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(57) ABSTRACT 

The invention provides methods for treating neuropsychiat 
ric disorders such as schizophrenia, Alzheimer’s Disease, 
autism, depression, benign forgetfulness, childhood learning 
disorders, close head injury, and attention de?cit disorder. 
The methods entail administering to a patient diagnosed as 
having a neuropsychiatric disorder a pharmaceutical com 
position containing a therapeutically effective amount of 
D-alanine (or a modi?ed form thereof), provided that the 
composition is substantially free of D-cycloserine, and/or 
(11) D-serine (or a modi?ed form thereof), and/or (111) 105 to 
500 mg of D-cycloserine (or a modi?ed form thereof), 
and/or (iv) N-methylglycine (or a modi?ed form thereof). 
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METHODS FOR TREATING NEUROPSYCHIATRIC 
DISORDERS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority under 35 U.S.C. 
§119(e) from provisional application U.S. Ser. No. 60/081, 
645, ?led Apr. 14, 1998. 

BACKGROUND OF THE INVENTION 

[0002] Schizophrenia, AlZheimer’s Disease, autism, 
depression, benign forgetfulness, childhood learning disor 
ders, close head injury, and attention de?cit disorder are 
examples of neuropsychiatric disorders. Autism, for 
example, is a developmental mental disorder characteriZed 
by autistic behavior, social failure, and language delay. 
AlZheimer’s Disease is a form of dementia that typically 
involves progressive mental deterioration, manifested by 
memory loss, confusion, and disorientation. AlZheimer’s 
Disease typically is treated by acetylcholine esterase inhibi 
tors such as tacrine hydrochloride or donepeZil. Attention 
De?cit Disorder is a disorder that is most prevalent in 
children and is associated With increased motor activity and 
a decreased attention span. Attention De?cit Disorder com 
monly is treated by administration of psychostimulants such 
as Ritalin or Dexedrin. Depression is a clinical syndrome 
that includes a persistent sad mood or loss of interest in 
activities, Which persists for at least tWo Weeks in the 
absence of treatment. Conventional therapeutics include 
serotonin uptake inhibitors (e.g., PROZACTM), monoamine 
oxidase inhibitors, and tricyclic antidepressants. 

[0003] The term schiZophrenia represents a group of neu 
ropsychiatric disorders characteriZed by dysfunctions of the 
thinking process, such as delusions, hallucinations, and 
extensive WithdraWal of the patient’s interests from other 
people. Approximately one percent of the WorldWide popu 
lation is afflicted with schiZophrenia, and this disorder is 
accompanied by high morbidity and mortality rates. 

[0004] Conventional antipsychotic drugs, Which act on the 
dopamine D2 receptor, can be used to treat the positive 
symptoms of schiZophrenia, such as delusion and halluci 
nation. In general, conventional antipsychotic drugs and the 
neW atypical antipsychotic drugs, Which act on the dopam 
ine D2 and 5HT2 serotonin receptor, are limited in their 
ability to treat cognitive de?cits and negative symptoms 
such as affect blunting (i.e., lack of facial expressions), 
anergia, and social WithdraWal. 

SUMMARY OF THE INVENTION 

[0005] The invention derives from the discovery that 
neuropsychiatric disorders characteriZed by a de?cit in neu 
rotransmission via the NMDA receptor can be alleviated by 
a compound that acts as an agonist of the glycine site on the 
NMDA receptor or an inhibitor of glycine uptake. The 
compound is either a partial agonist such as D-cycloserine, 
Which can be used at a dosage of 105-500 mg, or a full 
agonist (e.g., D-serine or D-alanine) that is selective for the 
NMDA receptor (compared to the inhibitory glycine recep 
tor and other receptors), or a glycine uptake inhibitor (e.g., 
N-methylglycine). The invention therefore provides neW 
methods for treating neuropsychiatric disorders in patients 
(i.e., humans). Examples of disorders that can be treated by 
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the methods of the invention include schiZophrenia, AlZhe 
imer’s Disease, autism, depression, benign forgetfulness, 
childhood learning disorders, close head injury, and atten 
tion de?cit disorder. The methods entail administering to a 
patient diagnosed as suffering from such a neuropsychiatric 
disorder a pharmaceutical composition that contains a thera 
peutically effective amount of an agonist of the glycine site 
of the NMDA receptor or a glycine uptake inhibitor, Which 
agonist is relatively selective for (a) the glycine site of the 
NMDA receptor, compared With (b) the inhibitory glycine 
receptor and other receptors. The pharmaceutical composi 
tion may include, for example, a therapeutically effective 
amount of D-alanine (Wherein the pharmaceutical compo 
sition is substantially free of D-cycloserine) and/or (ii) a 
therapeutically effective amount of D-serine, and/or (iii) 
D-cycloserine in an amount of 105-500 mg, and/or (iv) a 
therapeutically effective amount of N-methylglycine. 

[0006] In variations of the methods described herein, 
D-serine, D-alanine, D-cycloserine, and/or N-methylglycine 
can be substituted With a salt, ester, or alkylated form of the 
amino acid, or a precursor of the amino acid that is converted 
(e.g., metaboliZed) into the amino acid in vivo (e.g., D-phos 
phoserine, L-phosphoserine, or L-phosphoserine, N,N,N 
trimethylglycine (betaine), or N,N-dimethylglycine). 

