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(54) Title: METHODS AND COMPOSITIONS FOR TREATING PSYCHOTIC DISORDERS

FIG. 2A

(57) Abstract: Disclosed herein are novel drug combina-
tions comprising a glutathione peroxidase (GPx) mimic
compound and an antipsychotic agent, pharmaceutical
compositions comprising one or more of such combina-
tions, methods of preparing pharmaceutical compositions
comprising one or more such combinations, and methods
of treatment, prevention, inhibition or amelioration of one
or more diseases associated with GPx mediated disorders,
psychotic disorders or complications from administering
an antipsychotic agent at high dose or long term using
such combination or pharmaceutical compositions. Fur-
thermore, a method is disclosed for reducing the anti-
psychotic agent's dosages that comprises co-administering
a therapeutically effective amount of a glutathione peroxi-
dase mimic compound.
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TITLE
(LY Methods and Compositions for Treating Psychotic Disorders

CROSS REFERENCE TO RELATED APPLICATIONS

6082} This application claims the benefit of U.S. Provisional Application No.
62/050,635, filed September 1§, 2014, which is hereby incorporated by reference in its
entirety,

BACKGROUND

Field of the invention

6083} The invention relates to compositions and methods of treating GPx mediated

disorders. In particular, the compositions comprise & combination of a ghitathione peroxidase

Description of Related Art

16664} For decades, dopamine was central to pathophysiological views and therapeutics
for sehizophrenia (S7), followed by GABA and glutamate neurotransmission theories. More
recently, the pathophysioclogy of 87 has been strongly linked to oxidative stress (Do et al,,
2009; Kano et al,, 2013). In active cells such as neurons of the contral nervous system, natural
antioxidative defenses include sequestration of free radicals by glutathione, through
conversion of its reduced form, i.e. monomeric glutathione (GSH), by glutathione peroxidase
{(GPx} to its oxidized form, i.c. ghutathione disulfide (GSSG). The primary function of GPx
and the GSH—GPx—GSSG direction of the redox mechanism are 1o reduce free radicals,
such as hydrogen peroxide (Hz(O2), peroxynitrite (ONOO), and lipid hydroperoxides (LOOH)
to their corresponding redox-inert counterparts, ¢.g. water and alcobols, and protect cell
membranes, proteins and other structures from oxidative damage.

[B085] Many substrates and enzymes in the antioxidative system have been investigated
mn SZ, including GPx mediated changes. Studies showed changes in GPx during intial
episodes of psychosis, when compensatory mechanisms are still able (o combat oxidative
stress. Overall, a strong correlation was shown to exist between GPx activity and 57,

although no drug currently exists that divectly targets the GPx redox mechanism.
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188061 The present nvention addresses these and other shortcomings of the prior art, as

described below,

SUMMARY

16638] Some embodiments of a novel combination comprise at least two compounds or

pharmaceutically acceptable salts thereof, wherein the first compound 1s a glatathione
peroxidase mimic compound, and the second compound is an antipsychotic agent.

[G069] In some embodiments, the glutathione peroxidase modulater compound is selected
from the group consisting of ghutathione peroxidase mimic compounds, glatathione (GSH),
glutathione prodrugs, and cysteine prodrogs.

18616} In some embodiments, the antipsychotic agent is sclected from the group
consisting, Chlorpromazine {Thorazine), Haloperidol (Haldel), Perphenazine, Fhiphenazine,
Risperidone {Risperdal), Glanzapine {Zyprexa), Quetiapine (Seroquel), Ziprasidone
{Geodon), Aripiprarcle (Abilify), Paliperidone (Invega), Lurasidone (Latuda), and
combinations thereof.

{8011} In some embodiments, a representative compound of a gluthione peroxidase
mimic compound comprises ebselen, (2-phenyl-1,2-benzisoselenazol-3(2H)-one) with an
empirical formula C13HoNOSe, molecular weight 274.2 and a formula of:

- O

N /\N/ A

Se N,
6812} In some embodiments, gluthione peroxidase mimics comprise 2,2°-diseleno-bis-f-
cyclodextrin and 6A,6B-discleninic acid-6A°,6B -sclentum bridged B-cyclodextrin.
1813} In some embodiments, representative ghitathione produgs comprise compounds of

the fornwla:
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SR,

O
HoN g COOR
N N N N
i H
CQOR; 0
wheregin
R s H, methyl, ethyl, or isopropyl;
Ry is H, or ethyl; and
COOH ,
: /—COOH
‘ mg-s NH, N o
Rais H, acetyl, phenylacetyl, , OF COCH
18614} In some embodiments, a representative cysteine prodrug comprises N-acetyl
cysteine (NAC) with a formula of:
G sH.
[B015] Sonic embodiments of cysteine prodrugs comprise N N’ -diacetyl-cysteine, N-

acety! cysteine amide, NAC esters (alkyl esters, glycolamide esters and acycloxymethyl

esters), S-allyl cysteine, S-methyl cysteine, S-ethyl eysteing, S-propyl cysteing, or

S
/ ‘)\
Re Ny R
H

compounds of the formula:

wherein
Ry is H, oxo, methyl, ethyl, n-propyl, n-pentyl, phenyl, ~(CHOHLCHGH and
Ryis H or —COOH.

{6816} Some embodiments of cysteine prodrugs comprise 2-substituted thiazolidine-4-

carboxylic acids with aldose monosaccarides, such as glyceraldchyde, arabinose, fyxose,

ribose, xvlose, galactose, glucose, and mannose.
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16618} Yet another aspect of the present disclose featuves a method of treating a subject
suffering from or diagnosed with a disease, disorder, or condition mediated by GPx activity,
comprising adminisiering to the subject a therapeutically effective amount of a novel
combination. Such disease, disorder, or condition can include, but is not hmited to heightened

oxidative stress, schizophrenia, bi-polar disorder, depression, mania, anxiety disgrders or

related psychotic disorders, tardive dyskinesia, and #

L

thereof, The therapeuntically effective amount of cach compound inchuded in the novel

combination can be from about 0.1 mg/day to about 5000 mg/day, respectively.

{66191 Another aspect of the present disclosure featores a method for redocing the side
effects of administering an antipsychotic agent by co-administering s ghuthione peroxidase
modulator compeund with the autipsychotic agent. In particular, reducing the side cffects of
administering an antipsychotic agent by co-administering ebsclen with the antipsychotic
agent. Even more particular, reducing the side effects of administering Chlorpromazine
(Thorazine), Haloperidol (Haldol}, Perpbenazine, Flaphenazine, Risperidoune (Risperdal),

Olanzapine {Zyprexa), Quetiapine (Seroguel), Ziprasidone (Geodon), Aripiprazole (Abilify),

s e
¥ 3
H

Paliperidone (Invega), Lurasidone (Latuda) or combinations thereof by co-administering
chselen. fn some embodiments, the side effects of administering an antipsychotic agent
comprise tardive dyskinesia and other complications of administering an antipsychotic agent
to a patient at high doses ov over a long period of ime.

8026} The present disclosure forther features a process for making a pharmaceutical
composition comprising admixing any of the compounds of the novel combination and a
pharmacentically acceptable carrier.

18621} Additional embodiments and their advantages will become apparent from the

detailed discussion, schemes, examples, and claims below,

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

18022} These and other features, aspects, and advantages of the present invention will
become better understood with regard to the following description, and accompanying

drawings, where:
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16023] These and other features, aspects, and advantages of the present invention will
hecome better understood with regard to the following description, and accompanying
drawings, where:

{8024} Figures 1A and iB show (A} decreased blood GSH and (B) elevated GSSG in §2
{grey bars) compared with NC (black bars} (Ballesteros et al. 206138), according to an
embodiment.

[B025] Figures 2A and 2B show {A) MRS GS5H spectra (grey) at ACC and (B) the
accuracy in measuring GSH, according to an embodiment.

16626} Figures 3A-3C show (A) reduced mismatched negativity (MMN) amplitude 1o
Schizophrenia (SZ) (n = 29) compared with normal contro]l (NCY (n =25 Fp=0.015), (B) a
sigmficant correlation between MMN and GSH in NC (r = -(1.46, p = (.03), and (C} no such
relationship being observed in 82 (r = .04, p = (.85) (Ballesteros et al 2013a), according {o
an crbodiment.

[B027] Figure 4 shows a multivariate mediation model where neural oscillatory responses
were mediators between GSH and GSSG and community function measure UPSA-2
(California performance-based skills assessment type 2), according to an cmbodiment. Grey
solid lines indicate direct and significant effects of GSH and GS5G on UPSA-2. Grey dotted
hines indicate significant indirect effects that the 2 1-40 Hz oscillatory response was a
significant intermediate biomarker linking GSH to functional outcome (UPSA-2).

[G028] Figures 5A-3D show a proposed mechanisms of antioxidant action of chselen
{adopted from Kil et al., 2007; and Antony ot al, 2011), according to an embodiment. {A)
Reactive oxygen species (ROS, e.g., Ha0) 1s redoced by GSH and GPx; ebsclen assists this
process by acting as GPx mimic. (B) Reactive nitrogen species (RNS, ¢.g., peroxyunitrite
OMNOO) is also reduced by the same GSH system. (C) Lipid hydroperoxides (LOOHS)
undergo two-glectron reduction to form redox-inert alcohols (LOHs) by GPx, a key
membrane/myclin cytoprotection/reparative mechanism with ehselen’s effect in this lipid
peroxidation redox being well supported. () Ebselen is a substrate for the theoredoxin (Trx)
system, another key oxidation defense, where ebselen is reduced to ebselen selenol (Ebs-H)
by Trx and thoredoxin reductase (TrxR); Ebs-H then serves as an efficient Hy(3, reductase.
13029] Figures 6A and 68 illustrate ebselen’s effect on increasing basal neuronal GSH
fevels, according to an embodiment. (A) Ebselen treatment increased basal neuronal GSH
levels, simitlar to s on GSH seen under stressed conditions. (B) Neuroprotective effect of

chselen against ghitamate-induced GSH depletion and neurctoxity with glutamate decreased

3
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celular GSH level (triangles), ebselen increased basal GSH level (squares), and effect of
cbsclen and glutamate (diamonds).

16634 Figures 7A-7C illustrate NVHL blocking the adolescent increase in PV
interneuron labeling in the PFC, according t¢ an embodiment. {A) Representative
micrographs of prefrontal PV staining in juventle {(P21) and adult (P61} SHAM {(placebo),
NVHL, and NAC-treated NVHL rats. Scale bar 1s R0 pm. (B) Bar graphs illustrating PV cell
counts using unbiased stereology at P21 (left) and P61 (right) in all four treatment groaps. PV
cell count increased between P21 and P61 in SHAM, but not in NVHL rats. Juvenile NAC
treatment rescued the progression in PV cell numbers in NVHL rats. ANOVA ¥ =4.7,p
= 0.002. Age: By 16,= 10.2, p = 0.003, Lesion: Fy 56,= 136, p= 0.11, Lesion x Age: F(1 3,
6.7, p = 0.014, Treatment: Fj 55,= 3.9, p = 0.057, Treatment x Age: n.s. {C) Diagram
illustrating the time course of NAC treatment and juvenile (P21) and adult (P61} assessments.
In thas and all other figures, data are cxpressed as mean = 3EM, *p<0.05,

16631} Figures 8A-8D illustrate oxidative stress with 8-0x0-dG in the PFC of NVHL rats,
according to an embodiment. (A) Representative micrographs showing double labeling for
PV {red) and 8-oxo-dG (green) m the PFC in the four groups at P21, Scale bar is 10 pm. (B)
Summary of the data showing that an NVHL causcs 4 massive increase in 8-ox0-d( labeling
i the PFC at P21 that is prevented with juvenile NAC treatment. Top graph illustrates 8-oxo-
dG fluorescence ntensity and the bottom graph quantifies the number of labeled voxels in
cach group. ANOVA for 8-0x0-dG intensity: Fs14,= 13.7, p = 0.00002, Lesion Fj 14, = 184,
p = 1,008, Treatment F(y 14,= 9.6, p = 0.008, Lesion x Treatment Fy 14, 13.0, p = 0.003. ()
Representative micrographs showing double labeling for PV {red) and 8-oxo0-dG (green) in
the PFC at P61, Scale bar 1s 10 pm. (D) Summary of the data showing that the NVHL
mereases B-ox0-dG in the PFC at P61, which is prevented with juvenile NAC treatment.
ANOVA for 8-ox0-dG intensity: Fy 14y°7.8, p=0.001, Lesion Fy; 9 = 12.5, p = 0.002,
Treatment Fy, 15, = (.13, p=n.s., Lesion x Treatment Fyy 5, = 10.8, p = 0.004.

16632} Figures 9A and 98 illustrate oxidative stress in the PFC of adult NVHL rats with
3-NT, according to an embodiment. (A} Representative micrographs showing triple labeling
for 3-NT (green), WFA (blue) and PV {(red) in the three groups. Scale bar 1s 100 um. (B)
Summary of the data showing that an NVHL causes a significant increase in 3-NT labeling in
the PEC at P61 that is prevented with juvenile NAC treatment. Graph illustrates 3-NT

fluorescence intensity in cach group. One-way ANOVA for 3-NT intensity revealed a very

6



WO 2016/044314 PCT/US2015/050255

significant effect of treatment (F, o) = 85.2, p <0.0001). Comparisons between each pairs
using Tukey-Kramer also showed significant differences (p < 0.0001) for SHAM versus
NVHL and NVHL versus NAC,

8033} Figures 10A-10C show NVHL lesions, according to an embodiment. (A)
Photomicrographs of representative sections from a SHAM (left), an untreated NVHL
{middle), and an NAC-treated NVHL (right} brain at the level of the lippocarpus. Arrows
mdicate cell loss in the ventral hippocampus and the stars indicate enlarged ventricles. (B}
Cartoons indicating the mintmum {(black) and maximum extent of lesion in untreated NVHL
rats (water) at different rostrocandal levels throughout the ventral bippocampus. (C) Similar
cartoons ilustrating the extent of lesion in NAC-treated NVHL rats,

(6834} Figures 11A and 1B illustrate that NVHL may cause increased oxidative stress in
PV, but not CR and CB interneurons, which is prevented by developmental NAC treatment,
according to an cmbodiment. (A) Micrographs showing 8-0x0-dG labeling {(green) of
parvalbumin (PV)-, calretinin (CR)- and calbindin (CB)-positive interneurons (red) in the
PFC of SHAM, NVHL and NAC- treated NVHL rats. Scale bar is 10 pm. (B) Summary of
the data. In PV interncurons, 8- oxo-dG labeling increased following an NVHL lesion, which
was prevented with NAC treatment {Treatment: Fi 0, = 212.97, p < 0.0001). *¥**p <0.001.
[8635] Figures 12A and 12B illostrate that perinegronal nets (PNN) may be reduced in
the PFC of adult NVHL rats, but rescued by juvenile NAC treatment, according o an
embodiment. (A) Representative micrographs showing double labehing of PV {red) and
Wisteria flovibunda agglutinin (WEA; green), which labels PNN. Scale bar is 10 pm. (B)
Plots illostrating PV interncuron (PVI) counts (top) and the number of cells co-labeled with
PV and WFA (botton). PVI count 15 reduced following an NVHL lesion, and this reduction
is prevented with juvemle NAC treatment. (Overall effect: Fig 15, 3.8, p = 0.01, PVI count:
Foin= 15.3, p < 0.0007). The number of WFA PV decreases in NVHL rats compared to
controls, and this reduction is prevented with juvenile NAC treatment (PNN count: Fpp =
28.5, p<0.06001). ¥*p < 0.01, #¥p <0001

