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5-HYDROXYTRYPTOPHAN GASTRORETENTIVE DOSAGE FORMS

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority to and the benefit of U.S. Provisional Patent Application
Serial No. 63/227,915, filed July 30, 2021; the disclosure of which is incorporated herein by

reference in its entirety.

TECHNICAL FIELD
The presently disclosed subject matter relates to gastroretentive, sustained-release dosage
forms for 5-hydroxytryptophan (5-HTP) and to methods of treating disorders of the body using said

dosage forms.

BACKGROUND

The listing or discussion of an apparently prior-published document in this specification
should not necessarily be taken as an acknowledgement that the document is part of the state of the
art or is common general knowledge.

5-Hydroxytryptophan (5-HTP) is the natural rate-limiting precursor of serotonin in the
mammalian body (Jacobsen er al, 2016b). Serotonin is a signaling molecule, present in many
tissues of the body, including the brain and the intestine. Oral administration of exogenous 5-HTP
to the mammalian body can increase plasma levels of 5-HTP and brain levels of serotonin
(Jacobsen et al, 2016b). In humans, 5-HTP has been used experimentally to treat depression (van
Praag, 1982), anxiety (Kahn and Westenberg, 1985), myoclonus (Magnussen et al, 1977),
fibromyalgia (Caruso ef al, 1990), migraine (Santucci et al, 1986), headache (Bono et al, 1984),
obesity (Cangiano et al, 1992), Parkinson’s Disease depression (Meloni ef al/, 2020a), L-DOPA
dyskinesias in Parkinson’s Disease (Meloni ef al, 2020b), sleep disorders (Birdsall, 1998), certain
pediatric developmental disorders (Ramaekers ef al, 2001), and ataxic disorders (Trouillas et al,
1988), among other diseases.

A 5-HTP medication could also have therapeutic relevance in indications known to be
responsive to pro-serotonergics, non-limiting examples of which include social anxiety, panic
disorder, generalized anxiety disorder, obsessive compulsive disorder (OCD), mood symptoms and
agitation related to neurological disorders (e.g. Alzheimer’s, Parkinson’s), stroke recovery,

premenstrual dysphoria, post-traumatic stress disorder, post-partum depression, depression after
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interferon treatment, eating disorders, obesity, irritable bowel syndrome-constipation, idiopathic
constipation, and other constipation disorders. Moreover, a 5-HTP medication could have
therapeutic relevance in indications where the pathogenesis is associated with low brain serotonin,
non-limiting examples of which include impulse control disorders, aggression, suicidality,
borderline personality disorder, autism, phenylketonuria, and tetrahydrobiopterin deficiency.

However, native 5S-HTP in an immediate release dosage form (hereinafter “native 5-HTP
immediate release”, i.e., the naturally occurring molecular form of 5-HTP formulated for
immediate release without compounds that can enhance 5-HTP bioavailability) has inadequate
pharmacokinetics for practical therapeutic use. For example, native 5S-HTP immediate release has a
short half-life (T2 ~ 2h; typically reported to be 1.5h to 3h (Gijsman et al, 2002)), which
necessitates frequent dosing, e.g., 3 or more times per day, to provide reasonably stable exposure
(Thombre, 2005; van Praag, 1982). Further, native 5S-HTP immediate release has rapid absorption
(Tmax ~ 1h), which is associated with rapid Cmax-related adverse events (Lowe et al, 2006, van
Praag, 1982). In addition, in many therapeutic scenarios, the modest oral bioavailability of native 5-
HTP immediate release (e.g., in one study ~20% (W02019245925)) can lead to the use of high
daily doses, and hence large dosage forms, or many dosage forms ingested per day, which can
make therapy cumbersome or impractical.

Animal data demonstrate that sustained-release S-HTP administration (modeled using either
osmotic minipumps or dietary administration) can: (i) provide sustained elevated 5-HTP plasma
levels; (ii) enhance brain serotonin synthesis, levels, and function; and (iii) markedly reduce the
adverse events usually associated with native 5-HTP immediate release. In addition, the animal
data imply that the adverse events associated with native 5-HTP immediate release administration
is not only associated with 5S-HTP plasma Cmax, but also with the steepness of the slope to Cmax
(Jacobsen ef al, 2016a; Jacobsen ef al, 2019).

Thus, there is a need for a sustained-release drug technology for 5-HTP, e.g., dosage forms
that can substantially delay 5-HTP plasma Twmax, hence decreasing the steepness of the slope to
Cmax, compared to what is observed with native 5-HTP immediate release administration and/or
that can provide for maintained 5-HTP plasma levels within the therapeutical range, ideally once-
or twice-daily dosing. Such technology could have wide therapeutic relevance across CNS and
non-CNS disorders, e.g., by providing more effective ability to elevate endogenous serotonin
synthesis, serotonin levels (intra- and/or extracellular), serotonin neurotransmission, and serotonin
function, in the brain or periphery, depending on the indication. Dosage forms based on such

technology could be used as a monotherapy or as an adjunctive therapy for other pro-serotonergics,
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e.g., as an adjunctive therapy for serotonin reuptake inhibitors. Further, such dosage forms could be
used as an adjunctive therapy to other therapies that have only partial or no serotonin modulatory

pharmacology.

SUMMARY

This summary lists several embodiments of the presently disclosed subject matter, and in
many cases lists variations and permutations of these embodiments. This summary is merely
exemplary of the numerous and varied embodiments. Mention of one or more representative
features of a given embodiment is likewise exemplary. Such an embodiment can typically exist
with or without the feature(s) mentioned; likewise, those features can be applied to other
embodiments of the presently disclosed subject matter, whether listed in this summary or not. To
avoid excessive repetition, this Summary does not list or suggest all possible combinations of such
features.

In some embodiments, the presently disclosed subject matter provides a gastroretentive
dosage form comprising a tablet, wherein said tablet comprises two layers: (a) a swelling layer
comprising one or more hydrophilic polymers, wherein each of said one or more hydrophilic
polymers is swellable in the presence of gastric fluid; and (b) a modified release layer, wherein the
modified release layer comprises 5-hydroxytryptophan (5-HTP) and carbidopa; and wherein a time
period for 80% by weight of the 5S-HTP to release from the dosage form in dissolution testing is
within about 2 hours of a time period for release of 80% by weight percentage of the carbidopa. In
some embodiments, the time period for 80% by weight of one or both of the 5-HTP and the
carbidopa to release from the dosage form in dissolution testing is about 5 hours to about 12 hours.