[0007] Typically, a dosage of 100 pg to 100 g (e.g., 1 mg 
to 100 g; 1 mg to 100 mg; 10 mg to 100 g; 10 mg to 10 g; 
or 10 to 500 mg) is suitable for D-alanine, D-serine, and 
N-methylglycine. D-cycloserine is administered at a dosage 
of 105 to 500 mg. When the patient is treated With both 
D-serine and D-alanine, D-serine and D-alanine can be 
administered to the patient simultaneously or sequentially, 
e.g., by formulating the D-serine and D-alanine as a single 
pharmaceutical composition or as tWo or more pharmaceu 
tical compositions. LikeWise, the patient can be treated With 
both D-serine and D-cycloserine, or D-serine and N-meth 
ylglycine, or D-alanine and N-methylglycine, or D-cyclos 
erine and N-methylglycine simultaneously or sequentially. 
In one, but not the only, suitable method of treatment, the 
pharmaceutical composition is administered to the patient at 
least once daily for at least one Week. If desired, the 
pharmaceutical composition can be administered to the 
patient in more than one dose per day (e.g., 2, 3, or 4 doses). 
Generally, the patient is treated for at least one Week; 
typically, the patient is treated for at least several Weeks 
(e.g., at least 4, 6, or 8 Weeks) or months (e.g., at least 4, 8, 
or 12 months). If necessary, the treatment can continue 
inde?nitely to keep the patient’s symptoms under control 
throughout his or her life. 

[0008] If desired, a pharmaceutical composition contain 
ing D-alanine (substantially free of D-cycloserine), 
D-serine, D-cycloserine and/or N-methylglycine (or a modi 
?ed version thereof, as described herein) can be adminis 
tered to a patient suffering from schiZophrenia along With, or 
in sequence With, an art-knoWn drug for treating schiZo 
phrenia (e.g., olanZapine, cloZapine, haloperidol, and the 
like). Similarly, D-alanine (typically substantially free of 
D-cycloserine), D-serine, D-cycloserine and/or N-methylg 
lycine (or a modi?ed version thereof, as described herein) 
can be used in combination With, or in sequence With, other 
art-knoWn antipsychotics (e.g., “typical,”“atypical,” and 
depot antipsychotics for treating schiZophrenia and other 
psychotic conditions), antidepressants (for treating depres 
sion), psychostimulants (for treating attention de?cit disor 
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der, depression, or learning disorders), or AlZheimer’s dis 
ease therapeutics (for treating AlZheimer’s disease). Such 
pharmaceutical compositions are included Within the inven 
tion. In general, the antipsychotic, antidepressant, psycho 
stimulant, or AlZheimer’s disease therapeutic typically is 
administered at a dosage of 025-5000 mg/d (e.g., 5-1000 
mg/d)). “Typical” antipsychotics are conventional antipsy 
chotics such as phenothiaZine, butryophenones, thioxanthe 
ses, dibenZoxaZepines, dihydroindolones, and diphenylbu 
tylpiperidines. “Atypical” antipsychotics are a neW 
generation of antipsychotics Which generally act on the 
dopamine D2 and 5HT2 serotonin receptor and have high 
levels of ef?cacy and a benign extrapyramidal symptom side 
effect pro?le. Examples of typical antipsychotics (and 
examples of suitable daily (d) dosages) include Chlorpro 
maZine (5-2.000 mg/d, e.g., 30-800 mg/d), ThioridaZine 
(5-2000 mg/d, e.g., 20-800 mg/d), MesoridaZine (1-1000 
mg/d, e.g., 30-400 mg/d), FluphenaZine (0.5-200 mg/d, e.g., 
1-40 mg/d), PerphenaZine (0.5-300 mg/d, e.g., 10-65 mg/d), 
Tri?uoperaZine (0.5-200 mg/d, e.g., 2-40 mg/d), Thiothix 
ene (1-200 mg/d, e.g., 6-60 mg/d), Haloperidol (0.25-500 
mg/d, e.g., 1-100 mg/d), Loxapine (1-1000 mg/d e.g., 
20-250 mg/d), Molindone (1-1000 mg/d, e.g., 15-225 mg/d), 
AcetophenaZine (10-2000 mg/d, e.g., 30-500 mg/d), Chlo 
rprothixene (5-2000 mg/d, e.g., 30-500 mg/d), Droperidol 
(0.25-500 mg/d, e.g., 1-100 mg/d), PimoZide (0.25-500 
mg/d, e.g., 1-100 mg/d). Examples of atypical antipsychot 
ics (and examples of suitable daily dosages) include CloZa 
pine (5-2000 mg/d, e.g., 12-900 mg/d), Risperidone (0.25 
500 mg/d, e.g., 2-16 mg/d), OlanZapine (1-100 mg/d, e.g., 
5-10 mg/d), and Quetiapine (1-2000 mg/d, e.g., 50-750 
mg/d). Depot antipsychotics also can be used, e.g., Halo 
peridol decanoate (10-1000 mg/month, e.g., 100-450 
mg/month), FluphenaZine decanoate (5-1000 mg/month, 
e.g., 25-150 mg/month), and FluphenaZine enanthate 
(5-1000 mg/month, e.g., 25-200 mg/month). Additional 
antipsychotics include ButaperaZine (0.5-500 mg/d, e.g., 
1-200 mg/d), CarphenaZine, (0.5-3000 mg/d, e.g., 1-1000 
mg/d), Remoxipride (0.5-5000 mg/d, e.g., 1-2000 mg/d), 
PiperacetaZine (0.5-500 mg/d, e.g., 1-2000 mg/d), Sulpiride 
(0.5-5000 mg/d, e.g., 1-2000 mg/d), and Ziprasidone (0.5 
500 mg/d, e.g., 1-200 mg/d). Examples of antidepressants 
that can be used include Amitriptyline (5-1000 mg/d, e.g., 
50-300 mg/d), Amoxapine (5-1000 mg/d, e.g., 50-600 
mg/d), Bupropion (5-1000 mg/d, e.g., 200-450 mg/d), 
Bupropion SR (5-1000 mg/d, e.g., 150-400 mg/d), Clomi 
pramine (5-1000 mg/d, e.g., 25-250 mg/d), Desipramine 
(5-1000 mg/d, e.g., 100-300 mg/d), Doxepin (5-1000 mg/d, 
e.g., 75-300 mg/d), Fluoxetine (1-200 mg/d, e.g., 20-80 
mg/d), Fluvoxamine (5-1000 mg/d, e.g., 50-300 mg/d), 
Imipramine (5-1000 mg/d, e.g., 75-300 mg/d), Maprotiline 
(5-1000, e.g., 75-225 mg/d), MirtaZapine (1-200 mg/d, e.g., 
15-45 mg/d), NefaZodone (5-1000 mg/d, e.g., 200-600 
mg/d), Nortriptyline (5-1000 mg/d, e.g., 75-150 mg/d), 
Paroxetine (1-200 mg/d, e.g., 10-60 mg/d), PheneiZine 
(1-500 mg/d, e.g., 5-90 mg/d), Protriptyline (1-200 mg/d, 
e.g., 15-60 mg/d), Sertraline (5-1000 mg/d, e.g., 50-200 
mg/d), Tranylcypromine (1-200 mg/d, e.g., 30-60 mg/d), 
TraZodone (5-1000 mg/d, e.g., 150-600 mg/d), Trimi 
pramine (5-1000 mg/d, e.g., 5-300 mg/d), Venlafaxine 
(5-1000 mg/d, e.g., 75-375 mg/d), and Venlafaxine XR 
(5-1000 mg/d, e.g, 75-375 mg/d). Psychostimulants that are 
particularly useful for treating attention de?cit disorder 
include Dextroamphetamine (0.5-200 mg/d, e.g., 5-40 
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mg/d), Methamphetamine (0.5-200 mg/d, e.g., 5-25 mg/d), 
Methyaphenidate (0.5-200 mg/d, e.g., 10-40 mg/d), and 
Pemoline (5-500 g/d, e.g., 37.5-112.5 mg/d). Examples of 
AlZheimer’s disease therapeutics that can be used in the 
invention include DonepeZil (0.5-200 mg/d, e.g., 1-100 
mg/d) and Tacrine (0.5-1000 mg/d, e.g., 10-500 mg/d). 
Thus, the invention also provides pharmaceutical composi 
tions that contain D-alanine (typically substantially free of 
D-cycloserine), D-serine, D-cycloserine and/or N-methylg 
lycine (or a modi?ed version thereof, as described herein) 
along With an antipsychotic, antidepressant, psychostimu 
lant, or AlZheimer’s disease therapeutic. 

