.01 to about 2 mg/kg.

’ Where a drug is to be administered intravenously, it
will be formulated in conventional vehicles, such as
distilled water, saline, Ringer's solution or other
conventional carriers.

It will be appreciated that preferred dosages of ACE

‘inhibitor, AII antagonist and organic nitrates will be as

set out in the latest edition of the Physician's Desk
Reference (PDR).

The compositions described above may be administered
in the dosage forms as described above in single or divided
doses of one to four times daily. It may be advisable to
start a patient on a low dose (combination) and work up
gradually tb a high dose (combination).

Tablets of various sizes can be prepared, e.g., of
about 10 to 1000 mg in total weight, containing one or more
of the active substances in the ranges described above,
with the remainder being a physiologically acceptable
carrier of other materials according to accepted
pharmaceutical practice. These tablets can, of course, be
scored to provide for fractional doses. Gelatin capsules
can be similarly formulated.

Liquid formulations can also be prepared by
dissolving or suspending one or the combination of active
substances in a conventional liquid vehicle accéptable for
pharmaceutical administration so as to provide the desired
dosage in one to four teaspoonsful.

Such dosage forms can be administered to the patient
6n a regimen of one to four doses per day.

According to another modification, in order to more

finely regulate the dosage schedule, the active substances

- 12 -
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may be administered separately in individual dosage units
at the same time or carefully coordinated times. Since
blood levels are built up and maintained by a regulated
schedule of administration, the same result is achieved by
the simultaneous presence of the two substances. The
respective substances can be individually formulated in
separate unit dosage forms in a manner similar to that
described above.

" Fixed combinations of folic acid, folate or
derivative thereof, betaine or vitamin Bg and vitamin Bij;
ACE inhibitor, or AII antagonist or organic nitrate, and
folic acid, folate of derivative thereof, betaine or
vitamin Bg and optionally vitamin Bjp; or nitrate and ACE
inhibitor or AII antagonist or NEP/ACE inhibitor are more
convenient and are preferred{ especially in tablet or
capsule form for oral administration. ‘

In formulating the compositions, the active
substances, in the amounts described above, are compounded
according to accepted pharmaceutical practice with a
physiologically acceptable vehicle, carrier, excipient,
binder, preservative, stabilizer, flavor, etc., in the
particular type of unit dosage fofm.

Illustrative of the adjuvants which may be
incorporated in tablets are the following: a binder such
as gum tragacanth, acacia, corn starch or gelatin; an
excipient such as dicalcium phosphate or cellulose; a
_gésintegrating agent such as corn starch, pbtato starch,
alginic ‘acid or the like; a lubricant such as stearic acid
or magnesium stearate; a sweetening agent such as sucrose,
lactose or saccharin; a flavoring agent such as orange,
peppermint, oil of wintergreen or cherry. When the dosage
unit form is a capsule, it may contain in addition to
materials of the above type a liquid carrier such as a
fatty oil. Various other materials may be present as
coatings or to otherwise modify the physical form of the
dosage unit. For instance, tablets or capsules may be

coated with shellac, sugar or both. A syrup of elixir may
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contain the active compound, water, alcohol or the like as
the carrier, glycerol as solubilizer, sucrose as sweetening
agent, methyl and propyl parabens as preservatives, a dye
and a flavoring such as cherry or orange.

Many of the active substances described above form
commonly known, pharmaceutically acceptable salts such as
alkali metal and other common basic salts or acid addition
salts, etc. References to the base substances are -
therefore intended to include those common salts known to

be substantially equivalent to the parent compound.
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The following Examples represent preferred
embodiments of the present invention.

Example 1

Folic acid tablets or capsules cohtaining 5 mg folic
acid (and prepared employing conventional pharmaceutical
techniques), and vitamin Bj;j; tablets (1 mg) may be
administered as a combination in accordance with the
teachings of the present invention to inhibit progression
of Alzheimer's disease. In addition, the folic acid and/or
vitamin Bj;; tablets may be ground up into powders and used
together in a single capsule. )

It will be appreciated that the folic acid tablets
or capsules may be replaced with tablets or capsules
containing folate or derivative thereof, betaine or vitamin
Bg .
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Example 2

ACE inhibitor tablets such as captopril, enalapril,
lisinopril, quinapril, or benzapril or a NEP/ACE inhibitor
as disclosed in U.S. Patent Applications Serial Nos.
160,540 or 487,358, or an AII antagonist such as losartan
or irbesartan may be employed alone or isosorbide-5-
mononitrate tablets (5 mg) or isosorbide dinitrate tablets
(10 mg) may be employed alone or the ACE inhibitor or AII
antagonist or NEP/ACE inhibitor may be employed in
combination with the organic nitrate or folic acid or
folate or derivative thereof or betaine or vitamin Bg (and
vitamin Bj3) for inhibiting progression of Alzheimer's

disease.

