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COMBINATION OF GABOXADOL AND LITHIUM FOR THE TREATMENT
OF PSYCHIATRIC DISORDERS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to Provisional Patent Application Nos. 62/770,287 filed on
November 21,2018 and 62/879,921 filed on July 29, 2019, the contents of which are incorporated

by reference herein in their entireties.

FIELD OF THE EMBODIMENTS

The present invention relates to compositions and methods of treating psychiatric disorders

with a synergistic combination of lithium and gaboxadol.

BACKGROUND OF THE EMBODIMENTS

Based on clinical practice guidelines lithium is, and has been since the 1960s, the first line
treatment for mood stabilization and reduction of suicidality in bipolar disorders (BD), providing
acute anti-manic therapeutic relief and preventing BD relapses to countless BD patients
(Baldessarini et al., 2006; Cipriani et al., 2013; Kessing et al., 2018; Roberts et al., 2017; Sani et
al., 2017; Severus et al., 2014). However, despite lithium’s widespread use, it is not uncommon

for patients to experience serious side effects from this medication.

For example, a first concern about lithium treatment 1s undoubtedly its very narrow
therapeutic window, requiring the caregiver to maintain a serum concentration of typically 0.6—
1.0 mmol/L for maintenance of bipolar disorder and higher levels of 1.0-1.2 mmol/L. 10 acute
mania treatment {Association, 2002; Gelenberg et al,, 1989; Grandjean and Aubry, 2009). As
lower levels are considered to be ineffective and lithium serum levels above this range can result
in serious side-effects and toxicity, any treatment with lithium necessarily needs constant
monitoring. This is especially true in BD patients who are pregnant because the assoctated increase

in glomerular filtration rate can substantially reduce serum lithium levels to a point where there is
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a significant risk of BD relapse. Clinical strategy in pregnancy is therefore to increase lithium dose
during pregnancy, thereby achieving higher serum levels during the early postpartum period which
is often associated with an increased risk of relapse (Deligiannidis et al., 2014). However, close
monitoring of lithium serum levels is essential because as the patient’s kidney function returns to
a lower glomerular filtration rate during the postpartum period, the associated increase in serum
lithium levels can cause acute toxicity in the mother as well as in the infant (Horton et al., 2012;

Wesseloo et al, 2017},

Acute lithium toxicity can present as non-convulsive status epilepticus, slowing of EEG
alpha rhythm, pathological 3-10 Hz delta rthythm and diffuse spike discharges, life-threatening
coma, hypothonia and hyporeflexia (Ivkovic and Stern, 2014; Madhusudhan, 2014; Megarbane et

al., 2014; Schou et al., 19638).

Additionally, chronic side-effects associated with long-term maintenance lithium treatment
include hypothyroidism, nephrogenic diabetes insipidus and significant nephrotoxicity and chronic
kidney disease especially in patients already diagnosed with kidney failure (Davis et al., 2018a;
Davis et al., 2018b). In an epidemiological study that examined reasons for discontinuing lithium
therapy amongst BD patients, the majority (62%) of people stopped taking hithium because of the
adverse events, primarily renal disease, diarrhea and/or tremor (Ohlund etal., 2018). In 2014 alone,
there were 6,850 reported cases of lithium toxicity in the United States. Lithium treatment
therefore requires very careful monitoring and titration of serum lithium concentrations to achieve

a long lasting therapeutic benefit.

Accordingly, there is an ongoing need for improved treatment options that mitigate the side
effects associated with lithtum treatment of many severe psychiatric disorders including bipolar

disorder.

SUMMARY OF THE EMBODIMENTS

This disclosure reports on the discovery that gaboxadol can act synergistically with lithium
to enhance lithium’s action on brain signaling activity. In particular, the combination of a sub-
standard dose range of lithium (e.g. < 600 mg per day) with gaboxadol reduces the amount of
lithium needed to treat psychiatric disorders, such as bipolar disorder (both in acute mania and

long-term maintenance), depression, treatment resistant depression and suicidality without the
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aforementioned side effects, especially chronic side-effects, such as nephrotoxicity and chronic
kidney disease. Thus, co-administration of gaboxadol and a sub-standard dose of lithium lowers
the risks of side-effects and facilitates the management of bipolar disorder and other psychiatric
disorders responsive to lithium treatment. In addition, a standard dose range of lithium (e.g. 600
to 1800 mg, with a daily maximum dose of 2400 mg) also synergizes or, in certain embodiments,
acts additively, with gaboxadol, indicating that adding gaboxadol to a standard dose of lithium
may prove useful for the augmentation of the response to lithium in treatment-resistant patients

who do not initially respond to conventional lithium monotherapy.

In a first aspect, a synergistic combination comprises gaboxadol and lithium, or a

pharmaceutically acceptable salt of either or both compounds thereof.

In certain embodiments of the first aspect, the lithium is given in a sub-standard dose range
that when administered daily to a subject in need thereof is ineffective at treating bipolar disorder,

depression, treatment-resistant depression and suicidality.

In certain embodiments of the first aspect, the lithium is given in a sub-standard dose range
that when administered daily to a subject in need thereof, is below the medically recommended

dose for treating bipolar disorder, depression, treatment-resistant depression, or suicidality.

In certain embodiments of the first aspect, an animal equivalent of the sub-standard dose
of lithium is ineffective at activating c-fos signalling in an animal model’s brain as measured by

Pharmacomapping.

In preclinical testing, the sub-standard lithium human dose range can be established and
differentiated from the standard dose range, for example, by mapping lithium-induced brain
activation, represented by the visualization of the induction of the immediate early gene (IEG) c-
fos, in an animal such a mouse or rat, or by recording lithium-induced changes in an animal’s

electroencephalogram (EEG).

In certain embodiments of the first aspect, the sub-standard dose of lithium is in the range

from about 50 to about 600 mg lithium carbonate per day.

In certain embodiments of the first aspect, gaboxadol is given at a low to medium human

dose range that, when given to an animal such as a mouse or rat at an animal equivalent dose
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(AED), fails to evoke or evokes only a modest induction of c-fos activity in the brain as measured

by Pharmacomapping.

In certain embodiments of the first aspect, the low dose of gaboxadol is in the range from
about 5 to about 15 mg gaboxadol per day for an adult human and the medium dose of gaboxadol

is in the range from about 15 to about 30 mg gaboxadol per day for an adult human.

In certain embodiments of the first aspect, the lithium is given at a standard dose range of

lithium.

In certain embodiments of the first aspect, the standard dose range of lithium is in the range
from about 600 to about 1800 mg, with a daily maximum dose of 2400 mg, of lithium carbonate

per day for an adult human.

In certain embodiments of the first aspect, the gaboxadol is given as a high dose which,
when given to an animal such as a mouse or rat at an animal equivalent dose (AED), evokes a

strong induction of c-fos activity in the brain.

In certain embodiments of the first aspect, the high dose of gaboxadol is in the range from

about 30 to about 300 mg gaboxadol per day for an adult human.

In certain embodiments of the first aspect, the amounts of lithium and gaboxadol
administered daily to a subject in need thereof, are synergistically effective at inducing IEG c-fos
signaling in at least one region of a subject’s cortical brain selected from the group consisting of
motor (MO), gustatory (GU), visceral (VISC), agranular insular (AI), somatosensory (SS),
auditory, visual (VIS), auditory (AUD), prelimbic (PL) and infralimbic (ILA), retrosplenial (RSP),
parietal (PTL), temporal associational (TEa), ectorhinal (ECT), entorhinal (ENT), perirhinal
(PERI), piriform (PIR), and anterior cingulate (ACA) cortex, and claustrum (CLA).