[0009] If desired, one can measure negative and/or posi 
tive and/or cognitive symptom(s) of schiZophrenia before 
and after treatment of the patient. A reduction in such a 
symptom indicates that the patient’s condition has 
improved. Improvement in the symptoms of schiZophrenia 
can be assessed using the Scales for the Assessment of 
Negative Symptoms (SANS) or Positive and Negative Syn 
drome Scale (PANSS) (see, e.g., Andreasen, 1983, Scalesfor 
the Assessment of Negative Symptoms (SANS), IoWa City, 
IoWa and Kay et al., 1987, SchiZophrenia Bulletin 13:261 
276). Likewise, one can measure improvement of other 
neuropsychiatric disorders in patients Who have been treated 
by the methods of the invention. 

[0010] As used herein, the term “neuropsychiatric disor 
der” refers to a disease having a pathophysiological com 
ponent of attenuated NMDA receptor-mediated neurotrans 
mission. Examples of such disorders include schiZophrenia, 
AlZheimer’s disease, autism, depression, benign forgetful 
ness, childhood learning disorders, close head injury, and 
attention de?cit disorder. 

[0011] As used herein, the term “schizophrenia” refers to 
a psychiatric disorder that includes at least tWo of the 
folloWing: delusions, hallucinations, disorganiZed speech, 
grossly disorganiZed or catatonic behavior, or negative 
symptoms. Patients can be diagnosed as schiZophrenic using 
the DSM-IV criteria (APA, 1994, Diagnostic and Statistical 
Manual of Mental Disorders (Fourth Edition), Washington, 
DC.) 
[0012] The term “AlZheimer’s Disease” refers to a pro 
gressive mental deterioration manifested by memory loss, 
confusion and disorientation beginning in late middle life 
and typically resulting in death in ?ve to ten years. Patho 
logically, AlZheimer’s Disease can be characteriZed by 
thickening, conglutination, and distortion of the intracellular 
neuro?brils, neuro?brillary tangles and senile plaques com 
posed of granular or ?lamentous argentophilic masses With 
an amyloid core. Methods for diagnosing AlZheimer’s Dis 
ease are knoWn in the art. For example, the National Institute 
of Neurological and Communicative Disorders and Stroke 
AlZheimer’s Disease-and the AlZheimer’s Disease and 
Related Disorders Association (NINCDS-ADRDA) criteria 
can be used to diagnose AlZheimer’s Disease (McKhann et 
al., 1984, Neurology 34:939-944). The patient’s cognitive 
function can be assessed by the AlZheimer’s Disease Assess 
ment Scale-cognitive subscale (ADAS-cog; Rosen et al., 
1984, Am. J. Psychiatry 141:1356-1364). 
[0013] As used herein, the term “autism” refers to a state 
of mental introversion characteriZed by morbid self-absorp 
tion, social failure, language delay, and stereotyped behav 
ior. Patients can be diagnosed as suffering from autism by 
using the DSM-IV criteria. 
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[0014] As used herein, the term “depression” refers to a 
clinical syndrome that includes a persistent sad mood or loss 
of interest in activities, Which lasts for at least tWo Weeks in 
the absence of treatment. The DSM-IV criteria can be used 
to diagnose patients as suffering from depression. 