In some embodiments, the modified release layer comprises one or more hydrophilic
polymers selected from the group comprising a low viscosity hydroxypropyl methylcellulose
(HPMC), medium viscosity HPMC, high viscosity HPMC, low molecular weight (MW)
polyethylene oxide (PEO), medium MW PEO, high MW PEO, and high viscosity hydroxyethyl
cellulose. In some embodiments, the modified release layer comprises about 14% (w/w) to about
37% (w/w) of the one or more hydrophilic polymers based on a total weight of the modified release
layer. In some embodiments, the modified release layer comprises about 5% (w/w) of a medium
MW PEO or a high MW PEO and about 13% (w/w) to about 32% (w/w) of a low viscosity HMPC,
a medium viscosity HPMC, or a mixture of medium viscosity HPMC and high viscosity HPMC

based on a total weight of the modified release layer.
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In some embodiments, the modified release layer comprises, based on a total weight of the
modified release layer: (i) about 50 % (w/w) 5-HTP; (ii) about 0.0625% (w/w) to about 5% (w/w)
carbidopa; or (iii) about 50% (w/w) 5-HTP and about 0.0625% (w/w) to about 5% (w/w)
carbidopa. In some embodiments, the modified release layer further comprises about 5% (w/w) to
about 30% (w/w) of one or more ductile filler based on a total weight of the modified release layer,
optionally wherein the ductile filler comprises or consists of microcrystalline cellulose (MCC). In
some embodiments, the modified release layer further comprises about 0.5% (w/w) to about 3%
(w/w) of a lubricant based on a total weight of the modified release layer, optionally wherein the
lubricant is selected from the group comprising sodium stearyl fumarate (SSF), glyceryl behenate,
stearic acid, magnesium stearate, and mixtures thereof. In some embodiments, the modified release
layer further comprises about 0.01% (w/w) to about 1% (w/w) of an antioxidant based on a total
weight of the modified release layer, optionally wherein the antioxidant is selected from the group
comprising butylated hydroxytoluene (BHT), butylated hydroxyanisole, tocopherol, tocopherol
acetate, ascorbic acid, sodium sulfite, sodium metabisulfite, and mixtures thereof.

In some embodiments, the swelling layer comprises high MW PEO and high viscosity
HPMC, optionally wherein the swelling layer comprises a weight ratio of high MW PEO:high
viscosity HPMC of about 1:1. In some embodiments, the swelling layer further comprises up to
about 5 % (w/w) of a lubricant based on a total weight of the swelling layer, optionally wherein the
lubricant comprises or consists of sodium stearyl fumarate (SSF).

In some embodiments, the swelling layer and the modified release layer have about the
same weight. In some embodiments, the total weight of the tablet is between about 500 milligrams
(mg) and about 2000 mg; optionally wherein the total weight of the tablet is about 1000 mg. In
some embodiments, the tablet comprises about 250 mg of 5-HTP and about 0.3125 mg to about 25
mg of carbidopa.

In some embodiments, the modified release layer comprises, based on a total weight of the
modified release layer: about 50% (w/w) 5-HTP; about 0.06% (w/w) to about 54% (w/w)
carbidopa; about 5.7% (w/w) to about 25.1% (w/w) MCC, about 5% (w/w) medium or high MW
PEO; about 7% (w/w) to about 18% (w/w) medium viscosity HPMC; about 0% (w/w) to about
25% (w/w) high viscosity HPMC; about 0.2% (w/w) BHT, about 0.1% (w/w) colloidal silica; and
about 1.5% (w/w) SSF. In some embodiments, the modified release layer comprises, based on a
total weight of the modified release layer: about 50% (w/w) 5-HTP; about 0.06% (w/w) to about
5.4% (w/w) carbidopa; about 19.8% (w/w) to about 25.1% (w/w) MCC; about 5% (w/w) medium
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or high MW PEO; about 18% (w/w) medium viscosity HPMC; about 0.2% (w/w) BHT, about 0.1%
(w/w) colloidal silica; and about 1. 5% (w/w) SSF.

In some embodiments, the swelling layer swells to at least about 150 % of the dry volume
of the swelling layer in an aqueous solution. In some embodiments, tablet remains in the stomach
for about 5 hours after oral administration to a human. In some embodiments, the modified release
layer remains stable for at least 70 days when stored at 15°C to about 25°C protected from light.
IN some embodiments, the modified release layer and the swelling layer remain attached to one
another for at least 8 hours during disintegration testing according to USP <701> with use of a disk.
In some embodiments, the modified release layer has an acceptance value (AV) of about 15 or less
and a relative standard deviation (RSD) of about 3 or less in content uniformity testing according to
USP <905>.

In some embodiments, administration of the tablet once or twice daily to a mammalian
subject, optionally a human, provides a time to achieve a maximum plasma concentration (Tmax) of
5-HTP that is delayed about 4 hours on average compared to an immediate release dosage form of
native 5-HTP. In some embodiments, administration of the tablet once or twice daily to a
mammalian subject, optionally a human, provides about 1-fold to about 10-fold 5-HTP plasma
exposure compared to an immediate release native 5-HTP dosage form comprising the same weight
of 5-HTP and wherein said immediate release native 5-HTP dosage form does not comprise
carbidopa.

In some embodiments, administration of the tablet once or twice daily to a mammalian
subject, optionally a human, provides a steady state average 5-HTP plasma level of about 25
nanograms per milliliter (ng/ml) or more, optionally wherein the steady state average 5-HTP
plasma level is about 50 ng/ml or more, optionally wherein the steady state average 5-HTP plasma
level is about 100 ng/ml or more, optionally wherein the steady state average 5-HTP plasma level is
between 100 ng/ml and 500 ng/ml. In some embodiments, administration of the tablet once or
twice daily to a mammalian subject, optionally a human, provides a steady state average carbidopa
plasma level of about 25 ng/ml or less, optionally about 20 ng/ml or less, further optionally about
10 ng/ml or less. In some embodiments, administration of the tablet once or twice daily to a
mammalian subject, optionally a human, provides a steady state average maximum carbidopa
plasma level (Cmax) of about 25 ng/ml or less, optionally about 20 ng/ml or less, further optionally
about 10 ng/ml or less.

In some embodiments, administration of the tablet once or twice daily to a mammalian

subject, optionally a human, provides an increased 5-HTP half-life compared to a 5S-HTP half-life
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when native 5-HTP is administered in an immediate release form, optionally wherein the 5-HTP
half-life is increased by about 10% to about 200% compared to the S-HTP half-life when the native
5-HTP is administered in an immediate release form. In some embodiments, the dosage form is
configured to provide a same release rate for 5S-HTP and/or a same release rate for carbidopa over a
range of carbidopa content from 0.3125 mg to 25 mg when a total combined weight of carbidopa
and microcrystalline cellulose is held constant.

Accordingly, it is an object of the presently disclosed subject matter to provide
gastroretentive dosage forms or modified/sustained release of 5-HTP and carbidopa. An object of
the presently disclosed subject matter having been stated hereinabove, and which is achieved in
whole or in part by the presently disclosed subject matter, other objects will become evident as the
description proceeds when taken in connection with the accompanying drawings and examples as

best described herein below.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the disclosure may be readily understood and put into practical effect,
reference will now be made to examples as illustrated with reference to the accompanying figures.
The figures together with the description serve to further illustrate the embodiments of the
invention and explain various principles and advantages.

Figures 1A-1D: Dissolution testing of 5-HTP/low-dose carbidopa gastroretentive tablets in
vitro — 5-HTP release from “fast” vs “slow” tablets. 5-HTP release over 18h. (Figure 1A) “Fast”
bilayer tablet, 250 mg 5-HTP, 0.3125 mg carbidopa. (Figure 1B) “Fast” bilayer tablet, 250 mg 5-
HTP, 25 mg carbidopa. (Figure 1C) “Slow” bilayer tablet, 250 mg 5-HTP, 0.3125 mg carbidopa.
(Figure 1D) Slow bilayer tablet, 250 mg S5-HTP, 25 mg carbidopa. Conditions: USP III
(Reciprocating Cylinder) Dissolution Bath. 250 mL of 0.1 M HCI + 0.02% disodium EDTA. 37°C
+0.5.