In certain embodiments of the first aspect, the amounts of lithium and gaboxadol
administered daily to a subject in need thereof, are synergistically effective at inducing IEG c-fos
signaling in at least two regions of a subject’s cortical brain selected from the group consisting of
motor (MQO), gustatory (GU), visceral (VISC), agranular insular (AI), somatosensory (SS),
auditory, visual (VIS), auditory (AUD), prelimbic (PL) and infralimbic (ILA), retrosplenial (RSP),
parietal (PTL), temporal associational (TEa), ectorhinal (ECT), entorhinal (ENT), perirhinal
(PERI), piriform (PIR), and anterior cingulate (ACA) cortex, and claustrum (CLA).
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In certain embodiments of the first aspect, the amounts of lithium and gaboxadol
administered daily to a subject in need thereof, are synergistically effective at inducing IEG c-fos
signaling in at least three regions of a subject’s cortical brain selected from the group consisting
of motor (MO), gustatory (GU), visceral (VISC), agranular insular (AlI), somatosensory (SS),
auditory, visual (VIS), auditory (AUD), prelimbic (PL) and infralimbic (ILA), retrosplenial (RSP),
parietal (PTL), temporal associational (TEa), ectorhinal (ECT), entorhinal (ENT), perirhinal
(PERI), piriform (PIR), and anterior cingulate (ACA) cortex, and claustrum (CLA).

In certain embodiments of the first aspect, the amounts of lithium and gaboxadol
administered daily to a subject in need thereof, are synergistically effective at inducing IEG c-fos
signaling in at least one region of a subject’s subcortical brain selected from the group consisting
of hippocampal CAl region, the bed nuclei stria terminalis (BST), central amygdala (CEA),
cortical amygdala (COA), basolateral and basomedial amygdala (BLA and BMA), medial
amygdala (MEA), thalamic ventral posteromedial nucleus (VPM), subparafascicular nucleus
(SPF), medial geniculate complex (MG), suprageniculate nucleus (SGN), nucleus of reunions
(RE), thomboid nucleus (RH), and central medial nucleus (CM) of the thalamus, paraventricular
hypothalamic nucleus (PVH), dorsomedial nucleus of the hypothalamus (DMH),
tuberomammillary nucleus (TM), parasubthalamic nucleus (PSTN) and subthalamic nucleus

(STN), parabrachial nucleus, locus coeruleus (LC), and nucleus of the solitary tract (NTS).

In certain embodiments of the first aspect, the amounts of lithium and gaboxadol
administered daily to a subject in need thereof, are synergistically effective at inducing IEG c-fos
signaling in at least two regions of a subject’s subcortical brain selected from the group consisting
of hippocampal CAl region, the bed nuclei stria terminalis (BST), central amygdala (CEA),
cortical amygdala (COA), basolateral and basomedial amygdala (BLA and BMA), medial
amygdala (MEA), thalamic ventral posteromedial nucleus (VPM), subparafascicular nucleus
(SPF), medial geniculate complex (MG), suprageniculate nucleus (SGN), nucleus of reunions
(RE), thomboid nucleus (RH), and central medial nucleus (CM) of the thalamus, paraventricular
hypothalamic nucleus (PVH), dorsomedial nucleus of the hypothalamus (DMH),
tuberomammillary nucleus (TM), parasubthalamic nucleus (PSTN) and subthalamic nucleus

(STN), parabrachial nucleus, locus coeruleus (LC), and nucleus of the solitary tract (NTS).
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In certain embodiments of the first aspect, the amounts of lithium and gaboxadol
administered daily to a subject in need thereof, are synergistically effective at inducing IEG c-fos
signaling in at least three regions of a subject’s subcortical brain selected from the group consisting
of hippocampal CAl region, the bed nuclei stria terminalis (BST), central amygdala (CEA),
cortical amygdala (COA), basolateral and basomedial amygdala (BLA and BMA), medial
amygdala (MEA), thalamic ventral posteromedial nucleus (VPM), subparafascicular nucleus
(SPF), medial geniculate complex (MG), suprageniculate nucleus (SGN), nucleus of reunions
(RE), thomboid nucleus (RH), and central medial nucleus (CM) of the thalamus, paraventricular
hypothalamic nucleus (PVH), dorsomedial nucleus of the hypothalamus (DMH),
tuberomammillary nucleus (TM), parasubthalamic nucleus (PSTN) and subthalamic nucleus

(STN), parabrachial nucleus, locus coeruleus (LC), and nucleus of the solitary tract (NTS).

In certain embodiments of the first aspect, the amount of gaboxadol and lithium, when
administered daily to a subject in need thereof, are synergistically effective at treating the subject’s
psychiatric disorder selected from the group consisting of bipolar disorder, depression, treatment

resistant depression and suicidality.

In certain embodiments of the first aspect, the treatment of the subject’s psychiatric
disorder is effective at improving a score of at least one psychiatric rating scale specific for bipolar

disorder, depression, treatment resistant depression or suicidality.

In certain embodiments of the first aspect, the gaboxadol and lithium, when administered
to a subject diagnosed with depression, are synergistically effective at increasing the subject’s

Montgomery-Asberg Depression Rating Scale (MADRS) score.

In certain embodiments of the first aspect, the gaboxadol and lithium, when administered
to a subject in need thereof, are synergistically effective at increasing a score of at least one
psychiatric rating scale specific for bipolar disorder, depression, treatment resistant depression or

suicidality.

In certain embodiments of the first aspect, the gaboxadol and lithium, when administered
to a subject in need thereof, are synergistically effective at increasing a score of at least two
psychiatric rating scales specific for bipolar disorder, depression, treatment resistant depression or

suicidality.
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In certain embodiments of the first aspect, the gaboxadol and lithium, when administered
to a subject in need thereof, are synergistically effective at increasing a score of at least three
psychiatric rating scales specific for bipolar disorder, depression, treatment resistant depression or

suicidality.

In certain embodiments of the first aspect, the lithium, when administered daily to a subject
in need thereof, is in an amount sufficient to maintain the serum level of lithium in the range of

about 0.2 to about 1.2 mmol/L.

In certain embodiments of the first aspect, the lithium, when administered daily to a subject
in need thereof, is in an amount sufficient to maintain the subject’s serum level of lithium in the

range of about 0.4 to about 0.8 mmol/L.

In a second aspect, a pharmaceutical composition is disclosed that comprises any one of

the preceding embodiments of the synergistic combination of lithium and gaboxadol.

In certain embodiments of the second aspect, the pharmaceutical composition is in the form

of a single tablet for oral consumption.

In certain embodiments of the second aspect, the pharmaceutical composition is in a form

of a controlled release formulation.

In certain embodiments of the second aspect, the pharmaceutical composition further

comprises one or more inert pharmaceutically acceptable excipients.

In certain embodiments of the second aspect, the pharmaceutical composition is in the form
of a single dosage unit having separate compartments for the lithium and gaboxadol or a

pharmaceutically acceptable salt of either or both compounds thereof.

In a third aspect, a kit is disclosed that comprises any one of the preceding pharmaceutical

compositions.