[0015] The term “benign forgetfulness,” as used herein, 
refers to a mild tendency to be unable to retrieve or recall 
information that Was once registered, learned, and stored in 
memory (e.g., an inability to remember Where one placed 
one’s keys or parked one’s car). Benign forgetfulness typi 
cally affects individuals after 40 years of age and can be 
recogniZed by standard assessment instruments such as the 
Wechsler Memory Scale (Russell, 1975, J. Consult Clin. 
Psychol. 43:800-809). 
[0016] As used herein, the term “childhood learning dis 
orders” refers to an impaired ability to learn, as experienced 
by certain children. Such learning disorders can be diag 
nosed by using the DSM-IV criteria. 

[0017] The term “close head injury,” as used herein, refers 
to a clinical condition after head injury or trauma Which 
condition can be characteriZed by cognitive and memory 
impairment. Such a condition can be diagnosed as “amnestic 
disorder due to a general medical condition” according to 
DSM-IV. 

[0018] The term “attention de?cit disorder,” as used 
herein, refers to a disorder that is most commonly exhibited 
by children and Which can be characteriZed by increased 
motor activity and a decreased attention span. The DSM-IV 
criteria can be used to diagnose attention de?cit disorder. 

[0019] The terms “D-serine” and “D-alanine” refer to the 
D isomers of the amino acids serine and alanine, respec 
tively. As D isomers, rather than L isomers, these amino 
acids are not naturally found in proteins. 

[0020] “Negative” symptoms of schiZophrenia include 
affect blunting, anergia, alogia and social WithdraWal, Which 
can be measured using SANS (the Scales for the Assessment 
of Negative Symptoms; see Andreasen, 1983, Scales for the 
Assessment of Negative Symptoms (SANS), IoWa City, 
IoWa). 
[0021] “Positive” symptoms of schiZophrenia include 
delusion and hallucination, Which can be measured using 
PAN SS (the Positive and Negative Syndrome Scale; see Kay 
et al., 1987, SchiZophrenia Bulletin 13:261-276). 

[0022] “Cognitive” symptoms of schiZophrenia include 
impairment in obtaining, organiZing, and using intellectual 
knoWledge Which can be measured by the Positive and 
Negative Syndrome Scale-cognitive subscale (PANSS-cog 
nitive subscale)(Lindenmayer et al., 1994, J. Nerv. Ment. 
Dis. 182:631-638) or With cognitive tasks such as the 
Wisconsin Card Sorting Test. 

[0023] A “full” agonist of the NMDA receptor is a com 
pound that produces a maximal response at full receptor 
occupancy. 

[0024] A “partial” agonist of the NMDA receptor is a 
compound that produces a loWer maximal response at full 
receptor occupancy than do full agonists. 

[0025] A“glycine uptake inhibitor of the NMDA receptor” 
is a compound that inhibits the re-uptake of glycine and 
increases the availability of glycine for the NMDA receptor 
(e.g., N-methylglycine). 
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[0026] The invention offers several advantages over many 
art-knoWn methods for treating neuropsychiatric disorders. 
For example, unlike many conventional antipsychotic thera 
peutics, D-serine, D-alanine, and N-methylglycine can pro 
duce a desirable reduction in the positive, negative, and 
cognitive symptoms of schiZophrenia. As shoWn by the 
examples set forth beloW, clinically signi?cant improvement 
can be achieved even With patients Who are poorly respon 
sive to treatment by conventional antipsychotics. In addi 
tion, no signi?cant side effects Were detected after treatment 
of schiZophrenia patients With D-serine, D-alanine, or N-me 
thylglycine. In contrast, conventional antipsychotics typi 
cally lead to tardive dyskinesia (irreversible, involuntary 
movement disorder), extrapyramidal symptoms, and akathe 
sia symptoms. 

[0027] Other features and advantages of the invention Will 
be apparent from the folloWing detailed description, and 
from the claims. 

DETAILED DESCRIPTION 

[0028] The invention provides methods for treating a 
patient diagnosed as suffering from a neuropsychiatric dis 
order having a de?cit in neurotransmission via the NMDA 
receptor (e.g., schiZophrenia, AlZheimer’s Disease, autism, 
depression, benign forgetfulness, childhood learning disor 
ders, close head injury, and attention de?cit disorder). As 
described above, a variety of methods for diagnosing these 
disorders are knoWn to those of skill in the art of clinical 
psychiatry, and any conventional diagnostic method can be 
used in conjunction With the invention. 

[0029] The treatment method of the invention entails 
administering to a patient diagnosed as having a neuropsy 
chiatric disorder a pharmaceutical composition containing a 
therapeutically effective amount of an agonist of the 
glycine site of the NMDA receptor, Which agonist is rela 
tively selective for (a) the glycine site of the NMDA 
receptor, compared With (b) an inhibitory glycine receptor or 
any other receptor, or (ii) a glycine uptake inhibitor. For 
example, suitable pharmaceutical compositions may include 
(i) D-alanine substantially free of D-cycloserine and/or (ii) 
D-serine and/or (iii) N-methylglycine. D-serine and D-ala 
nine are commercially available (e.g., from Spectrum Qual 
ity Products, Inc., Gardena, Calif.). Where D-alanine is used, 
the pharmaceutical composition is “substantially free” of 
D-cycloserine, meaning that the composition lacks D-cy 
closerine, or D-cycloserine is not included at a level suf? 
cient to have a statistically signi?cant effect upon the ef? 
cacy of the pharmaceutical composition, as determined by 
any method (e.g., by comparing PAN SS and/or SANS scores 
before and after treatment of the patient). In general, this 
means that D-cycloserine is absent from the pharmaceutical 
composition or present in an amount such that the patient 
receives less than 0.02 mg/day. 