Example 3

The following experiments were carried out to
measure serum total homocysteine and serum folate and
vitamin Bj; in Alzheimer patients.
Backaround h

Alzheimer's disease is associated with rapid atrophy
of the medial temporal lobe, suggesting that an event in
the brain, possibly microvascular ischaemia, might trigger
the death of neurons. Hyperhomocysteinemia is an
established risk factor for cardiovascular disease, and

thus could be relevant to Alzheimer's disease.

Methods

The association between sporadic Alzheimer's disease
and serum total homocysteine and its biological
determinants (folate and vitamin Blz);ét presentation in a
case-control study of 76 cases with a histopathological
diagnosis of Alzheimer's disease and 108 controls was
examined.
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Results

Serum homocysteine was significantly higher and
serum folate and vitamin Bj; were significantly lower in
confirmed Alzheimer's disease cases than in controls. The

odds ratio of confirmed Alzheimer's disease associated with
a homocysteine concentration in the top third (2 14 pmol/1l)

compared with the bottom third (< 11 pmol/l) of the control
population, was 4.5 (95% Cl:2.2-9.2) after adjustment for

age, sex, social class, cigarette smoking and
apolipoprotein-E €4. For vitamin concentrations in the
lower third compared with the upper third of the control
population the adjusted odds ratio of Alzheimer's disease
was 3.3 (95% Cl: 1.8-6.3) for serum folate and was 4.3 (95%
Cl: 2.8-8.8) for Vitamin Bis. All three risk associations
were independent of apolipoprotein-E €4.

In a 3-year follow-up of 155 patients with a
clinical diagnosis of dementia of the Alzheimer's type
(DAT), medial lobe atrophy, as assessed by cat scan (CT)
progressed more rapidly among those with higher

homocysteine levels at presentation.

Interpretation
In this population, serum total homocysteine and low
serum folate and vitamin Bj;; are associated with

Alzheimer's disease.

Introduction

Alzheimer's disease (AD) already affects about one
in 50 adults iﬁkdeveloped countries and its prevalence will
grow with increasing life expectancy. The disease is
characterized by the degeneration of neurons in the
cerebral cortex, notably in the hippocampus, and it is
likely to be irreversible.

Changes in the brain in sporadic AD can be
distinguished from those associated with an acceleration of
normal aging by alterations of specific neuronal

proteins,1:2 by the selective loss of certain groups of
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neurons in the hippocampus3 and by the very rapid atrophy
of the medial temporal lobe.4 The latter finding led to
the suggestion that the onset of AD follows a catastrophic
event or critical insult to this vulnerable region of the
brain in susceptible individuals.4 In searching for a
possible trigger of that event, the hypothesis that
localized microvascular ischaemia is one of the triggers
for the formation‘of neurofibrillary tangles in, and the
eventual death of, neurons in the medial temporal lobe in
AD was considered. 1In the hippocampus, the pyramidal
neurons that show the highest density of tangles are those
in area CAl5. These same neurons are severely depleted in
AD, but not in normal aging.3 Since the pyramidal neurons
of area CAl are also selectively vulnerable to hypoxia,® it
is noteworthy that abnormalities in the cerebral
microvasculature in AD that could lead to a reduction in
local blood flow, such as a réduced density and diameter of
small vessels and a disorganized angioarchitecture,?:8 are
particularly prominent in area CAl of the hippocampus.?d
Consistent With a microvascular aetiology is the fact that
the €4 allele of apolipoprotein-E (ApoE) is not only a
powerful risk factor for AD, but is also a risk factor for
cardiovascular disease.l? Thus some environmental factor
may interact with a genetic susceptibility to initiate a
cascade of microvascular ischaemia leading to neuronal
death in the hippocampus.

