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(57) Abstract: Administration [3-lactam compounds, including of inhibitors of certain bacterial peptidases have been found to pro-
vide significant neurotropic effects in warm-blooded vertebrates evidencedinter alia by anxiolytic and anti-aggressive behavior and
enhanced cognition believed to be mediated by inbibition of neurogenic NAALADase and related enzyme activity. J-Lactam antibi-

otics and [3-lactamase inhibitors have been found to exhibit potent NAALADase inhibition, and those compounds with blood brain
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‘ective inhibitors of neurogenic NAAILADase with significant neuro-therapeutic effects. 3-Lactam compounds
are useful for treatment of numerous disease states associated with glutamate abnormalities. Therapeutic methods for using such
compounds and their pharmaceutical formulations are described.
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NEUROTHERAPEUTIC COMPOSITION AND METHOD

Field of Invention

This invention relates to a novel mechanism of neuropsychiatric
intervention. More particularly, this invention is directed to pharmaceutical
formulations and methods for treatment of a variety of neurological disease states,

including cognitive and behavioral disorders.

Background and Summary of the Invention

The pharmaceutical industry has directed extensive research and
development efforts toward discovery and commercialization of drugs for treatment of
neurological disorders. Such disorders typically derive from chemical imbalances 1n
the brain. Overproduction or underproduction of pertinent neurochemical species
and/or receptor dysfunction has been identified with many disease states recognized by
neurologists, psychiatrists, psychologists and other medical practitioners skilled in the
diagnosis and treatment of mental disease. Most of the discovery ettort for new
neurologically active drugs has been based on the study of agonist/antagonist drug
interaction with one or more of the numerous receptors in the brain and/or their
respective receptor ligands.

The present invention provides a novel approach to drug intervention in
the treatment of a wide variety of neurologic disease states and other disease states or
clinical conditions of related etiology. It is based in part on the discovery that 3-lactam
containing compounds known for their activity as inhibitors of bacterial peptidases or
proteases, particularly transpeptidases and/or carboxypeptidases, are also potent
inhibitérs of certain mammalian neuro-peptidases, including N-acetylated-o-linked
acidic peptidases (NAALADases), several of which have been identified/characterized
in the literature [Pangalos et al., J. Biol. Chem., 1999, 274, No. 13, 8470-8783]. The

present invention is also based in part on the discovery that neurogenic NAALADases
can be targeted with NAALADase inhibitors to effect significant behavioral
modification and enhanced cognitive performance. Preliminary studies have confirmed
that one or more neurogenic proteases, now believed to be NAALL ADases and related

peptidases and transferases, capable of recognizing and transforming certain
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neuropeptides (e.g., N-acetyl-L-aspartyl-L-glutamate) play a significant if not
dominant role at the neurochemical level of brain function and concomitantly have a
substantial impact on patient behavior and cognitive performance. It has been
previously reported that certain glutamate analogs acting as NAALADase inhibitors
can be used to treat prostate disease and glutamate abnormalities associated with
certain nervous tissue insult. It has now been determined that NAALADase inhibitors,
including particularly certain (-lactam-containing bacterial peptidase and [3-lactamase
inhibitors capable of blood-brain barrier transport, can function in the brain at very low
concentrations as potent neuroactive drug substances to reduce the symptoms of a
wide variety of neurological disorders characterized by behavioral aberration or
sensory/cognitive dysfunction. Significantly, such bacterial enzyme inhibitors are
believed to be effective inhibitors of NAALADase and related neurogenic peptidases,
at concentrations below those concentrations known to be required for clinically
effective bacterial enzyme inhibition. Thus it is expected that such compounds can also
be used effectively for treating prostate disease and the disease states associated with
nervous tissue insult previously described as responsive to treatment with other
NAAILADase inhibitors.

Accordingly, one embodiment of the present invention is directed to a
method for treatment of cognitive and behavioral disorders in warm-blooded
vertebrates by administering compounds known for their activity as bacteral protease
or peptidase inhibitors, which compounds, when present at effective concentrations in
the brain, have now been determined to be capable of inhibiting or otherwise
modulating the activity of one or more neurogenic NAALADases and related
neurogenic enzymes.

In a related embodiment there i1s provided method for treatment of
cognitive and behavioral disorders in a patient in need of such treatment. The method
comprises the step of inhibiting neurogenic peptidases, including NAALADase and
related neurogenic enzymes. In one embodiment such neuropeptidase inhibition 1s
effected by administering an effective amount of a 3-lactam compound recognized for
its capacity to bind to and inhibit a bacterial enzyme, for example, a 3-lactamase or a
bacterial protease involved in bacterial cell wall synthesis. Such bacterial proteases are

known in the art as "penicillin binding proteins." In another embodiment of the present
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invention, the method is effected by administration of art-recognized NAALADase
inhibitors, including particularly certain deaminoglutamate analogues and N-substituted
glutamate derivatives. Effective inhibition of such neuro-peptidase activity in warm-
blooded vertebrates has been found to produce marked enhancement in cognitive
performance and behavioral management.

Exemplary of cognitive and behavioral disorders susceptible to
treatment in accordance with this invention include aggressive disorder, obsessive
compulsive disorder, anxiety, depression, ADHD, and memory impairment. Ammal
data suggest that the method and formulation of this invention have potential as an
antiaggressive agent to control impulsivity and violence in autism, Tourette's
syndrome, mental retardation, psychosis, mania, senile dementia and individuals with
personality disorders and history of inappropriate aggression. Clinic applications
extend to the treatment of children with ADHD and conduct disorder, as an anxiolytic,
and as a cognition enhancer for the geriatric population to improve learning and
memory and to ameliorate disorientation.

In another embodiment of this invention there is provided a method of
treating a patient afflicted with a condition, or disposed to development of a condition,
characterized at least in part by abnormal extracellular concentration of glutamate in
the brain or other nervous tissue. The method comprises the step of administering to
the patient in effective amounts of a compound capable of inhibiting the activity of a
penicillin-binding protein of bacterial origin. The composition is administered in an
amount effective to prevent or alleviate the symptoms of such condition. Thus, for
example, localized high glutamate concentrations in the brain have been reported in
stroke victims and victims of other brain trauma. More recently high glutamate
concentrations in the brain and peripheral nerve tissue have been reported to be
associated with multiple sclerosis.

In still another embodiment of the invention there is provided a method
for treating prostate disease selected from prostate cancer and benign prostate
hyperplasia in a human patient. The method comprises the step of administering to the
patient a composition comprising a compound capable of inhibiting the activity of a

penicillin-binding protein of bacterial origin. The compound 1s administered in an
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amount effective to retard the progress of the disease or to reduce the symptoms of the

disease.

One group of compounds for use in accordance with this invention are
B-lactam compounds, i.e., compounds having a (3-lactam ring system, including
particularly B-lactam antibiotics such as penicillins, cephalosporins and analogues
thereof. Further, the peptide Ala-D-y-Glu-Lys-D-Ala-D-Ala (believed to serve as a
substrate for NAAILLADase) has been found effective as a peptidase inhibitor useful for
behavior modification and cognitive enhancement in accordance with the invention.
Non-fi-lactam NAALADase inhibitors have been reported in the patent and non-patent
literature. See, e.g., U.S. Patents Nos. 5,795 877; 5,804,602; 5,968,915: 5,902 817;

5,962,521, 5,863,536, and 6,017,903 for their teaching of such NAALADase inhibitors
and the use generally of such NAALADase inhibitors for treatment of certain disease

states
responsive to NAALADase inhibition therapy. Other compounds capable of use in

accordance with this invention can be identified using molecular modeling studies. The
antibiotic compounds for use in this invention can be administered in combination with
one or more of other enzyme inhibitors, for example, effective amounts of a f3-
lactamase“inhibitqr (where the active compound is a B-lactam compound) or another
NAALADase inhibitor or a P-glycoprotein efflux inhibitor to enhance brain levels of
the active compéund. The method and fbrmulation 'ém'bodiinents of the invention find
use in both human health and veterinary applications, e.g., in canine, feline and equine
species.