[0030] Treatment includes administering a therapeutically 
effective amount of a composition containing D-alanine 
(substantially free of D-cycloserine) and/or D-serine and/or 
N-methylglycine to a patient in need of such treatment, 
thereby treating the neuropsychiatric disorder. Such compo 
sitions typically contain from about 0.1 to 90% by Weight 
(such as 1 to 20% or 1 to 10%) of D-alanine, D-serine, or 
N-methylglycine in a pharmaceutically acceptable carrier. 
Regardless of the concentration of D-serine or D-alanine in 
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the pharmaceutical composition, D-serine and/or D-alanine 
and/or N-methylglycine is administered to the patient at a 
dosage of 10 mg to 100 g. More typically, D-serine and/or 
D-alanine and/or N-methylglycine is administered at a dos 
age of 100 mg to 10 g. Generally, treatment continues for at 
least several Weeks to several years or life-long as needed. 

[0031] In an alternative method for treating a neuropsy 
chiatric disorder in a patient, a pharmaceutical composition 
containing D-cycloserine in an amount equivalent to a 
dosage of 105 to 500 mg/day is administered to a patient in 
need of such treatment. For example, the dosage can be in 
an amount of 125 to 400 mg, such as 150 to 300 mg (e.g., 
175 mg, 200 mg, 225 mg, or 250 mg). D-cycloserine 
(D-4-amino-3-isoxaZolidinone) is commercially available 
from Eli Lilly, Inc. (Indianapolis, Ind.). Generally, treatment 
continues for at least one Week and can continue for several 
years or life-long as needed to control the patient’s symp 
toms. 

[0032] In all of the methods of the invention, D-alanine, 
D-serine, and/or D-cycloserine and/or N-methylglycine can 
be substituted With a modi?ed version of the amino acid, 
such as a salt, ester, alkylated form, or a precursor of the 
amino acid. For example, the amino acid can be in the form 
of a sodium salt, potassium salt, calcium salt, magnesium 
salt, Zinc salt, or ammonium salt. Such salt forms of 
D-serine, D-alanine, N-methylglycine and D-cycloserine 
can be made in accordance With conventional methods (see, 
e.g., Organic Chemistry, pgs. 822-823, Morrison and Boyd, 
ed., Fifth Edition, Allyn and Bacon, Inc., NeWton, Mass.). 
Other modi?ed forms of D-serine, D-alanine, N-methylgly 
cine and D-cycloserine also can be used in the methods of 
the invention. For example, the carboxy group of the amino 
acid can be converted to an ester group by reaction With an 
alcohol in accordance With standard esteri?cation methods 
(Id. at 841-843). For example, alcohols having 1-20 carbon 
atoms can be used to produce an ester of D-serine, D-ala 
nine, N-methylglycine or D-cycloserine for use in the inven 
tion (e.g., methyl-, ethyl-, propyl-, isopropyl-, butyl-, isobu 
tyl-, sec-butyl-, tert-butyl-, pentyl-, isopentyl-, tert-pentyl-, 
hexyl-, heptyl-, octyl-, decyl-, dodecyl-, tetradecyl-, hexa 
decyl-, octadecyl-, and phenyl-alcohols can be used). In 
another variation, the amino group of the amino acid can be 
alkylated, using conventional methods, to produce a sec 
ondary or tertiary amino group by ammonolysis of halides or 
reductive amination (Id. at 939-948). For example, an alkyl 
group having 1-20 carbon atoms can be added to the amino 
acid to produce an alkylated amino acid (e.g., methyl-, 
ethyl-, propyl-, isopropyl-, butyl-, isobutyl-, sec-butyl-, tert 
butyl-, pentyl-, isopentyl-, tert-pentyl-, hexyl-, heptyl-, 
octyl-, decyl-, dodecyl-, tetradecyl-, hexadecyl-, octadecyl 
and phenyl-groups can be added to the amino acid). D-phos 
phoserine and L-phosphoserine are examples of precursors 
of D-serine, and are commercially available (e.g., from 
Sigma Chemical, St. Louis, Mo.). N,N,N-trimethylglycine 
(betaine) and N,N-dimethylglycine are examples of precur 
sors of N-methylglycine. 

[0033] In all of the methods of the invention, appropriate 
dosages of D-alanine, D-serine, D-cycloserine, or N-meth 
ylglycine (or modi?ed versions thereof) can readily be 
determined by those of ordinary skill in the art of medicine 
by monitoring the patient for signs of disease amelioration 
or inhibition, and increasing or decreasing the dosage and/or 
frequency of treatment as desired. 
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[0034] The pharmaceutical compositions can be adminis 
tered to the patient by any, or a combination, of several 
routes, such as oral, intravenous, trans-mucosal (e.g., nasal, 
vaginal, etc.), pulmonary, transdermal, ocular, buccal, sub 
lingual, intraperitoneal, intrathecal, intramuscular, or long 
term depot preparation. Solid compositions for oral admin 
istration can contain suitable carriers or excipients, such as 

corn starch, gelatin, lactose, acacia, sucrose, microcrystal 
line cellulose, kaolin, mannitol, dicalcium phosphate, cal 
cium carbonate, sodium chloride, lipids, alginic acid, or 
ingredients for controlled sloW release. Disintegrators that 
can be used include, Without limitation, micro-crystalline 
cellulose, corn starch, sodium starch glycolate and alginic 
acid. Tablet binders that may be used include, Without 
limitation, acacia, methylcellulose, sodium carboxymethyl 
cellulose, polyvinylpyrrolidone (Povidone), hydroxypropyl 
methylcellulose, sucrose, starch, and ethylcellulose. 