{8036} Figures 13A-13E illustrate clectrophysiological deficits may be rescued by N-
acetyl cysteine (NAC) treatment in NVHL rats, according to an cmbodiment. (A)
Representative traces of excitatory post-synaptic potentials (EPSP) evoked by superficial
layer electrical stimulation in adult PFC before (black trace) and after (green trace) bath

application of the B2-agonist quinpirole (5§ gM). (B) Newrobiotin-filled layer V pyramidal
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cell in the PFC; the relative position of the bipolar stimulating clectrode and the recording
clectrode are shown schematically. (C) Bar graphs illustrating the magritude of EPSP
aticnuation by quinpirole fu shices from SHAM, NVHL, and NAC- treated NVHL rats. In
sham rats, quinpirole reduces the size of the synaptic response, whereas in NVHL rats this
atienuation is absent. NAC treatment duning development reverses this deficit in NVHL
animals (ANOVA: Fp 55 = 3.328, p = 0.046). (D} Traces from in vivo mtracelivlar recordings
in PFC pyramidal neurons showing responses to electrical stimulation of the ventral
tegmental arca (VTA) with trains of S pulses at 20 Hz in anesthetized SHAM {top), NVHL
{middle}, and NAC-#reated NVHL {bottom) rats. Each pancl s an overlay of 5 traces that
illustrate the representative type of response observed in each group, with NVHL showing
enhanced firing following VTA stimulation, while firing 1s sparse in SHAM and NAC-treated
NVHL rats. (E) Bar graph illustrating group data for action potential firing in the 500 ms
epoch following VTA stimulation in all three groups. ANOVA:I F, 57, = 4.5, p <0.05; NVHL
firing was higher than in shams (post- hoe Tukey’s g = 3.9, p <0.05) and higher than in
NAC-treated NVHL rats (post-hoe Tukey's g = 3.6, p < {(1L.05). In all electrophysiclogy
cxperiments data from SHAM and NAC-treated SHAM rats were combined as they did not
show differences.

18637} Figures [4A and 14B illostrates that mismatch negativity (MMN) deficits may be
rescucd by NAC treatment, according to an embodiment. {A) Representative traces of
auditory evoked poterdials from standard (blue) and deviant (red} stimuli in a sham(n=¢6;
top), NVHL (n = 3; middle)}, and NAC-treated NVHL rat (1= 3; bottom). The green box
highlights the cpoch in which the negativity was measured (35-100 ms following the
stimulus). All fraces are averages of at least 80 repetitions. {(B) Group data comparing MMN
measured as the area under the corve in the highlighted region reveal a significant difference
among groups (ANOVA: F, 5, = 9.742; p = 0.006). The data illustrated ave averages from 3
different sessions in ¢ach rat. A post-hoc comparison between NVHL and NVHLANAC
revealed a significant difference (Bouferroni test; p = 0.005).

[6038] Figures [5A-15D iHlostrate that prepulse inhibition deficits may be rescued with
antioxidant freatment, according to an cmbodiment. (A) Propulse inhibition deficits were
observed in NVHL rats when challenged with apomorphine (0.1 mg/kg, i.p.). This deficit was
completely reversed with juvenile NAC treatment {Lesion: Fyy 40,7 3.529 p = 0.067,

Treatment: F; 4,71 .644, p = 0.207, Lesion x Treatment: Fq 40,7 5.730, p= 0.021). n = 12-
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16, * p < {.05 compared to NVHL. (B) In another group of rats, NAC was administered
starting at P35, stopped at P50, and the rats tested for PPY at P61, The bar graph illustrates
PPI at three different prepulse intensities in this group with adolescent NAC treatment.
ANOVA: group effect Fy o, 3.364, p < 0.045; post-hoe tests revealed only a trend for a
difference in PP in NVHL compared to SHAM (LSD, p = (.069), and a significant
difference between NVHL and NAC-treated NVHL (L8, p = 0.016). {C) Some animals
received Ebselen from P3S and were tested for PPI at P61, There was a significant lesion
effect (F; 55, = 7.11: p = 0.013) and a significant lesion status by treatment interaction (Fj o,
=7.08; p = (.013}. (I3} Another set of animals received apocynin and were tested for PPL We

observed a signiticant lesion by treatment interaction (F 55 = 4.8, p = 0.038).

DETAILED DESCRIPTION

heightened oxidative stress, schizophrenia, bi-polar disorder, depression, mania, anxicty

disorders or related psychotic disorders, tardive dyskinesia, ar

3048} Representative compounds of the novel combination are described throught the
specification and claims,

[N SRR &SRR TS SN
8041} in some embodiments, the

s, Chlorpromazine

{Thorazine), Haiopuidﬂi (Eiald b, Perphenazine, Flaphenazine, Risperidone (Risperdal),
Olanzapine (Zyprexa), Quetiapine (Seroquel), Ziprasidone (Geodon), Aripiprazole (Abilify),
Paliperidone {Invega), Lurasidone (Latuda) and contbvinations thereof,

6042} In some embodiments, a glotathione peroxidase modulator comprises a compound
selected from the group consisting of gluthione peroxidase mimic compounds, ghitathione,
ghutathione prodrugs, and cysteine prodrugs.

{6843} In some embodiments, a representative compound of a gluthione peroxidase
mimic compound compriscs chselen, (2-phenyl-1,2-benzisoscienazol-3(ZH)-one} with an

g
1

empirical formula C3sHoNOSe, molecular weight 274.2 and a formula of:
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:

[B044] In some embodiments, ghuthione peroxidase mimic compounds comprise 2,2°-
diseleno-bis-B-cyclodextrin and 6A,6B-discleninic acid-6A°,6B"-scleniom bridged B-
cyclodextrin,

8645} Glutathione peroxidase mimics, like glutathione peroxidase, reduce reactive
oxygen specics by the binding of free radicals to its Se moiety. By reacting with glutathione,
glutathione peroxidase mimics limit free radical toxicity, thus exhibiting strong activity
against peroxynitrite. Ebselen, a glutathione peroxidase numic, reduces cytochrome C
release from mitochondria and nuclear damage during lipid peroxidation, thus attenuating
neuronal apoptosis associated with oxidative stress. Agents that reduce the activity of reactive
oxygen species can ameliorate the deleterious effects of heightened oxidative stress and
diseases caused by such stress, including but not limited to heightened oxidative stress,

schizophrenia, bi-polar disorder, depression, mania, anxiety disorders or related paychotic

disorders, tardive dyskinesia, an or complications thereofl
8046} Oxidative stress in schizophrenia paticnts is associated with a glutathione (GSH)

deficit. FIGS. 1A and 1B illustrate fasting blood GSH and glatathione disulfide (GS8G) in
SZs (n =29} and normal control patients (n = 25). GSH was lower (p < 0.001} and GSSG was
higher (p = (.023) in 8Z, whereas cxogenous sources in diet, smoking, or medications, and
were not found o cause the abnormal G3H redox state in 327, suggesting an intrinsic redox
abnormality. Reduced GSH was also found n patients on clozapine {p = 0.005) or other
antipsychotics (p < 0.001) (Ballesteros et al,, 2013a).

18047} In some embodiments, representative ghutathione produgs comprise compounds of

the formula;

wherein
R; s H, methyl, ethyl, or isopropyl;

Ry is H, or ethyl; and

10
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FO0r COOH
/—< 4 /-
Rsis H, acetyl, phenviacetyl, aé“s Nz , 0T L\LOUH

{6048} In some embodiments, a representative cysieine prodiug conprises N-acctyl
cysteine (NAC) with a formula of:

7

A
HO
O SH,

18049} Some embodiments of cysteine prodrugs comprise N N -diacetyl-cysteine, N-
acetyi cysteine amide, NAC esters (alkyl esters, glveolamide esters and acycloxymethyl
esters), S-allyl cysteine, S-methyl cysteine, S-ethyl cysteine, S-propyl cysteine, or

compovnds of the formula:

wherein

Rsis H or —-COOGH.
{6058} Some embodiments of cysteine prodrugs comprise 2-substitated thiazolidine-4-
carboxvlic acids with aldose monosaccarides, such as glyceraldehyde, arabinose, yxose,
ribose, xylose, galactose, glucose, and mannose.

16651}

[8052] The present disclosure further features a process for making a pharmaceutical
composition comprising admixing any of the compounds of the novel combination and a
pharmaceutically acceptable carrier.

18531 Yet another aspect of the present disclosure features a method of treating a subject
sutfering from or diagnosed with a discase, disorder, or condition mediated by GPx activity,

comprising administering to the subject a therapeutically effective amount of a novel
i
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combination. Such disease, disorder, or condition can include, but is not imited to heightened

oxidative stress, schizophrenia, bi-pelar diserder, depression, mania, anxicty disorders or

related psychotic disorders, tardive dyskinesia, and associated symptoms

{8854} Another aspect of the present disclosure features a method for reducing the side
effects of administering an antipsychotic agent by co-administering a gluthione peroxidase
mimic compound with the antipsychotic agent. In particular, reducing the side effects of
administering an antipsychotic agent by co-administering cbhselen with the antipsychotic
agent, Even more particular, reducing the side cffects of administering Chlorpromeazine
{Thorazine), Haloperidol (Haldol}, Perphenazine, Flaphenarine, Risperidone (Risperdal},
Olanzapine {Zyprexa), Quetiapine (Seroquel), Ziprasidone (Geodon), Aripiprazole (Abihify),
Paliperidone {Invega), Lurasidone (Latuda) or comabinations thercof by co-administering
chselen. o sorae embodiments, the side effects of administering an antipsychotic agent
comprise tardive dyskinesia and other complications of administering an antipsychotic agent
to 8 patient at high doses or over a long term.

18655} In & further embodiment, a method for treating or amehiorating a GPx mediated
condition in a subject n need thereof comprises adnunistering to the subject a thevapeutically
effective amount of the novel combination, wherein the therapeutically effective amoont of
cach compound in the combination is from about 0.1 mg/dose to about 5 g/dose. In particular,
the therapeutically effective amount of cach compound in the combination is from about 0.5
mg/dose to about 1000 mg/dose. Move particularly, the therapeutically effective amount of
gach compound in the combination is from about 1 mg/dose to abeut 100 mg/dose. Ina
further embodiment, the number of doses per day of the combination is from 1 to 3 doses. In
& further embodiment, the therapeutically effective amount of cach compound io the
combination is from about 0.061 mg/kg/day to about 30 mg/kg/day. More particularly, the
therapeutically effective amount of cach compound in the combination is from about (.01
mg/kg/day to about 2 mg/kg/day.

[8056] In a further embodiment, a methed for preventing or inhibiting the progression of
an GPx mediated condition in a subject in need thereof comprises administering to the subject
a therapeutically effective amount of the combination, wherein the therapeutically effective
amount of cach compound in the combination is from about 0.1 mg/dose to about 5 g/dose. In
particular, the therapeutically effective amount of each compound in the combination 1s from

about 1 mg/dose to about 100 mg/dose. In a further embodiment, the number of doses per day
12
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of the combination is from 1 to 3 doses. In a further embodiment, the therapeutically effective
amount of cach compound in the combination is from about 0.001 mg/kg/day to about 30
mg'kg/day. More particularly, the therapeutically effective amount of each compound in the

combination is from about 0.01 mg/kg/day to about 2 mg/kg/day.

Definitions/ Terms

(8837} In general, terms used in the claims and the specification are intended to be
construed as having the plain meaning understood by a person of ordinary skill in the art.
Certain terms are defined below to provide additional clarity. In case of conflict between the
plain meaning and the provided definitions, the provided definitions are to be used. Terms
used in the claims and specification are defined as set forth below unless otherwise specified
or by their usage throughout this disclosure.

8658} Unless otherwise noted, “alkyl” as used herein, whether used alone or as part of a
substituent group, refers to a saturated, branched, or straight-chain monovalent hydrocarbon
radical derived by the removal of onc hydrogen atom from: a single carbon atom of 3 parent
alkane. Typical alkvi groups include, but are not Hmited to, methyl; ethyls such as cthanyl;
propyls such as propan-1-yl, propan-2-y1, cyclopropan-1-yi; butyls such as butan- 1-yl, butan-
2-v1, 2-methyl-propan- 1-yl, 2-methyl-propan-2-vl, eyclobutan- 1-y] and the like. In preferred
embodiments, the altkyl groups are Cl-falkyl, with C1-3 being particularly preferred.
“Adkoxy” radicals are oxygen cthers formed from the previously described straight or
branched chain alkyl groups. In some embodiments, the alkyl or alkoxy are independently
substituted with one to five, preferably one to three groups inclading, but not Hmited to, oxo,
amino, alkoxy, carboxy, heterocyelyl, bydroxyl, and halo (F, C, Br, or 1),

[B059] The term “aryl,” as used herein, refers to aromatic groups comprising a stable six-
membered monocyclic, or tep-membered bicyclic or fourteen-membered tricyclic aromatic
ring system which congists of carbon atoms. Examples of aryl groups inchude, but are not
fimited to, phenyl or naphthalenyl 1o some embodiments, “aryl” is substituted. For instance,
“aryl” can be substituted with, ¢.g., optionally substituted Cl-6alkyl, C2-6alkenyl, C2-
6alkynyi, halo, hydroxyl, —CN, —C(0)0H, —C(G0—Cl-4alkyl, —C{OINR'R”, —SR/,
—OR, —C{O, —NRHYR"), —S(O12—R, and —S(O2—N{RNR"), wherein R and R”
are fndependently selected from H, Cl-6-alkyl, arvl, heteroarvl, and/or heterocycelyl

8066} The term “heterocyclyl” or “heterocycle” is a 3- to 8-member saturated, or

partially saturated single or fused ring system which consists of carbon atoms and from { to 6
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heteroatoms selected from N, O and 8. The heterocycelyl group may be attached at any
heteroatom or carbon atom which results in the creation of a stable structure. Example of
heterocyely! groups inclade, but are not lmited to, 2-imidazoline, imidazolidine; morpholine,
oxazoling, 2-pyrroline, 3-pyrroline, pyrrolidine, pyridone, pyrimidone, piperazine, piperidine,
indoline, tetrahiydroforan, 2-pyrroline, 3-pyrroline, 2-imidazoline, Z-pyrazoline, indolinone.
In some embodiments, “heterocyelyl” or “heterocyele” are independently substituted. For
mstance, “heterocyelyl” or “heterocycle” can be substitated with, e.g., optionally substituted
Cl-6alkyl, C2-6alkenyl, C2-6alkynyl, halo, hydroxyi, —CN, —C{0)OH, —C(Gy0—C1-
datkyl, —C{ONR'R"—OR/, —SR'—C{OIR', —N{RHR"}, —S(0)2—R’, and —S(0)2—
MN{RHMR"}, wherein R’ and R” are mdependently sclected from H, Cl-6-alkyl, arvi, heteroaryl,

and/or heterocyelyl.