In one embodiment of the present invention a warm-blooded vertebrate,
most typicglly a human patient, affected by a neurologic disease state characterized by
cognitive or behavioral abnormalities is treated with a 1-oxa-1-dethia cephalosporin,
more preferably a 7-méth0xy-1-oxa—1-dethia cephalosporin, optionaliy as an active
ester derivative tn an oralfy (including buccal or sublingﬁal admuinistration) or a
parenterally administered formulation. In one embodiment, the peptidase inhibitor 1s
moxalactam, [7-ﬁ-[Z-carboxy-2—(4-hydroxyphenyl)acetamido]—7a-methoxy-?B-[[(1-
methyl-1H-tetrazol- Ss-yl)thio]methyl]- ] —dxa- 1-dethia-3-cephem-4-carboxylic acid},
described and claimed with related compounds, fncluding thetr orally absorbed active

ester derivatives, in U.S. Patent No. 4,323 .567. Moxalactam has been found to exhibit significant
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dose responsive neuroactivity when administered parenterally at least at about 50
iig/kg of body weight.

In another embodiment of the present invention there is provided a
pharmaceutical formulation for treatment with consequent reduction of symptoms of
behavioral or cognitive disorders in patients in need of such treatment. The
formulation comprises a compound characterized by its affinity to bacteria derived
penicillin-binding proteins. In one embodiment the compound is capable of binding to
and inhibiting the function of a bacterial protease known to exhibit its proteolytic
activity on a peptidoglycan substrate comprising the C-terminal peptide sequence acyl-
D-alanyl-D-alanine. In another embodiment the compound is capable of binding to 3-
lactamase, another bactenal protein capable of binding to penicillin, and inhibiting the
function of that enzyme. The amount of the inhibitor used in the formulation is that
determined to be effective to inhibit the activity of endogenous NAAILLADase. In one
embodiment the amount 1s effective to inhibit NAAL ADase in the brain at a level

sufficient to modulate cognitive and behavioral characteristics. In that later

‘embodiment the level of activity exhibited by the NAAIL ADase inhibitor in the present

method is not only dependent on its affinity to penicillin-binding proteins and to
NAALADase, 1t 1s also particularly dependent on ability of the inhibitor compound to
cross the blood brain barrier to achieve levels in the brain effective to modify patient
behavior and/or cognitive performance.

In one embodiment of the invention the pharmaceutical formulation
comprises a {3-lactam contafning compound selected from the group consisting of
penicillin, cephalosporins, f3-lactam containing analogues thereof, including
B-lactamase inhibitors, and a pharmaceuﬁcal carrier for such f-lactam containing
compound. In cases where the [3-lactam compound .'is, for example, a commercially
available antibiotic, the amount of B-lactam compound in said formulation is less than
that fréquired to produce, upbn administration by the commercially detailed mode of
adnﬁnistration, chinically effective antibiotic blood levels of the compound. Yet the

reduced dosage levels of said antibiotics can be effective, assuming reasonable blood-

_brain barrier transport properties, to produce brain and CSF levels of the compound

sufficient to inhibit neurogenic protease activity in the brain and modify cognitive and
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Another aspect of the

1

invention relateg to usge 0O

a peptidase inhibitor capable of inhiblting the peptidase

activity of one or more neurogenic peptidases in the brain,

—

in the manufacture of a medicament for enhancing cognitive

function 1n a patient in need thereof, said medilicament

F
e

comprising an amount of the peptidase 1nhibitor effective to

inhibit the peptidase activity,

wherein the amount of the

peptidase inhibitor i1s less than an amcocunt effective to

P

provide antibiotically effective blood levels of the

peptidase 1nhibitor, and wherein the peptidase inhibitor 1s

a B-lactam compound.
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—
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aggressive disorder, obsessive-compulsive disorder, anxiety,

phr—

depression, and ADHD in a patient 1n need of such treatment,

wherein the amount of the peptidase 1nhibitor 1s less than

an amount effective to provide antibilotically e:

#
p—

fective

blood levels of the peptidase 1nhibitor, and wherein the

peptidase inhibitor 1s a f-lactam compound.
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Another aspect

a peptidase i1nhibitor cap

activity of one or more n

for enhancing cognitive f

g
ad

thereof, wherein the amou

-

_C.'ec

less than an amount e:

effective blood levels ot

wherein the peptidase 1inh

Another aspect
a peptidase 1inhibitor cap

a penicillin-binding prot

origin for treating a human patient a:

disposed to development o

least in part by abnormal

concentration in the brai

plr

the amount of the peptida

'

effective to provide anti

r—
p—

of the peptidase inhibito

inhibitor 1s a G-lactam ¢

Another aspect
a peptidase i1nhibitor cap

a penicillin-binding prot

origin for treatment of p

L)

-
R 4 —
i

U3

of the 1nvention relates to use O]

aple of 1nhibiting the peptidase
eurogenlic peptidases 1n the brain
unction in a patient 1in need

nt of the peptidase i1inhibitor is

tive to provide antibiotically
the peptidase inhibitor, and

ibitor 1s a B-lactam compound.

H

of the i1nvention relates to use O

|

i}

e

able of i1nhilbiting the activity o:

—

eln or a fF-lactamase of bacterial

F
-

flicted with or

'

f a condition characterized at

R

extracellular glutamate
n or other nervous tissue, whereiln

se 1nhibitor 18 less than an amount

biotically effective blood levels

r, and wherein the peptidase

ompound.

o

of the 1nvention relates to use of

—

pa—

able of i1nhibiting the activity of

eln or a [f-lactamase of bacterial

rostate cancer or benign prostatic

hyperplasia 1in a human patient 1in need of sailid treatment,

wherein the amount of the

peptidase inhibitor i1s less than

an amount effective to provide antibiotically effective

F

blood levels of the pepti

peptidase inhibitor 1s a

Another aspect

dase i1nhibitor, and wherein the

G-lactam compound.

of the 1nvention relates to use of

a peptidase inhibitor capable of inhibiting a neurogenic

peptidase for treatment of anxiety disorders 1n a human
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patlent i1n need of said treatment, wherein the peptidase

inhibitor i1s a (-lactam compound.

1

Another aspect of the invention relates to use of

a peptidase 1nhibitor capable of inhibiting neurogenic

5 peptidase activity 1n the brain for treating cognitive

F

disorders 1n a vertebrate 1n need of said treatment, where

sald neurogenic peptildase activity is characterized by the

= s
o

property of being 1inhibited by effective amounts of Ala-D-vy-

Glu-Lys-D-Ala-D-Ala, and wherein the peptidase inhibitor is

10 a fG-lactam compound.

|}

Another aspect of the i1nvention relates to use o:

—

a peptidase inhibitor capable of inhibiting the peptidase

= -

activity of a neurogenic peptidase for treatment of

behavioral disorders in human, canine, feline, and eguine

15 speciles, where the activity of the neurogenic peptidase is

characterized by the property of being inhibited by

i

effective amounts of Ala-D-v-Glu-Lys-D-alanyl-D-alanine, and

wherein the peptldase inhibitor 1s a f-lactam compound.