[0035] Liquid compositions for oral administration pre 
pared in Water or other aqueous vehicles can include solu 
tions, emulsions, syrups, and elixirs containing, together 
With the active compound(s), Wetting agents, sWeeteners, 
coloring agents, and ?avoring agents. Various liquid and 
poWder compositions can be prepared by conventional 
methods for inhalation into the lungs of the patient to be 
treated. 

[0036] Injectable compositions may contain various car 
riers such as vegetable oils, dimethylacetamide, dimethyl 
formamide, ethyl lactate, ethyl carbonate, isopropyl 
myristate, ethanol, polyols (glycerol, propylene glycol, liq 
uid polyethylene glycol, and the like). For intravenous 
injections, the compounds may be administered by the drip 
method, Whereby a pharmaceutical composition containing 
the active compound(s) and a physiologically acceptable 
excipient is infused. Physiologically acceptable excipients 
may include, for example, 5% dextrose, 0.9% saline, Ring 
er’s solution or other suitable excipients. For intramuscular 
preparations, a sterile composition of a suitable soluble salt 
form of the compound can be dissolved and administered in 
a pharmaceutical excipient such as Water-for-Injection, 
0.9% saline, or 5% glucose solution, or depot forms of the 
compounds (e.g., decanoate, palmitate, undecylenic, enan 
thate) can be dissolved in sesame oil. Alternatively, the 
pharmaceutical composition can be formulated as a cheWing 
gum, lollipop, or the like. 

EXAMPLES 

[0037] The folloWing examples demonstrate that D-ala 
nine, D-serine, and N-methylglycine each can be used to 
treat a neuropsychiatric disorder in patients. 

[0038] Patients 

[0039] This study employed 37 patients Who Were diag 
nosed as having schiZophrenia. All patients ful?lled the 
DSM-IV diagnosis of schiZophrenia (APA, 1994, Diagnostic 
and Statistical Manual of Mental Disorders, Fourth Edition, 
Washington, DC). All of the patients also ful?lled the 
criteria of primary de?cit syndrome, With a SANS score of 
more than 40 (Kirkpatrick et al., 1989, Psychiatry Research 
30:119-123; Andreasen, 1983, Scales for the Assessment of 
Negative Symptoms (SANS), IoWa City, IoWa). All of the 
patients Were poorly responsive to treatment by other antip 
sychotic drugs, and had been kept on a stable dose of an 
antipsychotic drug for at least 3 months prior to enrollment 
in this study. 
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[0040] Assessments 

[0041] Several scales Were used to assess the severity of 
the disorder in each patient. At the beginning of the study 
(i.e., the baseline), the PANSS, SANS, and Global Assess 
ment Scales (CGI) Were used. Each scale also Was com 
pleted at the end of each 2-Week period throughout the study. 
These assessments Were performed by a psychiatrist Who 
Was blind to the treatment assignment. The Wisconsin Card 
Sort Test Was used to provide a cognitive rating of the 
patients; in general, schiZophrenic patients perform poorly 
on this test. The Wisconsin Card Sort Test Was administered 
only at the initiation of the study and at the end of the 6-Week 
study. To measure side effects, the Simpson-Angus Scale 
Was used to measure eXtrapyramidal symptoms (EPS; Sim 
pson et al., 1970, Acta Psychiatrica Scandinavia Suppl. 
212:11-19). The Abnormal Involuntary Movement Scale 
(AIMS) Was used to measure dyskinesia (Simpson et al., 
1970, Acta Psychiatrica Scandinavia Suppl. 212: 11-19). The 
Barnes Scale Was used to measure akathesia (Barnes, 1989, 
Brit. J. Psychiatry 154:672-676). The side effects of 
D-serine, D-alanine, and N-methylglycine treatments Were 
assessed biWeekly according to the UKU side effects rating 
scale (Scandinavian Society of Psychopharmacology Com 
mittee of Clinical Investigation." The UKU side effect rating 
scale: scale for the registration of unWanted effects of 
psychotropics. Acta. Psychiatr. Scand. 1987; Suppl. 334:81 
94). 
[0042] Treatment and Results 

[0043] Using double-blind conditions, the patients Were 
randomly assigned to receive placebo (fruit juice), D-serine 
(30 mg/kg/day), D-alanine (60-100 mg/kg/day), or N-me 
thylglycine (30 mg/kg/day) once a day by mouth for a period 
of 6 Weeks. As indicated by the results shoWn in Table 1, 
treatment With D-serine, D-alanine, or N-methylglycine 
improved the schiZophrenic symptoms and cognitive de?cit 
of the patients. More speci?cally, treatment With D-serine 
resulted in a 21% reduction of the negative symptoms (on 
the SANS scale), and it resulted in a 17% reduction of the 
positive symptoms (on the PAN SS-positive subscale). Treat 
ment With D-alanine resulted in an 11% reduction of the 
negative symptoms and a 12% reduction of the positive 
symptoms. Treatment With N-methylglycine resulted in a 
20% reduction of the negative symptoms and a 15% reduc 
tion of the positive symptoms. These reductions in the 
negative and positive symptoms represented clinically sig 
ni?cant improvement. Treatment With each of D-serine, 
D-alanine, and N-methylglycine also improved cognition, as 
measured using the PANSS-cognitive subscale and the Wis 
consin Card Sort Test. These results indicate that D-serine, 
D-alanine, and N-methylglycine are effective in treating 
schiZophrenia even in patients Who are poorly responsive to 
treatment by conventional antipsychotic drugs. 