In a fourth aspect, a method is disclosed for treating a subject in need thereof comprising
administering any one of the previous embodiments of the synergistic combination of lithium and

gaboxadol.

In certain embodiments of the fourth aspect, the subject is diagnosed with a psychiatric

disorder.



10

15

20

25

WO 2020/106976 PCT/US2019/062644

In certain embodiments of the fourth aspect, the psychiatric disorder is chosen from bipolar

disorder, depression, treatment-resistant depression or suicidality.

In certain embodiments of the fourth aspect, the combination reduces at least one adverse
side effect selected from the group consisting of nephrotoxicity, nephrogenic diabetes insipidus,
chronic kidney disease, diarrhea, hand tremor, increased thirst, increased urination, vomiting,
weight gain, impaired memory, poor concentration, drowsiness, muscle weakness, hair loss, acne

and decreased thyroid function.

In certain embodiments of the fourth aspect, the combination reduces at least two adverse
side effects selected from the group consisting of nephrotoxicity, nephrogenic diabetes insipidus,
chronic kidney disease, diarrhea, hand tremor, increased thirst, increased urination, vomiting,
weight gain, impaired memory, poor concentration, drowsiness, muscle weakness, hair loss, acne

and decreased thyroid function

In certain embodiments of the fourth aspect, the combination reduces at least three adverse
side effects selected from the group consisting of nephrotoxicity, nephrogenic diabetes insipidus,
chronic kidney disease, diarrhea, hand tremor, increased thirst, increased urination, vomiting,
weight gain, impaired memory, poor concentration, drowsiness, muscle weakness, hair loss, acne

and decreased thyroid function

In a fifth aspect, a method for treating a human diagnosed with bipolar disorder, depression,
treatment-resistant depression or acute suicidality is disclosed that comprises administering a
synergistic combination of gaboxadol at a dose ranging from about 5 to about 300 mg /day,
contemporaneously with lithium at a dose from about 50 mg to about 1800 mg lithium carbonate,
with a maximum daily dose of 2400 mg [for a 60kg human]; or from about 0.8 mg/kg to about 30
mg/kg, with a maximum dose of 40 mg/kg, of lithium carbonate; or in an amount sufficient to
achieve a lithium serum concentration of about 0.2 to 1.2 mmol/L; wherein the combination is

administered at least once per day.

In a sixth aspect, a method for treating a human diagnosed with an acute form of bipolar
disorder, depression, treatment-resistant depression or suicidality comprising administering a
synergistic combination of gaboxadol at a dose in the range of from about 5 mg to about 150

mg/day, contemporaneously with lithium at a dose of from about 300 mg to about 1800 mg lithium
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carbonate/day [for a 60kg human]; or in an amount sufficient to achieve a lithium serum

concentration of 0.4 to 1.2 mmol/L, wherein the combination is administered at least once per day.

In a seventh aspect, a method for treating a patient diagnosed with an acute form of bipolar
disorder, depression, treatment-resistant depression or suicidality comprising administering a
synergistic combination of gaboxadol at a dose in the range of from about 5 mg to about 150
mg/day, contemporaneously with lithium at a dose of from about 50 mg to about 900 mg lithium
carbonate [for a 60kg human]; or in an amount sufficient to achieve a lithium serum concentration

of about 0.2 to 1.0 mmol/L; wherein the combination dose is administered at least once per day.

In an eighth aspect, a method for treating a patient diagnosed with an acute form of bipolar
disorder, depression, treatment-resistant depression or suicidality comprising administering an
additive combination of gaboxadol at a dose in the range of from about 5 mg to about 150 mg/day,
contemporaneously with lithium at a dose from about 50 mg to about 900 mg lithium carbonate
[for a 60kg human]; or in an amount sufficient to achieve a lithium serum concentration of about

0.2 to 1.0 mmol/L, wherein the combination dose is administered at least once per day.

In a ninth aspect, a use of gaboxadol and lithium in the preparation of a fixed dose
combination medicament is disclosed, wherein the lithium is present in a range from about 10 mg
to about 300 mg [lithium carbonate 50 mg to about 1800 mg]; and wherein the gaboxadol is present
in a range from about 5 mg to about 150 mg for treatment of a human patient diagnosed with

bipolar disorder, depression or acute suicidality.

In a tenth aspect, a use of a fixed dose combination comprising lithium and gaboxadol in
unit dosage form is disclosed wherein the lithium is present in a range from about 10 mg to about
360 mg [lithium carbonate S0 mg to about 1800 mg] and wherein the gaboxadol is present in a
range from about 5 mg to about 150 mg for the treatment of a human patient diagnosed with bipolar

disorder, depression or acute suicidality.

In a eleventh aspect, a use of a fixed dose combination comprising lithium and gaboxadol
in unit dosage form for once daily administration is disclosed, wherein the gaboxadol is present
from about 5 mg to about 150 mg, and the lithium for the first week is present in the range of from
about 40 mg to about 360 mg [lithium carbonate 200 mg to about 1800 mg], and after the first

week the lithium is present in the range of from about 10 mg to about 180 mg [lithium carbonate
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50 mg to about 900 mg], for the treatment of a human patient diagnosed with bipolar disorder,

depression or acute suicidality.

In a twelth aspect, a use of a synergistic combination of gaboxadol and lithium, or a
pharmaceutically acceptable salt of either or both compounds thereof, is disclosed for reducing

one or symptoms of bipolar disorder, depression, or suicidality.

In a thirteenth aspect, a use of a synergistic combination of gaboxadol and lithium, or a
pharmaceutically acceptable salt of either or both compounds thereof, is disclosed in the
manufacture of a medicament for reducing one or symptoms of bipolar disorder, depression, or

suicidality.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows exemplary whole-brain pharmacomaps® representing drug-evoked brain

activation in the mouse.

(A) Mice were treated with a drug or vehicle solution for the control group using either
intraperitoneal (1.p.), per oral (p.o.). subcutaneous (s.c.), intramuscular (i.m.) or intravenous (i.v.)

delivery.

(B) Treatment with the drug led to the induction of the immediate early gene c-fos expression in
activated neurons that peaked within about 1.5 to about 3 hours depending on the drug’s

pharmacokinetics.

(C) After the aforementioned c-fos induction period, the mice were sacrificed and the c-fos
induction was visualized using whole-brain immunostaining. The brains were then chemically

cleared and imaged by light-sheet fluorescent microscopy (LSFM).

(D) The whole-brain scans are depicted as serial section datasets with an XYZ resolution of about

4 x 4 x 5 microns.
(E) The c-fos-positive cells were detected in these datasets using custom algorithms.

(F) The whole-brain distribution of the detected c-fos-positive cells was then represented in 3D as

a spatial map of centroid points in the 3D space of the mouse brain.

10
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(G) This 3D map distribution was registered to a reference mouse brain and spatially voxelized

using overlapping 150-micron sphere voxels.

(H) Finally, the drug-evoked pharmacomap® was generated by a statistical comparison of the c-
fos-positive cell distributions of the drug-treated and control vehicle-treated mice, typically using

6 animals per group.
Figure 2 shows exemplary lithium dose-curve pharmacomaps.