I

Another aspect of the i1nvention relates to use of

—

20 a peptidase inhibitor capable of inhibiting the peptidase

activity of a neurogenic peptidase for treatment of a

behavioral disorder in a vertebrate selected from the group

consisting of human, canine, feline, and eqguine species

suffering from said disorder, wherein said peptidase

25 1nhibitor 1is a (-lactam compound selected from B-lactam

antibiotics and f-lactamase inhibitors, and wherein the

1)

neurogenic peptidase 1s characterized by the property o:

being 1nhibited by a peptide comprising the seguence

Ala-D-v-Glu-Lys-D-alanvyl-D-alanine.

30 Another aspect of the 1nvention relates to use of

an i1nhibitor of the peptidase activity of a N-acetylated-o-

linked-acidic dipeptidase for enhancing cognition in a
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subject, wherein the peptidase inhibitor is a B-lactam

compound.

Another aspect of the invention relates to use of an

inhibitor of the peptidase activity of a N-acetylated-a-linked-
acldic dipeptidase as an anxiolytic, wherein the peptidase

inhibitor 1is a f-lactam compound.

Another aspect of the 1nvention relates to use of a

B-lactam compound capable of inhibiting NAALADase activity in

nervous tissue for treating a patient afflicted with multiple

sclerosis.

Another aspect of the 1nvention relates to the use of

a B-lactam compound 1in the treatment of anxiety without

gre—
p—

concomitant antibiotic effect.

P

Another aspect of the 1nvention relates to a

commercial package comprising a peptidase inhibitor capable of
1nhibiting the peptidase activity of one or more neurogenilc
peptidases 1n the brain together with i1nstructions for the use

-

as described herein, and wherein the amount of the peptidase

inhiblitor 1s less than an amount effective to provide

antibiotically effective blood levels of the peptidase

inhibitor.

In another aspect, the i1nvention relates to a

commercial package comprising a peptidase inhibitor capable of
inhibiting the peptidase activity of one Or more neurogenic
peptidases in the brain together with instructions for the use

as described herein, wherein the peptidase inhibitor 1is
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clavulanic acid, a pharmaceutically acceptable salt thereof, or

pr——

an active ester form thereof, and wherein the amount of the

peptidase inhibitor is less than the amount effective to

provide antibiotically effective blood levels of the peptidase

inhibitor.

P

In another aspect, the invention relates to use of

clavulanic acid, a pharmaceutically acceptable salt thereof, or

an active ester form thereof in the manufacture of a medicament

F

for treatment of a disorder selected from a behavioral

disorder, a cognitive disorder, a condition characterized at
least 1n part by abnormal extracellular glutamate concentration
1n the braln or the nervous tissue, and prostate cancer or
benign prostatic hyperplasia, sald medicament comprising an

amount of the clavulanic acid, a pharmaceutically acceptable

salt thereof, or an active ester form thereof that provides
effective treatment of the disorder, wherein the amount of the

clavulanic acid, a pharmaceutically acceptable salt thereof, or

an active ester form thereof is less than an amount effective

to provide antibiotically effective blood levels of the

clavulanic acid, a pharmaceutically acceptable salt thereof, or

F
p—

an active ester form thereof.

In another aspect, the i1nvention relates to a

pharmaceutical formulation for treatment of behavioral or
cognitive disorders in a human patient in need thereof, said
formulation being in unit dosage form, and comprising
clavulanic acid, a pharmaceutically acceptable salt thereof, or
an active ester form thereof and a pharmaceutically acceptable

carrier therefore, wherein the amount of said clavulanic acaid,
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a pharmaceutically acceptable salt thereof, or an active ester
form thereof 1s less than that capable of producing, upon
administration of said formulation, clinically effective blood
levels of the clavulanic acid, a pharmaceutically acceptable
salt thereof, or an active ester form thereof for treating
infections, but i1n an amount effective to produce levels of the

F

clavulanic acid, a pharmaceutically acceptable salt thereof, or

an active ester form thereof in the brain sufficient to
modulate cognitive and behavioral performance, and wherein the
amount of the clavulanic acid, a pharmaceutically acceptable
salt thereof, or an active ester form thereof 1s less than an
amount effective to provide antibiotically effective blood
levels of the clavulanic acid, a pharmaceutically acceptable

salt thereof, or an active ester form thereof.

In another aspect, the invention relates to a
commercial package comprising clavulanic acid, a
pharmaceutically acceptable salt thereof, or an active ester
form thereof together with instructions for the use as
described herein, and wherein the amount of the clavulanic

acid, a pharmaceutically acceptable salt thereof, or an active

ester form thereof is less than an amount effective to provide
antibiotically effective blood levels of the clavulanic acid, a
pharmaceutically acceptable salt thereof, or an active ester

form thereof.

F

Brief Description of the Drawings

Figs. 1-42 are graphic representations of data
gathered in the conduct of testing of moxalactam, other

B-lactam antibiotics, clavulanic acid, and other neuroactive
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compounds 1n various animal models accepted in the art for

detection of activity against offensive aggression

(Figs. 1-4, 9-14, 24, 29, 31 and 32), general motor activity,
olfactory discrimination (Fig. 5), sexual activity (Fig. 6),
anxiolytic activity (Figs. 7, 25, 26, 28, 37 and 40), and
spatial memory (Figs. 8 and 29-36). Figs. 15 and 16 are

graphic illustrations of the effect of intracerebrally

administered peptidoglycan-precursor protein on offensive

aggression and olfactory discrimination 1n hamsters.

Detailed Description of the Invention

The present invention and the various embodiments
described and claimed herein derive, 1n part, from the
discoveries that compounds capable of binding to and inhibiting

—

enzyme activity of penicillin-binding proteins of bacterial

origin are also potent inhibitors of N-acetylated-a-linked acid
dipeptidase (NAALADase) activity and possibly other related
enzymes in the brain, and that when administered to provide
effective threshold NAALADase inhibitory concentrations of same
in the brain, NAALADase inhibitors exhibit clinically
significant neurocactivity evidenced in part by behavioral

modification and enhanced cognition and function.

In one embodiment the NAALADase inhibitors effective
for use in accordance with the present invention are

characterized by their capability to inhibit a bacterial

protease exhibiting selective proteolytic activity on a protein

or peptide
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substrate comprising acyl-D-alanyl-D-alanine. Alternatively stated, eftective
NAALADase inhibitors for use in treatment of behavioral and cognitive disorders in
accordance with one embodiment of this invention, can be characterized by their
selective affinity (by associative and/or covalent binding) to penicillin-binding proteins;
such compounds include particularly B-lactam antibiotics such as penicillins,
cephalosporins and analogues thereof. Based on animal tests to date, such bacterial
protease inhibitors appear to function at subclinical-antibiotic levels in the brain to
inhibit neuropeptidase activity which can function in neurochemical mediation of
behavior and cognitive performance. Effective inhibition of neuropeptidase activity
with concomitant mediation of behavior and cognitive performance has also been
effected by administration of a f-lactamase inhibitor, clavulanic acid, a -lactam
containing compound having no clinically significant antibiotic activity. It is surmised
that inhibition of such neuropeptidase (e.g., NAALADase) activity allows modulation
of the concentration and/or function of one or more neurotransmitters or
neuromodulators with concomitant improvement in neurological function evidenced by
enhancement of cognitive performance and attenuation of aberrant behavioral
phenotypes. In one example of this invention, moxalactam given 1.p. at 50
micrograms/kg inhibits aggression in hamster, enhances spatial learning in rats, and
acts as an anxiolytic in rats. Clavulanic acid has shown similar activity when
administered 1.p. at less than 1 microgram/kg.