Figure 2: Dissolution testing of “fast” 5-HTP/low-dose carbidopa gastroretentive tablets in
vitro — Effect of carbidopa levels on 5-HTP release. Conditions: USP IIT (Reciprocating Cylinder)
Dissolution Bath. 250 mL of 0.1 M HCI + 0.02% disodium EDTA. 37°C £ 0.5.

Figures 3A-3C: Dissolution testing of “fast” 5-HTP/low-dose carbidopa gastroretentive
tablets in vitro — Parallel release of 5-HTP and carbidopa across formulations. (Figure 3A) “Fast”
bilayer tablet 250 mg 5-HTP 25 mg carbidopa. (Figure 3B) “Slow” bilayer tablet 250 mg 5-HTP 25
mg carbidopa. (Figure 3C) “Intermediate” bilayer tablet 250 mg 5-HTP 5 mg carbidopa.
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Conditions: USP III (Reciprocating Cylinder) Dissolution Bath. 250 mL of 0.1 M HCI + 0.02%
disodium EDTA. 37°C £ 0.5.

Figures 4: Pair of photographic images showing swelling of the “fast” 5-HTP/low-dose
carbidopa gastroretentive tablets. (Image on left) Baseline. (Image on right) At 8 hours. Copley
disintegration tester with disk.

Figures SA-5E: Dissolution testing of the “fast” 5-HTP/low-dose carbidopa gastroretentive
tablets during a 70-day stability study. (Figures SA-5C) 5-HTP release. (Figures SD-5E) carbidopa
release. Carbidopa release at the 0.625 mg carbidopa level could not be assessed as the carbidopa
levels were too low to be reliably quantified. Conditions: USP III (Reciprocating Cylinder)
Dissolution Bath. 250 mL of 0.1 M HCI + 0.02% disodium EDTA. 37°C £ 0.5.

Figures 6A-6D: Pharmacokinetic evaluation of the 5-HTP/low-dose carbidopa
gastroretentive tablets in human healthy volunteers — 5-HTP plasma profiles. Comparison to 250
mg native S-HTP immediate release after a high-fat, high-calorie (HF) meal. (Figures 6A) Plasma
5-HTP profiles after single-dose administration of different carbidopa doses of the 5-HTP/low-dose
carbidopa gastroretentive tablets compared to 5S-HTP immediate release following a HF meal.
(Figures 6B) Plasma 5-HTP profiles after single-dose administration of 250 mg 5-HTP/15 mg
carbidopa gastroretentive tablets following a moderate-fat, moderate-calorie (MF) meal compared
to after a HF meal, referenced to 5S-HTP immediate release after a HF meal. (Figures 6C) Plasma 5-
HTP profiles over 24h at steady-state, after multiple-dose administration of different carbidopa
doses of the 5-HTP/low-dose carbidopa gastroretentive tablets, as modeled by non-parametric
superposition; compared to S-HTP immediate release. (Figures 6D) AUCon-12n plasma 5-HTP levels
at steady state, after multiple-dose administration of different carbidopa doses of the S-HTP/low-
dose carbidopa gastroretentive tablets, as modeled by non-parametric superposition; compared to 5-
HTP immediate release.

Figures 7A-7D: Pharmacokinetic evaluation of the 5-HTP/low-dose carbidopa
gastroretentive tablets in human healthy volunteers — carbidopa plasma profiles. Note, absence of
data for a given carbidopa dose level indicates insufficient data above the lower limit of
quantitation. (Figures 7A) Plasma carbidopa profiles after single-dose administration of different
carbidopa doses of the 250 mg 5-HTP/carbidopa gastroretentive tablets. (Figures 7B) Plasma
carbidopa profiles after single-administration of 250 mg 5-HTP/15 mg carbidopa gastroretentive
tablets following a moderate-fat, moderate-calorie (MF) meal compared to after a HF meal.
(Figures 7C) Plasma carbidopa levels over 24h at steady-state, after multiple-dose administration of

carbidopa levels at 5 mg and 15 mg of the S-HTP/low-dose carbidopa gastroretentive tablets, as
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modeled by non-parametric superposition. (Figures 7D) AUcon-12n plasma carbidopa levels at steady

state, after multiple-dose administration of carbidopa dose levels at 5 mg and 15 mg of the 5-

HTP/low-dose carbidopa gastroretentive tablets, as modeled by non-parametric superposition.
Figure 8: Gastric retention and colon arrival time of the 5-HTP/low-dose carbidopa

gastroretentive tablets in human healthy volunteers.

DETAILED DESCRIPTION

The presently disclosed subject matter will now be described more fully hereinafter with
reference to the accompanying Figures and Examples, in which representative embodiments are
shown. The presently disclosed subject matter can, however, be embodied in different forms and
should not be construed as limited to the embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and complete, and will fully convey the scope
of the embodiments to those skilled in the art.

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the presently
described subject matter belongs. All publications, patent applications, patents, and other

references mentioned herein are incorporated by reference in their entirety.

L Definitions

While the following terms are believed to be well understood by one of ordinary skill in the
art, the following definitions are set forth to facilitate explanation of the presently disclosed subject
matter.

Following long-standing patent law convention, the terms “a”, “an”, and “the” refer to “one
or more” when used in this application, including the claims. Thus, for example, reference to "an
agent" or “a polymer” includes a plurality of such agents or polymers, and so forth.

Unless otherwise indicated, all numbers expressing quantities of size, reaction conditions,
and so forth used in the specification and claims are to be understood as being modified in all
instances by the term “about”. Accordingly, unless indicated to the contrary, the numerical
parameters set forth in this specification and attached claims are approximations that can vary
depending upon the desired properties sought to be obtained by the presently disclosed subject
matter.

As used herein, the term “about”, when referring to a value or to an amount of size (i.e,,

diameter), weight, concentration or percentage is meant to encompass variations of in one example
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+20% or £10%, in another example +5%, in another example £1%, and in still another example
+0.1% from the specified amount, as such variations are appropriate to perform the disclosed
methods.

As used herein, the term “and/or” when used in the context of a listing of entities, refers to
the entities being present singly or in combination. Thus, for example, the phrase “A, B, C, and/or
D” includes A, B, C, and D individually, but also includes any and all combinations and
subcombinations of A, B, C, and D.

The term “comprising”, which is synonymous with “including” “containing” or
“characterized by” is inclusive or open-ended and does not exclude additional, unrecited elements
or method steps. “Comprising” is a term of art used in claim language which means that the named
elements are essential, but other elements can be added and still form a construct within the scope
of the claim.

As used herein, the phrase “consisting of” excludes any element, step, or ingredient not
specified in the claim. When the phrase “consists of” appears in a clause of the body of a claim,
rather than immediately following the preamble, it limits only the element set forth in that clause;
other elements are not excluded from the claim as a whole.

As used herein, the phrase “consisting essentially of” limits the scope of a claim to the
specified materials or steps, plus those that do not materially affect the basic and novel
characteristic(s) of the claimed subject matter.

LR N4

With respect to the terms “comprising”, “consisting of”, and “consisting essentially of”,
where one of these three terms is used herein, the presently disclosed and claimed subject matter
can include the use of either of the other two terms.

As used herein, the term “exposure” refers to the total blood/plasma/serum/bodily levels of
a drug integrated over time, usually expressed as area under the curve, either to infinity (AUCon-
Infinity), Of Within a defined time-period (e.g., AUCon-12n). Exposure is often used interchangeably
with “levels”.