{6863} The term “substituted” refers to a radical in which one or more hydrogen atoms

are cach indepondently replaced with the same or different substituent(s).

[B064] With reference to substituents, the term “independently” means that when more
than one of such substituent is possible, such substituents may be the same or different from
cach other.

18665} 1t 1s intended that the definition of any substituent or variable at a particular
loeation in a molecule be independent of is definitions elsewhere n that molecude. It is
understood that substituents and substitution patierns on the compounds of this invention can
be sciected by one of ordinary skill in the art to provide conpounds that are chemically stable
and that can be readily synthesized by techniques known in the art as well as those methods
set forth herein.

18066} Methods are known in the art for determining cffective doses for therapeutic and
prophylactic purposes for the disclosed pharmaceutical compoesitions or the disclosed drug
combinations, whether or not formulated in the same composition. For therapeutic purposes,

the torm “therapeutically effective amount”™ as used herein, means that amount of each active
14
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compound or pharmaccutical agent, alone or in combination, that clicits the biological or
medicinal respouse in a tissue systom, animal or human that is being sought by a researcher,
veterinarian, medical doctor or other clinician, which inchides alleviation of the symptoms of
the discase or disorder being treated. For prophylactic purposes (i.e., inhibiting the onset or
progression of a disorder), the term “therapeutically cffective amount” refers to that amount
of cach active compound or pharmaceutical agent, alone or in combination, that treats or
inhibits in a subject the onset or progression of a disorder as being sought by a rescarcher,
veterinarian, medical doctor or other clinician. Thus, the present invention provides
combinations of two or more drugs wheretn, for example, (a) each drug is administered in an
ndependently therapeutically or prophylactically effective amount; (b) at least one drug in
the combination s administered in an amoont that is sub-therapeutic or sub-prophylactic if
adminisierced alone, but is therapeutic or prophylactic when administered in combination with
the second or additional drugs according to the invention; or (¢) both {or more) drugs are
administered 1n an amount that is sub-therapeutic ov sub-prophylactic if administered alone,
but are therapeutic or prophylactic when administered together.

18667} The term “pharmaceutically acceptable salt” refers to non-toxic pharmaceutically
acceptable salts (Ref. International J. Pharm., 1986, 33, 201-217; J. Pharm, Sci., 1997
(January), 66, 1, 1), Other salts well known to those in the art may, however, be useful in the
preparation of compounds according to this invention or of their pharmaceutically acceptable
salts. Representative organic ot inorganic acids fnclude, but are not Hmited to, hydrochloric,
hydrobromic, hydriodic, perchloric, sulfuric, nitric, phosphoric, acetic, propionic, ghyeolic,
lactic, succinic, maleic, fumaric, malic, tartarie, citric, benzoie, mandelic, methanesulfonic,
hydroxyethanesulfonic, benzenesulfonic, oxalic, pamuoic, Z-naphthalenesolfonic, p-
toluenesulfonic, cyclohexanesulfaric, salicylic, saccharinic or trifluoroacetic acid.
Representative organic or inorganic bases inchide, but are not Hmited to, basic or cationic
salts such as benrathine, chloroprocaine, choling, dicthanolamine, ethylonediaming,
meglumine, procaine, aluminum, calcium, lithium, magnesium, potassium, sodium and zine.
8068} The term “composition” is intended to encompass a product comprising the
specified ingredients n the specified amounts, as well as any product which results, directly
or indirectly, from combinations of the specified ingredicnts in the specified amounts.

18669] The term “subject” cncompasses an organism, an animal, including a marmmal,
human or non-human, male or female, who 1s the object of treatment, observation, clinical

triai or experiment. The subject can be a buman patient. The ferm “human”™ generally refers
15



WO 2016/044314 PCT/US2015/050255

to Homo sapiens. The term “mammal” as used herein includes but is not limited to a human,
non-humean primate, mouse, rat, guinea pig, clinchilla and monkey. Maounals other than
humans can be advantageously used as subjects that represent animal models of, e.g., hearing
loss, schizophrenia, bipolar disorders, and/or any other psychotic disorder.

[8078] The term “percent identity” or “percent sequence identity,” in the context of two
or more nucleic acid or polypeptide sequences, refer to two or more sequences or
subseqoences that have a specified percentage of nucleotides or amino acid residues that are
the same, when compared and aligned for maxinmum correspondence, as measured using one
of the sequence comparison algorithios described below (e.g., BLASTP and BLASTN or
other algorithms available to persons of skilly or by visual inspection. Depending on the
application, the percent "identity” can oxist over a region of the sequence being compared,
e.g., over a functional domain, or, alternatively, exist over the full length of the two
sequences to be compared.

[8071] For sequence comparison, typically one sequence acts as a reference sequence to
which test sequences are compared. When using a sequence comparison algorithm, test and
refercunce sequences are input into a computer, subsequence coordinates are designated, if
necessary, and sequence algorithm program parameters are designated. The sequence
comparison algorithm then calculates the percent sequence identity for the test sequence(s)
refative to the reference sequence, based on the designated program parametors.

[6872] Optimal ahignment of scquences for comparison can be conducted, e.g., by the
local homeology algorithm of Smith & Waterman, Adv. Appl. Math, 2:482 (1981), by the
homology alignment algorithm of Needleman & Wonsch, 1. Mol Biol. 48:443 (1970), by the
scarch for similarity method of Pearson & Lipman, Proc. Nat'L Acad. Sci. USA 85:2444
(1948}, by compuierized implermentations of these algorithms (GAP, BESTFIT, FASTA, and
TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group, 575
Science Dr., Madison, Wis.), or by visual inspection (see generally Ausubel et 2L, infra).
[8073] Oune example of an algorithio that is suitable for determining percent sequence
identity and sequence similarity 1s the BLAST algorithm, which is described in Altschul et
al., J. Mol Biol. 215:403-4 10 (1990). Software for performing BLAST analyses 1s publicly
available through the National Center for Biotechnology Information website.

8074} Psychotic disorders, diseases, or prodromal conditions include, but are not limited

1o heightened oxidative stress, schizophrema, bi-polar disorder, depression, mania, anxiety
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disorders or related psychotic disorders, tardive dyskinesia, and associated symptoms or
compl

16675} The term “statistically significant” 18 defined as the probability that a result is not
caused by random chance.
{6876} It must be noted that, as used in the specification and the appended claims, the
singular forms “a,” “an,” and “the” include pharal referents unless the context clearly dictates
otherwise.
18771 Abbreviations or acronyms used in the throughout the specification inclade:

*  ACC: Awterior cingulate cortex

»  AEC: Adverse event checklist

»  BPRS: Brief psychistric rating scale

»  CAT: Catalase

*  (DSS: Calgary depression scale for schizophrenia

+  (-35RA8: Columbia suicide severity rating scale

«  EOS: End of study

*  (3SH: The reduced form of glutathione

»  (385G: The oxidized form of ghitathione

»  (3Px: glutathione peroxidases

»  (GR: Glutathione reductase

* MCCB: MATRICS consensus cognitive battery

+  MMN: Mismatch negativity

«  MRS: Magnetic resonance spectroscopy

+  NAC: N-acctyl-cysteine

»  NC: Normal controls

°  NMDAR: N-methyl-D-aspartate receptors

»  POC: Proof of concept

»  Redox: Reduction/oxidation

+  RNB: Reactive nitrogen species

«  ROS: Reactive oxygen species

«  SOD: Superoxide dismutase

»  SPI Sound Pharmaceutical Inc

»  §7: Schizophrenia patients or Schizophrenia

»  UPSA: Californis performance-based skills assessment
17
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« b or hr (hour(s}}

»  LOMS (high prossure liquid chroatography with mass spectrometer)
»  Me (methyl}

» Mg (milligram}

» rtor RT (room temperature}

«  TLC (thin layer chromatography)
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Compounds
[68166] Representative compounds of the present invention are described throught the
specification and claims.
[B8167] A representative compound of glutathione peroxidase (GPx) mimics inchudes
ehselen, (2-Phenyl-1,2-benzisosclenarol-3(2H)-one) with empirical formula C s HoNOSe,

molecular weight 274.2 and a formula of:

681681  Ebsclen is the only active ingredient administered in a formulation. Ebselen is
slightly soluble in aqueous solutions at 25° Celsius, Ebselen acts as a catalyst and is not
consumed during detoxification reactions (Muller et. al, 1988). Av embodiment of an chsclen

formulation is >99% pure as confirmed by HPLC. The synthesis of this formulation is
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provided by Rhodia Pharma Solutions and includes capsules that are hermetically sealed in
blister packs. Each capsule contains 200 mg the cbselen formulation or SPI-1000 {placebo).
1668169]  Cther representative compounnds of glatathione peroxidase {GPx) mimics include
2,2’ -diselenc-bis-B-eyclodextrin and 6A,6B-discleninic acid-6A’ 6B -selenium bridged B-
cyclodextrin,

{88176 Representative compounds of the second compound in the combination inchude
glutathione (GSH), glutathione produgs listed in Table 1, and cysteine prodrugs listed in
Table 2.

1#0171] Table 1 — glutathione prodrugs

STRUCTURE NG, NAME

SH i N7-({R)-3-muercapto-1 ({2~

O O , .
H | methoxy-2-oxoethyl)-
HoiN N 4 P P 5 onronan-2-vi
N N o araino}-1-oxopropan-2-yi)-
COOH H ) L-ghutamiue
o H

2 N-{(R)-1-{(2-ethoxy-2-
oxgethyl}-anuno)-3-
mercapto-1-oxopropan-2-

yi)-L-glutamine

(43

ethyl A -({R)-1-({2-ethoxy-
2-gxoethylamino}-3-
mercapto-1-oxopropan-2-

yi-L-glotamivate

4 N7 A({R)-1-({2-is0propoxy-2-
oxoethyllamino)-3-

HoN mercapto-1-oxopropan-2-

TZ

yU-L-glutamine
COOH

3 N (R34 acetytthio)-1-
{{carboxymethylJamino}-1-
oxopropan-2-yi}-L-

glutanting
RN

IZ

COOH
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5 N -{{R)-3-(benzoyithio)-1-
{{carboxymethyl}amino}-1-
oxopropan-2-yiy-L-

glutamine

~ 7 N -R)-3-{((R)-2-amino-2-

é carboxyethylydisulfanyly-1-

S/; {{carboxymethyl}aminc}-1-
| oxopropan-2-yi-L-

glutamine

% 2-{{(R)-2-((8)-4-aminc-4-
carboxybutananido)-3-
{{carboxymethylJamino}-3-
oxopropylithielsuccinic

acid
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[#0172] Table 2 - cysteine prodrugs

STRUCTURE NO. NAME
({)L i N-acetyl cysteine
7
H O\H/
& SH
O O 2 NN -diaceiyl cysteine

i

N-acetyl cysteine anide

8] 4 N-acety! cysteine alkyl
esters
<7 N
O
Alkyt””
O Sk
s 5 N-acetyl cysteine
Al\ glycolamide esters
O <7 N
HO\\/ N /0\?1
i i
0 SH
O & N-acetyl cysteine

)L\ agycloxymethyl esters

NH

alkyi G O
S \I’( \\//‘

O
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NH,

HO:

C
w0

~d

S-aliyl cysteine

S-methiyl cystetne

9

S-ethyl cysteine

NH

19

S-propyl cysteing

1

{R}-thiazolidine-4-

carboxylic acid

H
f»“"“ 12 {4R)y-2-methylihiazolidine-
e )‘Wbu OH 4-carboxylic acid
N
H
3 13 {4R)-2-ethylthiazolidine-4-
\//i/:}ww COOH carboxylic and
H

S___....
/ >‘w
’/A\\/’A\N COOH
&

14

{4R-2-propyihiazolidine-

4-carboxylic acid

M
N COOH

H

{4R}-2-pentylthiazoliding-4-

carboxylic acid
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,t?“‘“‘}\w 16 (4R)-2-phenylithiazoliding-
/i/ \_ /Z\r\ COOH 4-carboxylic acid
f b
\\:'/,_/J ’
/S“‘““\ 17 {(4R)-2-{pynidin-4-
l//\\//i\ )‘WCOCH yhihiazolidine-4-carboxylic
Nf’; // 3 acid
N
83\% iR {R)-2-oxothiazohding-4-
o % COOH carboxylic acic
N
H
Shams 19 | Forn=3(RibCys}k
HO /a»/\ )“COOH HRS-Deribo-{1° 203" 4
... tetrabydroxybutyi)-
OH| i e .
dn=1..5 thiazolidine-4{R)-carboxylic
acid
3- 20 | Forn=3 (RibCyst):
HO | v}-%H R S)Dribo-(17,273°,4-
ﬁ tetraliydroxybutyl}-
dh-1.5 thiazolidine

(86173} Somce other embodiments of cysteine prodrugs include 2-substituted thiazolidine-
4-carboxylic acids with aldose monosaccarides, such as glyceraldehyde, arabinose, lyxose,
ribose, xvlose, galactose, glucose, and mannose.

[#0174] Where the compounds according to this invention have at least one chiral center,
they may accordingly oxist as enantiomers. Where the compounds possess two or more chiral
centers, they may additionally exist as diastereomers. Where the processes for the preparation
of the compounds according to the invention give rise to mixtores of sterecisomers, these
isomers may be separated by conventional techoiques such as preparative chromatography.
The compounds may be prepared in racemic form or as individual enantiomers or
diasteromers by either stereospecific synthesis or by resolution. The compounds may, for
example, be resolved tnto their component enantiomers or diastereomers by standard
techniques, such as the formation of stercoisomeric pairs by salt formation with an optically
active base, followed by fractional crystailization and regencration of the free acid. The
compounds may also be resolved by formation of stercoisomeric esters or amides, followed
by chromatographic separation and removal of the chiral auxiliary. Alternatively, the
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compounds may be resolved using a chiral HPLC column. 1t is to be understood that all
stereoisomers, racemic mixiures, diastercomers, geometric isomers, and enantiorers thereof
are encompassed within the scope of the present invention.

[868175] TFurthermore, some of the crystalline forms for the compounds may exist as
polymoerphs and as such are intended to be included in the present invention. In addition,
some of the compounds may form solvates with water (i.¢., hydrates) or common organic
solvents, and such solvates are also intended to be encompassed within the scope of this

inveniion.