Historically, those knowledgeable in the field of beta lactam antibiotics
understand that the mode of action as antibacterial agents 1s by inhibiting cell wall
synthesis by acting as a substrate for penicillin-binding protein (PBP); the term PBP
has been extended to include binding to all beta lactams including cephalosporins.
More recently, investigators have been able to clone and sequence these PBP's as well
as crystallize the enzymes and determine active site motifs (see P. Palomeque et al., J.
Biochem., 279, 223-230, 1991). Based on this data, the four putative binding sites for
PBP have been designated active site I, II, IIl and IV. The active sites, sequence

location and amino acid (AA) sequence are as follows:
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Active site I:
35 AA's downstream from N-terminus: STTK

Active site II:
57 AA's downstream from STTK motif: SGC, SGN, or SAN

Active site 11I:
111 AA's downstream from SGC motif: KTG

Active site IV
41 AA's downstream from SGC motif: ENKD

Pursuant to identifying an enzyme system in the brain that moxalactam
would inhibit in a similar manner to PBP, it was discovered that a glutamyl
carboxypeptidase enzyme known as N-acetyl-a-linked acidic dipeptidase
(NAALADase) (See M.N. Pangalos et al., J. Bio. Chem., 264, 8470-8483, 1999) has
an almost perfect overlap of the putative active sites of PBP. This enzyme system 1s
responsible for regulating the glutamatergic neurotransmission pathways, the effects
of which would be expressed in such behavioral outcomes as aggression,
memory/cognition, and anxiety. As a result of the almost perfect overlap of the
putative active sites of PBP and the conserved sequences in human and rat
NAALADase, it is believed that moxalactam and other -lactam compounds mediate
behavioral effects by inhibiting NAALADase at low concentrations. This is based on
the following overlap sequence similarity between PBP and NAALADase I, one of

several known NAALADase species, as shown below:

Active site I:
PBP: 35 AA's downstream from N-terminus: STTK
NAALADase: 38 AA's downstream from N-terminus: STQK

Active site 11
PBP: 57 AA's downstream from STTK motif: SGC, SGN, or SAN
NAALADase: 59 AA's downstream from STQK motif: SFG

MEMPCH o
AMENRER SHEET
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Active site III:
PBP: 111 AA's downstream from SGC motif: KTG
NAALADase: 110 AA's downstream from SFG motif: KLG

Active site IV
PBP: 41 AA's downstream from SGC motif: ENKD
NAALADase: 41 AA's downstream from SFG motif: ERGV

Since the beta-lactams provide their inhibition of PBP transpeptidation
of bacterial cell wall by binding to these four active sites, one can infer that the
conserved similarity in active site sequences and location would confer similar
binding properties of moxalactam and other 3-lactam compounds to NAALADase
and possibly other neurogenic enzymes having sequences overlapping with the four
active binding site motif. That discovery coupled with observation of the significant
behavioral modification effects deriving from administration of very low doses of
certain penicillin protein binding compounds has provided insight into a novel
approach to the prevention and treatment of disease states characterized by
neurological dysfunction.

The unique neurological activity profiles of the two {-lactam
compounds that have been studied most extensively to date, moxalactam and
clavulanic acid, suggest that those compounds exhibit activity on multiple neurogenic
enzyme targets, including NAALADase and structurally related enzymes, particularly
those that might share the four active binding site motif common to both PBP and
NAALADase. To identify other putative neurogenic targets for the behavioral and
cognitive activities discovered for moxalactam and clavulanic acid, the sequence for
NAALADase II was used to search the human genome database (NCBI-BLAST).
Seven human gene sequences were identified that have significant homology with

NAALADase II and that encode for the four active site motif:

1) >dbj/AP001769.2/AP001769 Homo sapiens chromosome 11 clone RP1 1-240F8
map 11ql14

Active site I:

PBP: 35 AA’s downstream from N-terminus:........... STTK
NAALADase: 38 AA’s downstream from N-terminus: STQK
>dbj/AP001769: NSRK

AMENDED SHEET
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Active site 1I:
PBP: 57 AA’s downstream from STTK motif............. SGC, SGN, or SAN
NAALADase: 59 AA’s downstream from STQK motif: SFG
>dbj/AP001769: SFG
5
Active site III:
PBP:111 AA’s-downstream from SGC motif............. KTG
NAALADase: 110 AA’s downstream from SFG motif: KLG
>dbj/AP001769: KLG
10
Active site IV:
PBP:41 AA’s downstream from SGC motif:............ ENKD
NAALADase: 41 AA’s downstream from SFG motif: ERGV
>db)/AP001769: ERSI
15

2) >dbj|AP000827.2|AP000827 Homo sapiens chromosome 11 clone RP.
Active site [:

PBP: 35 AA’s downstream from N-terminus:........... STTK

NAALADase: 38 AA’s downstream from N-terminus: STQK
20 > dbj|AP0O00827.2: NSRK

Active site II:

PBP: 57 AA’s downstream from STTK motif............. SGC, SGN, or SAN

NAALADase: 59 AA’s downstream from STQK motif: SFG
25 > dbj|AP000827.2: SFG

Active site 111

PBP:111 AA’s downstream from SGC motif............. KTG

NAALADase: 110 AA’s downstream from SFG motif: KLG
30 >db)|AP000827.2: KLG

Active site IV:

PBP:41 AA’s downstream from SGC motif:............ ENKD

NAALADase: 41 AA’s downstream from SFG motif: ERGV
35 > dbj|AP000827.2: ERSI

3) > dbj|AP000648.2|AP000648 Homo sapiens chromosome 11 clone CM.
Active site I:

PBP: 35 AA’s downstream from N-terminus............ STTK
40 NAALADase: 38 AA’s downstream from N-terminus: STQK

>> dbj| AP000648.2: NSRK

Active site II:

PBP: 57 AA’s downstream from STTK motif:............ SGC, SGN, or SAN
45 NAALADase: 59 AA’s downstream from STQK motif: SFG

> dbj|AP000648.2. SFG

AMENDED SHEET
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Active site III:
PBP:111 AA’s downstream from SGC motif:............ KTG
NAALADase: 110 AA’s downstream from SFG motif: KLG
> dbj|AP000648.2: KLG
5
Active site [V:
PBP:41 AA’s downstream from SGC motif............. ENKD
NAALADase: 41 AA’s downstream from SFG motif: ERGV
> dbj|AP000648.2: ERSI
10
4)> gb|AC074003.2|AC074003 Homo sapiens chromosome 2 clone RP11.
Active site I:
PBP: 35 AA’s downstream from N-terminus............ STTK
NAALADase: 38 AA’s downstream from N-terminus: STQK
15 gblAC074003.2|AC074003: STQ-
Active site II:
PBP: 57 AA’s downstream from STTK motif............. SGC, SGN, or SAN
NAALADase: 59 AA’s downstream from STQK motif: SFG
20  gb|AC074003.2|AC074003: SFG
Active site III:
PBP:111 AA’s downstream from SGC motif............. KTG
NAALADase: 110 AA’s downstream from SFG motif: KLG
25  gb|AC074003.2|AC074003: KLG
Active site IV:
PBP:41 AA’s downstream from SGC motif:............ ENKD
NAALADase: 41 AA’s downstream from SFG motif: ERGV
30 gblAC074003.2|AC074003 ER GV
5)> emb|AL162372.6|AL162372 Homo sapiens chromosome 13 clone RP.
Active site I:
PBP: 35 AA’s downstream from N-terminus:........... STTK
35 NAALADase: 38 AA’s downstream from N-terminus: STQK
emb|AL162372.6: STQ-
Active site II:
PBP: 57 AA’s downstream from STTK motif:............ SGC, SGN, or SAN
40 NAALADase: 59 AA’s downstream from STQK motif: SFG
emb|AL162372.6: SFG
Active site 111
PBP:111 AA’s downstream from SGC motif:............ KTG
45 NAALADase: 110 AA’s downstream from SFG motif: KLG
emb|AL162372.6: KLG

AMENDED SHEE
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Active site IV:
PBP:41 AA’s downstream from SGC motif:............ ENKD
NAALADase: 41 AA’s downstream from SFG motif: ERGV
emb|AL162372.6 ER GV
5
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6) gb|AC024234.5|/AC024234 Homo sapiens chromosome 11 clone RP1.