As used herein, a 1-fold change (e.g., a 1-fold increase) refers to an increase of 100% of the
baseline value, added to the baseline value, to yield 200% of baseline.

As used herein, the term “treatment” includes references to therapeutic or palliative
treatment of patients in need of such treatment, as well as to the prophylactic treatment and/or
diagnosis of patients which are susceptible to the relevant disease states to the extent that of these

are possible.
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The terms “patient” and “patients” include references to mammalian (e.g., human) patients.
As used herein the terms "subject" or "patient" are well-recognized in the art, and, are used
interchangeably herein to refer to a mammal, including dog, cat, rat, mouse, monkey, cow, horse,
goat, sheep, pig, camel, and, most preferably, a human. In some embodiments, the subject is a
subject in need of treatment or a subject with a disease or disorder. However, in other
embodiments, the subject can be a normal subject. The term does not denote a particular age or sex.
Thus, adult, juvenile, and newborn subjects, whether male or female, or not identifying as any
specific gender, are intended to be covered.

The term “gastroretentive dosage form” as used herein refer to a dosage form (e.g., an oral
dosage form, such as a tablet or capsule) that is retained in the stomach for a time and releases a
substantial proportion of the active pharmaceutical ingredient or active pharmaceutical ingredients
into the stomach acid and other gastric contents, from where the active pharmaceutical ingredient(s)
can travel by bulk flow via the pyloric sphincter into the upper intestine (duodenum, jejunum,
ileum) for absorption. After it exits the pylorus, a gastroretentive dosage form can release some of
the active pharmaceutical ingredient(s) into the intestine, where additional absorption can occur.

The term “immediate release” refers to a dosage form wherein at least 85% of the active
pharmaceutical ingredient (API) content of the dosage form is dissolved within a short time-span,
in an aqueous dissolution media of sufficient volume and solubility ensuring the media does not
limit the dissolution rate, for which the resulting pharmacokinetic profile does not functionally
differ compared to, for example, if the API had been delivered as unformulated powder or in
solution as an oral bolus (and provided that the API from the oral bolus does not precipitate when
delivered).

The terms “native 5-HTP immediate release”, “immediate release native 5-HTP”,
“immediate release dosage form of native 5-HTP” and the like refer to immediate release
administration/formulation of 5-HTP without use of compounds that enhance 5-HTP’s
bioavailability.

The term “steady state” as used herein refers to pharmacokinetic steady state, either
measured in mammalian subjects during repeat dosing over several days, or longer, or extrapolated
from single-administration of a compound or compounds in mammals using appropriate
mathematical models. At steady state the plasma exposure profile and average level of the
compound does not functionally change across different treatment days, provided the compound is
administered using the same dose and dosage form and same route and (e.g., oral, intravenous, etc.)

mode of administration (e.g., fasted/fed, time of day). Thus, in pharmacokinetics and as used

10
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herein, “steady state” can refer to the situation where the overall intake of an active pharmaceutical
compound is fairly in dynamic equilibrium with its elimination. The average plasma level of the
compound remains about the same from day to day, although there can be intra-day fluctuations
related to dosing and elimination. In practice, for most drugs, it typically takes between about 4 and
about 6 half-lives to reach steady state after regular dosing is started.

The term “sustained release” refers to drug delivery of an active pharmaceutical ingredient
or ingredients that is markedly protracted, such as to producing a delayed Twmax, a decreased Cwmax,
and a prolonged elevated plasma level of the active pharmaceutical ingredient delivered, compared
to when said active pharmaceutical compound is delivered as in its immediate release form.
“Sustained release” can have synonymous terms, non-limiting examples of which include “slow-
release”, “extended release”, “controlled release”, or “modified release”.

The term “serotonin reuptake inhibitor” refers to any compound that at plasma exposure
levels observed during dosing with therapeutic dosages functionally inhibits the serotonin
transporter, i.e., causing an elevation in extracellular serotonin in a tissue or compartment of the
body by blocking re-uptake of serotonin into the cell via the serotonin transporter. Non-limiting
examples of serotonin reuptake inhibitors include selective serotonin reuptake inhibitors, serotonin-
norepinephrine reuptake inhibitors, certain tricyclic antidepressants, vilazodone, vortioxetine,
trazodone, nefazodone, methylphenidate, dextromethorphan, amphetamines, and fenfluramine.

The term “matrix”, as used herein, denotes its well-known meaning in the pharmaceutical
arts, that is, a solid material, optionally having an active ingredient incorporated therein, providing

swelling or structural support.

1L General Considerations

While 5-HTP has moderate bioavailability in in the upper intestine (e.g., ~20%, according
to one study), the bioavailability in the colon is low (e.g., ~4%, according to one study)
(W02019245925). Therefore, according to one aspect of the presently disclosed subject matter, a
gastroretentive, sustained-release dosage form that delivers 5-HTP to the upper intestine for a
prolonged period of time is provided to achieve oral sustained-release delivery of 5-HTP. In a
further aspect, a compound, e.g., carbidopa, improving 5-HTP’s bioavailability is delivered
together with 5-HTP for the gastroretentive, sustained-release dosage form.

Relatively high plasma levels of 5-HTP, i.e., >50 ng/ml, appear to be needed for potent
pharmacological enhancement of brain serotonin [(Gijsman ef al, 2002; Lowe et al, 2006; Meltzer

et al, 1997, Sargent et al, 1998; Shenker et al, 1985) and (W(02019245925)], meaning previous 5-
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HTP treatments have typically involved administration of frequent large doses of 5S-HTP. This can
present a challenge; and more so as sustained-release formulations often are more limited in the
possible dose load due to the presence of release modifying excipients in the dosage form. In
previous exploratory studies of 5-HTP in humans, a peripheral decarboxylase inhibitor (PDI) has
been co-administered to enhance the bioavailability of 5-HTP (Turner ef a/, 2006). PDIs inhibit the
enzyme aromatic amino acid decarboxylase (AAAD). In the human body, both 5-HTP (the natural
immediate serotonin precursor) and L-DOPA (the natural immediate dopamine and norepinephrine
precursor) are metabolized by AAAD, to serotonin and dopamine, respectively.

Common PDIs include carbidopa and benserazide. Carbidopa and benserazide are used in
regulatorily approved drug products together with L-DOPA to treat Parkinson’s Disease. PDIs are
usually used in saturating doses, 75-150 mg/day, inhibiting the majority or essentially all of
systemic amino acid decarboxylase activity, while leaving brain amino acid decarboxylase activity
uninhibited. When previously administered with 5S-HTP in the published medical literature, the
PDI—usually carbidopa, but sometimes benserazide—has always been administered in one dosage
form while the 5-HTP has been administered in a different dosage form. Doses of the PDI given
alongside 5-HTP have typically been similar to the PDI doses used in Parkinson’s therapy, i.e.,
>100 mg/day [see e.g., (Magnussen ef al, 1982; van Praag, 1982)].

When given with high-dose L-DOPA (=400 mg/day), even high-dose PDI (=100 mg/day)
does not prevent a significant fraction of the L-DOPA from being metabolized to dopamine,
adrenaline, and noradrenaline in the periphery, thereby preserving the peripheral hormonal and
transmitter functions of dopamine, adrenaline, and noradrenaline (Eisenhofer er al/, 2014).
However, there is evidence that chronic treatment with high-dose PDI to humans not treated with
L-DOPA could carry health risks, e.g., by affecting dopamine, adrenaline, and noradrenaline or
other transmitter systems and biological processes [discussed in (W02019148087); and see also
(Allen et al, 2009; Garfinkel ef al, 1977, Rauws et al, 1982)]. Therefore, it can be desirable to use
the lowest possible PDI dose when the PDI is administered chronically to a human or another
mammal, in the absence of exogenously administered L-DOPA.