White color indicates the spatial areas having significant lithium-evoked induction of c-fos
activity in a mouse brain. The broad activation pattern induced by lithium with increasing dose
was localized, for example, to the following anatomical structures: Cortex: prelimbic (PL) and
infralimbic (ILA) cortex, piriform cortex (PIR), associational visceral (VISC), gustatory (GU),
agranular insular (Alp) cortical areas, retrosplenial (RSP), motor (MO), somatosensory (SS),
auditory (AUD), visual (VIS), temporal associational (Tea), perirhinal (PERI) and entorhinal
(ENT), and ectorhinal (ECT) cortex; Basal ganglia: the nucleus accumbens (ACB), the anterior
part of the bed nuclei of the stria terminalis (BSTa), cortical amygdala and central amygdala
(CEA); Midline thalamus: paraventricular nucleus (PVT), intermediodorsal nucleus (IMB), central
medial nucleus (CM), and rhomboid nucleus (RH); Midbrain: geniculate complex (MG);

Brainstem: locus coeruleus (LC).
Figure 3 shows exemplary lithium induced brain activation is similar to that of gaboxadol.

White color indicates the spatial areas of significant lithium-evoked induction of c-fos
activity in a mouse brain. The broad activation pattern evoked by lithium at a dose of 300 mg/kg
(top row; human equivalent dose about 1500 mg) appears similar to the effect of gaboxadol at 20
mg/kg (bottom row; human equivalent dose about 100 mg), including the following anatomical
structures: Cortex: infralimbic (ILA) cortex, piriform cortex (PIR), associational visceral (VISC),
gustatory (GU), agranular insular (Alp) cortical areas, retrosplenial (RSP), motor (MO),
somatosensory (SS), auditory (AUD), visual (VIS), temporal associational (Tea), perirhinal
(PERI) and entorhinal (ENT), and ectorhinal (ECT) cortex; Basal ganglia: the nucleus accumbens
(ACB), the anterior part of the bed nuclei of the stria terminalis (BSTa), cortical amygdala and

central amygdala (CEA); Midline thalamus: paraventricular nucleus (PVT), intermediodorsal

11
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nucleus (IMB), central medial nucleus (CM), and rhomboid nucleus (RH); Midbrain: geniculate

complex (MG); Brainstem: locus coeruleus (LC).

Figure 4 shows an exemplary synergistic effect from the co-administration of low dose

gaboxadol and sub-standard dose of lithium

White color indicates the spatial areas of significant lithium-evoked induction of c-fos
activity in a mouse brain. While neither lithium at 85 mg/kg (top row; human equivalent dose
about 425 mg), nor gaboxadol at 3 mg/kg (middle row; human equivalent dose about 15 mg)
induced any brain activation on their own, the combination of these low doses induced a prominent
and broad activation (bottom row) indicating a synergy between the two compounds within
multiple anatomical brain structures, including: Cortex: infralimbic (ILA) cortex, piriform cortex
(PIR), associational visceral (VISC), gustatory (GU), agranular insular (Alp) cortical areas,
retrosplenial (RSP), motor (MO), somatosensory (SS), auditory (AUD), visual (VIS), temporal
associational (Tea), perirhinal (PERI) and entorhinal (ENT), and ectorhinal (ECT) cortex; Basal
ganglia: the nucleus accumbens (ACB), the anterior part of the bed nuclei of the stria terminalis
(BSTa), cortical amygdala and central amygdala (CEA); Midline thalamus: paraventricular
nucleus (PVT), intermediodorsal nucleus (IMB), central medial nucleus (CM), and rhomboid
nucleus (RH); Midbrain: geniculate complex (MG); Brainstem: locus coeruleus (LC). The weak
pattern of inhibition (green color) seen across the caudoputamen (CP) and hippocampus (HIPP)

suggest a modest sedation induced by the two compounds.

Figure 5A shows an exemplary synergistic and additive brain activation effect of co-

administration of medium dose gaboxadol and standard dose of lithium.

White color indicates the spatial areas of significant lithium-evoked induction of c-fos
activity in a mouse brain. While lithium at 150 mg/kg (top row; human equivalent dose about 750
mg) and gaboxadol at 6 mg/kg (middle row; human equivalent dose about 30 mg) evoked moderate
brain activation on their own, including infralimbic (ILA) cortex, the anterior part of the bed nuclei
of the stria terminalis (BSTa), locus coerules (LC) and some additional cortical areas, the
combination of these two doses evoked a considerably more prominent activation (bottom row)
further demonstrating a synergy and additive action between the two compounds, including the
following anatomical structures: Cortex: infralimbic (ILA) cortex, piriform cortex (PIR),

associational visceral (VISC), gustatory (GU), agranular insular (Alp) cortical areas, retrosplenial
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(RSP), motor (MO), somatosensory (SS), auditory (AUD), visual (VIS), temporal associational
(Tea), perirhinal (PERI) and entorhinal (ENT), and ectorhinal (ECT) cortex; Basal ganglia: the
nucleus accumbens (ACB), the anterior part of the bed nuclei of the stria terminalis (BSTa),
cortical amygdala and central amygdala (CEA); Midline thalamus: paraventricular nucleus (PVT),
intermediodorsal nucleus (IMB), central medial nucleus (CM), and rhomboid nucleus (RH);
Midbrain: geniculate complex (MG); Brainstem: locus coeruleus (LC). The weak pattern of
inhibition (green color) seen across the caudoputamen (CP) and hippocampus (HIPP) suggest a

modest sedation induced by the two compounds.

Figure 5B shows an exemplary synergistic and additive brain activation effect of co-

administration of medium dose of gaboxadol and standard dose of lithium.

White color indicates the spatial areas of significant lithium-evoked activation in a mouse
brain. While lithium at 200 mg/kg (top row; human equivalent dose about 1000 mg) and gaboxadol
at 6 mg/kg (middle row;, human equivalent dose about 30 mg) evoked moderate brain activation
on their own, including infralimbic (ILA) cortex, the anterior part of the bed nuclei of the stria
terminalis (BSTa), locus coerules (LC) and some additional cortical areas, the combination of these
two doses evoked a considerably more prominent activation (bottom row) further demonstrating a
synergy between the two compounds, including the following anatomical structures: Cortex:
infralimbic (ILA) cortex, piriform cortex (PIR), associational visceral (VISC), gustatory (GU),
agranular insular (Alp) cortical areas, retrosplenial (RSP), motor (MO), somatosensory (SS),
auditory (AUD), visual (VIS), temporal associational (Tea), perirhinal (PERI) and entorhinal
(ENT), and ectorhinal (ECT) cortex; Basal ganglia: the nucleus accumbens (ACB), the anterior
part of the bed nuclei of the stria terminalis (BSTa), cortical amygdala and central amygdala
(CEA); Midline thalamus: paraventricular nucleus (PVT), intermediodorsal nucleus (IMB), central
medial nucleus (CM), and rhomboid nucleus (RH); Midbrain: geniculate complex (MG);
Brainstem: locus coeruleus (LC). The weak pattern of inhibition (green color) seen across the
caudoputamen (CP) and hippocampus (HIPP) suggest a modest sedation induced by the two

compounds.