Active site I:

PBP: 35 AA’s downstream from N-terminus:........... STTK
NAALADase: 38 AA’s downstream from N-terminus: STQK
gb|AC024234.5|AC024234: STQ-
Active site II:

PBP: 57 AA’s downstream from STTK motif............. SGC,
NAALADase: 59 AA’s downstream from STQK motif: SFG
gb|AC024234.5|AC024234: SFG
Active site I1I:

PBP:111 AA’s downstream from SGC motif:............ KTG
NAALADase: 110 AA’s downstream from SFG motif: KLG
gb|AC024234.5|AC024234: KLG
Active site IV

PBP:41 AA’s downstream from SGC motif:............. ENKD
NAALADase: 41 AA’s downstream from SFG motif: ERGV
gb|AC024234.5|AC024234 ER GV

SGN, or SAN

7) dbj|AP002369.1]AP002369 Homo sapiens chromosome 11 clone RP....

Active site I:

PBP: 35 AA’s downstream from N-terminus:........... STTK
NAALADase: 38 AA’s downstream from N-terminus: STQK
dbj|AP002369.1: STQ-
Active site 11:

PRP: 57 AA’s downstream from STTK motif............. SGC,
NAALADase: 59 AA’s downstream from STQK motif: SFG
dbj|AP002369.1: SFG
Active site I1I:

PBP:111 AA’s downstream from SGC motif:............ KTG
NAALADase: 110 AA’s downstream from SFG motif: KLG
dbj|AP002369.1: KLG
Active site 1V:

PBP:41 AA’s downstream from SGC motif:............ ENKD
NAALADase: 41 AA’s downstream from SFG motif: ERGV
dbj|AP002369.1 ER GV

AMENDED SHEET
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The encoded protein of each of those gene sequences expressed in the
brain are probable targets for behavioral and cognitive activity by B-lactams and other
NAAILADase inhibitors. Thus in accordance with one aspect of ths invention there is
provided a method for modifying behavior and/or cognition comprising the step of

5  mhibiting the biological activity of the non-NAAL ADase protein(s) expressed by one
or more of the above-identified gene sequences, by administering an effective amount
of a 3-lactam compound or other compound capable of NAAL ADase inhibition.

In one embodiment the NAALADase inhibitors effective for use in the
various pharmaceutical formulation and method embodiments of this invention,

10  generally speaking, are compounds which exhibit detectable selective affinity for art
recognized penicillin-binding proteins, including particularly $-lactam-containing
compounds (hereinafter “B-lactam compounds”) such as penicillins and cephalosponins
and analogues thereof, certain [J-lactamase inhibitors, and peptides comprising the
amino acid sequence Ala-D-y-Glu-Lys-D-Ala-D-Ala. Among such NAALADase

15  inhibiting compounds, those preferred for use in accordance with this invention are
compounds that also exhibit good blood brain barrier transport properties evidenced by
favorable cerebral spinal fluid (CSF)/brain:serum concentration ratios. Further, 1t will
be appreciated that other art-recognized NAALADase inhibitors can be used alone or

in combination with penicillin protein-binding compounds for treatment and prevention

20  of behavioral and/or cognitive disorders.

In the embodiments of the invention directed to pharmaceutical
formulations for use 1n inhibition of neurogenic NAAIL ADase to modify behavior
and/or improve cognitive function, the {3-lactam compounds or other NAALL ADase
inhibiting compounds including peptides or analogues of such compounds are typically

25. formulated in unit dosage form opti‘onally in combination with, or as covalent |
conjugates of, other compounds or molecular entities, respectively, known to enhance

drug transport across the blood brain barrier. Such drug formulation/conjugation

techniques are described and claimed in the following listed United States Patents: U.S. Patents
Numbers 5,624,894; 5,672,683, 5,525,727, 5,413,996, 5,296,483; 5,187,158;

30 95,177,064, 5,082,853; 5,008,257, 4,933,438; 4,900,837; 4,880,921: 4,824 ,850:
'4,771,059; and 5,540,564.
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Enhanced concentrations of drug substances, including NAALADase
inhibitors 1n the brain, can also be achieved by co-administration with P-glycoprotein
efflux inhbitors such as those described in U.S. Patents Numbers 5,889,007; 5,874,434

5,654,304, 5,620,855; 5,643,909; and 5,591,715. Alternatively B-lactam antibiotic

: compounds useful in accordance with this invgntion, including penicilhins, cephalosporins,
penems, 1-oxa-1-dethia cephems, clavams, éiavems, azetidinones, carbapenames,
carbaenems, and carbacephems, can bé administered alone or in combination with art-
recognized B-lactamase inhibitors, which themselves may or may not be -lactam

o  compounds or compounds capable of exhibiting selective affinity

for penicillin-binding proteins. Examples of 3-lactamase inhibitors which can be used
z{lonc or in combination with other neuropeptidase inhibitors useful in accordance
with this invention for treatment and/or prevention of cognitive or behavioral '
disorders are other B-lactam compounds which may or may not exhibit independent

15 clinically_signiﬁcan__t antibactenal activity, such as clavulanic acid and thienamycin
and analogs thereof, sulbactam, tazobactam, sultamicillin, and aztreonam and other
monolactalhs.

The patent and non-patent literature 1s replete with references

describing f3-lactam antibiotics, their preparation, their characterization, their

20  formulation and. theu' mode of action. f3-Lactam antibiotics are known to exhibit
their antibictic activity by interfering with one or more biological pathways involved
n bactena cell wall synthesis; more particulafly, they inhibit carboxypeptidase and/or
transpeptidase (or protease) activity involved 1n cross-linking of the peptidoglycan
chains used as building blocks for cell wall synthesis. -Lactam antibiotics are thus

25  Dbelieved to act as inhibitors of carboxypeptidases or transpeptidases by their covalent,
and by some reports, noncovalént associative bonding, to one or more of a group of
such bacterial enzymes generally termed penicillin binding proteiﬁs (PBP’s). Such
enzymeé serve to complete bactena cell wall synthesis by cross linking peptidoglycan
chains.

30 A similar peptidase-substrate interaction/inhibition 1s now suggested in
z}ccordance with this invention as a significant neurochemical pathway involved in-
brain function pivotal to cognitive performance and behavioral phenotype. Such a

neurochemical mechanism is suggested too by the gﬁscovery that delivery of effective
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amounts of the peptide Ala-D-y-Glu-Lys-D-alanyl-D-alanine directly into the brain
produced the same modified behavioral characteristics as that achieved by comparable
concentrations of -lactam compounds in the brain. The peptide appears to serve as a
substitute substrate for (and thus serve to inhibit the activity thereof) one or more
neurogenic peptidases (e.g., NAALADases) that normally exhibit their activity on
peptidic neurotransmitters or neuromodulators, i.e., NAAD, in the ordinary course of
certain neurochemical processes that mediate cognitive performance and behavioral
phenotype.