Recently, it was shown that carbidopa is unexpectedly effective in enhancing the
bioavailability of 5-HTP under certain conditions, i.e, when carbidopa is administered via a
sustained-release mode in temporal and spatial juxtaposition with 5-HTP (U.S. Patent No.
11,337,963). Without being bound to any one theory, it is believed that to achieve parallel delivery
in humans or other mammals using a solid dosage form, such as a sustained-release tablet, the 5-

HTP and carbidopa be released at parallel or close to parallel rates from the same dosage form.
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However, when designing a dosage form for parallel or near parallel release rates of 5-HTP and
carbidopa (e.g., low dose carbidopa), there are some particular factors to consider. A first
consideration is that drug delivery from most matrices relies to a substantial extent on diffusion.
Therefore, parallel delivery of two compounds having different aqueous solubilities from the same
matrix is unpredictable and, indeed, is generally not expected. This consideration applies to
parallel delivery by sustained-release of 5-HTP and carbidopa, as 5-HTP is sparingly soluble
(aqueous solubility ~15 mg/ml), whereas carbidopa is slightly soluble (aqueous solubility ~1.5
mg/ml). A second consideration, with realizing a sustained-release dosage form of 5-HTP at a
medium to high dose (=200 mg per tablet) with low doses of carbidopa (<10 mg per tablet, <5 mg
per tablet, or <1 mg per tablet), is to attain content uniformity for the low dose of carbidopa. For
example, given the need for release modifying excipients, a drug delivery layer total weight can be
approximately twice the weight of the active pharmaceutical ingredients. When formulating low
doses of carbidopa, in many cases that would mean that the carbidopa content be about 1% w/w or
less of total drug delivery layer weight. A third consideration is that the stability of carbidopa in the
presence of 5-HTP, and vice versa, generally cannot be assumed, as no validated/regulatorily
approved pharmaceutical product containing 5S-HTP and carbidopa is currently available. A fourth
consideration, when formulating solid dosage forms holding large API levels, e.g., as for 5-HTP, is
that different dose levels/dose strength can involve different distinct formulations to achieve
approximately similar drug delivery profiles. Matching the delivery profiles of two distinct
formulations in vitro and in vivo can be challenging, cumbersome, expensive, and not always
possible. Further, different formulations for the same drug product at different dose strengths can
encumber drug development and drug manufacturing.

An additional consideration with the formulation compositions of two or more active
pharmaceutical ingredients within the same dosage form is to ensure stability of the active
pharmaceutical ingredients, together, as well as together with the selected excipients. This can be a
particular issue for carbidopa, which can be chemically unstable under some conditions, e.g., in
solution or suspension (Donnelly, 2016).

Previous studies using different dose combinations of 5-HTP and carbidopa, in separate
dosage forms for 5-HTP and for carbidopa, to obtain varying plasma levels of 5S-HTP in the human
body, have been published. These studies used fixed daily doses of carbidopa, typically 100 mg per
day to 300 mg per day with varying doses of 5-HTP, 250 mg per day to 2800 mg per day [sece.g,,
(Magnussen ef al, 1982; van Hiele, 1980; van Praag, 1982)].
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As described hereinabove, both 5-HTP and L-DOPA are metabolized in the body by
AAAD. The PDI carbidopa is used clinically to enhance the systemic plasma exposure of L-DOPA.
Sustained-release formulations of L-DOPA and carbidopa are known in the art, typically
employing per tablet doses of carbidopa of >25 mg and L-DOPA:carbidopa ratios of 4:1. For
example, L-DOPA/carbidopa tablets sold under the tradename SINEMET® CR (Organon & Co.,
Jersey City, New Jersey, United States of America) are supplied as a conventional (non-
gastroretentive) sustained-release tablet containing either 50 mg of carbidopa and 200 mg of L-
DOPA, or 25 mg of carbidopa and 100 mg of L-DOPA. The starting dose of SINEMET® CR is
200 mg/50 mg L-DOPA/carbidopa, twice daily, for a total daily starting dose of 400 mg/100 mg L-
DOPA/carbidopa. Similarly, gastroretentive tablets of L-DOPA/carbidopa have been described,
containing 200 mg L-DOPA and of 50 mg carbidopa, for twice daily dosing, for a total daily dose
of 400 mg L-DOPA and of 100 mg carbidopa (U.S. Patent No. 9,161,911).

III. Gastroretentive, Sustained-Release Tablet Dosage Forms Of 5-HTP

In some embodiments, the presently disclosed subject matter provides a gastroretentive,
dosage form for 5-HTP and carbidopa (e.g., low-dose carbidopa). In some embodiments, the
gastroretentive dosage form is a gastroretentive, sustained release dosage form for 5-HTP and
carbidopa. In some embodiments, the dosage form is a tablet.

In some embodiments, the presently disclosed gastroretentive dosage form (e.g., tablet) is
configured to provide 5S-HTP plasma levels that are elevated (i.e., maintained above baseline levels)
most of the day when the dosage form is administered to a mammal, such as a human. In some
embodiments, the dosage form is configured to provide elevated S-HTP plasma levels most of the
day with twice-daily dosing of the dosage form to a mammal. In some embodiments, the dosage
form is configured to provide elevated 5-HTP plasma levels with once-daily dosing of the dosage
form to a mammal. In some embodiments, the dosage form is configured to provide elevated 5-
HTP plasma levels when the dosage form is provided for three or more daily dosages to a mammal.
In some embodiments the presently disclosed dosage form is configured to provide S-HTP plasma
levels that are elevated above baseline by about 25 ng/ml, about 50 mg/ml, about 75 ng/ml, or
about 100 ng/ml most of the day (e.g., at least about 14, about 16, about 18, about 20, or about 22
hours of each 24-hour period) or all of the day. In some embodiments the 5S-HTP plasma exposure
after administration of the presently disclosed dosage form (e.g., once or twice daily) is elevated
from about 1-fold to about 10-fold (e.g., about 1-fold, 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold,

8-fold, 9-fold, or about 10-fold) compared to administration of native 5-HTP immediate release at
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the same 5-HTP dose (e.g., to an immediate release dosage form of native 5-HTP that does not
contain carbidopa).

In some embodiments, the presently disclosed gastroretentive dosage form (e.g., tablet) is
configured (e.g., is further configured) to delay the time it takes to achieve maximum plasma
concentration (Tmax) of 5S-HTP (e.g., with once or twice daily dosing), relative to administration of
native 5S-HTP immediate release, by about 1-fold to about 10-fold. In some embodiments, Twmax is
delayed about 1-fold to about 5-fold. In some embodiments, Tmax is delayed about 4-fold. In some
embodiments, Tmax is delayed to about 3 hours to about 10 hours (e.g., about 3 hours, about 3.5
hours, about 4.0 hours, about 4.5 hours, about 5 hours, about 5.5 hours, about 6 hours, about 6.5
hours, about 7 hours, about 7.5 hours, about 8 hours, about 8.5 hours, about 9 hours, about 9.5
hours, or about 10 hours) compared to administration of native 5-HTP immediate release. In some
embodiments, Tmax is delayed about 2 hours to about 6 hours or about 3 hours to about 5 hours. In
some embodiments, Tmax is delayed to about 4 hours.