Figure 6 shows an exemplary synergistic behavioral effect of co-administration of a low dose of

gaboxadol and sub-standard dose of lithium.
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Mice were pretreated with vehicle (saline) or a sub-therapeutic dose of lithium (lithium
14.1 mg/kg; human equivalent dose about 70 mg) or low dose of gaboxadol (gaboxadol - 3 mg/kg;
human equivalent dose about 15 mg) or a combination of lithium and gaboxadol (lithium 14.1
mg/kg + gaboxadol - 3 mg/kg) for 20 min before treatment with d-amphetamine at 3.5 mg/kg.
While the locomotion, expressed as ambulatory counts (i.e. the number of beam breaks while
ambulatory) was comparable between the four groups for the initial 20 min, the treatment with d-
amphetamine induced a sharp increase in locomotion in the vehicle treated animals (top dark blue
line), that was not moderated by lithium at 14.1 mg/kg alone (second from top orange line) and
only modestly (Anova p value = 0.007, Fisher’s PLSD test p = 0.6) by gaboxadol at 3 mg/kg alone
(second from bottom yellow line), whereas a combination of lithium at 14.1 mg/kg and gaboxadol
at 3 mg/kg (bottom light blue line) showed a pronounced moderation in locomotion (Anova p

value = 0.007, Fisher’s PLSD test p = < 0.01), demonstrating synergy between the two molecules.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reference will now be made in detail to each embodiment of the present invention. Such
embodiments are provided by way of explanation of the present invention, which is not intended
to be limited thereto. In fact, those of ordinary skill in the art may appreciate upon reading the
present specification and viewing the present drawings that various modifications and variations

can be made thereto.
1) Definitions

Unless defined otherwise, all technical and scientific terms used herein have the same

meanings as commonly understood by one of skill in the art to which the disclosure herein belongs.

(13 29 CC

As used herein, the singular forms “a,” “an,” and “the,” are intended to include the plural

forms as well, unless the context clearly indicates otherwise.

The phrase “and/or,” as used herein in the specification and in the claims, should be
understood to mean “either or both” of the elements so conjoined, i.e., elements that are
conjunctively present in some cases and disjunctively present in other cases. Thus, as a non-

2

limiting example, a reference to “A and/or B”, when used in conjunction with open-ended

language such as “comprising” can refer, in one embodiment, to A only (optionally including
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elements other than B); in another embodiment, to B only (optionally including elements other

than A); in yet another embodiment, to both A and B (optionally including other elements); etc.

As used herein in the specification and in the claims, the phrase “at least one,” in reference
to a list of one or more elements, should be understood to mean at least one element selected from
any one or more of the elements in the list of elements, but not necessarily including at least one
of each and every element specifically listed within the list of elements and not excluding any
combinations of elements in the list of elements. This definition also allows that elements may
optionally be present other than the elements specifically identified within the list of elements to
which the phrase “at least one” refers, whether related or unrelated to those elements specifically
identified. Thus, as a non-limiting example, “at least one of A and B” (or, equivalently, “at least
one of A or B,” or, equivalently “at least one of A and/or B”) can refer, in one embodiment, to at
least one, optionally including more than one, A, with no B present (and optionally including
elements other than B); in another embodiment, to at least one, optionally including more than
one, B, with no A present (and optionally including elements other than A); in yet another
embodiment, to at least one, optionally including more than one, A, and at least one, optionally

including more than one, B (and optionally including other elements); etc.

In certain embodiments, the term "about" or "approximately" as used herein means within
an acceptable error range for the particular value as determined by one of ordinary skill in the art,
which will depend in part on how the value is measured or determined, i.e., the limitations of the
measurement system. In certain embodiments, "about" can mean within 3 or more than 3 standard
deviations, per the practice in the art. In certain embodiments, particularly with respect to
biological systems or processes, the term can mean within an order of magnitude, preferably within

5 -fold, and more preferably within 2-fold, of a value.

In certain embodiments, when the term “about” or “approximately” is used in conjunction
with a numerical range, it modifies that range by extending the boundaries above and below those
numerical values. In general, the term “about” is used herein to modify a numerical value above
and below the stated value by a variance of 20%, 10%, 5%, or 1%. In certain embodiments, the
term “about” is used to modify a numerical value above and below the stated value by a variance
of 10%. In certain embodiments, the term “about” is used to modify a numerical value above and

below the stated value by a variance of 5%. In certain embodiments, the term “about” is used to
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modify a numerical value above and below the stated value by a variance of 1%. In certain
embodiments, the term “about” is used to modify a numerical value above and below the stated

value by a variance of 0.1 %.

When a range of values is listed herein, it is intended to encompass each value and sub-
range within that range. For example, “1-5 ng” or “from about 1ng to about 5 ng” is intended to
encompass 1 ng, 2 ng, 3 ng, 4 ng, 5 ng, 1-2 ng, 1-3 ng, 1-4 ng, 1-5 ng, 2-3 ng, 2-4 ng, 2-5 ng, 3-4
ng, 3-5 ng, and 4-5 ng.

2% 2% ¢

It will be further understood that the terms “comprises,” “comprising,” “includes,” and/or
“including,” when used herein, specify the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the presence or addition of one or more other

features, integers, steps, operations, elements, components, and/or groups thereof.

As used herein, “contemporaneously” refers to the length of time between the
administration of gaboxadol and lithium taken separately. In certain embodiments, the
“coadministration” of gaboxadol and lithium refers to the contemporaneous administration of
gaboxadol and lithium. In certain embodiments, an administration of gaboxadol and lithium is
contemporaneous if gaboxadol is administered to a patient in need thereof within about 5 minutes,
about 30 minutes, about 1 hour, about 2 hours, about 3 hours, about 4 hours, about 5 hours, about
6 hours, about 7 hours, about 8 hours, about 9 hours, about 10 hours, about 11 hours or about 12
hours of the administration of lithium. In certain embodiments, gaboxadol is administered to a
patient in need thereof within about 2 hours of the administration of lithum. In certain
embodiments, an administration of gaboxadol and lithium is contemporaneous if lithium is
administered to a patient in need thereof within about 5 minutes, about 30 minutes, about 1 hour,
about 2 hours, about 3 hours, about 4 hours, about 5 hours, about 6 hours, about 7 hours, about 8
hours, about 9 hours, about 10 hours, about 11 hours or about 12 hours of gaboxadol. In certain
embodiments, lithium is administered to a patient in need thereof within about 2 hours of the
administration of gaboxadol. In certain embodiments, a contemporaneous administration of
lithium and gaboxadol can include lithium being administered simultaneously with gaboxadol

either as separate doses or in a combined dose.

As referred to herein, unless stated otherwise, all compositional percentages are by weight

of the total composition, unless otherwise specified. As used herein, the word “include,” and its
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variants, is intended to be non-limiting, such that recitation of items in a list is not to the exclusion
of other like items that may also be useful in the compositions and methods of this technology.
Similarly, the terms “can” and “may” and their variants are intended to be non-limiting, such that
recitation that an embodiment can or may comprise certain elements or features does not exclude

other embodiments of the present technology that do not contain those elements or features.

As used herein, unless stated otherwise, the term subject refers to a mammal, e.g., a human,
mouse, rat, guinea pig, dog, cat, horse, cow, pig, or non-human primate, such as a monkey,
chimpanzee, or baboon. The terms “subject” and “patient” are used interchangeably. In certain
embodiments, a subject is a human suffering from a psychiatric disorder such as depression or
bipolar disorder. In certain embodiments, the subject is a human. In certain embodiments, the

human is a pediatric human. In certain embodiments, the subject is an adult human.