Based on animal tests to date it is believed that the general classes of
behavioral disorders can be prevented or treated in accordance with this invention by
administration of effective amounts of NAALADase inhibitors include aggressive
disorder, obsessive-compulsive disorder, anxiety, depression, and attention deficient
hyperactivity disease (ADHD). Thus in one embodiment of the invention a
NAALADase inhibitor selected from those capable of binding to penicillin-binding
protein, e.g., a B-lactam antibiotic or -lactamase inhibitor, and/or those exhibiting
inhibition of selective proteolytic activity on a bacterial protein or peptide substrate
comprising the C-terminal amino acid sequence acyl-D-alanyl-D-alanine, or other
NAALADase inhibitor, is administered as an anti-aggressive agent to control
impulsivity and violence in a patient afflicted with autism, Tourette’s Syndrome,
mental retardation, psychosis, mania, senile dementia or that in a patient with
personality disorder and history of inappropriate aggression. In another embodiment a
deaminoglutamate analog or an N-substituted glutamate derivative is administered in
an amount effective to control impulsivity and violence in patients effected with such
disease states.

Other neurological disease states which can be treated in accordance
with the present invention include depression, including major depression (single
episode, recurrent, melancholic), atypical, dysthmia, subsyndromal, agitated, retarded,
co-morbid with cancer, diabetes, or post-myocardial infarction, involutional, bipolar
disorder, psychotic depression, endogenous and reactive, obsessive-compulsive
disorder, or bulimia. In addition, NAALADase inhibitors can be used to treat patients
suffering from pain (given alone or in combination with morphine, codeine, or

dextroproposyphene), obsessive-compulsive personality disorder, post-traumatic stress
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disorder, hypertension, atherosclerosis, anxiety, anorexia nervosa, panic, social phobia,
stuttering, sleep disorders, chronic fatigue, cognition deficit associated with
Alzheimer’s disease, alcohol abuse, appetite disorders, weight loss, agoraphobia,
improving memory, amnesia, smoking cessation, nicotine withdrawal syndrome
symptoms, disturbances of mood and/or appetite associated with pre-menstrual
syndrome, depressed mood and/or carbohydrate craving associated with pre-menstrual
syndrome, disturbances of mood, disturbances of appetite or disturbances which
contribute to recidivism associated with nicotine withdrawal, circadian rhythm
disorder, borderline personality disorder, hypochondriasis, pre-menstrual syndrome
(PMS), late luteal phase dysphoric disorder, pre-menstrual dysphoric disorder,
trichotillomania, symptoms following discontinuation of other antidepressants,
aggressive/intermittent explosive disorder, compulsive gambling, compulsive spending,
compulsive sex, psychoactive substance use disorder, sexual disorder, schizophrenia,
premature ejaculation, or psychiatric symptoms selected from stress, WOITY, anger,
rejection sensitivity, and lack of mental or physical energy.

Other examples of pathologic, psychologic conditions which may be
treated in accordance with this invention include, but are not limited to: Moderate
Mental Retardation (318.00), Severe Mental Retardation (318.10), Profound Mental
Retardation (318.20), Unspecified Mental Retardation (319.00), Autistic Disorder
(299.00), Pervasive Development Disorder NOS (299.80), Attention-Deficit
Hyperactivity Disorder (314.01), Conduct Disorder, Group Type (312.20), Conduct
Disorder, Solitary Aggressive Type (312.00), Conduct Disorder, Undifterentiated
Type (312.90), Tourette's Disorder (307.23), Chronic Motor or Vocal Tic Disorder
(307.22), Transient Tic Disorder (307.21), Tic Disorder NOS (307.20), Primary
Degenerative Dementia of the Alzheimer Type, Senile Onset, Uncomplicated (290.00),
Primary Degenerative Dementia of The Alzheimer Type, Senile Onset, with Delirum
(290.30), Primary Degenerative Dementia of the Alzheimer Type, Senile Onset, with
Delusions (390.20), Primary Degenerative Dementia of the Alzheimer Type, Senile
Onset, with Depression (290.21), Primary Degenerative Dementia of the Alzheimer
Type, Presenile Onset, Uncomplicated (290.10), Primary Degenerative Dementia of
the Alzheimer Type, Presenile Onset, with Delirium (290.11), Primary Degenerative
Dementia of the Alzheimer Type, Presenile Onset, with Delusions (290.12), Primary
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Degenerative Dementia of the Alzheimer Type, Presenile Onset, with Depression
(290.13), Multi-infarct dementia, Uncomplicated (290.40), Multi-infarct dementia,
with Delirium (290.41), Multi-infarct Dementia, with Delusions (290.42), Multi-infarct
Dementia, with Depression (290.4 3), Senile Dementia NOS (290.10), Presenile
Dementia NOS (290.10), Alcohol Withdrawal Delirrum (291.00 ), Alcohol
Hallucinosis (291.30), Alcohol Dementia Associated with Alcoholism (291.20),
Amphetamine or Similarly Acting Sympathomimetic Intoxication (305.70),
Amphetamine or Similarly Acting Sympathomimetic Delusional Disorder (292.11),
Cannabis Delusional Disorder (292.11), Cocaine Intoxication (305.60), Cocaine
Delirium (292.81), Cocaine Delusional Disorder (292.11), Hallucinogen Hallucinosis
(305.30), Hallucinogen Delusional Disorder (292.11), Hallucinogen Mood Disorder
(292.84), Hallucinogen Posthallucinogen Perception Disorder (292.89), Phencychdine
(PCP or Similarly Acting Arylcyclohexylamine Intoxication (305.90), Phencyclidine
(PCP) or Similarly Acting Arylcyclohexylamine Delirtum (292.81), Phencyclidine
(PCP) or Similarly Acting Arylcyclohexylamine Delusional Disorder (292.11),
Phencyclidine (PCP) or Similarly Acting Arylcyclohexylamine Hood Disorder
(292.84), Phencyclidine (PCP) or Similarly Acting Arylcyclohexylamine Organic
Mental Disorder NOS (292.90), Other or unspecified Psychoactive Substance

" Intoxication (305.90), Other or Unspecified Psychoactive Substance Delirum

(292.81), Other or Unspecified Psychoactive Substance Dementia (292.82 ), Other or
Unspecified Psychoactive Substance Delusional Disorder (292.11), Other or
Unspecified Psychoactive Substance Hallucinosis (292.12), Other or Unspecitied
Psychoactive Substance Mood Disorder (292.84), Other or Unspecified Psychoactive
Substance Anxiety Disorder (292.89), Other or Unspecified Psychoactive Substance
Personality Disorder (292.89), Other or Unspecified Psychoactive Substance Organic
Mental Disorder NOS (292.90), Delirium (293.00), Dementia (294.10), Organic
Delusional Disorder (293.81), Organic Hallucinosis (293.81), Organic Mood Disorder
(293.83), Organic Anxiety Disorder (294.80), Organic Personality Disorder (310.10),
Organic Mental Disorder (29.80), Obsessive Compulsive Disorder (300.30),
Post-traumatic Stress Disorder (309.89), Generalized Anxiety Disorder (300.02),
Anxiety Disorder NOS (300.00), Body Dysmorphic Disorder (300.70),
Hypochondriasis (or Hypochondriacal Neurosis) (300.70), Somatization Disorder
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(300.81), Undifferentiated Somatoform Disorder (300.70), Somatoform Disorder NOS
(300.70), Intermittent Explosive Disorder (312.34), Kleptomania (312.32),
Pathological Gambling (312.31), Pyromania (312.33), Trichotillomania (312.39), and
Impulse Control Disorder NOS (312.39).