Homocysteine is a reactive sulphur-containing amino
acid present in plasma. Moderately elevated levels of
plasma total homocysteine (tHcy) have been linked to
increased risks of vascular diseasell and neural tube
defects.li Such moderately elevated levels of tHcy may
reflect genetic defects, or deficiencies of nutritional
factors required for homocysteine metabolism (folate and
vitamin Bj3), which are common in the populétion and
increase with age.l3 A case-control study of
histopathologically confirmed AD was carried out: firstly,

to examine the association of AD with serum tHcy, folate
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and vitamin Bj13; secondly, to determine whether this
association is independent of ApoE €4; and, thirdly, to
assess whether the association could be casual. :

In addition, a study was carried out to assess if
differences in tHcy levels at recruitment into the study
were related to the subsequent rate of disease progression
by using atrophy of the medial temporal lobe as a surrogate

marker of disease progression.

Methods
Subjects. Between 1988 and 1996, 228 patients with

varying degrees of mental deterioration were referred to
the Oxford Project to Investigate Memory and Aging
(OPTIMA). 1Included in the present study are the first 76
deceased cases with a histopathological diagnosis of AD and
the 88 living cases with a clinical diagnosis of dementia
of Alzheimer's type (DAT). Histopathological diagnosis of
AD was made using CERAD criterial4 for "definite or
probable AD" and of "not-AD" for patients who were either
negative or possible on CERAD criteria. Clinical diagnosis
was made using NINCDS-ADRDA criterial® of possible or
probable DAT and was based on all the information available
at the time of analysis of these results.

The 108 controls, who were cognitively normal
elderly volunteers from the same community (17 of whom were
patient's relatives), were recruited over the same period.
All subjects underwent a detailed clinical énd psychiatric
history, physical examination, assessment of cognitive
function (CAMDEX,16, from which the CAMCOG and MMSE scores
were derived) and X-ray cranial computed tomography (CT)
scans!’ annually until necropsy. Subject and informant
sections of the CAMDEX questionnairel® were used for cases
and just the subject section for controls. A Dementia
Severity Rating score was derived form the severity
classification in the CAMDEX, graded at the time of
assessment, as follows: none, 0; minimal, 0.5; mild, 1;

moderate, 2; severe, 3.
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Biochemical measurements. At the subject's first
presentation blood was taken in the non-fasting state,
serum and clots for DNA analysis were separated within 4
hours of venepuncture; aliquots were-stdred at -70°C.
Vitamin Bq; was measured using a radioimmunoassay; sexrum
folate and red-cell folate were determined by bioassays.
ApoE genotypes were determined by standard techniquesl® and
the 677C-T mutation in the methylenetetrahydrofolate B
reductase (MTHFR) gene was determined by the procedure of
Frosst et al.l? tHcy analyses were carried out using a
HPLC method and fluorescence detection as previously
described.?0 gamples from individuals were analyzed in
batches and quality control samples were inserted at every
18th sample. The coefficient of variation in the tHcy
assays was less than 5% and replicate assays were carried
out in samples with tHcy either >40 umol/l or <4 pmol/1.
The self-correlation of tHcy between replicate samples
taken at 2 monthly intervals on 7 occasions within one vyear
in 100 healthy elderly UK subjects was 0.87 (unpublished
observations) .

Statistical analyses. Mean values of clinical and
biochemical variables between cases and controls were
compared using an unpaired t-test or Mann-Whitney test,
where appropriate; a X? test was used to assess differences
in proportions. Correlations were carried out using a
Pearson or Spearman test. The odds ratio for AD was
examined using logistic regression for the top third
compared to the bottom third of the tHcy concentration in
the control population, and vice versa for folate and
vitamin Bj;. In the regression models, age was entered as
a continuous variable, and remaining confounders such as
sex, social class (manual/non-manual), cigarette smokers
(current/non-smokers) and ApoE €4 allele status
(present/absent) were entered as dichotomous variables;
Thefconfidence intervals for each relative risk were
estimated by treating these as "floating absolute risks".2l
The floating absolute risks produce no change in the odds
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" ratio estimates but the variances of those relative risks

that are not identically equivalent to 1.0 are reduced by

taking account of the variance in the reference category.

Results
Characteristics of the study populations (Table 1)

Patients with confirmed AD were, on average older
and of a lower social class than the controls, but were
well matched for sex and prevalence of current cigarette
use. The disease severity among the AD patients is.
reflected by the low cognitive scores. 57% of the
confirmed AD cases had a Dementia Severity Rating score
(Max 3) of 2 or greater at presentation. All subjects had
a CT scan at their first visit; 77% of the confirmed AD
cases and 12% of the controls had a minimum medial temporal
lobe thickness of less than the 5th centile.l?” 25% of the
cases were resident in institutions at presentation. There
was no significant difference in the history of heart
attacks, stroke, or hypertension between casés and

controls.