The terms "effective amount" or "therapeutically effective amount" as used herein, unless
stated otherwise, refer to a sufficient amount of at least one agent being administered which
achieve a desired result, e.g., to relieve to some extent one or more symptoms of a disease or
condition being treated. In certain instances, the result is a reduction and/or alleviation of the signs,
symptoms, or causes of a disease, or any other desired alteration of a biological system. In some
embodiments, the effective amount is a dose that is generally effective in alleviating, reducing,
noticeably reducing, or eliminating, symptoms associated with bipolar disorder or mania. In certain
instances, an "effective amount" for therapeutic uses is the amount of the composition comprising
an agent as set forth herein required to provide a clinically significant decrease in a disease. An
appropriate "effective" amount in any individual case is determined using any suitable technique,

such as a dose escalation study.

As used herein, unless stated otherwise, the term “treatment-resistant” is used as that term
is understood by one skilled in the art, and as used in the present invention, means a lack of
therapeutic response after at least one trial of an antidepressant at an adequate dose for about six

weeks.

The terms "administer," "administering," "administration," and the like, as used herein,
refer to the methods that are used to enable delivery of agents or compositions to the desired site
of biological action. These methods include, but are not limited to oral routes, intraduodenal routes,

parenteral injection (including intravenous, subcutaneous, intraperitoneal, intramuscular,
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intravascular or infusion), topical and rectal administration. Administration techniques that are
optionally employed with the agents and methods described herein, include e.g., as discussed in
Goodman and Gilman, The Pharmacological Basis of Therapeutics, current ed.; Pergamon; and
Remington's, Pharmaceutical Sciences (current edition), Mack Publishing Co., Easton, Pa. In some

embodiments, the agents and compositions described herein are administered orally.

The term "pharmaceutically acceptable" as used herein, refers to a material that does not
abrogate the biological activity or properties of the agents described herein, and is relatively
nontoxic (i.e., the toxicity of the material significantly outweighs the benefit of the material). In
some instances, a pharmaceutically acceptable material is administered to an individual without
causing significant undesirable biological effects or significantly interacting in a deleterious

manner with any of the components of the composition in which it is contained.

A “cocrystal” as used herein refers to a multiple component crystal containing two or more
non-identical compounds (cocrystal precursors) in a stoichiometric ratio (1:1) or a ratio of (2:1),
each of which is solid under ambient conditions (i.e., 22° C., 1 atmosphere of pressure) when in

their pure form.

29 CC

As used herein, the terms “treat,” “treatment” or “treating” refer to therapeutic treatments,
wherein the object is to reverse, alleviate, ameliorate, inhibit, slow down or stop the progression
or severity of a psychiatric disorder, e.g., depression, treatment resistant depression acute
suicidality and bipolar disorder. The term “treating” includes reducing or alleviating at least one
adverse effect or symptom of the psychiatric disorder. Treatment is generally “effective” if one or
more symptoms or clinical markers are decreased. Alternatively, treatment is “effective” if the
progression of the disorder is reduced or halted. That is, “treatment” includes not just the
improvement of symptoms or markers, but also a cessation of, or at least slowing of, progress or
worsening of symptoms compared to what would be expected in the absence of treatment.
Beneficial or desired clinical results include, but are not limited to, alleviation of one or more
symptom(s), diminishment of extent of disease, stabilized (i.e., not worsening) state of disease,
delay or slowing of disease progression, amelioration or palliation of the disease state, remission
(whether partial or total), and/or decreased mortality, whether detectable or undetectable. The term
“treatment” also includes providing relief from the symptoms or side-effects of a disorder, e.g. a

psychiatric disorder (including palliative treatment).
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As used herein, unless otherwise specified, the terms "prevent," "preventing" and
"prevention" contemplate an action that occurs before a patient begins to suffer from the specified

disease or disorder, which inhibits or reduces the severity or symptoms of the disease or disorder.

As used herein, and unless otherwise indicated, the terms "manage," "managing" and
"management" encompass preventing the recurrence of the specified disease or disorder in a
patient who has already suffered from the disease or disorder, and/or lengthening the time that a
patient who has suffered from the disease or disorder remains in remission. The terms encompass
modulating the threshold, development and/or duration of the disease or disorder or changing the

way that a patient responds to the disease or disorder.

29 CC 29 CC 29 CC

As used herein, “c-fos signaling,” “c-fos activity,” “c-fos expression,” “c-fos activation,”

2%

“c-fos gene expression,” “c-fos signaling activity,” “brain signaling activity” or “c-fos immediate
early gene (IEG) expression” are used interchangeably and refer to the activation of the expression
of an immediate early gene (IEG), e.g. c-fos, as measured, for example, by immunohistochemistry,
in situ hybridization of c-fos-specificationific probes, GFP expression in c-fos-GFP mice or by

pharmacomapping as disclosed herein (see Examples 1-5).

As used herein, unless stated otherwise, the term "synergy" or "synergism" or
"synergistically" or “synergistic” refers to the interaction of lithium and gaboxadol so that their
combined effect is greater than the sum of their individual effects. In certain embodiments, a
synergistic combination of lithium and gaboxadol is effective at treating, preventing and/or
managing a psychiatric disorder, including, but not limited to bipolar disorder, depression,

treatment-resistant depression and suicidality.

As used herein, unless stated otherwise, the term "additive" or "additively" or "additive
effect" or "additive action" refers to the interaction of lithium and gaboxadol so that their combined
effect is equal to the sum of their individual effects. In certain embodiments, an additive
combination of lithium and gaboxadol is effective at treating, preventing and/or managing a
psychiatric disorder, including, but not limited to bipolar disorder, depression, treatment-resistant

depression and suicidality.

As used herein, and unless otherwise indicated, the term “low induction of c-fos activity in

the brain” refers to gaboxadol-evoked or lithium-evoked or gaboxadol + lithium combination-
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evoked induction of c-fos that includes one to two cortical areas, such as anterior cingulate (ACA)
and retrosplenial (RSP) cortex and/or one to three subcortical areas, such as bed nuclei stria

terminalis (BST), central amygdala (CEA), and locus coeruleus (LC).

As used herein, and unless otherwise indicated, the term “moderate induction of c-fos
activity in the brain” refers to gaboxadol-evoked or lithium-evoked or gaboxadol + lithium
combination-evoked induction of c-fos that includes three to six cortical areas, such as ACA, RSP,
gustatory (GU), visceral (VISC), auditory (AUD) and visual (VIS) cortex and/or four to six
subcortical areas, such as BST, CEA, LC, nucleus of reunions (RE), romboid nucleus (RH) and

central medial nucleus (CM) of the thalamus.

As used herein, and unless otherwise indicated, the term “strong induction of c-fos activity
in the brain” refers to gaboxadol-evoked or lithium-evoked or gaboxadol + lithium combination-
evoked induction of c-fos that includes more than 6 cortical areas, such as ACA, RSP, GU, VISC,
AUD, VIS, motor (MO), agranular insular (AI), somatosensory (SS), prelimbic (PL) and
infralimbic (ILA), parietal (PTL), temporal associational (TEa), ectorhinal (ECT), entorhinal
(ENT), perirhinal (PERI), and piriform (PIR) cortex and claustrum (CLA) and/or more than 6
subcortical areas, such as BST, CEA, LC, RE, RH, CM, hippocampal CA1 region, cortical
amygdala (COA), basolateral and basomedial amygdala (BLA and BMA), medial amygdala
(MEA), thalamic ventral posteromedial nucleus (VPM), subparafascicular nucleus (SPF), medial
geniculate complex (MG), suprageniculate nucleus (SGN), paraventricular hypothalamic nucleus
(PVH), dorsomedial nucleus of the hypothalamus (DMH), tuberomammillary nucleus (TM),
parasubthalamic nucleus (PSTN) and subthalamic nucleus (STN), parabrachial nucleus, and

nucleus of the solitary tract (NTS).