Additional examples of pathologic psychological conditions which may
be treated using the B-lactam containing protease inhibitors as described in this
invention include Schizophrenia, Catatonic, Subchronic, (295.21), Schizophrema,
Catatonic, Chronic (295.22), Schizophrenia, Catatonic, Subchronic with Acute
Exacerbation (295.23), Schizophrenia, Catatonic, Chronic with Acute Exacerbation
(295.24), Schizophrenia, Catatonic, in Remission (295.55), Schizophrenia, Catatonic,
Unspecified (295.20), Schizophrenia, Disorganized, Chronic (295.12), Schizophrenia,
Disorganized, Subchronic with Acute Exacerbation (29 5.13), Schizophrenia,
Disorganized, Chronic with Acute Exacerbation (295.14), Schizophrenia,
Disorganized, in Remission (295.15), Schizophrenia, Disorganized, Unspecitied
(295.10), Schizophrenia, Paranoid, Subchronic 295.31), Schizophrenia, Paranoid,
Chronic (295.32), Schizophrenia, Paranoid, Subchronic with Acute Exacerbation
(295.33), Schizophrenia, Paranoid, Chronic with Acute Exacerbation (295.34),
Schizophrenia, Paranoid, in Remission (295.35), Schizophrenia, Paranoid, Unspecitied
(295.30), Schizophrenia, Undifferentiated, Subchronic (295.91), Schizophrenia,
Undifferentiated, Chronic (295.92), Schizophrenia, Undifferentiated, Subchronic with
Acute Exacerbation (295.93), Schizophrenia, Undifferentiated, Chronic with Acute
Exacerbation (295.94), Schizophrenia, Undifferentiated, in Remission (295.95),
Schizophrenia, Undifferentiated, Unspecified (295.90), Schizophrenia, Residual,
Subchronic (295.61), Schizophrenia, Residual, Chronic (295.62), Schizophrenia,
Residual, Subchronic with Acute Exacerbation (295.63), Schizophrenia, Residual,
Chronic with Acute Exacerbation (295.94), Schizophrenia, Residual, in Remission
(295.65), Schizophrenia, Residual, unspecified (295.60), Delusional (Paranoid)
Disorder (297.10), Brief Reactive Psychosis (298.80), Schizophreniform Disorder
(295.40), Schizoaffective Disorder (295.70), induced Psychotic Disorder (297.30),
Psychotic Disorder NOS (Atypical Psychosis) (298.90), Bipolar Disorder, Mixed,
Severe, without Psychotic Features (296.63), Bipolar Disorder, Manic, Severe,

without Psychotic Features (296.43), Bipolar Disorder, Depressed, Severe, without
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Psychotic Features (296.53), Bipolar Disorder, Mixed, with Psychotic Features
(296.64),Bipolar Disorder, Manic, with Psychotic Features (296.44), Bipolar Disorder,
Depressed, with Psychotic Features (296.54), Bipolar Disorder NOS (296.70), Major
Depression, Single Episode, with Psychotic Features (296.24), Major Depression,
Recurrent with Psychotic Features (296.34) Personality Disorders, Paranoid (301.00),
Personality Disorders, Schizoid (301.20), Personality Disorders, Schizotypal (301.22),
Personality Disorders, Antisocial (301.70), Personality Disorders, Borderline (301.83).

Anxiety disorders which may be treated in accordance with this
invention include, but are not limited to, Anxiety Disorders (235), Panic Disorder
(235), Panic Disorder with Agoraphobia (300.21), Panic Disorder without
Agoraphobia (300.01), Agoraphobia without History of Panic Disorders (300.22),
Social Phobia (300.23), Simple Phobia (300.29), Organic Anxiety Disorder (294.80),
Psychoactive Substance Anxiety Disorder (292.89), Separation Anxiety Disorder
(309.21), Avoidant Disorder of Childhood or Adolescence (313.21), and Overanxious
Disorder (313.00).

Effective amounts of NAAL ADase inhibitors, particularly the [3-lactam
compounds described herein, can be used for the treatment of the following pathologic
psychological conditions: Moderate Mental Retardation; Severe Mental Retardation;
Profound Mental Retardation; Autistic Disorder; Attention-Deficit Hyperactivity
Disorder; Pervasive Development Disorder NOS; Conduct Disorder, Group Type;
Conduct Disorder, Solitary Aggressive Type; Tourette's Disorder; Primary
Degenerative Dementia of the Alzheimer Type, Senile Onset, with Delirtum; Primary
Degenerative Dementia of the Alzheimer Type, Senile Onset, with Delusions; Primary
Degenerative Dementia of the Alzheimer Type, Presenile Onset; Schizophrenia,
Catatonic, Subchronic; Schizophrenia, Catatonic, Chronic; Schizophrenia, Catatonic,
Subchronic with Acute Exacerbation; Schizophrenia, Catatonic, Chronic with Acute
Exacerbation; Schizophrenia, Catatonic, in Remission; Schizophrenia, Catatonic,
Unspecified; Schizophrenia, Disorganized, Subchronic; Schizophrenia, Disorganized,
Chronic; Schizophrenia, Disorganized, Subchronic with Acute Exacerbation;
Schizophrenia, Disorganized, Chronic with Acute Exacerbation; Schizophrenia,
Disorganized, in Remission; Schizophrenia, Disorganized, Unspecified; Schizophrenia,

Paranoid, Subchronic; Schizophrenia, Paranoid, Chronic; Schizophrenia, Paranoid,
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Subchronic with Acute Exacerbation; Schizophrenia, Paranoid, Chronic with Acute
Exacerbation; Schizophrenia, Paranoid, in Remission; Schizophrenia, Paranod,
Unspecified; Schizophrenia, Undifferentiated, Subchronic; Schizophrenia,
Undifferentiated, Chronic; Schizophrenia, Undifferentiated, Subchronic with Acute
Exacerbation; Schizophrenia, Undifferentiated, Chronic with Acute Exacerbation,
Schizophrenia, Undifferentiated, in Remission; Schizophrenia, Undifferentiated,
Unspecified; Schizophrenia, Residual, Subchronic; Schizophrenia, Residual Chronic;
Schizophrenia, Residual, Subchronic with Acute Exacerbation; Schizophrenia,
Residual, Chronic with Acute Exacerbation; Schizophrenia, Residual, in Remission;
Schizophrenia, Residual, Unspecified; Delusional (Paranoid) Disorder; Brief Reactive
Psychosis; Schizophreniform Disorder; Schizoaffective Disorder; Induced Psychotic
Disorder; Psychotic Disorder NOS (Atypical Psychosis); Bipolar Disorder, Mixed,
with Psychotic Features; Bipolar Disorder, Manic, with Psychotic Features; Bipolar
Disorder, Depressed, with Psychotic Features; Bipolar Disorder NOS; Major
Depression, Single Episode, or Recurrent with Psychotic Features; Personality
Disorders, Paranoid; Personality Disorders, Schizoid; Personality Disorders,
Schizotypal; Personality Disorders, Antisocial; Personality Disorders, Borderline,
Anxiety Disorders, Panic Disorder, Panic Disorder with Agoraphobia, Panic Disorder
without Agoraphobia, Agoraphobia without History of Panic Disorders, Social Phobia,
Simple Phobia, Obsessive Compulsive Disorder , Post-Traumatic Stress Disorder,
Generalized Anxiety Disorder, Anxiety Disorder NOS, Organic Anxiety Disorder
Psychoactive Substance Anxiety Disorder, Separation Anxiety Disorder, Avoidant
Disorder of Childhood or Adolescence, and Overanxious Disorder.