Serum homocysteine

Cumulative frequency plots (Figure 2) show a shift
in the distribution of tHcy concentrations in AD cases to
higher values compared with controls. 59% of patients with
confirmed AD had a tHéy value in the top third (= 14
umol/1) of the control distribution. The mean
concentration of tHcy in AD cases was significantly higher
than in controls (Table 1). Among controls, tHcy was
positively correlated with age (r=0.32; p=0.001), male sex
(r=0.27; 0.004), cigarette smoking (r=0.23; p=0.02) and
with creatinine (r=0.44; p=0.000) and was inversely ~ =~
associated with serum folate (r=-0.34; p=0.001),.vitamin
Biy (-0.32; p=0.002) and red-cell folate (r=0.21; p=0.048).

There was no association between tHcy and either ApoE €4 or

the MTHFR polymorphism in the controls.
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Table 2 shows that after controlling for possible
confounding due to differences in smoking and social class,
there was a 3.8 fold (95% Cl: 2.1-6.9) increased risk of AD
associated with the top compared with bottoﬁ third of

control values of tHcy. The association of tHcy with AD
was independent of the effect of ApoE €4, with an odds

ratio 4.5 fold (95% Cl: 2.2-9.2) after adjustment for &4
status. The association between tHcy and AD was
attenuated, although it remained significant, after the
inclusion of either serum folate, or serum vitamin Bij

alone or combined in the regression model.

Serum folate and vitamin Bjj

There was a marked shift in the distribution of
folate concentrations to lower values in confirmed AD cases
compared with controls (Figure 1). 76% of confirmed AD
cases had serum folate concentrations in the bottom third
of the control distribution. There was a 5.0 fold (95%
Cl:3.1-8.2) increased risk of AD associated with a serum
folate value in -the bottom third compared with the top
third of the population. Among the controls serum folate

levels were lower in current cigarette smokers compared

with non-smokers (p<0.05) and, after adjustment for

differences due to smoking and social class, there was an
attenuation in the strength of the association of serum
folate with AD but, as with tHcy, this association remained
independent of the effect of ApoE €4 (Table 2). The odds
ratios for confirmed AD associated with red-cell folate
were similar to those for serum folate (data not shown).
For both tHcy and folate the principal difference between
cases and controls was in the proportion of subjects in the
most extreme tertile (highest tertiie for tHcy and lowest
tertile for folate). For vitamin Bj;; a similar
quantitative difference was seen for the middle as well as
for the lowest tertile. The overall strength of
association between vitamin Bj;; levels and confirmed AD in

the multivariate model was similar to that for tHcy, with
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an adjusted odds ratio of 4.3 (95% Cl:2.1-8.8) (Table 2).
The risk associations between AD and both serum folate and
vitamin Blz were no longer significant after the inclusion
of tHcy and other confounders in the multivariate model
(data not shown).

ApoE and MTHFR polymorphisﬁs

The ApoE €4 allele frequency among confirmed AD cases
was 44% compared with 15% in controls. After -adjusting for
differences in age, sex, smoking and social class, the odds_
ratio of AD for the presence of one or more ApoE €4 alleles

compared with those who had none was 7.9 (95% Cl: 3.3-
18.8). The effect of ApoE €4 was independent of
homocysteine as the odds ratio of AD was 9.8 (95% Cl: 3.8-
25.5) after the further inclusion of tHcy in the
multivariate model. There was no significant difference in
the prevalence of the MTHFR gene 677C-T mutation, whether
expressed as the proportion homozygous (5% vs 9%) or as
allele frequency (22% vs 30%), in confirmed AD cases

compared with controls.

Influence of duration of memory impairment

To assess whether the duration of dementia could
explain the observed biochemical changes, 72 confirmed AD
cases with available data were classified by tertiles of
duration of memory impairment (as reported by an informant)
prior to their first visit when the blood samples were
taken (Table 3). Severity of disease increased
substantially during short-term follow-up for several
years, but there was no significant trend in the mean
levels of any of the biochemical variables with increasing
duration of symptoms. _

Clinically diagnosed dementia of Alzheimer's type
Within the cohort of 127 living patients, 88 cases
had clinically diagnosed DAT. DAT cases were younger than

control (70.3 vs 72.8 years; p<0.05). The differences in
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cognitive scores (CAMCOG score: 64, SD 23; MMSE score: 19,
SD 7) were less marked than in confirmed AD cases and the
dementia severity was lower (only 21% of the DAT cases had
a score of 2 or more compared with 57% of the confirmed AD
cases) .