[0044] Using the UKU scale for rating side effects, no side 
effects Were noted after treatment With D-serine, D-alanine, 
or N-methylglycine. In addition, there Was no neWly emer 
gent tardive dyskinesia or Worsening of eXtrapyramidal or 
akathesia symptoms. Thus, D-serine, D-alanine, and N-me 
thylglycine offer an advantage over many conventional 
drugs for treating schiZophrenia in that they do not cause 
signi?cant side effects. 
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TABLE 1 

Effects of D-serine, D-alanine, and N-methylglycine 
Treatment on Schizophrenia Patients 

D-serine D-alanine N-methylglycine Placebo 

Clinical 
Symptoms 

Negative —21%* —12%* —20%* —1% 
Symptoms 
Positive —17%* —11%* —15%* 3% 
Symptoms 
CGI 4.8->2.6* 3.9->2.8* 4.2->2.7* 4.5->4.0 
Cognition 

Cognitive —12%* —11%* —12%* 1% 
symptoms 
WCST +0.9 +0.5" +0.7" —O.5 

(category)* 
Side Effects 

EPS 1.4-->1.7 3.1-->3.1 2.1-->2.1 3.3-->3.4 
AIMS O.3-->O.3 O.5-->O.1 O.4-->O.3 O.5-->O.9 
Barnes O.4——>O.8 O.4——>O.6 O.5——>O.6 O.9——>O.9 

*Clinically signi?cant improvement 

Other Embodiments 

[0045] It is to be understood that, While the invention has 
been described in conjunction With the detailed description 
thereof, the foregoing description is intended to illustrate 
and not limit the scope of the invention, Which is de?ned by 
the appended claims. Other aspects, advantages, and modi 
?cations are Within the scope of the folloWing claims. 

What is claimed is: 
1. A method for treating a neuropsychiatric disorder 

characteriZed by attenuated NMDA neurotransmission in a 
patient, the method comprising administering to a patient 
diagnosed as suffering from the neuropsychiatric disorder a 
pharmaceutical composition comprising a therapeutically 
effective amount of an agonist of the glycine site of an 
NMDA receptor or a glycine uptake inhibitor, Wherein: 

the agonist is selected from the group consisting of 
D-alanine, a salt of D-alanine, an ester of D-alanine, 
alkylated D-alanine, a precursor of D-alanine, D-serine, 
a salt of D-serine, an ester of D-serine, alkylated 
D-serine, a precursor of D-serine, D-cycloserine, a salt 
of D-cycloserine, an ester of D-cycloserine, a precursor 
of D-cycloserine, and alkylated D-cycloserine; 

the pharmaceutical composition is substantially free of 
D-cycloserine When the agonist is D-alanine, a salt of 
D-alanine, an ester of D-alanine, an alkylated D-ala 
nine, or a precursor of D-alanine; and 

When the agonist is D-cycloserine, a salt of D-cycloserine, 
an ester of D-cycloserine, a precursor of D-cycloserine, 
or alkylated D-cycloserine, the pharmaceutical compo 
sition comprises an amount of the agonist equivalent to 
105-500 mg of D-cycloserine. 

2. The method of claim 1, Wherein the neuropsychiatric 
disorder is schiZophrenia. 

3. The method of claim 1, Wherein the neuropsychiatric 
disorder is AlZheimer’s disease. 

4. The method of claim 1, Wherein the neuropsychiatric 
disorder is autism. 
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5. The method of claim 1, wherein the neuropsychiatric 
disorder is depression. 

6. The method of claim 1, Wherein the neuropsychiatric 
disorder is benign forgetfulness. 

7. The method of claim 1, Wherein the neuropsychiatric 
disorder is a childhood learning disorder. 

8. The method of claim 1, Wherein the neuropsychiatric 
disorder is attention de?cit disorder. 

9. The method of claim 1, Wherein the neuropsychiatric 
disorder is close head injury. 

10. The method of claim 1, Wherein the agonist is selected 
from the group consisting of D-alanine, a salt of D-alanine, 
an ester of D-alanine, alkylated D-alanine, and a precursor 
of D-alanine. 

11. The method of claim 10, Wherein the D-alanine, salt 
of D-alanine, ester of D-alanine, alkylated D-alanine, or 
precursor of D-alanine is administered at a dosage equiva 
lent to 10 mg to 100 g of D-alanine. 

12. The method of claim 10, Wherein the agonist is a 
D-alanine salt selected from the group consisting of a 
sodium salt, a potassium salt, a calcium salt, a magnesium 
salt, a Zinc salt, and an ammonium salt of D-alanine. 

13. The method of claim 10, Wherein the agonist is an 
ester of D-alanine having an ester group With 1-20 carbon 
atoms. 

14. The method of claim 10, Wherein the agonist is an 
alkylated D-alanine having an alkyl group With 1-20 carbon 
atoms. 

15. The method of claim 10, Wherein the pharmaceutical 
composition further comprises D-serine. 

16. The method of claim 1, Wherein the agonist is selected 
from the group consisting of D-serine, a salt of D-serine, an 
ester of D-serine, alkylated D-serine, and a precursor of 
D-serine. 

17. The method of claim 16, Wherein the D-serine, salt of 
D-serine, ester of D-serine, precursor of D-serine, or alky 
lated D-serine is administered at a dosage equivalent to 10 
mg to 100 g of D-serine. 

18. The method of claim 16, Wherein the agonist is a 
D-serine salt selected from the group consisting of a sodium 
salt, a potassium salt, a calcium salt, a magnesium salt, a 
Zinc salt, and an ammonium salt of D-serine. 

19. The method of claim 16, Wherein the agonist is an 
ester of D-serine having an ester group With 1-20 carbon 
atoms. 

20. The method of claim 16, Wherein the agonist is an 
alkylated D-serine having an alkyl group With 1-20 carbon 
atoms. 

21. The method of claim 1, Wherein the agonist is selected 
from the group consisting of D-cycloserine, a salt of D-cy 
closerine, an ester of D-cycloserine, a precursor of D-cy 
closerine, and an alkylated D-cycloserine. 