One or more neurogenic NAALADase inhibitors, including particularly
neurotropic f-lactam antibiotics or [-lactamase inhibitors can be used alone, in
combination or in combination with P-glycoprotein inhibitors to treat the following
psychotic conditions: Schizophrenia, Catatonic, Subchronic; Schizophrenia, Catatonic,
Chronic; Schizophrenia, Catatonic, Subchronic with Acute Exacerbation;
Schizophrenia, Catatonic, Chronic with Acute Exacerbation; Schizophrenia, Catatonic,
in Remission; Schizophrenia, Catatonic, Unspecified; Schizophrenia, Disorganized,
Subchronic; Schizophrenia, Disorganized, Chronic; Schizophrenia, Disorganized,

Subchronic with Acute Exacerbation; Schizophrenia, Disorganized, Chronic with
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Acute Exacerbation; Schizophrenia, Disorganized, in Remission; Schizophrenia,
Disorganized, Unspecified; Schizophrenia, Paranoid, Subchronic; Schizophrenia,
Paranoid, Chronic; Schizophrenia, Paranoid, Subchronic with Acute Exacerbation;
Schizophrenia, Paranoid, Chronic with Acute Exacerbation; Schizophrenia, Paranoid,
in Remission; Schizophrenia, Paranoid, Unspecified; Schizophrenia, Undifferentiated,
Subchronic; Schizophrenia, Undifferentiated, Chronic; Schizophrenia,
Undifferentiated, Subchronic with Acute Exacerbation; Schizophrenia,
Undifferentiated, Chronic with Acute Exacerbation; Schizophrenia, Undifferentiated, in
Remission; Schizophrenia, Undifferentiated, Unspecified; Schizophrenia, Residual,
Subchronic; Schizophrenia, Residual, Chronic; Schizophrenia, Residual, Subchronic
with Acute Exacerbation; Schizophrenia, Residual, Chronic with Acute Exacerbation;
Schizophrenia, Residual, in Remission; Schizophrenia, Residual, Unspecified;
Delusional (Paranoid) Disorder; Brief Reactive Psychosis; Schizophreniform Disor(ier;
Schizoaffective Disorder; Induced Psychotic Disorder; Psychotic Disorder NOS
(Atypical Psychosis); Bipolar Disorder, Mixed, with Psychotic Features; Bipolar
Disorder, Manic, with Psychotic Features; Bipolar Disorder, Depressed, with
Psychotic Features; Bipolar Disorder NOS; Personality Disorders, Paranoid,
Personality Disorders, Schizoid; Personality Disorders, Schizotypal; Personality
Disorders, Antisocial; Personality Disorders, Borderline.

Examples of psychotic conditions which are most preferredly treated in
accordance with the method of this invention include Schizophrenia, Catatonic,
Subchronic; Schizophrenia, Catatonic, Chronic; Schizophrenia, Catatonic, Subchronic
with Acute Exacerbation; Schizophrenia, Catatonic, Chronic with Acute Exacerbation;
Schizophrenia, Catatonic, in Remission; Schizophrenia, Catatonic, Unspecitied;
Schizophrenia, Disorganized, Subchornic; Schizophrenia, Disorganized, Chronic;
Schizophrenia, Disorganized, Subchronic with Acute Exacerbation; Schizophrenia,
Disorganized, Chronic with Acute Exacerbation; Schizophrenia, Disorganized, in
Remission; Schizophrenia, Disorganized, Unspecified; Schizophrenia, Paranoid,
Subchronic; Schizophrenia, Paranoid, Chronic; Schizophrenia, Paranoid, Subchronic
with Acute Exacerbation; Schizophrenia, Paranoid, Chronic with Acute Exacerbation:
Schizophrenia, Paranoid, in Remission; Schizophrenia, Paranoid, Unspeciﬁed;

Schizophrenia, Undiﬂ‘ereﬁtiated, Subchronic; Schizophrenia, Undifferentiated,
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Chronic; Schizophrenia, Undifferentiated, Subchronic with Acute Exacerbation,
Schizophrenia, Undifferentiated, Chronic with Acute Exacerbation; Schizophrenia,
Undifferentiated, in Remission; Schizophrenia, Undifferentiated, Unspecified,
Schizophrenia, Residual, Subchronic; Schizophrenia, Residual, Chronic;
Schizophrenia, Residual, Subchronic with Acute Exacerbation; Schizophrenia,
Residual, Chronic with Acute Exacerbation; Schizophrenia, Residual, in Remission;
Schizophrenia, Residual, Unspecified; Delusional (Paranoid) Disorder; Brief Reactive
Psychosis; Schizophreniform Disorder; Schizoaffective Disorder; Personality
Disorders, Schizoid; and Personality Disorders, Schizotypal.

In one preferred aspect of this invention there 1s provided a treatment
for anxiety. Examples of anxiety disorders which are treated using the present method
and pharmaceutical formulations of this invention, include Anxiety Disorders, Panic
Disorder, Panic Disorder with Agoraphobia, Panic Disorder without Agoraphobia,
Agoraphobia without History of Panic Disorders, Social Phobia, Simple Phobia,
Obsessive Compulsive Disorder, Post-Traumatic Stress Disorder, Generalized Anxiety
Disorder, Anxiety Disorder NOS, Organic Anxiety Disorder, Psychoactive Substance
Anxiety Disorder, Separation Anxiety Disorder, Avoidant Disorder of Childhood or
Adolescence, and Overanxious Disorder.

Examples of the anxiety disorders which are most preferredly treated
include Panic Disorder; Social Phobia; Simple Phobia; Organic Anxiety Disorder;
Obsessive Compulsive Disorder; Post-traumatic Stress Disorder; Generalized Anxiety
Disorder; and Anxiety Disorder NOS.

The NAALADase inhibitors used as the neurochemically functional
agent in the methods and formulations of the present invention are, in one embodiment
of the invention, characterized particularly by their binding to penicillin-binding
proteins [as determined using methods described, for example, by B.G.. Spratt,
Properties of the penicillin-binding proteins of Escherichia coli K12, Eur. J. Biochem,,
72:341-352(1977) and N. H. Georgopapadakou, S.A. Smith, C. M. Cimarusti, and R.
B. Sykes, Binding of monolactams to penicillin-binding proteins of Escherichia coli and
Staphylococcus aureus: Relation to antibacterial activity, Antimocrob. Agents
Chemother., 23:98-104(1983)] and, in the case of antibiotics, by their inhibition of

selective carboxypeptidase and/or transpeptidase activity on peptide substrates
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comprising the amino acid sequence Ala-D-y-Glu-Lys-D-alanyl-D-alanine. Such
compounds include particularly, 3-lactam compounds. Preferred -lactam éompounds
for use in accordance with this invention are penicillins, cephalosporins, and
monocyclic and bicyclic analogs and/or derivatives thereof. Commercially available
antibiotics for use in the methods and manufacture of pharmaceutical formulations of
this invention include penams, cephems, 1-oxa-1-dethia cephems, clavams, clavems,
azetidinones, carbapenams, carbapenems and carbacephems.

The following compounds are illustrative of [3-lactam compounds for
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