General Administration, Fermulation, and Desages

{68176}  The present compounds are GPx modulators and are therefore useful in treating,
preventing, or inhibiting the progression of GPx mediated condifions inchading but not
hinuted to schizophrenia, bipolar disorder, psychotic disorders, and other disorders, discases,
or conditions related thereto.

[88177] An cmbodiment features a method for ireating a subject with a GPx mediated
discase, said method comprising administering to the subject a therapeutically effective
amount of a pharmaceutical composition comprising a compound disclosed herem. In
particular, the embodiment also provides a method for treating or mmhibiting the progression
of schizophrenia, bipelar diserder, psychotic disorders, tardive dyskinesia, and associated
symptoms or complications thereof in a sabject, wherein the method comprises administering
to the subject a therapeutically effective amount of a pharmaceutical composition comprising
a compound disclosed herein.

{68178 Embodiments also include prodmgs of the compounds disclosed herein. In
general, such prodrugs will be fumctional derivatives of the compounds which are readily
convertible in vivo tnto the required compound. Thus, in the methods of treatment of the
present nvention, the term “administering” shall encompass the treatment of the various
disorders described with the compound specifically disclosed or with a cormapound which may
not be specifically disclosed, but which converts to the specified compound iz vive after
adminisiration to the subject. Conventional procedures for the selection and preparation of
suitable prodrug derivatives are described, for example, in “Design of Prodrugs”, ed. H.
Bundgaard, Elscvier, 19585,

881781  Some ofthe crystalline forms for the compounds may exist as polymorphs and as
such are intended to be included in the present invention. In addition, some of the compounds
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may form soivates with water (1.¢., hydrates) or comunon organic soivents, and such solvates
are intended to be encerapassed by some enbodimenis.

[B6188]  Where the processes for the preparation of the compounds as disclosed herein give
rise to mixtures of stereoisomers, these isomers may be separated by conventional techniques
such as preparative chromatography. The compounds may be prepared in racemic form or as
mdividual enantiomers or diasteromers by either stereospecific synthesis or by resolution.
The compounds may, for example, be resclved into their component enantiomers or
diastercomers by standard techniques, such as the formation of stercoisomeric pairs by salt
formation with an optically active base, followed by fractional erystallization and
regeneration of the free acid. The compounds may also be resolved by formation of
stereoisomeric esters or amides, followed by chromatographic separation and removal of the
chiral auxiliary. Alternatively, the compounds may be resolved using a chiral HPLC column.
1t 1s 10 be understood that all stercoisomers, racemic mixtures, diastercomers, ¢is-frans

somers, and enantiomers thereof are encompassed by some embodiments.

Dosages
[80181]  Those of skill in the treatment of disorders, diseases, or conditions mediated by
GPx can determine the effective daily amount from the test results presented hereinafter and
other information. The exact dosage and frequency of administration depends on the
particular compound of invention used, the particular condition being treated, the severity of
the condition being treated, the age, weight and general physical condition of the particular
paticnt as well as other medication the patient may be taking, as is well known o those
skilled in the art. Furthermore, it is evident that said cffective daily amount may be lowered
or increascd depending on the response of the treated patient and/or depending on the
evalaation of the physician prescribing the compounds of the instant invention. The effective
daily amount ranges mentioned herein are therefore only guidelines in practicing the present
nvention.
[86182]  For the methods for the treatment of GPx mediated disorders described herein
using any of the compounds as disclosed herein, the dosage form will contain a
pharmaceutically acceptable carrier containing between from about 0.1 mg to about 5000 mg;
particularly from about 0.5 mg to about 1000 mg; and, more particularly, from about [ mg to
about 100 mg of the compound, and may be constitated into any form suitable for the mode

of administration selected. The dosages, however, may be varied depending upon the
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requirement of the subjects, the severity of the condition being treated and the compound
heing employed. The use of either daily administration or post-periodic dosing may be
employed.

[68183] The pharmaceutical compositions herein will contain, per unit dosage unit, e.g.,
tablet, capsule, powder, injection, suppository, teaspoonful and the like, of from about (.001
mg/kg/day to about 10 mg/kg/day (particularly from about 0.01 mg/kg/day to about |
mg/ke/day; and, more particodarly, from abowt 0.1 mg/kg/day to about (.5 mg/kg/day) and
may be given at a dosage of from abowt (.001 mg/kg/day to about 30 mg/kg/day (particularly
from about 0.01 mg/kg/day to about 2 mg/kg/day, more particularly from about 0.1
mg/kg/day to about T mg/kg/day and even more particularly from about 0.5 mg/kg/day 1o
about 1 mg/'kg/day).

[80184] These compositions are in unit dosage forms from such as tableis, pills, capsules,
dry powders for recounstitution or inhalation, granules, lozenges, sterile parenteral solutions or
suspensions, metered acrosol or liquad sprays, drops, ampoules, autoinjector devices or
supposttories for administration by oral, intranasal, sublingual, intraccular, transdermal,
parerderal, rectal, vaginal, dry powder inhaler or other inhalation or insutfiation means.
Alternatively, the composition may be presented m a form suitable for once-weekly or once-
monthly administration; for example, an insoluble salt of the active compound, such as the
decanoate salt, may be adapted to provide a depot preparation for intramuscular injection.
[B8185]  For preparing selid pharmaceutical compositions such as tablets, the principal
active ingredient is mixed with a pharmaceutical carrier, ¢.g. conventional tableting
ingredients such as diluents, binders, adhesives, disintegrants, lubricants, antiadherents and
gildants. Suttable diluents inchude, but are not limited to, starch (1.¢. corn, wheat, or potato
starch, which may be hydrolized), lactose (granulated, spray dried or anhydrous), sucrose,
sucrose-based diluents {confectioner's sugar; sucrose phus about 7 to 10 weight percent invert
sugar; sucrose plus about 3 weight percent modified dextrins; sucrose phus invert sugar, about
4 weight percent invert sugar, about 0.1 to 0.2 weight percent cornstarch and magnesium
stearate}, dextrose, inositol, mannitol, sorbitol, microcrystatline cellulose (.o, AVICEL™
microcrystaliine celludose available from FMC Corp.), dicalcium phosphate, calcium sulfate
dibydrate, caleium factate tribydrate and the like. Suitable binders and adhesives include, but
are not limited o acacia gum, guar gum, tragacanth gum, sucrose, gelatin, ghicosg, starch,
and cellulosics (i.e. methylceliulose, sodium carboxymethyleeliulose, ethylcellulose,

hydroxypropyhnethyicelivlose, hydroxypropyicellulose, and the like), water soluble or
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dispersibie binders {i.c. alginic acid and salis thereof, magnesivm alwminum silicate,
hydroxyethyicellulose [Le. TYLOSE™ available from Hoechst Celanese], polyethylene
glycol, polysaccharide acids, bentonites, polyvinylpyrrolidone, polymethacrylates and
pregelatinized starch} and the like. Suitable disintegrants inchude, but are not limited to,
starches (corn, potato, ctc.), sodium starch glycolates, pregelatinized starches, clays
{magnesium alununum silicate), cellaloses (such as crosshinked sodium
carboxymethylcellulose and microcrystalline cellulose), alginates, progelatinized starches
(i.e. corn starch, etc.), gums (i.e. agar, guar, locust bean, karaya, pectin, and tragacanth gom),
cross-Hnked polyvinylpyrrolidone and the Hke. Suitable lubricanis and antiadherents include,
but are not limited to, stearates (magnesium, calcium and sodium}, stearic acid, talc waxes,
stearowet, boric acid, sodium chloride, DL-leucine, carbowax 40040, carbowax 6010, sodium
oleate, sodium benzoate, sodium acctate, sodium lauryl sulfate, magnesivm lauryl sulfate and
the like. Suttable gildants include, but are not limited to, tale, cornstarch, silica (i.¢. CAB-O-
SIL™ gihica available from Cabot, SYLOID™ silica available from W. R, Grace/Davison,
and AEROSIL™ gilica available from Pregussa) and the like. Swesteners and flavorants may
be added to chewable sohd dosage forms to tmprove the palatability of the oral dosage form.
Additionally, colorants and coatings may be added or applied 1o the solid dosage form for
case of identification of the drug or for aesthetic purposes. These carriers are formulated with
the pharmaceoutical active to provide an accurate, appropriate dose of the pharmaceutical
active with a therapeutic release profile.

[B8186]  Cenerally these carriers are mixed with the pharmaceutical active to form a solid
preformulation composition containing a homogeneoos mixtore of the pharmaceutical active
form of the present invention, or a pharmaceutically acceptable salt thereof. Generally the
preformulation will be formed by one of three common methods: (8) wet granulation, (b) dry
granolation and {c) dry blending. When referring to these preformulation compositions as
homogencous, it is meant that the active ngredient is dispersed evenly throughout the
composition so that the composition may be readily subdivided into equally effective dosage
forms such as tablets, pills and capsules. This sohid preformulation composition is then
subdivided imto unit dosage forms of the type described above containing from about 0.1 mg
to about 500 mg of the active ingredient of the present invention. The tablets or pills
containing the novel compositions may also be formulated in mulbtilayer tablets or pills 10
provide a sustained or provide dual-release products. For example, a dual release tablet or pill

can comprise an inner dosage and an outer dosage component, the latter being in the form of
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an cuvelope over the former. The two components can be separated by an enteric layer,
which serves to resist disintegration in the stomach and pormits the foner component 1o pass
intact into the duodenum or to be delayed n release. A variety of materials can be used for
such enteric layers or coatings, such materials including a number of polymeric materials
such as shellac, celiulose acetate (e, cellulose acetate phthalate, cellulosc acctate
trimetilitate), polyvinyl acetate phthalate, hydroxypropy! methyleellulose phthalate,
hydroxypropyl methylcellalose acetate saceinate, methacrylate and ethylacrylate copolymers,
methacrylate and methy! methacrylate copolymers and the like. Sustained release tableis may
also be made by film coating or wet gramuiation using slightly soluble or insoluble substances
in selution {which for a wet granulation acts as the binding agents) or low melting solids a
molten form (which in 2 wet granulation may tncorporate the active tngredient). These
materials include natural and synthetic polymers waxes, hydrogenated otls, fatty acids and
alcohols (1., becswax, carnauba wax, cetyl alcohol, cetylstearyl alcohol, and the like), esters
of fatty acids metallic soaps, and other acceptable materials that can be used to granulate,
coat, entrap or otherwise limit the solubility of an active ingredient to achieve a prolonged or
sustained release product.

16681871  The hiquid forms in which the novel compositions disclosed hevein may be
imcorporated for administration orally or by injection include, but are not himited to agucouns
solutions, suitably flavored syrups, aqueous or ol suspensions, and flavored emulsions with
edible oils such as cottonseed oil, sesame oil, coconut oil or peanut oil, as well as elixirs and
similar pharmaceutical vehicles. Suitable suspending agents for aqueous suspensions, include
synthetic and natural gums such as, acacia, agar, alginate {i.e. propylene alginate, sodium
alginate and the like), guar, karaya, locust bean, pectin, tragacanth, and xanthan guom,
celuiosics such as sodium carboxymethylectiulose, methylceliulose,
hydroxymethylcellulose, hydroxyethylcellulose, hydroxypropyl cellulose and hydroxypropyl
methylceliulose, and combinations thereof, synthetic polymers such as polyviny! pyrrolidone,
carbomer {i.e. carboxypolymethylene), and polyethylene glyeol; clays such as bentonite,
hectorite, attapulgite or sepiolite; and other pharmaceutically acceptable suspending agents
such as lecithin, gelatin or the like. Suitable surfactants inchude bot are not limited to sodium
docusate, sodivm lauryl suifate, polysorbaie, octoxynol-9, nonoxynol- 19, polysorbate 20,
polysorbate 40, polysorbate 60, polysorbate 80, polyoxamer 188, pelyoxamer 235 and
combinations thereof. Suitable defloccnlating or dispersing agent include pharmaceutical

grade lecithins. Suitable flocculating agent include but are not Himited to simple neutral
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clectrolytes {i.e. sodium chloride, potassium, chloride, and the like}, highly charged inscluble
polymers and polyelectrolyte species, water soluble divalent or trivalent ions (i.e. calcium
salts, alums or sulfates, citrates and phosphates (which can be used jointly in fornuidations as
pH buffers and floceunlating agents). Saitable preservatives include but are not hmited to
parabens (i.c. methyl, cthyl, n-propyl and u-butyl), sorbic acid, thimerosal, quaternary
ammonium salts, benzyl alcohol, benzoic acid, chlorhexidine gluconate, phenviethano! and
the like. There are many liquid vehicles that may be used in liquid pharmaceutical dosage
forms, however, the liquid vehicle that is used in a particular dosage form must be compatible
with the suspending agent{s). For example, nonpolar hiquid vehicles such as fatty esters and
oils liquid vehicles are best used with suspending agents such as low HLB (Hydroplule-
Lipophile Balance) surfactants, stearalkonium hectorite, water insoluble resins, water
insofuble film forming polymers and the like. Conversely, polar liquids such as water,
alcohols, polyols and glycols arc best used with suspending agents such as higher HLB
surfactants, clays silicates, gums, water soluble cellulosics, water soluble polymers and the
like. For parenteral administration, sterile suspensions and selotions are desired. Liguid forms
useful for parenteral administration include sterile solutions, crmulsions and suspensions.
Isotonic preparations which generally contain suitable preservatives are employed when
mtravenous administration is desired.

[80188] Furthermore, compounds disclosed herein can be administered in an intranasal
dosage form via topical use of suitable tntranasal vehicles or via transdermal skin patches, the
composition of which are well known to those of ordinary skill in that art. To be administered
i the form of a transdermal delivery system, the administration of a therapeutic dose will, of
course, be continuous rather than intermittent throughout the dosage regimen,

[66189]  Compounds disclosed herein can also be administered in the form of liposome
delivery systems, such as small anilameliar vesicles, large unilamellar vesicles, multilamellar
vesicles and the like. Liposomes can be formed from a varicty of phospholipids, such as
cholesterol, stearylamine, phosphatidylcholines and the like.