22. The method of claim 21, Wherein the D-cycloserine, 
salt of D-cycloserine, ester of D-cycloserine, alkylated 
D-cycloserine, or precursor of D-cycloserine is administered 
in a dose equivalent to 125-400 mg of D-cycloserine. 

23. The method of claim 22, Wherein the D-cycloserine, 
D-cycloserine salt, ester of D-cycloserine, alkylated D-cy 
closerine, or precursor of D-cycloserine is administered in a 
dose equivalent to 150-300 mg of D-cycloserine. 

24. The method of claim 21, Wherein the pharmaceutical 
composition comprises a salt of D-cycloserine selected from 
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the group consisting of a sodium salt, a potassium salt, a 
calcium salt, a magnesium salt, a Zinc salt, and an ammo 
nium salt of D-cycloserine. 

25. The method of claim 21, Wherein the pharmaceutical 
composition comprises an ester of D-cycloserine having an 
ester group With 1-20 carbon atoms. 

26. The method of claim 21, Wherein the pharmaceutical 
composition comprises an alkylated D-cycloserine having 
an alkyl group With 1-20 carbon atoms. 

27. The method of claim 21, Wherein the pharmaceutical 
composition comprises a precursor of D-cycloserine. 

28. The method of claim 1, Wherein the glycine uptake 
inhibitor is selected from the group consisting of N-meth 
ylglycine, a salt of N-methylglycine, an ester of N-meth 
ylglycine, and a precursor of N-methylglycine. 

29. The method of claim 28, Wherein the N-methylgly 
cine, salt of N-methylglycine, ester of N-methylglycine, 
alkylated N-methylglycine, or precursor of N-methylglycine 
is administered at a dosage equivalent to 10 mg to 100 g of 
N-methylglycine. 

30. The method of claim 28, Wherein the glycine uptake 
inhibitor is an ester of N-methylglycine having an ester 
group With 1-20 carbon atoms. 

31. The method of claim 28, Wherein glycine uptake 
inhibitor is an alkylated N-methylglycine having an alkyl 
group With 1-20 carbon atoms. 

32. The method of claim 28, Wherein the precursor is 
selected from the group consisting of N,N,N-trimethylgly 
cine and N,N-dimethylglycine. 

33. The method of claim 1, Wherein the pharmaceutical 
composition is administered to the patient at least once daily 
for at least one Week. 

34. The method of claim 1, further comprising adminis 
tering to the patient at least one therapeutic selected from the 
group consisting of antipsychotics, antidepressants, psycho 
stimulants, and AlZheimer’s disease therapeutics. 

35. A pharmaceutical composition comprising at least 
one agonist of the glycine site of an NMDA receptor or at 
least one glycine uptake inhibitor and (ii) at least one 
therapeutic agent selected from the group consisting of 
antipsychotics, antidepressants, psychostimulants, and 
AlZheimer’s disease therapeutics, Wherein: 

the agonist is selected from the group consisting of 
D-alanine, a salt of D-alanine, an ester of D-alanine, 
alkylated D-alanine, a precursor of D-alanine, D-serine, 
a salt of D-serine, an ester of D-serine, alkylated 
D-serine, a precursor of D-serine, D-cycloserine, a salt 
of D-cycloserine, an ester of D-cycloserine, a precursor 
of D-cycloserine, and alkylated D-cycloserine; and 

the pharmaceutical composition is substantially free of 
D-cycloserine When the agonist is D-alanine, a salt of 
D-alanine, an ester of D-alanine, an alkylated D-ala 
nine, or a precursor of D-alanine; and 

When the agonist is D-cycloserine, a salt of D-cycloserine, 
an ester of D-cycloserine, a precursor of D-cycloserine, 
or alkylated D-cycloserine, the pharmaceutical compo 
sition comprises an amount of the agonist equivalent to 
105-500 mg of D-cycloserine. 

36. The pharmaceutical composition of claim 35, Wherein 
the glycine uptake inhibitor is selected from the group 
consisting of N-methylglycine, a salt of N-methylglycine, an 
ester of N-methylglycine, alkylated N-methylglycine, and a 
precursor of N-methylglycine. 
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37. The pharmaceutical composition of claim 36, wherein 
the therapeutic agent is an antipsychotic selected from the 
group consisting of typical antipsychotics, atypical antipsy 
chotics, and depot antipsychotics. 

38. The pharmaceutical composition of claim 36, Wherein 
the therapeutic agent is selected from the group consisting of 
ChlorpromaZine, ThioridaZine, MesoridaZine, Fluphena 
Zine, PerphenaZine, Tri?uoperaZine, ThiothiXene, Haloperi 
dol, LoXapine, Molindone, CloZapine, Risperidone, OlanZa 
pine, Quetiapine, Haloperidol decanoate, FluphenaZine 
decanoate, FluphenaZine enanthate, Amitriptyline, AmoXap 
ine, Bupropion, Bupropion SR, Clomipramine, 
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Desipramine, DoXepin, FluoXetine, FluvoXamine, Imi 
pramine, Maprotiline, MirtaZapine, NefaZodone, Nortrip 
tyline, ParoXetine, PhenelZine, Protriptyline, Sertraline, Tra 
nylcypromine, TraZodone, Trimipramine, VenlafaXine, 
VenlafaXine XR, DeXtroamphetamine, Methamphetamine, 
Methylphenidate, Pemoline, DonepeZil, Tacrine, 
AcetophenaZine, ChlorprothiXene, Droperidol, PimoZide, 
ButaperaZine, CarphenaZine, RemoXipride, PiperacetaZine, 
Sulpiride, and Ziprasidone. 