There was no significant difference in mean tHcy
concentrations (14.3 SD.9.1 vs 13.2 SD 4.0 umol/1l; p=0.23)
between the clinically diagnosed DAT cases and controls.
The cumulative frequency distribution shows a slight excess
of DAT cases with particularly high levels of tHcy (Figure
2) but the odds ratio of DAT for the upper tertile versus
the bottom tertile was 1.1 (95% Cl: 0.6-2.2). DAT cases
had lower median serum folate values than controls (7.8 vs
9.1 ng/l; p<0.03). There was a 1.8 (95% Cl: 1.1-3.1) fold
increased risk of DAT associated with serum folate
concentrations in the bottom compared with the top third of
the controls, -after adjustment for age, sex, social class
and cigarette smoking. Cumulative frequency distribution
plots of serum folate concentrations showed that over the
entire range, a greater proportion of DAT cases than of
controls had low values (Figure 1). The apoE &4 allele
frequency was 33% in the DAT cases compared with 44% in
confirmed AD and 15% in controls. The MTHFR homozygous

mutant status did not differ between DAT and AD cases.

tHcy levels at presentation and disease progression during
follow-up

To see whether tHcy levels at presentation might be
related to the rate of progression of confirmed AD, as
assessed by the rate of medial temporal lobe atrophy,l?
serial annual CT scans at follow-up were compared with
scans made at presentation in the cohort of 155 cliﬁicaily
diagnosed DAT cases (Table 4). At presentation, the mean
age-corrected thickness of the medial temporal lobe for
subjects in each of the tertiles of tHcy did not differ.
However, three years after the initial scan, medial

temporal lobes were significantly thinner in cases with .
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tHcy levels in the middle and upper tertiles compared with

those in the lower tertile who showed no atrophy (Table 4).

Discussion

Discovery of a protective factor that could lead to
the avoidance or amelioration of AD would certainly be
worthwhile if it could be established reliably. The above
results show association of histologically confirmed AD
with moderately elevated concentrations of tHcy and with
moderately lowered blood concentrations of folate and
vitamin Bi;. The odds ratio of confirmed AD associated
with a tHcy concentration in the top third compared with
the bottom third in the controls was 4.5 (95% Cl: 2.2-9.2).

The risk associated with tHcy was independent of the risk
associated with ApoE €4. )

Replication and earlier studies ,

Serum folate concentrations were significantly lower
in clinically diagnosed DAT cases, with a clear shift in
the distribution to lower levels (Figure 1). However,
there were no significant differences in tHcy values or in
vitamin Biz values between DAT cases and controls.

Differences in age, disease severity and the lower
prevalence of ApoE €4 (which suggests that the DAT

~ population includes non-AD cases) may partially explain the

discrepant findings between the DAT and AD case
populations.

Earlier studies have described positive correlations
of tHcy and inverse correlations of folate and vitamin Bij
in association with cognitive impairment.22 Correlations
of low blood folate?3:24 and vitamin B1,23-27 with ‘a clinical
diagnosis of DAT have been reéported in studies from
different populations. The major difference between these
studies and the present study is that in thé present study
subjects who subsequently had a histopathological diagnosis
of AD were studied, so overcoming the well known

inaccuracies of clinical diagnostic criteria.
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Causality and biological plausibility

When patients with confirmed AD were classified by
duration of memory impairment before their first visit, the
biochemical findings were unaltered by the duration of the
illness even though the severity of the dementia increased
markedly. This result indirectly supports the view that
the observed case-controls differences in tHcy, folate and

“Vitamin Bjp; may be primary, rather than a secondary effect
of the disease.

Although the mechanisms underlying the observed
associations remain to be established, tHcy is believed to
cause vascular diseasell and the events leading to
catastrophic atrophy of the medial temporal lobe might be
microvascular in origin. Mofeover, homocysteine can be
converted into homocysteic acid, which has excitotoxic
actions in the nervous system.28 The association of folic
acid and vitamin Bj1; with AD may be mediated through their
role in tHcy metabolism, or through their crucial role in
methylation reactions in the brain?° that could involve
actions at the level of gene expression3? or on the
stability of DNA.31.32 71t is noteworthy that the gene
(presenilin) for the commonest form of familial AD lies in
a region (14q24)33 of chromosome 14 that contains a fragile
site revealed by culturing cells in folate-deficient
media.34 ‘

o If elevated tHcy levels do affect the development of
Aﬁ, then supplementation with folic acid and vitamin Bjj
would be an efficient, safe and inexpensive means to reduce
them.35 If these vitamins are protective for AD, then this

could be relevant to large populations.
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Table 1: Distribution of selected variables in controls

and in histologically confirmed Alzheimer's disease cases

at presentation.