[38190] The daily dose of a pharmaceutical composition disclosed herein may be varied
over a wide range from about 0.1 mg to about SO00 mg; preferably, the dose will be in the
range of from about 1 mg to about 100 mg per day for an average human. For oral
administration, the compositions are preferably provided in the form of tablets containing,
0.01,0.05,0.1,0.5, 1.0, 2.5, 5.0, 16.0, 15.0, 25.0, 50.0, 100, 150, 200, 250 or SG0 milligrarms

of the active ingredient for the symptomatic adjustment of the dosage to the subject to be
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treated. Advantageously, a compound of the present invention may be administered in a
single daily dose or the total daily dosage may be administered in divided doses of two, three
or four times daily,

{68191} The therapeutically effective dose for active compounds disclosed herein or a
pharmaceutical composition thereof may vary according to the desired effect. Therefore,
optimal dosages 1o be administered may be readily determined by those skilled in the art, and
may vary with the particodar compound used, the mode of administration, the strength of the
preparation, and the advancement of the disease condition. In addition, factors associated
with the particular subject being treated, including subject age, weight, diet and time of
administration, will result in the need to adjust the dose to an appropriate therapeutic level
The above dosages are thus exemplary of the average case. There can, of course, be
individual instances where higher or lower dosage ranges are merited, and such are within the
scope of this invention,

881921  Compounds disclosed herein may be administered 1o any of the foregoing
compositions and dosage regimens or by means of those compositions and dosage regimens
cstablished in the art whenever use of the compounds disclosed herein as GPx modulators s

required for a subject in need thereof.
Formaulations

1668193}  To prepare the pharmaceutical compositions disclosed herein, one or more
compounds disclosed herein or salt thereof as the active ingredient, is intimately admixed
with a pharmaccutical carrier according fo conventional pharmaceutical compounding
techniques, which carrier may take a wide variety of forms depending of the form of
preparation desired for administration (e.g. oral or parenteral). Suitable phavmaceutically
acceptable carriers are well known in the art. Deseriptions of some of these pharmaceatically
accoptable carriers may be found in The Handbook of Pharmaccoutical Excipients, published
by the American Pharmaceutical Association and the Pharmaceutical Society of Great
Britain.

[88194] The compounds of the present invention may be formulated into various
pharmacecutical forms for administration purposes. Methods of formulating pharmaceutical
compositions have been deseribed in numercus publications such as Pharmaceutical Dosage
Forms: Tablets, Second Edition, Revised and Expanded, Vohumes 1-3, edited by Licberman

¢t al; Pharmacecutical Dosage Forms: Parenteral Medications, Volumes 1-2, edited by Avis ¢t
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al; and Pharmaccutical Dosage Forms: Disperse Systems, Volumes 1-2, edited by Licberman
¢t al; published by Marcel Dekker, Inc.

[668198)  An cbselen foroulation i form of capsule was prepared for below examples that
mvestigated ehselen as a GPx modulator, where GPx, an enzyme dysregulated in
schizophrenia {(S7) patients, is a novel therapeutic SZ target. Ebselen is the only active
mgredient in that formulation, acting as a catalyst and not being consumed during
detoxification reactions. The formulation 18 >99% pure as determined by HPLC. The
capsules are hermetically sealed in blister packs. Each capsule contains 200 mg of ebselen
that possesses a low toxicity because of its umique structure stability. Its selenium (Se) moicty
is not Hiberated during biotranstormation and therefore does not enter seleniunmm metabolism. It
is possible that in the process of manufacture, there will be remaining unbound selenium
present. The manufacturing criterion is that each capsulc contains less than 1 microgram of
inorganic sclentum. In humans, selenium foxicity, or sclenosis, can occur following chronic
mgestion of high quantities of selenium. The Reconmmended Daily Allowance (RDA) of
selenium for adults is §S microgram per day. Posage is adjusted to result in the total selenium

exposure being significantly less than RDA which is monitored during the study.

Methods of Use

1668196}  Also disclosed herein are raethods of using neonatal ventral hippocarapal lesion
(NVHL) rats and methods related to analyzing/diagnosing animal models representative of
GPx mediated disorders, including but not Hmited to oxidative stress, schizophremia, bipolar
disorder and other psychotic disorders. Uses of these methods disclosed herein can inciude
research applications, therapeutic purposes, medical diagnostics, and/or stratifying one or
more patients or subjects. Methods of identifying compositions that are useful for the
prevention or treatment of GPx mediated disorders are disclosed.

1681977  Some embodiments of these methods cmphasize early phase evaluation of the
cbsclen mechanisms of action as disclosed herein and brain biomarker engagoment in
schizophrenia patients. One embodiment uses corroborative bram magnetic resonance
spectroscopy of GSH and other peripheral blood biomarker of GSH as primary outcomes, ¢.2.

in a clinical trial.
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Methods of Treating Oxidative Stress, Schizophrenia and other Psychotic
Biseases
[B6198]  Increased level of axidative stress inmmunelabeling o the PFC of juvenile NVHL
rats was observed along with a decrease in PV cell counts, PPI defick, altered dopamine
modelation of local PFC circuits, and deficits in evoked-related potentials in the EEG of adult
NVHL rats. All these deficits were prevented with N-gcefy! cysteine (NAC) freatment from
P35 to P50, PPI deficits were also prevented if NAC treatment was initiated during
adolescence (P35) and by two other redox modulators (ebselfen, Apocynin). The data showed
that oxidative stress in prefrontal cortex is a core feature mediating alierations induced by the
NVHL, and antioxidant freatment prevents these alterations, Presymiptomatic oxidative siress,
highly present in PVI and also observed in pyramidal newrons, is therefore responsible for
diverse schizophrenia-relevant phenomena in a neurodevelopmental model that does not
entail a direct manipulation of redox pathways.
[80199%] Oxidative stress can affect PFC function via several mechanismas, With high levels
of oxidative stress, cell damage or death can oceur via mermbrane lipid peroxidation, DNA
mutagencsis, alterations in chromatin structure, inactivation of critical enzymes, or activation
of kinase and caspase cascades (Bitanthitwe and Woo, 2011). Redox imbalance can also lead
to brain development disturbances by affecting redox-sensitive cysteine residues at the DNA-
binding sites of transcription factors (Haddad, 2002} and affecting mitochondrial DNA,
highly susceptible to oxidation (Jones and Ge, 2010).
[602860]  Furthermore, many synaptic protems include regulatory redox sites; for exanple,
NMIDA veceptors become hypofimctional following oxidation (Steullet ot al., 20046).
Oxidative stress and nitrosative stress was detected in PFC pyramidal neurons and PVIin
juvenile rats with a NVHL prior to the onset of electrophysiclogical and behavioral deficits.
This indicates PV may still be somewhat functional, and that upon their pertadolescent
maturation the deleterious effect of oxidative stress renders them into a diseased state as
revealed by the reduction in PV and PNN labeling. Our data indicate that redox alterations in
the NVHL model encompass both exidative and nitrosative stress, and treatments that
merease GHS (NAC and ebselen) or decrease reactive oxygen species (ROS) generation
{apocynin) prevent adult-onset behavioral deficits. Thus, the NVHL model presents a
widespread alteration in redox pathways that could be reversed by targeting different

modulators, such as GSH and NADPH oxidase.
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1#6281]  Oxidative stress is also seen in another animal model of schizophrenia; the
dominant negative DISCH (DN-DISC1) mouse (Johmson ot al., 2013 ). DN-DISCY mice have
mereased 8-ox0-dG staining in the PFC that is associated with several behavioral deficits,
The data indicates a caosal link between heightened oxidative stress in the PFC and the
clectrophysiological and behavioral deficits associated with schizophrenia, as the anti-oxidant
NAC prevents both the increase in oxidative stress and electrophysiological end behavioral
deficits in NVHL rats.

168282} PFC physiology was dysfunctional in adult NVHL rats, and this deficit was
prevented by NAC treatment. Several cndpoints were used fo assess PFC funetion, including
dopamine modulation of synaptic responses in pyranidal neurons in shices, in vivo
mtracelhilar recordings of responses to VTA stimudation, and auditory eveked potentials. The
recordings from pyramidal neorons showed loss of D2-mediated aticnuation of cortico-
cortical EPSPs in shices and exaggerated firing cvoked by VTA stinmiation i vivo in adult
NVHL rats, also reported by O’ Donnell et al, 2002; Tseng ot al., 2008, Both the shice D2
attenuation of pyramidal cell synaptic responses and the in vive silencing of pyramidal
neurons by VTA stimulation are dependent on activation of FSI by dopamine in najve rats
{Tseng and O'Donnell, 2007). The absence of alterations in these responses in NAC-treated
MNVHL rats indicates that oxidative stress during postnatal development has a deleterions
effect on dopamine-modulated FSI-pyramidal cell interactions. These inferactions are critical
for proper excitation-inhibition balance and information processing in the PFC. Corrently,
there 15 a debate as to whether interneurons or pyramidal neurons are the primary site of
dystunction in schizgphrenia. Our data are agnostic to which cell type is primarily affected
and highlighis oxidative stress as a8 cause of altered interactions between pyramidal neurons
and inhibttory interncurons.

[66263] Mismatch negativity is a measure of high translational relevance. MMN tests the
attribution of saliency to deviant auditory stimuli, and it is disrupted in schizophrenia patients
{(Javitt ot al., 1993). As MMN is dependent on NMDA receptor activity (Ehrlichman et al,,
2009}, it 15 hikely that oxidative stress impairs NMDA-dependent synaptic cortical
mechanisms mnvolved in processing of salient vs. comumon sigpals.

1#0284] MMN deficits in NVHL rats were obsorved, which were prevented by NAC
treatment. The functional assessment of the impact of antioxidant troatment was
complemented by testing of sensorimotor integration with PP Both juveniie and adolescent-

only NAC treatment prevented adult PPI deficits in NVHL rats. The observation that
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adolescent treatment with NAC or Ebselen is sufficient to prevent PPI deficits has important
implications for redox mechanisms as potential targets for schizophrenia treatment. A deficit
is likely prevented even if antioxidant treatment is initiated after development of oxidative
stress. As ultra-high risk subjects for schizophrenia cannot be identified until adolescence,
redox modulation can be beneficial even if initiated once high risk has been identified.
[B8265]  Presymptomatic oxidative stress was shown to likely cause aberrant adult PFC
function in NVHL rats. This developmental manipulation is a well-established model of
altcred cortical excitation-inhibition balance. Although the model entails a lesion, which is
not observed in schizophrenia, the NVHL and other developmerdal models have been useful
1o test specific hypotheses about developmental trajectories of electrophysiological and
behavioral phenomena of relevance to the discase {O'Donnell, 2013). Major strengths of the
NVHL model include the adolescent onsct of deficits and the ability to reproduce phenomena
observed in schizophronia when transiatable measures are evaluated {O'Donnell, 2012a).
Remarkably, the NVHL model converges with several other manipulations deemed as animal
models of schizophrenia in producing loss of PVI immonolabeling and akered excitation-
inhibition balance (O'Donnell, 2011).

[66286]  Despite their lmitations, the behavioral and physiological endpoints used in the
disclosed experiments are widely used to assess integrity of cortical inhibitory networks and
their impact on pyramidal cell activity. inbibitory networks, developing at the time of the
lesion and beyond, play a crucial rele in expericnce-dependent refinement of neural networks
{Hensch, 2005) that extends into adolescence. This role may be reflected in cognitive training
during adolescence preventing cogpitive impairments in adult NVHL rats (Lee et al, 2012)
and adolescent stress unmasking latent neuropathology in mice with maternal imumume
activation {(Giovanoli et al,, 2013). Adolescence is therefore a critical developmental stage in
which pathophysiclogical conditions involving oxidative stress can affect a still developing
PFC, but it yet provides a window of opportunity for therapeutic intervention. This suggests
that antioxidants or redox regulators without sevious side effects may prove effective 1o
reduce conversion in subjects at risk for psychiatric disorders by preventing

pathophysioclogical changes associated with loss of cortical PVI function.
EXAMPLES
1862877 Below are examples of specific embodiments for carrying out the present

nvention. The examples are offered for illustrative purposes only, and are not intended to
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fimit the scope of the present invention in any way. Efforts have been made (o ensure
accuracy with respect to rambers used (c.g., amounts, temperatares, cic.), but some
experimental errov and deviation should, of course, be allowed for.

[668288] The practice of the present invention will employ, unless otherwise indicated,
conventional methods of protein chemistry, biochemistry, recombinant DNA techniques and
pharmacology, within the skill of the art. Such technigues are explained fully in the
Hiterature, See, e.g., T.E. Creighton, Profeins: Structures and Molecular Properiies (W H.
Freeman and Company, 1993); A.L. Lehuinger, Riochemisiry (Worth Publishers, Inc., current
addition); Sambrook, et al., Molecular Cloning: A Laboraiory Manual (2nd Edition, 1989);
Methods In Enzyvmology (5. Colowick and N. Kaplan eds., Academic Press, Inc.);
Remington's Pharmaceutical Sciences, 18th Edition (Easton, Pennsylvania: Mack Publishing
Company, 1990); Carey and Sundberg Advanced Organic Chemistry 3 Ed. (Plenum Press)

Vols A and B{(1992}.

Example 1 Brain &GSH, peripheral GSH and lipld pexoxidation markers

(602869 This example describes the physiclogical effects on a patierd who was treated with
ebselen alone or in combination with another antipsychotic drug. One of the primary
cutcomes of ehselen in prechinical studies showed the clevation of nevronal GSH levels,
which were previcusly shown to be reduced for schizophrenic (S2)) paticuts. {Do et al,, 2000;
Wood et al. 2009). Magnetic resonance spectroscopy (MRS) was retined to monitor GSH
during brain target engagement by cbsclen. To asscss the effect size using a magnetic
resonance scanner, very short ccho time 1H-MRS sequence was used to assess GSH levels in
11 schizophrenic patiends and 11 normal cordrol patients. GSH at the anterior cingulate cortex
{ACC) as shown in FIGS. 2A and 2B was reduced in 87 patients compared with normal
control patients (meantsd = 2.4:0.3 va, 2.64:0.4, F=2.0, p=0L17; d=0.65). Using this method
spectral quantification vielded excellent fits for GSH and other components with Cramer—
Rao lower bounds (CRLE) less then 10,

[662108] MRS GSH test-retest reproducibility for spectroscopic voxel was assessed one
week apart in five participants. The reproducibility was excellent {CV range: 1.0-2.3;
(GSH=1.0; percent difference range: 1.5-4.2%; GSH=1.5%) with tdraclass correlation
ICC=0.967. To determine the accuracy in quantifying GSH, five phantoms with increasing
concentrations of GSH (0 mM, 1.0 mM, 2.5 mM, S mM, and 10 mM) were fabricated. To test

the specificity of separating GSH from other metabolites, cach phantom was also mixed with
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myo-inositol, creatine, glocose, glutamate, glutamine, and y-aminobuytric acid. A lincar
regression was computed to deternvine £if 1o the standard curve, which yielded excellent
precision and accuracy in detecting ghitathione concentration, where the LC Model
quantified phantom GSH concentration corresponded to the known GSH concentration at ¢ =
0.994, (Wijtenburg et al., 2013). To address the macromolecule background, metabolite
nulled (i.e. macromelecule spectra) is acquired for each participant to be used for each
participant’s spectral fitting. Beside group comparisons with placebo, chselen dose-dependent
and plasma level-dependent brain GSH changes by ebselen can be tested.