As used herein, and unless otherwise indicated, the term “sub-standard dose” for lithium
refers to human doses in the range of about 50 to about 600 mg for an adult human) that would be
expected to lack therapeutic efficacy in lithium monotherapy of bipolar disorder, depression,

treatment-resistant depression and suicidality.

As used herein, and unless otherwise indicated, the term “standard dose” for lithium refers
to human doses in the range of 600 to 1800 mg, with a maximum daily dose of 2400 mg mg (for

an adult human), lithium carbonate that would be expected to be therapeutically effective as a
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lithium monotherapy of bipolar disorder, depression, treatment-resistant depression and

suicidality.

As used herein, and unless otherwise indicated, the term “low dose” for gaboxadol refers
to a human dose in the range of 5 to about 15 mg for an adult human or an animal equivalent dose
of about 1 to about 3 mg/kgthat, when administered to an animal model such as a mouse or rat,

does not induce an activation of immediate early c-fos gene (IEG) expression in a mouse brain.

As used herein, and unless otherwise indicated, the term “medium dose” for gaboxadol
refers to a human dose in the range of 15 to about 30 mg for an adult human or an animal equivalent
dose of about 3 to about 6 mg/kg that, when administered to an animal model such as a mouse or

rat. induces moderate activation of c-fos immediate early gene (IEG) expression in a mouse brain.

As used herein, and unless otherwise indicated, the term “high dose” for gaboxadol refers
to a human dose in the range of about 30 to about 100 mg for an adult human or an animal
equivalent dose of about 6 to about 20 mg/kg that, when administered to an animal model such as
a mouse or rat, induces a strong activation of c-fos immediate early gene (IEG) expression in a
mouse brain.As used herein, a dose expressed as mg/kg refers to number of milligrams of

medication per kilogram of the body weight of the subject taking the medication.
2) Lithium monotherapy

Lithium was first described as a mood stabilizer by the Australian psychiatrist John Cade
in 1949 for the treatment of acute mania (Cade JF Med J Aust. 1949; 2(10):349-52). Approved in
1970 by the U.S. Food and Drug Administration, the mechanism of action of lithium remains a
mystery, though it is has been proposed that lithium’s action stems, at least in part, from the ability
of the Li+ ion to inhibit glycogen synthase kinase 3 and inositol monophosphatase by displacing
magnesium, a cofactor essential for enzymatic activity (see, for example, U.S. Patent No.
9,265,764, the content of which is incorporated by reference herein in its entirety). Lithium is now
widely prescribed for the treatment of bipolar disorder, unipolar depression, treatment resistant

depression and suicide prevention.
a) Treatment of Bipolar disorder

Bipolar disorder is a mood disorder characterized by unusually intense emotional states

that occur in distinct periods called "mood episodes." An overly elated or overexcited state is called
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a manic episode, and an extremely sad or hopeless state is called a depressive episode. Individuals
suffering from bipolar disorder experience manic episodes, also commonly experience depressive
episodes or symptoms, or mixed episodes in which features of both mania and depression are
present at the same time. These episodes are usually separated by periods of "normal" mood, but
in some individuals, depression and mania may rapidly alternate, known as rapid cycling. Extreme
manic episodes can sometimes lead to psychotic symptoms such as delusions and hallucinations.
Patients affected by bipolar disorder have had at least one manic or hypomanic (mild mania)
episode. Patients with full manias and depression are indicated as having "bipolar I disorder".
Patients with hypomania and depression are described as having "bipolar II disorder." Onset of

episodes tends to be acute, with symptoms developing over days to weeks.

Symptoms of mania or a manic episode include both mood changes and behavioral
changes. Mood changes include the following: a long period of feeling "high," or an overly happy
or outgoing mood; and extremely irritable mood, agitation, feeling "jumpy" or "wired." Behavioral
changes include the following: talking very fast, jumping from one idea to another, having racing
thoughts; being easily distracted; increasing goal-directed activities, such as taking on new
projects; being restless; sleeping little; having an unrealistic belief in one's abilities; behaving
impulsively and taking part in a lot of pleasurable; and high-risk behaviors, such as spending

sprees, impulsive sex, and impulsive business investments.

Symptoms of depression or a depressive episode include both mood changes and
behavioral changes. Mood changes include the following: a long period of feeling worried or
empty; and loss of interest in activities once enjoyed, including sex. Behavioral Changes include
the following: feeling tired or "slowed down"; having problems concentrating, remembering, and
making decisions; being restless or irritable; changing eating, sleeping, or other habits; and

thinking of death or suicide, or attempting suicide.

In adult BP patients, the dose of lithium needed to achieve treatment efficacy in acute mania
typically begins with a dose between 600-900 mg lithium carbonate per day or approximately 10
to 15 mg/kg for an adult human, which is gradually increased up to 1800 mg or approximately 30
mg/kg for an adult human of lithium carbonate per day. Lithium has been traditionally given in 2-
4 divided doses, but a single evening dose has also been used and was shown to have a comparable

therapeutic efficacy with improved compliance and even lesser renal adverse effects (Carter et al.,
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2013; Ljubicic et al., 2008; Singh et al., 2011). The maximum daily dose usually should not exceed
2400 mg lithium carbonate or approximately 40 mg/kg for an adult human. The typical therapeutic
concentration of lithium in the serum for acute treatment of manic episodes is in the range of 0.6
to 1.2 mmol/L and the number of patients with a positive therapeutic response increases as the

serum lithium concentration increases.

For long-term control of BD in adults, the recommended dose is between 900 to 1500 mg
lithium carbonate/day or approximately 15 to 25 mg/kg for an adult human adult orally per day.
Lithium concentrations in the blood considered safe for BD maintenance treatment are in the range
as low as 0.4 mmol/L to 1.2 mmol/L, with the higher end of the range improving the likelihood of
effective prophylactic therapy. However, given the concerns about side-effects caused by the long
term use of lithium, the lower target ranges of 0.4 to 0.8 mmol/L are often used. In contrast,
concentrations between 1.2-2.5 mmol/L. may be associated with mild toxicity, concentrations
between 2.5 and 3.5 mmol/L result in severe toxicity, and concentrations greater than 3.5 mmol/L.

can be life-threatening.

In pediatric BD patients, dosing of lithium is within the range estimates for adults when
accounting for body size, i.e. 20-30 mg per kg of lithium carbonate per day in an acute treatment

and 10 to 25 mg of lithium carbonate per kg for chronic treatment.

Dosing in older patients must be carefully monitored to account for age-related lower renal
function, leading to two to threefold decreases in doses needed to achieve the desired serum

concentration (Rej et al., 2014).

Lithium treatment and monitoring during pregnancy is particularly challenging because
increased glomerular filtration rate leads to a substantial reduction of lithium levels and risk of BD
relapse. Clinical strategy in pregnancy is therefore to increase lithium dose during pregnancy and
in addition achieve higher serum levels during the early postpartum period that is associated with
a strongly increased risk of relapse (Deligiannidis et al., 2014). However, as the kidney functions
return to normal in the postpartum period, high lithium doses can lead to acute toxicity to the

mother as well as to the infant (Horton et al., 2012; Wesseloo et al., 2017).