5 Variables .Cases Controls p*

Mean (SD) or % (n=76) (n=108)
Clinical variables
Age (years) 76.6 (8.0) 72.8 (8.8) 0.003

10 Sex (% males) _ 37 43 0.392
Current smokers (%) 24 21 0.720
Social class:

Grade 1l&2 (%) 49 80 0.000
CAMCOG score ‘

15 (Max 107) 45.1 (27.5) 97.9 (4.9) 0.000
MMSE score (Max 30) 12.8 (8.1) 28.5 (1.7) 0.000
Minimal medial

temporal lobe wall
thickness (mm) 8.2 (2.5) 12.9 (2.8) 0.000
20 , ,
Biochemical variables**
Homocysteine (umol/l) 16.3 (7.4) 13.2 (4.0) 0.000
Serum folate (pg/1) 6.7 (4.2) 10.1 (4.4) 0.000
Red-cell folate

25 (ng/1) 326 (171) 438 (180) 0.000
Vitamin B3y (ngl/1) 292 (107) 343 (135) 0.015
Creatinine ((pmol/1l) 90 (20) 93 (19) 0.321
Albumin (g/1) 42.0 (4) 45 (4) 0.000
Haemoglobin (mg/dl) 13.1 (1.5) '13.6 (1.5) 0.021

30
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Cases ~ Controls p*
Genotypes
ApoE €4 allelle
frequency (%) 44 14 ‘0.000

S MTHFR homozygous

mutant frequency***

(%) 5 9 0.243

*p was assessed using a unpaired t-test for continuous

10 values and a x2 test for proportions.

**Data on folate, and vitamin Bi; was available in 62 cases

and in 92 controls.

15 ***MTHFR denotes Methylenetetrahydrofolate reductase.
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Table 2: 0Odds ratio or "floating absolute risk" (95% C1)
of histologically confirmed Alzheimer's disease compared
with controls for each tertile of plasma total homocysteine
and of serum folate*.

0dds ratio or "floating absolute risk" (95% Cl)

Tertiles of Adjusted for Adjusted for Adjusted for

homocysteine age & sex age, sex, age, sex,
;- folate smoking & smoking,
social class social class &
apo €4

Homocysteine (umol/1l)

I <11.0 1.0 (0.5-1.9) 1.0 (0.4-2.4) 1.0 (0.4-2.7)
II 11.1<14.0 1.3 (0.7-2.3) 1.5 (0.7-3.1) 1.0 (0.4-2.3)
IITI >14.0 3.3 (2.1-5.2) 3.8 (2.1-6.9) 4.5 (2.2-9.2)

Serum folate (pg/1l)

IIT >10.7 1.0 (0.5-2.1) 1.0 (0.4-2.6) 1.0 (0.3-3.1)
IT 7.6<10.7 0.6 (0.2-1.6) 0.6 (0.2-2.0) 0.4 (0.1-1.5)
I < 7.5 5.0 (3.1-8.2) 4.1 (2.3-7.3) 3.3 (1.8-6.3)

Serum vitamin B;; (ng/l)
III >380 1.0 (0.5-2.10) 1.0 (0.3-3.1) 1.0 (0.3-3.8)
II 271<380 2.1 (1.2-3.6)
I <270 1.8 (1.0-3.2)

w
wm

(1.8-6.6) 5.6 (2.6-11.9)
(1.4-5.7) 4.3 (2.1-8.8)

NS
s

;Gge of "floating absolute risks" does not alter the odds
ratios, but when due account is taken of the effects of the
play of chance on the odds of disease in the reference
category (thereby effectively attributing a variance to the
6dds ratio of 1.0 in this category) then the variance
attributed to the other two odds ratios are reduced.
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Table 3: Selected clinical and biochemical variables in those with histologically confirmed

Alzheimer's disease (n=72) according to the duration of memory impairment at presentation as

reported by an informant.