{62138} Peripheral GSH, GSSG, and GPx provide another way for mouitoring the
mechanisms by which elselen engages the redox pathway. Although divect comparisons of
blood vs. brain tissae GSH/GSSG/GPx have not been made, peripheral glutathione
adminisiration increases brain GSH level, (Nehru et al., 2007). Ebselen effects can be
transmitted through GSH or alse G55 and GPx changes. To examine if chselen exerts Us
effect through reduecing lipid peroxidation, one can measure isoprostanes, a marker of hipid
peroxidation that is formed by peroxidation of membrane phospholipids. Urinary isoprostanc
i clevated 10 some white matter diseases (Miller et al,, 201 1) and in SZ patients (Dietrich-
Muszalska et al., 2009). One can use isoprostane to index potential effect on reducing lipid
peroxidation by elsclen.

Example 2: Electrophvsiolory biomarkers mismatch negativity and samma
gscillations

(802121 This example describes mismatch negativity (MMN) for N-methyl-D-asparatate
receptors that are redox-sensitive proteins contained in redox modulatory sites (Do et al,,
2009, Gonzalez-Burgos et al, 2012, Chot et al,, 2012, Kohr, et al., 1994, Nakazawa, ¢t al,,
2012}, Ebsclen modulates this redox reodulatory site and increases neuron viability. (Herin,
et al., 2001}, Schizophrenia {SZ7} is associated with N-methyl-D-asparatate receptors
dysfunction, thought to be indexed by mismatch negativity (Javiit, et al., 1993, Javity, et al,,
1998, Javit, ot al, 1996}, Administration of n-acetyleysteine improved mismatch negativity
m SZ (Berk, et al., 2008, Lavoie, et al., 2008). MMN and peripheral GSH were sigmficantly
correated in controls as shown in FIG. 3. The correlation was not significant in 87 plausibly
duc to dysregulated relationships, since both MMN and GSH are reduced in SZ as illustrated
i FIGS. 3A-3C. MMN may serve as a biomarker to test whether ebselen effects, if present,

are mediated throagh a NMDAR-related mechanism.
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{68213}  CGanuna frequency neural osciliations: Parvalbumin (PV) interneurons, critical
cells for the generation of gamvua oscillations (Carlen, ot al., 2012), are another cellular
component sensitive to oxidative stress (Do, et al, 2009, Gonzalez-Burgos et al, 2012, Chot
et al., 2012, Kohr, et al, 1994, Nakazaws, et al., 2012). Gamma band and PV-interneuren
abnormaliies are frequently reported in SZ (Spencer, et al., 2004, Light, et al., 2006, Cho, ct
al, 2006, Uhlhaas, ot al., 2010, Hong, et al., 2004). GPx mutant mice showed specific
reduction in PV-positive interneurons (Wirth, 20103, Amimals with low GSH showed
pronounced beta and gamma oscillation deficits due to impaired PV interncuron function
(Stenilet, et al, 2010). Gamma band at 21-40 and 41-85 Hz were reduced in SZ compared
with normal control patients (all p<<0.001) and covrelated with GSH (37=0.40-0.59, p=0.042-
$.001). Multivariate mediation modeling showed that gamma response at 20-40 Hz was a
significant mediator for the GSH effect on function capacity as measured by UPSA-Z as
tllustrated in FIG. 4 (Ballesteros, ¢t al, 201 3b). Gamma oscillations may be used as an
alternative biomarker for indication on whether ebsclen fmproves clinical outcome, if present,
by improving PV interpeuron function.

166214}  Some emwbodinments of the diagnostic methods aim to identify biomarkers that
index target engagement by cbselen, and provides empirical evidence for biomarker selection
for later trials; or tn case of a non-significant trial, indicate where target engagement might

have failed.

Example 3: Glutathione peroxidase {GPx) mimies ~ mechanism of action

(86215} Ebselen is a small molecule mimic of GPx, which in humans entails a family of &
isozymes with similar peroxidase functions. Most GPx isezymes reduce reactive
oxygen/nitrogen species (ROS/RNS) by binding of free radicals to its selenium (Se¢) moiety.
By reacting with GSH, GPx is cytoprotective by limiting free radical toxicity through
reducing hydrogen peroxide (H,0,) (FIG. SA, Wendel, et al,, 1984, Reiter, ot al., 1984,
Mulier, et al,, 1984), peroxynitrite {ONOO"), a RNS radical formed by two free radicals,
super oxide anion and nitric oxide (FIG. 5B, Noguchy, et al., 1992, Daiber, et al,, 2000), and
tipid hydroperoxide (LOOH) to redox-inert alcohols (FIG. 3C, Sies, 1994), Ebselen is alsc a
substrate of theoredoxin (T1x) as shown 1o FIG. 5D (Zhao, ot al., 2002). However,
administration of GPx enzyme Hself is not practical due to its large size and instability.
[80216]  Asillustrated in FIGS. §, the GPx mimic ebselen enhances the redox eycle of
GSH-—-GS5G—GSH, thus recycling GSH. This catalytic mechanism is different from NACs
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mechanism of action. NAC contains cysteine with a sulfhydryl group that acts as an
antioxidant. However, NAC does not preserve GSH levels as efficiently as cbselen and does
not induce GPx activity that helps reeycling GSH. NAC supphies an anuno acid: cysteine.
Like any amino acid, cysteine serves diverse functions. Clearly, more work is required to
support or refute whether NAC and/or ebselen is a better choice for 8Z. In comparison,
ebselen has a well-defined mechanism of action.

882171  Animal experiments are consistent in showing that ebselen increases GSH and
replenishes GSH depleted by neurotoxic mechanisms as itlosirated in FIGS. 6. This enhanced
(GPx activity may also spare the eodogenously generated GSH in a discase where oxidative
stress is ncreased (Do, et al., 2009, Kano, et al,, 2013) and GSH synthesis is decreased
{Gysin, et al., 2007}, resulting in higher availability of GSH. Ebselen's efficient effect on
GSH is evident by multiple pre-clinical studics consistently showing that treatment with
chselen dose-dependently increases GSH levels 1n neurons, astrocytes and other cell types.
[B0218] FIGS. 6 further illustrate the dose-dependent rise of GSH by ebselen was observed
in both basal and stressed conditions in neurons (Pawlas, et al,, 2007}, Increased glutamate
can be neurctoxic and deplete GRH; cbselen itself increased GSH, and combining glutamate
with chselen neutralized the GSH depletion by ghstamate (Satoh, et al, 2004). By supporting
the proposed redox mechanism (FIGS. §), GSH consumption is reduced and available GSH is
recycled and increased (Pawlas, ot al., 2007). Therefore, in a condition where GPx activity
and GSH level arc both in deficit, as in most samples of 37, ebselen may provide treatment

for a GPx mediated disorder due to an impaired GPx/GSH system.

Example 4; Drupg metabolism and pharmacekinetics of ebselen

[8021%]  Ebselen has excellent oral availability (Fisher ot al., 1988). Brain level was about
20% of the plasma level (Imai, et al,, 2001, Ullrich, et al., 1996). Its neuroprotective effect is
observed at 10 uM of plasma level (Zhao, et al, 2002}, A Ph-1 study was conducted in 32
humans in a placcho-controlied, randomized, single ascending dose design. Ebselen ranged
from 200 mg to 1600 mg in the formulation. (1) Pharmacokinetics: The PK parameters of
chselen and its three metabolites were published (Lynch, et al., 2009). Briefly, the mean
chselen Chg ranged from 30.3 ng/ml. to 83.4 ng/mi,; the mean AUCq ranged from 117.4
ng*hr/ml to 880.6 ng¥he/ml; the median T ranged from LS 10 2.3 howrs; and the mean
t12 ranged 6.4-16.7 howrs. 2-ghicoronyl selenobenzanilide was the predominate metabolite.

(2} Safety: There were no serious adverse events { AEs) or discontinuation due to an AE. All
v g 3 -
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AFs were mild or moderate and resolved without sequelac. No treatment- or dose-related
trends in any clinical laboratory and ECQ findings were observed. The tabulated side effects
were published in Lynch, et al,, 2009. Ebselen capsules in a single oral dose up to 1600 mg
appeared to be safe and well tolerated by the healthy males and fomales.

[80228]  Seoven acute and repeated dose toxicology studies were conducted in Sprague-
Dawley rats, Sinclair miniature swine, and Cynomolgus monkey, and three genotoxicology
studies. Acute doses of up to 2000 mg/kg were not associated with evidence of acute or
delayed toxicity in these species. Repeat dosing 28-day studies in Cynomeolgus monkeys
cstablished the no-observable-cffect-level (NOAEL) to be 2000 mg/kg; over 2000 mg/kg in
mini-pig, and NOAEL was not identified for vats. Chronic toxicity stadies adnunistering
chselen for 26 and 52 weeks showed that the non-toxic effect level of ebselen was 31.6

mg/kg inrats and 178 mg/kg in mini-pigs.

Example 5: N-acetvl ¢vsteine treatment in a rat model of psvehosis/schizophrenia

{60221}  This example describes reversal of prepulse inhibition through treatment of
chselen. One of the most replicated findings in schizophrenia research is a reduction of
markers associated with cortical inhibitory interneurons (Lewis et al, 2012). Adult neonatal
ventral hippocampal lesion (NVHL) rats exhibit electrophysiological anomalies caused by
altered cortical interneuron maturation, characterized by abnormal modulation by dopamine
{Tseng et al., 2008). Whether parvalbumin (PV) positive interneurons in the PRC, including
the dorsal prelimbic and anterior cingulate cortex (ACC), are altered in NVHL rats using
unbiased stereclogical counting techniques was assessed. Between postnatal day (P) 21 and
P61, the number of PV immunoreactive interneurons (PVI) increased in sham-operated rats,
but not in NVHL rats as illustrated in FIGS. 7A and 1B, In juvenile rats (P21}, there was no
significant difference in PVI counts between NVHL and sham rats, but adult (P61 NVHL
rats showed sigaificantly fower PVI in the prefrontal cortex (PFC) compared to sham rats.
The PV reduction was provented with N-acetyd cpsteine (NAC) treatment starting at PS5 (Le,,
2 days prior to the hippocampal lesion) and lasting into adolescence (PSO; shown in FIGS.
TA-C), suggesting juvenile oxidative stress induced by the neonatal lesion mpairs PV
maturation. Caspase 3 labeling did not reveal apoptotic activation in the PFC of NVHL rats
{data not shown}, suggesting that reduced PV immunoreactivity more likely reflects reduced

mterneuron activity than cell loss.
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1#6222] To assess oxidative stress, DNA oxidation with 8-0x0-7, 8-dihydro-2{-
deoxyguanine (8-ox0-d() labeling was quantificd. At P21, NVHL rats exhibited a massive
merease i 8-0x0-dG staining in the PFC compared to sham rats, in both pyramidal neurons
and interncurons, which was completely prevented by NAC treatment (as shown in FIGS. 8A
and 98). When NVHL rats reached adulthood (P61}, they still showed increased 8-0x0-dG,
albeit less than at P21 (as shown in FIGS. 8C and 8D). An increase in 3-Nitrotyrosine (3-NT)
levels was observed in adult PFC of NVHL rats. 3-NT itndicates nitration of proteins due to
oxidative and nitrosative stress (Radi, 2004}, and is increase in NVHL rats was prevented by
NAC treatment during development {as shown in FIGS. 9A and 9B). Thus, juvenile NAC
treatment decreased multiple markers of oxidative stress in adult NVHL rats to levels
comparable to conirol rats, without affecting the extent of the lesion (as shown in FIGS. 10A-
10C). A possible explanation for the levels of oxidative stress detected in the aduki PFC
following an NVHL is the reduced ghitamatergic input from ventral bippocampus during
development, as blocking NMDA receptors indaces oxidative stress in PV (Behrens et al,,
2007}, The data indicated that impairing hippocampal inputs to the PFC doring a critical
developmental period eliciis PFC oxidative siress in juvenile rats that has deleterious effects
on the adolescent maturation of PVL

[668223] To determine the types of interneurons expressing oxidative stress in NVHL rats,
8-oxo-dG with PV, calbindin {CB} and calretinin (CR)) was co-labeled. in addition to
pyramidal nourons, increased 8-ox0-dG staining was cbserved in PVE but not in CB or CR
mterneurons {(as shown in FIGS. 11A and 118). About 50% of PVI were co-labeled with 8-
oxo-dG, indicating oxidative stress 18 pervasive 1n this cell population. A marker of PVI
maturation is Wisteria Floribunda agghutinin (WFA), a lectin that recoguizes the perincuronal
nets (PNN} enwrapping mature cortical PV The NVHL lesion reduced WFA staining (as
shown in FIGS. 12A-12B), suggesting that PV in adult PFC of NVHL rats show an
immature phenotype. These extracellular matrix slicrations were restored with fuvenile NAC
treatmeent {as shown in FIGS. 12A-128). PV may be highly exposed to increased oxidative
stress because they make up the majority of fast-spiking nterneurons and their high energy
metabolism may generate more reactive oxygen species than non-fast spiking neurons. i is
possible that juvenile PV are functional while exhibiting oxidative stress, with the
deleterious effects of oxidative stress becoming evident upon periadolescent PV maturation.
1668224]  If juvenile oxidative stress 1s the cause of physiclogical anomalies observed in

adult NVHL rats, NAC treatment can rescue these alterations. Whole-cell recordings were
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conducted from pyramidal neurons in adult brain slices containing the medial PFC of SHAM
(r=12), NVHL (n=18), and NAC-treated NVHL rats (n=14}. As previously shown in adult
NVHL rats and other rodent models of schizophrenia (Niwa ot al., 2010; Tseng et al., 2008),
the dopamine D2-dependent modulation of excitatory postsynaptic potentials (EPSPs) in
fayor V pyramidal cells was lost in NVHL rats (as shown in FIGS. 13A-C). This loss 1s likely
due to abnormal maturation of PFC interncurons, as the normal adalt D2 modulation inclades
a GABA-A receptor component {Tseng and O'Donnell, 2007}, but oxidative stress in
pyramidal neurons may also play a role. To determine whether altered PVE-dependent PFC
synaptic responses are due to oxidative stress, rats were treated with NAC during
development and then tested for D2 modulation of PFC physiology. NAC treatment rescued
the D2 modulation of synaptic responses in NVHL rats (as shown in FIGS. 13A-13C),
indicating that juvenile and adolescent oxidative stress in NVHL rats alters excitation-
inhibition balance in the adult PFC,

[80228]  The abnormal dopamine modulation of PFC fumetion in NVHL rats is also
ohserved in vivo. fn vive mtracelhidar recordings were performed in 38 pyramidal neurons
from adult rats (=9 SHAM (placehe), n=5 NVHL, and 9=7 NAC-treated NVHL). Bascline
activity was consistent with what has been previously reported for PFC pyramidal neurons
{Lewis and O’Donnell, 2000}, and was not significantly affected by lesion status or NAC
treatment. All recorded cells exhibited spontancous transitions between the resting membrane
poteutial (down state; -76.2 = 1.1 mV) and the up state {(-67.6 = 0.7 mV). Up states occurred
at a frequency of (.6 + 0.1 Hz with a duration of 523.6 4 24.7 ms. The majority of cells
{n=21) fired spontancously at a rate of 2.1 4 0.7 Hz. As previously reported (O Donnell et al,
2002}, in vivo intraceilular recordings from ancsthetized adult NVHL rats revealed an
abnormal increase i pyramidal cell firing in response 1o burst stimulation of the Ventral
Tegmental Arca (VTA) (as shown in FIGS. 13D and 13E) compared to sham rats. This
abnormal increase in firing was prevented by juvenile NAC treatment (as shown in FIGS.
1312 and 13E). These data indicate abvormal dopamine function in the PFC of NVHL rats
depends on oxidative stress during juvenile and adolescent stages.