In some embodiments, the presently disclosed gastroretentive dosage form comprises,
consists essentially or, or consists of a tablet (e.g., a gastroretentive, sustained release bilayer tablet)
of about 500 mg to about 2000 mg total weight. In some embodiments, the total weight of the tablet
is between about 1000 mg and about 2000 mg. In some embodiments, the total weight of the tablet
is between about 800 mg to about 1200 mg. In some embodiments, the total weight of the tablet is
about 1000 mg to about 1200 mg. In some embodiments, the total weight of the tablet is about 1000
mg. In some embodiments, the total weight of the tablet is between about 1200 mg and about 1600
mg. In some embodiments, the total weight of the tablet is about 500 mg to about 1000 mg. In some
embodiments, the total weight of the tablet is about 700 mg to about 850 mg.

In some embodiments the tablet comprises a swelling layer and a modified release layer. In
some embodiments, the tablet is a bilayer tablet. In some embodiments, the swelling layer
comprises one or more hydrophilic polymers (e.g., one or more hydrophilic polymers that are
swellable in the presence of gastric fluid). In some embodiments, the modified release layer
comprises 5-HTP and carbidopa (e.g., low dose carbidopa). In some embodiments, the swelling
layer does not contain any 5-HTP or carbidopa. In some embodiments, only the modified release
layer contains 5S-HTP and carbidopa. In some embodiments, the modified release layer comprises
5-HTP, carbidopa, and one or more polymers that can provide modified release of the 5-HTP
and/or carbidopa. In some embodiments the swelling layer imparts most of the volume (e.g., about
60%, 70%, 80%, 90% or more) of the total volume of the tablet when the tablet is exposed to an

aqueous medium (e.g., after administration of the tablet to a mammal or exposure of the tablet to
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gastric fluid or another aqueous medium). In some embodiments, the swelling layer and modified
release layer have approximately equal sizes (e.g., approximately equal weights) when the tablet is
dry. In some embodiments, the sizes (e.g., weights) of the layers differ when the tablet is dry.

In some embodiments, the presently disclosed gastroretentive dosage form is provided as an
oval or a rectangular tablet. In some embodiments said tablet has beveled or rounded corners. In
some embodiments, the tablet is about twice as long as it is wide prior to swelling. In some
embodiments, prior to swelling, the tablet is about 19 mm in length, about 9.5 mm in width, and
about 7 mm in depth.

In some embodiments, the dose per gastroretentive dosage form (e.g., tablet) is about 250
mg 5-HTP. Thus, in some embodiments, the modified release layer comprises about 250 mg 5-
HTP. In some embodiments, the modified release layer also contains carbidopa. In some
embodiments, the per dosage form dose of carbidopa is about 0.3125 mg to about 25 mg. Thus, in
some embodiments, the modified release layer comprises about 0.3125 mg to about 25 mg of
carbidopa. In some embodiments, the dose of carbidopa is about 0.3125 mg, about 0.625 mg, about
2.5 mg, about 5 mg, about 10 mg, about 15 mg, about 20 mg, or about 25 mg.

In some embodiments, the presently disclosed gastroretentive dosage form (e.g., tablet) is
configured such that the release of 5-HTP and carbidopa from the modified release layer is
essentially in parallel. For example, in some embodiments, the dosage form is configured such that
the time period (i.e., the amount of time) for a given percentage of the total weight of the S-HTP in
the dosage form to release from the dosage form (e.g., as measured via dissolution testing in an
aqueous medium) is within about 2 hours (e.g., within about 2 hours, about 1.5 hours, about 1 hour,
or about 30 minutes) of the time period for a corresponding percentage of the total weight of the
carbidopa in the dosage form to release from the dosage form under the same conditions. For
instance, the dosage form can be configured such that the time period for release of 80% of the
weight (in dissolution testing: T=80%, T=80%, or T80%) of one of the 5-HTP and the carbidopa
(i.e., the time it takes for 80% of the weight of the S-HTP or carbidopa to be released from the
dosage form after the dosage form is introduced into an aqueous medium) is within about 2 hours
of the T=80% of the other. In some embodiments, the time-period for release of 50% of the weight
(dissolution T=50%, T=50%, or T50%) of the 5-HTP or the carbidopa is within about 2 hours of
the T=50% of the other. In some embodiments, T=50% and T=80% for 5-HTP (T=50%-utp) and
T=80%s-u1P)) are within about 2 hours of the T=50% and T=80% for carbidopa (T=50%carbidopa)
and T=80%carbidopa)), respectively. In some embodiments, the T=80% and T=50% are measured via

dissolution testing using a U.S. Pharmacopeia (USP) Apparatus III (Reciprocating Cylinder) at
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37°C in a suitable volume of a suitable aqueous medium (e.g., 250 mL of 0.1 molar (M)
hydrochloric acid (HCI) and 0.02% disodium ethylenediaminetetraacetic acid (EDTA)). Thus, in
some embodiments, the T=80% of the 5-HTP (T=80%s-urp)) is no more than 2 hours greater than
or 2 hours less than T=80% of the carbidopa (T=80%caridopa)) When T=80%(5-THP) and
T=80%(carbidopa) are measured via dissolution testing using USP Apparatus III (Reciprocating
Cylinder) in 250 mL of 0.1 molar (M) hydrochloric acid (HCI) and 0.02% disodium
ethylenediaminetetraacetic acid (EDTA)). In some embodiments, the dissolution T=50% and
T=80% for 5-HTP are within about 1 hour of the T=50% and T=80% for carbidopa, respectively.
In some embodiments, the dissolution T=50% and T=80% for 5-HTP are within about 0.5 hours of
the T=50% and T=80% for carbidopa, respectively.

In some embodiments, the time-period for 80% by weight of one or both of the 5-HTP and
the carbidopa to release from the dosage form (i.e., T=80%s-urp), T=80%carbidopa), 0r both T=80%s.
urp) and T=80%carvidopa)) are about 4 hours to about 15 hours. In some embodiments, T=80%s-H1p)
and/or T=80%carbidopa) 1S about 5 hours to about 12 hours. In some embodiments, T=80%s-utp) and
T=80%carbidopa) are each about 5 hours to about 12 hours (e.g., about 5 hours, about 5.5 hours,
about 6 hours, about 6.6 hours, about 7 hours, about 7.5 hours, about 8 hours, about 8.5 hours,
about 9 hours, about 9.5 hours, about 10 hours, about 10.5 hours, about 11 hours, about 11.5 hours,
or about 12 hours).

As described above, in some embodiments, the swelling layer of the gastroretentive dosage
form comprises one or more hydrophilic polymers that swell in an aqueous medium (e.g., gastric
fluid). In this regard, with increasing molecular weight, the number of inter-polymeric
entanglements in a hydrophilic polymer can increase. These entanglements can act like physical
crosslinks, forming a matrix. When water is imbibed into the matrix, the matrix can form a gel of a
volume larger than the swelling layer dry volume.