Clinical variables [Mean(SD) or %]

Biochemical variables [mean (SD)]

Tertiles of MMSE Min. medial Dementia ‘Homocysteine Plasma Red-cell Vit B12
duration of score temporal severity (Hmol/1) folate folate (ng/l)

memory (Max 30) lobe rating (ug/1) (ng/1)

impairment " thickness (Max 3)

(years) (mm) %2 or 3

I <2 16 (8) 9.0 (2.4) 33% 18.8 (10.8) 7.8 (5.4) 331 (206) 293 (111)
IT 2-4. 14 (8) 8.7 (4.8) 56% 15.4 (5.'7') 5.7 (2.5) 319 (176) 273 (85)!
III >4 8 (6) 7.1 (4.3) 88% 14.8 (4.1) 6.2 (3.2) 312 (107) 320 (121)
test for

linear {

trend:p 0.00 0.00 0.00 0.06 0.19 0.72 0.42

06961/86 OM
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Table 4: The annual change in medial temporal lobe thickness (MMTL) as assessed on CT, in cases

by tertiles of total monocysteine (tHcy)

" with a clinical diagnosis of dementia of Alzheimer's ﬁype (DAT), who at baseline were classified

in the controls.

Mean age-adjusted MMTL values?

Mean (SD)MMTL values at baseline
(n=155) relative to baseline (%)

No. of Absolute Age—adjustedT Year O Year 1 Year 2 Year 3

cases values (mm) values (%) (n=155) (n=108)% (n=66)*% (n=42)%
tHcy at
baseline
(umol/1)
I £11 39 9.7 (2.5) 0.71 (0.18) 100 102 94 97
II 11.1<14.0 45 9.5 (2.7) 0.70 (0.18) 100 92 76 70
III >14.0 71 8.7 (2.5) 0.66 (0.19) .100 94 88 81
Test for i
difference by
tertiles of tHcy§ 0.09 0.31

0.20 0.04 0.04

' Details of how the age-adjusted values

¥ Subset with évailable measurements.

§ ANOVA, Prob>F

were derived having been previously described.16

06961/86 OM

1200T/L6SN/LDd



5
10
15
e

—-37—
THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for treating Alzheimer's disease or inhibiting microvascular
events leading to neurodegeneration, which comprises administering to a
patient in need of treatment a therapeutically effective amount of a drug which
causes a reduction in at least moderately elevated blood levels of homocysteine
or modifies the toxic effects of at least moderately elevated blood levels of
homocysteine on the vasculature or on nerve cells in the brain, wherein said
drug comprises folic acid or a folate or a derivative thereof, with the proviso that.

the drug is exclusive of coenzyme Q10.

2. A method for treating Alzheimer's disease, which comprises
administering to a patient in need of treatment a therapeutically effective
amount of a drug which causes a reduction in at least moderately elevated
blood levels of homocysteine or modifies the toxic effects of at least moderately
elevated blood levels of homocysteine on the vasculature or on nerve cells in
the brain, wherein said drug comprises folic acid or a folate or a derivative

thereof, with the proviso that the drug is exclusive of coenzyme Q10.

3. The method as defined in Claims 1 or 2 wherein the patient has at least
moderately elevated blood levels of homocysteine and at least moderately

reduced blood levels of folate and vitamin Bia.

4. The method as defined in any one of Claims 1 to 3 wherein:the drug
administered is folic acid or a folate or a derivative thereof or betaine or vitamin

Be or a combination of two or more thereof.

5. The method as defined in Claim 4 wherein the drug is folic acid
(pteroylmonoglutamate), one or more of the folylpolyglutamates, compounds in
which the pyrazine ring of the pterin moiety of folic acid or of the
folylpolyglutamates is reduced to give dihydrofolates or tetrahydrofolates, or

W\SPECI\52442-88 SPE Jan00.doc
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derivatives of all the preceding compounds in which the N-5 or N-10 positions

carry one carbon units at various levels of oxidation, or a combination of two or

7.

'more thereof.

The method as defined in Claim 5 wherein the drug is

folic acid,

dihydrofolate,

tetrahydrofolate,

5-methyltetrahydrofolate,

5,10-methylenetetrahydrofolate,

5,10-methenyltetrahydrofolate,

5,10-formiminotetrahydrofolate,

5-formyltetrahydrofolate (leucovorin),

10-formyltetrahydrofolate, or a combination of two or more thereof.

The method as defined in any one of Claims 1 to 6 further including the

step of administering vitamin Bj..

8.

The method as defined in any one of Claims 1 to 7 wherein folic acid,

folate or a derivative thereof or betaine or vitamin Bg is administered in a daily

dosage within the range from about 0.1 to about 100 mg.

9.

The method as defined in Claim 7 wherein vitamin B4 is administered in

a daily dosage within the range from about 0.001 to about 10 mg.

10.