In adults and children 12 years of age or older suffering from acute mania, the oral dose of

extended-release tablets can be 900 mg 2 times a day, or 600 mg 3 times a day. For the long-term
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treatment of mania, in adults and children 12 years of age or older the oral dose can be 600 mg 2
times a day, or 3 times a day up to 1200 mg per day. Treatment of mania in children younger than

12 years of age is not recommended.

b) Treatment of Unipolar depression and suicide prevention

Unipolar depression or major depressive disorder (MDD) is used as that term is understood
in art, and refers to a diagnosis that is guided by diagnostic criteria listed in DSM-IV or ICD-10,
or in similar nomenclatures (DSM IV-TR—Desk reference to the diagnostic criteria from DSM-
IV-TR, American Psychiatric Association, Washington D.C. 2000; Kaplan, H. I. et al. Kaplan and
Sadock's Synopsis of Psychiatry (8th edition) 1998 Williams & Wilkins, Baltimore). Unipolar
depression is a major clinical problem with lifetime prevalence in Western cultures estimated to
be between 4%-12%. Although approximately 70% of patients respond to treatment with
antidepressants, up to 75% have a recurrence within 10 years and a very high proportion of
sufferers remain undiagnosed and untreated. The unipolar connotes a difference between major
depression and bipolar depression, which refers to an oscillating state between depression and
mania. Instead, unipolar depression is solely focused on the “lows” characterized by a rumination
on negative emotions. DSM IV requires for the diagnosis of major depression the presence of a
major depressive episode. This in turn consists of at least five of the nine symptoms present during
the same 2-week period, of which depressed mood or loss of interest or pleasure has to be one of
the symptoms. Changes in weight/appetite, sleep, energy, psychomotor retardation or agitation,
guilt, decreased concentration, suicidality are the other symptoms. It should also be noted
that depression is not the only psychiatric disorder leading to suicide. Other disorders like bipolar
disorder, psychotic disorders (like schizophrenia), anxiety disorders (including panic disorders,

OCD, PTSD), alcohol and drug addictions, and personality disorders may also lead to suicide.

Lithium is also used as an adjunct treatment and for reducing suicidality in unipolar
depression, especially in a population of patients with treatment-resistant depression (Cipriani et
al., 2013; Cipriani et al., 2005; Roberts et al., 2017). In addition, lithium has also been
recommended in the prophylaxis of recurrent unipolar depressive episodes in this population, with
the suggestion to start the prophylactic life-long treatment after the occurrence of 2 episodes of
severe depression with suicidal risk within 5 years (Abou-Saleh et al., 2017; Baldessarini et al .,

2003; Post, 2018; Tiihonen et al., 2016; Toffol et al., 2015). Remarkably, lithium appears to have
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an anti-suicide effect even at very low concentrations in drinking water, typically less than 150

ug/L (Ando et al., 2017; Vita et al., 2015).

Despite its well-established efficacy in the treatment of BD, lithium treatment has several
disadvantages. The therapeutically effective window is very narrow which means even modest
changes in serum concentration can have significant toxicity leading to, for example,
nephrotoxicity accompanied with extreme thirst, nausea, vomiting, diarrhea, drowsiness, muscle
weakness, tremor, lack of coordination, hallucinations, seizures (blackout or convulsions), vision
problems, dizziness, fainting, slow heart rate, or fast or uneven heartbeats. In addition, long-term
therapeutic maintenance amongst BD patients can be quite variable, with only approximately 30%
of patients showing good long-term efficacy (Scott et al., 2017). Therefore, the development of a
lithium form with good therapeutic efficacy in a broader population of BD would dramatically

improve BD treatment options.
3) Gaboxadol monotherapy

Gaboxadol, gaboxadolum or THIP (4, 5, 6, 7-tetrahydroisoxazolo (5, 4-¢) pyridin-3-ol,
CsHgN»O»; Cas Number: 64603-91-4; PubChem CID: 3448) is a selective GABAA receptor

agonist with a preference for 6-subunit containing GABAA receptors having the structure of:

.
A
| NH
H N .\\,‘f e {:}

"Gaboxadol" is intended to include any form of the compound, such as the base (zwitter
ion), pharmaceutically acceptable salts, e.g. pharmaceutically acceptable acid addition salts,
hydrates or solvates of the base or salt, as well as anhydrates, and also amorphous, or crystalline

forms.

Typically, the medicament can be in a solid oral dose form, such as tablets or capsules, or
a liquid oral dose form. Thus, a typical embodiment is use of gaboxadol for preparing a
medicament in an oral dose form comprising an effective amount of the gaboxadol from 2.5 mg to
100 mg. Preferably, the gaboxadolis in a crystalline form. Further embodiments of the

medicament comprises an effective amount of gaboxadol from about 2.5 mg to about 100 mg, such
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as 2.5 mg to 4 mg, 4 mg to 6 mg, 6 mg to 8 mg, 8 mg to 10 mg, 10 mg to 12 mg, 12 mg to 14 mg,
14 mgto 16 mg, 16 mg to 18 mg, or 18 mg to 20 mg, e.g. 2.5 mg, 5 mg, 7.5 mg, 10 mg, 12.5 mg,
15 mg, 20 mg, 40 mg or 50 mg. A typical embodiment being about 15 mg to about 50 mg of
crystalline gaboxadol, such as the hydrochloride of gaboxadol.

Methods for the preparation of solid pharmaceutical preparations are well known in the art.
Tablets may thus be prepared by mixing the active ingredients with ordinary adjuvants and/or
diluents and subsequently compressing the mixture in a convenient tableting machine. Examples
of adjuvants or diluents comprise: corn starch, lactose, talcum, magnesium stearate, gelatin,
lactose, gums, and the like. Any other adjuvant or additive such as colorings, aroma, preservatives,

etc. may also be used provided that they are compatible with the active ingredients.

Examples of gaboxadol formulations, or pharmaceutically acceptable salts thereof, are
disclosed in the following patent publications: WQO2018144827, US20110082171,
US20090048288, WO2006118897, WO2006102093, US20050137222, W0O2002094225,

WO02001022941, the contents of which are incorporated by reference herein in their entireties.

In the early 1980s gaboxadol was the subject of a series of pilot studies that tested its
efficacy as an analgesic and anxiolytic, as well as a treatment for tardive dyskinesia, Huntington's
disease, Alzheimer's disease, and spasticity. In the 1990s gaboxadol moved into late stage
development for the treatment of insomnia. The development was discontinued after the compound
failed to show significant effects in sleep onset and sleep maintenance in a three-month efficacy

study.

A clinical trial to investigate the efficacy of gaboxadol in the treatment of symptoms of
Angelman Syndrome (a developmental disorder) sponsored by Ovid Therapeutics Inc.
(ClinicalTrials.gov Identifier: NCT02996305) is currently underway. Patent applications on
related subject matter include U.S. Patent No. 9,744,159, published US Patent Application No.
2017/348232 and WIPO International Patent Application W0O2017015049, the contents of which
are incorporated herein by reference in their entireties. Gaboxadol for the treatment of sleep apnea
was disclosed in W02005094820, the content of which is incorporated by reference herein in its
entirety. Methods of treating depression with gaboxadol are disclosed in the published U.S. patent
application No. 2009/0048288, the content of which is incorporated by reference herein in its

entirety.
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