In the context of the use of hydrophilic polymers for modified release of APIs (e.g., in the
modified release layer of the presently disclosed tablet), high molecular weight can cause more
polymeric entanglement and slow the rate of polymeric dissolution in an aqueous medium, so that
erosion is typically slower than the desired time for drug delivery for APIs of low aqueous
solubility. For lower molecular weight hydrophilic polymers, erosion can predominate, and release
can be rapid. For intermediate molecular weight hydrophilic polymers, erosion can be the primary
mechanism of release for aqueous sparingly soluble or insoluble APIs and provide enough swollen

gel for diffusion of more soluble APIs.
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Polyethylene oxides are a representative class of hydrophilic polymer. Thus, in some
embodiments, the swelling and/or modified release layer of the presently disclosed gastroretentive
dosage form (e.g., tablet) comprises one or more polyethylene oxide (PEO) polymer, such as those
available under the tradename POLYOX® (Dow Chemical Company, Midland, Michigan, United
States of America). In some embodiments, the swelling layer can include one or more PEO
polymers wherein each of the PEO polymers, if more than one, can have a different molecular
weight (MW). In some embodiments, the swelling layer comprises a high MW PEO.

By “high molecular weight PEO” or “high MW PEQO” as used herein is meant PEO with an
average molecular weight (e.g., as measured via a suitable method, such as by rheological
measurements) of about 4,000,000 or more (e.g., about 4,000,000 to about 8,000,000). Exemplary
high MW PEOs include, but are not limited to, POLYOX® WSR 301 (which can also be referred
to as PEO WSR 301), which has an average MW of about 4,000,000; POLYOX® WSR coagulant
(which can also be referred to as POLYOX® Coag), which has an average MW of about 5,000,000;
POLYOX® WSR 303, which has an average MW of about 7,000,000; and PEO 308, which has an
average MW of about 8,000,000. By “medium molecular weight PEO” or “medium MW PEQO” as
used herein is meant PEO with an average MW of about 900,000 to about 4,000,000. Exemplary
medium MW PEOs include, but are not limited to, PEO WSR 1105, which has an average MW of
about 900,000; PEO WSR N12K, which has an average MW of about 1,000,000; PEO WSR N60K,
which has an average MW of about 2,000,000; and PEO WSR 301. Thus, PEO WSR 301 can be
considered as a medium and/or high MW PEO as used herein. Exemplary “low molecular weight
PEO” or low “MW PEO” as used herein include PEO with an average MW of about 900,000 or
less, such as, but not limited to, PEO WSR N10, which has an average MW of about 100,000; and
PEO WSR 1105, which has an average MW of about 900,000. PEO WSR 1105 can thus be
considered as a low and/or medium MW PEO according to the presently disclosed subject matter.

Alkyl-substituted celluloses with substituted alkyl groups of 1 to 3 carbons are a
representative class of hydrophilic polymers. Representative alkyl-substituted cellulosic polymers
for swelling are hydroxyethylcellulose (HEC), hydroxypropylmethylcellulose (HPMC or
Hypromellose), and carboxymethylcellulose (CMC). Particular representative alkyl-substituted
celluloses include HPMC and HEC. HPMC can be characterized by the viscosity of a 2% aqueous
solution at 20°C, and HEC (NATROSOL™) can be characterized by the viscosity of a 1% solution
at 25°C with a typical Brookfield viscosity of 3400-5000 MPa-s. For HPMC it is convenient to
define a “low” viscosity, “medium” viscosity, and “high” viscosity range. “Low” viscosity HPMC

is defined as about 2 MPa-s to 500 MPa-s. Examples of low viscosity HPMC are METHOCEL™
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K3LV with a viscosity of 2.4 to 3.6 MPa-s, KIOOLV with a viscosity Of 100-120 MPa-s, and ES5-
LV with a viscosity of 7 to 12 MPa-s. “Medium” viscosity HPMC is defined as between about 550
MPa-s and about 30,000 MPa-s. Particular examples of medium viscosity HPMC are
METHOCEL™ K4M with a viscosity of 2,663 MPa-s to 4,970 MPa-s, K15M with a viscosity of
13,275 MPa-s to 24,780 MPa-s, and E4M with a viscosity of 2,663 MPa-s to 4,970 MPa-s. “High”
viscosity HPMC is defined as between about 30,000 MPa-s and about 200,000 MPa-s. An example
of high viscosity HPMC is METHOCEL™ K100M with a viscosity of 75,000 MPa-s to 140,000
MPa-s.

In some embodiments the swelling layer of the gastroretentive dosage form (e.g., tablet)
comprises a high viscosity HPMC. Various HPMCs are available under the tradenames
BENECEL™ from Ashland Inc. (Wilmington, Delaware, United States of America) and
METHOCEL™ (Dupont de Nemours, Inc., Wilmington, Delaware, United States of America).

An example of high viscosity HPMC is HPMC K100M, where a 2% aqueous solution at
20°C has a viscosity of 75,000 MPa-s to 140,000 MPa-s and the K indicates a methoxy substitution
of 19.0%-24.0%. A medium viscosity HPMC used as a binder for granulation and erosional drug
release is HPMC K4M where a 2% aqueous solution at 20°C has a viscosity of 2,663 MPa-s to
4,970 MPa-s and the K indicates a methoxy substitution of 19.0%-24.0%. HPMC K100 LVCR is
an example of a low viscosity HPMC that is used for sustained release and where a 2% aqueous
solution at 20°C has a viscosity of 80 MPa-s to 120 MPa-s and the K indicates a methoxy
substitution of 19.0-24.0%. In some embodiments, the swelling layer comprises a high viscosity
hydroxyethyl cellulose (HEC), such as that sold under the tradename NATROSOL™ 250 HX
Pharm from Ashland Inc. (Wilmington, Delaware, United States of America) with a viscosity of
1,500 MPa-s to 2,500 mPa-s; NATROSOL™ 250 HHX Pharm from Ashland Inc. (Wilmington,
Delaware, United States of America) with a viscosity of a 1% aqueous solution at 25°C of 3,500
MPa-s to 5,500 mPa-s; or CELLOSIZE™ 15000H from Dow Chemical Company (Midland,
Michigan, United States of America), where a 1% aqueous solution has a viscosity of 1,100 cP to
1,500 cP.

In some embodiments, the swelling layer of the gastroretentive, sustained-release dosage
form (e.g., tablet) comprises a high molecular weight hydrophilic polymer and a gas generating
agent, such as sodium bicarbonate, calcium carbonate, or magnesium carbonate; optionally an
organic acid, such as citric acid, fumaric acid, maleic acid, or another common organic acid

suitable as a pharmaceutical excipient.
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In some embodiments, the swelling layer of the gastroretentive dosage form (e.g., tablet) is
made from a blend of polymers that comprises approximately equal parts (by weight or volume)
high MW PEO and high viscosity HPMC. In some embodiments, the swelling layer comprises a
weight ratio of high MW PEO:high viscosity HPMC of about 1:1. In some embodiments, the
swelling layer comprises high MW PEQ. In some embodiments, the swelling layer comprises up to
about 50% (w/w) high MW PEO and up to about 50% (w/w) high viscosity HPMC (e.g., based on
the total weight of the swelling layer).

In some embodiments, the swelling layer further comprises a lubricant. In some
embodiments, the lubricant is present in less than about 5%, about 3%, about 1%, or about 0.5%
(w/w) (i.e., based on the total weight of the swelling layer). In some embodiments, the lubricant
comprises sodium stearyl fumarate, glyceryl behenate, stearic acid, magnesium stearate, or a
mixture thereof. In some embodiments, the lubricant comprises or consists of sodium stearyl
fumarate (SSF). In some embodiments, the swelling layer further comprises a glidant. In some
embodiments the swelling layer further comprises an antioxidant. Suitable antioxidants include, but
are not limited to, butylated hydroxytoluene (BHT), butylated hydroxyanisole, tocopherol,
tocopherol acetate, ascorbic acid, sodium sulfite, sodium metabisulfite, and mixtures thereof. In
some embodiments, the antioxidant is BHT.