The method as defined in any one of Claims 1 to 9 further including

administering a drug for treating Alzheimer's disease which is a cholinesterase

inhibitor, a muscarinic receptor agonist, an inhibitor of -amyloid production, an
inhibitor of neurofibrillary tangle formation or a combination of two or more

thereof.

11. A pharrﬁaceutical combination comprising

WSPECI\52442-98 SPE Jan00.doc
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(1) folic acid, a folate or a derivative thereof;

(2) vitamin Bq2; and _

(3) a nitric oxide donor, an ACE inhibitor, or an angiotensin Il
antagonist, or a NEP/ACE inhibitor, or a combination of two or
more thereof or a cholinesterase inhibitor, a muscarinic receptor
agonist, an inhibitor of B-amyloid production, an inhibitor of
neurofibrillary tangle formation or a combination of two or more

thereof.
12. A pharmaceutical combination comprising

(1)  folic acid, a folate or a derivative thereof, betaine of vitamin Bg or a
combination of two or more thereof; and at least one of

(2)  vitamin By or

(3) a nitric oxide donor, an ACE inhibitor, or an angiotensin I
antagonist, or a NEP/ACE inhibitor, or a combination of two or

more thereof.

13. The combination as defined in Claim 12 comprising folic acid or a folate

and fosinopril or captopril.

14. A method for inhibiting microvascular events leading to Alzheimer's
_diSease, which comprises administering to a patient in need of treatment a
therapeutically effective amount of a drug which causes a reduction in at least
moderately elevated blood levels of homocysteine or modifies the toxic effects
of at least moderately elevated blood levels of homocysteine on the vasculature
or on nerve cells in the brain, wherein said drug comrpises folic acid, a folate or
a derivative thereof, with the proviso that the drug is exclusive of coenzyme

Q10.

15. The method as defined in Claim 14 wherein the patient has at least
moderately elevated blood levels of homocysteine and at least moderately
reduced blood levels of folate and vitamin Bi2.

W:ASPECIN52442-98 SPE Jan00.doc
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16. The method as defined in Claims 14 or 15 wherein the drug administered
is folic acid or a folate or a derivative thereof or betaine or vitamin Bg or a

combination of two or more thereof.

17. The method as defined in Claim 16 wherein the drug is folic acid
(pteroylmonoglutamate), one or more of the folylpolyglutamates, compounds in
which the pyrazine ring of the pterin moiety of folic acid or of the
folylpolyglutamates is reduced to give dihydrofolates or tetrahydrofolates, or
derivatives of all the preceding compounds in which the N-5 or N-10 positions
carry one carbon unit at various levels of oxidation, or a combination of two or

more thereof.

18. The method as defined in Claim 17 wherein the drug is
folic acid,
dihydrofolate,
tetrahydrofolate,
5-methyltetrahydrofolate,
5,10-methylenetetrahydrofolate,
5,10-methenyltetrahydrofolate,
5,10-formiminotetrahydrofolate,
5-formyltetrahydrofolate (leucovorin),
10-formyltetrahydrofolate, or a combination of two or more thereof.

19. The method as defined in any one of Claims 14 to 18 wherein the drug
employed is a combination of a nitric oxide donor, a NEP/ACE inhibitor, an ACE
inhibitor, angiotensin 1l antagonist, and/or vitamin Bg, and folic acid, a folate or a

derivative thereof.

20. The method as defined in Claim 19 wherein the drug administered is a
combination of an ACE inhibitor or angiotensin Il antagonist and folic acid, a

folate or a derivative thereof.
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21. The method as defined in Claim 20 wherein the drug is a combination of
(a) captopril, fosinopril or irbesartan, and (b) folic acid, a folate or a derivative

5 thereof.

22. The method as defined in any one of Claims 14 to 22 wherein folic acid,
folate or a derivative thereof or betaine or vitamin B is administered in a daily
dosage within the range from about 0.1 to about 100 mg.

10
23. Use of folic acid or a folate or a derivative thereof in a method of

preparing a medicament for treating Alzheimer's disease or inhibiting
microvascular events leading to neurodegeneration with the proviso that said

medicament is exclusive of the coenzyme Q10.

15
24. Use of folic acid or a folate or a derivative thereof in a method of

preparing a medicament for treating Alzheimer's disease with the proviso that

said medicament is exclusive of the coenzyme Q10.

20 25. Use of folic acid or a folate or a derivative thereof for inhibiting
microvascular events leading to Alzheimer's disease with the proviso that said

medicament is exclusive of the coenzyme Q10.

v, 25 DATED: 27 January 2000
R PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:
BRISTOL-MYERS SQUIBB COMPANY
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