[#0226] Abnormal excitation-inhibition balance in adelt NVHL rats can yield altered
information processing that would be prevented by NAC treatment if it depended on
oxidative stress. Mismatch negativity {MMN} was tested using auditory evoked potentials in
an oddball paradigm m SHAM (n=6), NVHL (n=3), and NAC-treated NVHL rats (p=3).

MMN has high translational relevance, as it is attenvated in schizophrenia patients (Javiit ¢t
49



WO 2016/044314 PCT/US2015/050255

al., 1993) and in animal models (Ehrlichman ot al., 2009). Electroencephalographic (EEG)
clectrodes were imaplanted in NVHL, NAC-treated NVHL, and SHAM rats, MMN was
significantly different among groups, with NAC treatment improving MMN in NVHL rats
{as shown tn FIGS. 14A and 14B). This observation is consistent with the effect of NAC on
MMN in patients (Lavoic ot al., 2008), and indicates the NVHL model reproduces an
mmportant discase marker that can be prevented by juvenile antioxidant treatment. As MMN
depends on NMDBA receptor fimction (Umbricht et al, 2000) and NMDA hypofunction
in PVI is suspected in schizophrenia, it is possible that MMN improvement with NAC
resulis from restored PV activity,

186227 To assess whether juvenile oxidative stress leads to behavioral deficits, a
behavioral paradigm was used for testing in both animal models and schizophrenia patients.
Prepulse inhibition of the acoustic startle response (PP is a measure of sensorimotor gating
that 1s reduced in patients {Geyer and Braff, 1987) and NVHL rats (Lipska ct al., 1995). PP1
was tested n adult sham (n=11), NAC-treated sham (n=12), NVHL (=9), and NAC- treated
NVHL rats {(n=17). Juvenile NAC treatment prevented the reduced PP observed in untreated
NVHL rats {as shown in FiG. 15A). In addition to loss of PV maturation and
clectrophysiclogical anomalies, developmental oxidative stress 1n juvenile NVHL rats can
cause schizophrenia-relevant adult behavioral deficits.

[60228] The beneficial cffect of NAC treatment inciudes a large postoatal treatment that
starts prior to the lesion and stops once rats become young adults, For full translational value
one determines whether NAC is efficacions when started at an age that corresponds to the
time when prodromal stages can be identified in lnnnans. In another set of rats, NAC was
administered in the drinking water starting at P35, an age that in rats is equivalent to carly
adolescence. For PPI deficits was tested 1o adult SHAM (0=185), unircated NVHL (n=12), and
MNAC-treated NVHL rats {n=14). Showing a trend for a deficit in untreated NVHL rats
compared to shams in this group, there was a significant difference between untreated and
treated NVHL (as shown i FIG. 15B). The data indicate that GSH precursors such as NAC
can still be effective even f initiated after oxidative stress has begun.

[88228]  One important caveat of NAC is that it also alters glutamate levels by virtue of its
action on the cysicine-ghutamate transporter (Moussawi ¢t al, 2009). To test whether redox
modulation and not glutamate level changes were responsible for NAC effects in NVHL rats,

the effect of two other antioxidants was assessed that do not alter ghutamate.
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Example 6: Ebselen/Apocynin treatment in a rat model of
psvehosis/schizophrenia

1B6230]  Ebselen is a glutathione peroxidase {GPx) mimic (Muller et al., 1984} that induces
(Px expression {Kil et al., 2007) and enhances GSH levels in neurons, replemishing GSH
depleted by neurotoxic mechanisms (Pawlas and Malecki, 20073, PPI was tosted in adult
vehicle-treated SHAM (=10}, Ebsclen-treated SHAM (n=7}, vehicle-treated NVHL {(0=8},
and Ebsclen-treated NVHL rats (n=9), and Ebsclen treatment during adolescence reversed
PPI deficits in NVHL rats {as shown in FIG. 15D,

{68231} o another group of rats, the effects of the NADPH oxidase inhibitor Apocynin
was assessed while delivering through juvenile and adolescent stages. PPY was tested in adult
vehicle-treated SHAM (n=10}, apocynin-treated SHAM (n=11), vehicle treated NHVL (n=7),
and apocynin-treated NVHL (n=5). As illustrated in FIG. 15C a reversal of PP deficits was
observed. The data indicated that clevation of GSH and not glutamate during adolescence

rescues PP deficits in NVHL rats.
Experimental Procedures

[80232]  Animals: Timed-pregnant Sprague-Dawley rats were obtained at gestational days
13-15 from Charles River (Wilmington, MA) and were fndividually housed with free access
to food and water in a temperature- and homudity-controlled environment with a 12:12h
ight/dark cyele (lights on at 7:00 AM). When pups reached PS5, half of the dams received
NAC in their drinking water. Pups were left undisturbed until P7-8 when healthy offspring
were randomly separated and received either NVHL or sham surgery. At P21, male and
female pups were cither transcardially perfosed with 4% paraformaldebyde for
imnnmocytochemistty or weaned and housed 1o groups of two 1o three, counterbalanced
across lesion status. NAC treatment lasted throughout adolescence until P50, After reaching
adulthood (P60}, animals were either perfused with 4% paraformaldebyde for
immunocytochemistry, perfused with artificial corebrospinal fluid (aCSF) for shice
clectrophysiclogy, utilized for in vivo intracellular recordings, or tested for PP or MMN.

166233}  Neonatal ventral hippocampal lesion surgery: Between P7 and P9, pups (15-20 g3

received either an excitotoxic lesion of the veotral hippocampus (NVHL) or sham procedure,
as previously described {Chambers and Lipska, 2011). Pups were anesthetized with
hypothermia and secured to a Styrofoam platform attached to a stereotaxic frame (David

Kopf Instraments, Tujunga, CA). NVHL rats received a bilateral infusion of ibotenic acid (10
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ug/ul in aCSF, 0.3 ulside; Tocris, Minneapolis, MN) indo the ventral hippocampus (3 nun
rostral 1o Brogma, 3.5 num lateral to midline, and 5 mam from surface) at a rate of .15 pl/min,
Sham surgeries were done in exactly the same fashion, but the gunde cannula was lowered
only 3 mm and without any liguid infusion to control for the surgical procedure while
avoiding hippocampal damage. After the surgery, wounds were clipped and when pups
activity level had returned to normal, they were returned 1o their dams and remained
undisturbed until the wound clips were removed and rats weaned at P21,

168234}  In all rats, lesions were verified by sectioning (40 pm} the dorsal and ventral
hippecampus using a freezing microtome. Sections were mounded on glass slides and Nissl
stained. The hippocampus was examined microscopically for evidence of bilateral damage,
which typically included cell loss, thinning, gliosis, cellular disorganization and enlarged
veniricles (Chambers and Lipska, 2011}

[80235]  Antioxidant pretreatment regimen: NAC (BioAdvantexPharma, Mississauga,

Ontarto, Canada) was administered in the drinking water at 900 mg/l. NAC treatment started
at P5 or at P35, and previous work in mice has shown that NAC consumed by the dam is
transmitied 1o the pups through her milk (das Neves Duarte ot al, 2012}, NAC treatiment
ended at PSO. Fresh solutions were prepared every 2-3 days. Ebselen (Sound Pharmaceuticals
Inc., Seattle, WA) was administered 1.p. § days a week starting at P35 ontil the day of PPI
testing (P60). Stock cbselen solution (20 mg/mi DMSO, frozen aliquots) was diluted 1:5 in
sterile water and administered at a dose of 10 mg/kg. Control animals received an equivalent
concentration of DMSO dilated 1:5 n water. Apocynin (Sigma-Aldrich, St. Louis, MO) was
administered in the drinking water at a target dose of 100 me/kg (Nwokocha et al., 2013).
Prior to weaning at P21, drinking water contained a dose of 2 g apocynin per 0.5 | of water, to
cusure delivery through the dam’s milk. Apocynin concentration was lowered afier weaning
to 750 mg/l to best approximate the target dose. Treatment lasted from PS to P50 with fresh
solutions prepared every other day.

[80236]  lnmomunchistochemistry and stercological guantification: A total of 18 (P21) and

25 (P61) male rats were anesthetized, perfused and their brains fixed as previously deseribed
{Cabungcal et al., 2006). Coronal sections (40 pm} were used to investigate the inhibitory
circuitry of anterior cingulate cortex (ACC). Brain sections were immunolabeled for
parvalbumin (PV) as described previcusly (Stoullet ot al, 2010}, PV-immunoreactive cell
{cell bodies) conmt was quantified in ACC using the Stereolnvestigator 7.5 software (MBF

Bioscience Inc, Williston, VT, USA). Briefly, stereological counting started with low
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magnification (x2.5 objective) to identify and delineate the boundaries of the region of
interest (RO on 2-4 consecutive sections from each animal. The ACC (at Bregma
approximately (.70-1.70 rom) was delineated from the secondary motor (M2) cortical regions
following the anatomical cytoarchitectonic arcas given by Paxinos and Watson {(Paxinos and
Watson, 1998). The sclected region of interest (ROI} included the majority of the cingulate
cortex area | {cgl) and part of cingulate cortex area 2 (eg?). A small intermediate allowance
was set between ACC and M2 regions to ensure that the ROT in ACC did not overlap with the
secondary motor cortex. A counting box {optical dissector) within the section thickness and
saropiing frames adapted to ACC were used to analyze and cound neurons (Schmitz and Hed,
2005). The counting boxes (40 x 40 pm with 15 pm in depth) were placed by the software in
cach sampling frame starting from a random position inside the ROI of the ACC. Counting
was carried out using higher magnification (x40 objective}. PV cells were counted when they
were tn focus at the surface of the box until out of focus at 15-pm depth of the counting box.
A S-um guard zone was used to distance from artifacts that can be influenced by tissue
shrinkage dae to the immumopreparation processing. 25 counting frames were used in the
RO volome of the ACC for P21 and P61 rats,

1662377 Immuncfluorescence staining, confocal microscopy and image analysis: Oxidative
stress was vissalized using an antibody against 8-ox0-7, 8-dihydro-20- deoxyguanine (8-
Oxo-dG), 2 BNA adduct formed by the reaction of OH radicals with the DNA guanine base
{Kasai, 1997). Because of the proximity of the clectron transport chain, mitochondrial DNA
18 prone o oxidative damage: levels of oxidized bases in DNA and levels of 8-ox0-d0 are
higher in mitochondria than in the nucleus. To assess 8-oxo- dG and 3-Nitrotyrosine (3NT)
labeling in various types of interncurons, coronal sections between Bregma 6.70-1.70 mm
were incubated for about 36 hours with rabbit polyclonal anti-PV, anti-calbindin-28k (anti-
CB), or anti-calretinin {anti-CR} (1:2500; Swant, Bellinzona, Switzerland) primary antibodics
together with the mouse monoclonal anti-8-0x0-dG (1:350; AMS Biotechnology, Bioggio-
Lugano, Switzerland} primary antibody or mouse moneclonal andi-nitrotyrosine (1:1000;
Chemicon Tnternational, Temecula, USA) primary antibody. To enable visualization of the
PNN that staroands PV celis, sections were incubated in a solution containing the biotin-
conjugated lectin Wisteria floribunda agglutinin (WFA) {(Hartig et al., 1994). Sections were
first incubated with PBS + Triton 0.3% + sedivm azide {1 g/1) containing 2% normal horse
serum, followed by 36-hour incubation with rabbit polyclonal anti-PV (1:2500) and biotin

conjugated-WFA (1,2000; Sigma). Sections were washed, incubated with appropriate
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fluorescent secondary antibodies (goat anti-mouse immunoglobulin G {1:300; Alexa Fluor
483%; Molecular Probes, Fugene, Uregon), anti-rabbit immumoglobulin G (1:300; CY3;
Chemicon International, Temecula, Califorma), CY2-Streptavidin conjugate (1:300;
Chemicon), and counterstained with 100 ng/ml DAPI (4°-6-diamiding-2-phenyhindole;
Vecior Laboratories, California, USA). Sections were visualized with a Zeiss Confocal
Microscope equipped with x10, 220, x40 and %63 Plan-NEOFLUAR objectives. All
peripherals were controlied with LM 510 software (Carl Zeiss AG, Switzerland). Z stacks of
9 images (with a 2.13 um interval} were scanned (1024 x 1024 pixels) for analysis in
IMARIS 7.3 software (Bitplane AG, Switzerland). All images of Z stacks were filtered with 2
(aussian filter tool to remove unwanted background notse and sharpen cell body contours.
An ROT as defined m the stercological procedure was created in ACC. The ROI was masked
throughout the Z stacks to isolate regional subvolumes of the ACC in which PY-, CB-, and
CR-expressing interncurons were analyzed. To quantify 8-oxo-dQ, the staining intensity and
number of labelled voxels within the RO were measured. To quantify 8-oxo-dG in PV-, CB-
and CR-cells, we used the Coloc module of the IMARIS software to calculate the proportion
of all PV-inmunolabeled voxels (respectively, CB- and CR-imuounolabeled voxels), which
were also 8-0x0-dG- immmelabeled. Coloc gives the coumt of colocalized voxels between the
mnmunolabeled profiles of interest. To quantify the number of PV tmmmmoreactive neurons
surrounded by PNN, we used the spots module to assign spot markings on profile-labelied
voxels that fall within a given size. The channels for PV and WFA tmmwunolabeling were
chosen, and profile size eriterion (39 and 4 pm, respectively) was defined to quantify labelied
profiles above these sizes. Spots generated for PV that contacied and/or gverlapped with
spots generated for WEFA were considered as those PVIE surrounded by PNN (WFA-positive
PVT).

[80238]  Shice electrophysiclogy: Starting at P60, male rats were ancsthetized with chloral

hydrate (400 mg/kg, i.p.) 15 min before being decapitated. Brains were quickly removed
from the skull inte wce-cold artificial CSF (aSCF) oxygenated with 95% 0,-5% CO, and
containing the following (in mM): 125 NaCl 25 NaHCQO,, 10 ghucose, 3.5 KCIL, 1.25

WNaH, POy, 0.5 Call, and 3 MgCly, pH 7.45 (295-300 mOsm). Coronal slices (300 um thick)
containing the medial PFC were obtained with a vibratome o ice-cold aCSF and incubated in

warm {~35° Celsius) aCSF solution constantly oxygenated with 95% (0,-5% CO,, for at least
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45 min before recording. The recording aCSF (with 1 CaCl, and 2 MgCl,) was delivered to
the recording chamber with a pump at the rate of 2 ml/min.

382381  Paich electrodes (7-10 MQ) were obtained from 1.5 nun borosilicate glass
capiliaries (World Precision Instriaments) with a Flaming-Brown horizontal puller (P97;
Sutier Instruments) and filied with a solution containing 0.125% Neurcbiotin and the
following (m mM): 115 K-gluconate, 10 HEPES, 2 MgCl,, 20 KCI, 2 MgATP, 2 Na,-ATP,
and 0.3 GTP, pH 7.25-7.30 (280-285 mOsm). Quinpirole (§ pM, Toeris) was freshly mixed
into oxygenated recording aCSF every day before an experiment. Both conirol and drog-
containing aCSF were oxygenated continuously throughout the experiments.

166248] Al experiments were conducted at 33-35° Celsius and prelimbic or ACC PFC
pyramidal cells from layer V were identified under visual guidance using infrared (IR)
differential interference contrast video microscopy with a 40X water-tmomersion objective
{Olympus BX-5IWI). The image was detected with an IR-sensitive CCD camera and
displayed on a monitor. Whole-cell current-clamyp recordings were performed with a
computer- controlled amplifier (Multiclamp 700A; Molecular Devices), digitized (Erigidata
1322; Molecular Devices), and acquired with Axoscope 9 (Molecular Devices) at a sampling
rate of 10 kHz. Electrode potentials were adjusted to zero before recording withount corvecting
the hquid junction potential. Bascline activity in cach necron was monitored for 10 minutes
during which membrane potential and input resistance (measured with the slope of & current-
voltage (I/V) plot obtained with 500-ms-duration depolarizing and hyperpolarizing pulses)
were measured.

{68241}  Synaptic responses were tested in pyramidal neurons with clectrical stimulation of
superficial layors with a bipolar clectrode made from a pair of twisted Tetlon-coated
Tungsten wires {tips separated by ~200 pm) and placed ~500 pm lateral to the vertical axis of
the apical dendrite of the recorded neuron. Stimudation pulses (20-400 gA; 0.5 ms) were
delivered every 15 seconds. The intensity was adjusted to evoke EPSPs with about half of the
maximal amplitude. Throughowt the experimaent, changes in jnput resistance were monitored
with repeated hyperpolarizing steps, and the cell was discarded when input resistance
changed more than 20% during the course of the experiment. The amplitude of evoked
EPSPs was measured with Claraptit 9.0 and averaged over 10 sweeps before and after 7
minutes of application of quinpirole. This period was chosen for consistency, with differences

revealed by previous vestigations of D2 modulation of PFC activity in rodent models of

i
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schizophrenia (Niwa et al., 2010; Tseng et al., 2008}, At the end of cach experiment, slices
were placed 10 4% paraformaldehyde and processed for DAB staining using standard
histochemical techniques to verify morphology and location of the nevrons.

[80242] In Vive intracellydar recordings: Female rats were anesthetized with choral
hydrate (400 mg/kg, i.p) and placed on a stereotaxic apparatus (Kopt Instruments).
Anesthesia was maintained through recording procedures with continuous choral hydrate (24-
30 mg/kg/hy via an mntraperitoncal catheter. Body temperatine was maintained at
approximately 377 Celsius using a thermal probe-controlied heat pad (Fine Science Tools).
Concentric bipolar stimulating electrodes (0.5 nun diameter, 0.5 mm pole separation; Rhodes
Medical Instruments Ine.) were lowered into the VTA (5.8 mm caudal to bregma; 0.5-0.8 mm
lateral to midline; 7-8 mm from surface} for stimulation. Recording sharp micro-clectrodes
were pulled from borosilicate glass (1 mm O.D.; World Precision Instruments) on a
horizontal Flanvung-Brown puller (Sutter Instruments). Sharp electrodes (50-110 M£2) were
filled with 29 Neurobiotin (Vector Laboratories) in 2M potassium acetate. Microelectrodes
were lowered into the medial PFC osing a hydrachic manipulator (Trent Wells, Coulterville,
CA). Recordings were made in current clamp, and signals were acquired using a Neurodata
Amplifier {Cygnus), digitized at 10 kHz using a Digidata A/D converter (Molecular Devices)
and Axoscope ¢ software (Molecular Devices) for offline analyses.

[80243] Microclectrodes were advanced through the medial PFC until a neuron was
impaled. Neurens included in this study had a resting membrane potontial more negative than
— 60 mV and action potentials with amplitudes > 40 mV from thveshold. To determine
responses to endogenous dopamineg, the VTA was stimulated with trains of 3 pulses at 20 Hz,
delivered cvery 10 seconds. Eight to ten sweeps were used to determine cell firing in
response to VTA stimulation. Firing was raeasured in the 500 ms epoch following the last
VTA pulse in all sweeps, and compared among experimental groups. At the end of the
experiment, animals were killed with anesthesia overdose, and their brains removed for
histological verification of lesion status and clectrode placcment.

[B0244] Mismatch Negativity: NVHL, NAC-treated NVHL, and sham fomale rats were

mmplanted with chronic EEG electrodes under isofhwrane anesthesia. Electrodes were
constructed with 2 mm diameter silver disks coated with silver chloride, and ghued on top of
bregma, 2 Jocation cquivalent to human vertex, and the contacts led to an Omuetics cormector
on top of the head. Upon a 4-week recovery, rats were first habituated to the recovding

chamber, a 30 x 50 cm plexiglass box enclosed within a stainiess steel box. WNM sessions
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consisted of exposing the rat to approximately 2,000 tones at two different frequencies (7 or 9
kHz; 30 ms duration) separated by 400 ms, with 95% of the repetitions at one frequency
(standard) and 5% at the other frequency {deviant). Tones were delivered with a speaker
mounted nside the enclosure using a TDT RZ6 system {Tucker Davis), and were
counterbalanced so half of the time the deviant was either frequency. EEG signals were
acquired using a 32 channe! Ommiplex system (Plexon fustraments) at | kHz sampling rate.
For analysis, 300 ms epochs arcund the tone were selected, filtered at 1-30 Hz, baseline-
corrected fo the 100 ms prior {o the stimulus, and averaged separately for standard and
deviant tones. A difference wave was constructed by subtracting the standard wave from the
deviant wave, and MMN was quantitfied by measuring the arca umder the curve in the period
between 35 and 100 ms after the stimulus. All rats were exposed to three sessions in three
different days, and values were averaged across sessions for every animal.

[80245]  Prepulse mhibition: Starting at P60, both male and female rats were tested for

PPL, as described previously (Feleder et al,, 2010}, As PP deficits in NVHL rats are most
evident when rats are challenged with apomorphine (Lipska et al., 1995), we injected
apomorphine (0.1 mg/kg, 1.p.) tomediately prior to the PP test session. Rats were placed ina
sound- atienuated startle chamber {San Diego Instruments, San Diego, CA) witha 70 dB
background white noise. After a2 § min adaptation period, the PPI test was inttiated with
pseudorandom trials every 15 to 25 seconds. Either pulse (120 dB), prepulse {75 dB, 80 dB,
or %5 dB), no pulse or prepulse + pulse were delivered. Trials lasted 23 min and 8 1o 10
repetitions of pulse or prepulse + pulse trials were acquired, while nudl or prepulse only tmials
were repeated five times for cach prepulse amplitude. Startle magnitude was measured vsing
an acceleration-sensitive transducer, and PPI was calculated as the ratio in startle between
prepulse + pulse and pulse alone and is expressed as percent reduction. The initial trials (all
pulse alone} were used for habitoation and not included in the analysis. Trials were excluded
from analysis when the animal was moving in the chamber, and sessions were excluded from
analysis when startic amplitude was low or more than 50% of trials were excluded for any
prepulse + pulse combination. If a PP session was discarded, rats were tested again a week
later.

1#0246]  Statistics: The mean numbers of PV-immunoreactive cells per tissue volume in
the ACC were compared among troafment groups using onc-way ANOVA followed by post-
doc Dunmett multiple comparisons. The mean number of PV-cells, PV-cell intensity, WFA-

positive PV and WFA-positive intensity, the overall $-0x0-4G, and WFA labelling were
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compared among groups using mukivariate ANOVA (Wilk’s Lambda) followed by post- hoc
Dunnett test for multiple comparisons. Eloctrophysiology data were cormapared using a 1-way
ANOVA with group as between-subject variable. PP data were compared using a repeated-
measires 2-way ANOVA with lesion status and treatment as between- subject variables, and
prepulse intensity as within-subject variable.

8082471  While the mvention has been particularly shown and described with reference to a
preferred embodiment and various alternate embodiments, it will be understood by persons
skilled in the relevant art that various changes in form and details can be made therein
without departing from the spirit and scope of the invention.

[66248]  All veferences, issued patents and patent applications cited within the body of the

istant specification are herchy incorporated by reference in their entirety, for all purposes.
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CLAIMS

1. A method of reducing the dose of an administered antipsychotic agent for treating
psyehotic disorders, comprising co-administering a therapeutically effective amount of 2
glutathione peroxidase modulator compound, wherein an effective dosage of the
antipsychotic compound in the presence of the co-administered ghutathione peroxidase
modelator compound is lower than an effective dose of the antipsychotic compound in the

absence of the glutathione peroxidase modulator compound.

2. The method of claim 1, wherein the glutathione peroxidase modulator compound is
selected from the group consisting of: ebselen, 2,2°-discleno-bis-f-cyclodexirin, 64,68-
diseleninic acid-6A7,68  -selenium bridged B-cyclodexirin, ghutathione, glutathione prodrugs,

and ¢cysteine prodrugs.

3. The method of claim 1, wherein the antipsychotic agent is selected from a group
consisting of: Chlorpromazine {Thorazine), Haloperidol (Haldol), Perphenazine,
Flaphenazine, Risperidone {Risperdal), Olanzapine (Zyprexa), Quetiapine (Seroquel),
Ziprasidone (Geodon), Aripiprazole (Abilify), Paliperidone (Invega), Lurasidone (Latuda)

. e -
combmations thereof,

4. The method of claim i, wherein the psychotic disorder is a GPx mediated disorder.
5. The method of claim 1, wherein the psychotic disorder comprises heightened

oxidative stress, schizophrenia, bi-polar disorder, depression, mama, anxiety disorders,

related psychotic disorders, tardive dyskinesia, assoc

6. A method of treating psychotic disorders, administering a drug combination that
comprises a therapeutically effective amount of a ghitathione peroxidase modulator

compound and an antipsychotic agent.

7. The method of claim 6, wherein the glutathione peroxidase modulator compound is
selected from the group consisting of: ebselen, 2,2°-discleno-bis-f-cyclodexirin, 64,68-
diseleninic acid-6A7,68  -selenium bridged B-cyclodexirin, ghutathione, glutathione prodrugs,
and ¢cysteine prodrugs.

8. The method of claim 6, wherein the antipsychotic agent is selected from a group

consisting of: Chlorpromazine {Thorazine), Haloperidol (Haldol), Perphenazine,
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Fluphenazine, Risperidone {Risperdal), Olanzapine (Zyprexa), Quetiapine (Seroquel),

Ziprasidone (Geodon), Aripiprazole (Abilify), Paliperidone (Invega), Lurasidone (Latuda)

tions thereof.
2. The method of claim 6, wherein the psychotic disorder is a GPx mediated disorder.

18,  The method of claim 6, wherein the paychotic disorder comprises heightened
oxidative stress, schizophrenia, bi-polar disorder, deprossion, mania, anxisty disorders,

related psychotic disorders, tardive dyskinesia, ¢

A3 o
thevant
LERGA AN,

11. A method of reducing a side effect of administering an antipsychotic agent for
treating psychotic disorders, conprising co-administering a therapeutically effective amount

of a glotathione peroxidase modulator compound.

12, The method of claim 11, wherein the glutathione peroxidase modulator compound is
selected from the group consisting of: ebselen, 2,2°-diseleno-bis-B-cyclodextrin, 64,68-
diseleninic acid-6A°,68 -selenium bridged B-cyclodextrin, ghutathione, ghitathione prodrugs,

and cysteine prodrugs.

§13.  The method of claim 11, wherein the antipsychotic agent is selected from a group
consisting of: Chlorpromazine {Thorazine), Haloperidol (Haldol), Perphenazine,
Fluphenazine, Risperidone {Risperdal), Olanzapine (Zyprexa), Quetiapine (Seroquel),

Ziprasidone (Geodon), Aripiprazole (Abilify), Palipenidone (Invega), Lurasidone (Latuda)

hs thereof,

i) a ehatathione peroxidase modulator compound or a pharmaceuticall
¥ & 3

acceptable salt thereot: and
(i1} an antipsychotic agent or a pharmaceutically aceeptable salt thereof.

i6.  The pharmaceutical composition of claim 15, wherein glutathione peroxidase
modulator compound is selected from the group consisting of! chselen, 2,2°-diseleno-bis-fi-
cyclodextrin, 6A,6B-diseleninic acid-6A°, 68’ -selenium bridged B-cyclodextrin, glutathione,

glutathione prodrugs, and cysteine prodrugs.
60
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i7. The pharmaceutical composition of claim 15, wherein the antipsychotic agent is
selected from a group consisting of: Chlorpromazine (Thorazine), Haloperidol (Haldoly,
Perphenazine, Flophenazine, Risperidone (Risperdal), Olanzapine (Zyprexa), Quetiapine

{Seroquel), Ziprasidone (Geodon), Aripiprazole (Ability), Paliperidone {Invega), Lurasidone

i&. The pharmaceutical composition of claim 16, wherein the ghutathione prodrugs

comprises a compound of the formula:

wherein
R, is H, methyl, ethyl, or isopropyl;

Ry is H, or ethyl; and

COOH
< F——COOH
L ""%"S NH» % ; "
Ri 18 H, acetyl, phenylacetyl, , OF COOH

i9. The pharmaceutical compoesition of claim 16, wherein the cysteine prodrugs
comprises a compound selected from the group consisting oft N-acety! cysteine, N,N’-
diacetyl-cysteine, N-acetyl cysteine amide, N-acetyl cysteine, S-ally! cysteine, S-methyl

cysteine, S-ethyl cysteine, S-propyl cysteine, and a compound of the formula:

S
/ j\
Re™ Ny TR
H

wherein

Ry is H, oxo, methyl, ethyl, n-propyl, n-pentyl, phenyl, ~(CHOHLCHGH and

Ry 15 H or <COOH.

51
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28, The pharmaceutical composition of claim 16, wherein the cysteine prodrugs
comprises a 2-substituted thinzelidine-4-carboxylic acid, wherein the 2-substitution of the
thiazohidine-4-carboxylic acid is an aldose monosaccaride.

21, The pharmaceutical composition of claim 20, wherein the aldose monosaccaride is
selected from the group cousisting oft glyceraldchyde, arabinose, lyxose, ribose, xylose,

galactose, glucose, and mannose,
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