In some embodiments, the swelling layer of the gastroretentive dosage form (e.g., tablet)
swells when imbibing water, gastric fluid, or another aqueous media to about 200% or more than
the dry volume. In some embodiments the swelling layer swells to about 150% of the dry volume.
In some embodiments the swelling layer is still essentially intact (e.g., is in one mass with
substantially no disintegration) after about 8 hours or longer during disintegration testing according
to USP <701> with use of a disk.

In some embodiments, the carbidopa of the gastroretentive dosage form (e.g., tablet) is
delivered together with 5-HTP from the same modified release layer (i.e., the modified release
layer of a bilayer tablet). In some embodiments, the swelling layer attaches/adheres to the modified
release layer without any binder or binding layer between the modified release layer and the
swelling layer. In some embodiments, the modified release layer and the swelling layer remain
attached to one another for at least 8 hours during disintegration testing according to USP <701>
with use of a disk. In some embodiments, the modified release layer comprises PEO, e.g., to
enhance adhesion between the modified and swelling layers. In some embodiments, the PEO is
present in the modified release layer in about 1% (w/w) to about 10% (w/w) based on the total

weight of the modified release layer. In some embodiments, the modified release layer remains

20



10

15

20

25

30

WO 2023/009841 PCT/US2022/038914

attached directly or indirectly to the swelling layer through substantially the entire drug release
period.

In some embodiments, the modified release layer of the gastroretentive dosage form (e.g.,
tablet) comprises about 50% (w/w) 5-HTP based on the total weight of the modified release layer.
In some embodiments, the modified release layer comprises about 0.0625% (w/w) to about 5%
(w/w) of carbidopa based on the total weight of the modified release layer. In some embodiments,
the modified release layer comprises about 50% (w/w) 5-HTP and about 0.0625% (w/w) to about
5% (w/w) carbidopa based on the total weight of the modified release layer. Thus, in some
embodiments, such as when the dosage form is a bilayer tablet that has a total weight of about 1000
mg and the modified release layer and the swelling layer have about the same weight, the tablet
(e.g., the modified release layer) comprises about 250 mg of 5-HTP. In some embodiments, the
tablet (e.g., the modified release layer) comprises about 0.3125 mg to about 25 mg carbidopa. In
some embodiments, the tablet (e.g., the modified release layer) comprises about 250 mg 5-HTP and
about 0.3125 mg to about 25 mg carbidopa.

In some embodiments, the modified release layer comprises one or more one or more
hydrophilic polymers selected from a low viscosity HPMC, a medium viscosity HPMC, a high
viscosity HPMC, a low MW PEQO, a medium MW PEQO, a high MW PEO, and a high viscosity
hydroxyethyl cellulose. The modified release layer can comprise a single hydrophilic polymer or a
combination of two, three or more a low viscosity HPMC, a medium viscosity HPMC, a high
viscosity HPMC, a low MW PEO, a medium MW PEO, a high MW PEO, and a high viscosity
hydroxyethyl cellulose. The modified release layer can also comprise multiple polymers of the
same type (e.g., two or more medium viscosity HPMC). In some embodiments, the modified
release layer comprises about 14% (w/w) to about 37% (w/w) (e.g., about 14% (w/w), 15% (w/w),
16% (wiw), 17% (w/w), 18% (w/w), 19% (w/w), 20% (wW/w), 21% (w/w), 22% (w/w), 23% (W/w),
24% (wiw), 25% (wiw), 26% (w/w), 27% (wiw), 28% (w/w), 29% (w/w), 30% (W/w), 31% (w/w),
32% (wiw), 33% (w/w), 34% (w/w), 35% (w/w), 36% (w/w), or about 37% (w/w)) of the one or
more hydrophilic polymers (based on a total weight of the modified release layer). For example, in
some embodiments, the release rate of 5-HTP and carbidopa in the modified release layer of the
gastroretentive tablet formulation is controlled by the level of medium viscosity HPMC, such as
HPMC K4M. In some embodiments, a mixture (i.e., a blend) of medium and high viscosity
hydroxypropyl methylcellulose, such as HPMC K100M, controls the release rate. Thus, in some
embodiments, HPMC is present in the modified release layer in about 10% to about 35% (w/w)

based on the total weight of the modified release layer. In some embodiments, the modified release
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layer comprises about 15% (w/w) to about 35% (w/w) HPMC. In some embodiments, medium to
high MW PEO in the modified release layer controls the release of the drug. Accordingly, in some
embodiments, the modified release layer comprises medium and/or high MW PEO. In some
embodiments, the modified release layer comprises about 5% (w/w) of a medium MW PEQO and/or
a high MW PEO and about 13% (w/w) to about 32% (w/w) of a low viscosity HMPC, a medium
viscosity HPMC, or a mixture (i.e., a blend) of medium viscosity HPMC and high viscosity HPMC.

In some embodiments, the modified release layer of the gastroretentive dosage form (e.g.,
tablet) comprises a filler. In some embodiments, the filler comprises or consists of microcrystalline
cellulose (MCC) or another ductile (i.e., non-brittle) filler, such as, but not limited to, calcium
sulfate, cellulose, dicalcium phosphate, kaolin, lactose, mannitol, sodium chloride, sorbitol, starch,
sucrose, or mixtures thereof. In some embodiments, the filler can improve tablet properties (e.g.,
hardness) in addition to maintaining the larger tablet size while having a neutral effect on drug
release. In some embodiments, the modified release layer comprises about 5% (w/w) to about 30%
(w/w) MCC based on the total weight of the modified release layer (e.g., about 5% (w/w), 10%
(wWiw), 15% (wiw) 20% (w/w), 25% (w/w), or about 30% (w/w) MCC). In some embodiments, the
modified release layer comprises about 20% (w/w) MCC based on the total weight of the modified
release layer. In some embodiments, the modified release layer comprises about 25% (w/w) MCC
based on the total weight of the modified release layer.

In some embodiments, the modified release layer of the gastroretentive sustained-release
dosage form further comprises a lubricant. In some embodiments, the lubricant comprises or
consists of SSF. In some embodiments, the modified release layer comprises about 0.5% (w/w) to
about 3% (w/w) of a lubricant (e.g., SSF) based on the total weight of the modified release layer.
Other exemplary lubricants include, but are not limited to, glyceryl behenate, stearic acid, or
magnesium stearate.

In some embodiments, the modified release layer of the gastroretentive sustained-release
tablet formulation further comprises an antioxidant. In some embodiments, the antioxidant
comprises or consists of butylated hydroxytoluene (BHT). In some embodiments, the modified
release layer comprises about 0.05% (w/w) to about 1% (w/w) based on the total weight of the
modified release layer. Other exemplary antioxidants include, but are not limited to, butylated
hydroxyanisole, tocopherol, tocopherol acetate, ascorbic acid, sodium sulfite, sodium metabisulfite,
and others listed in the Handbook of Pharmaceutical Excipients.

In some embodiments, the presently disclosed subject matter provides a gastroretentive

bilayer tablet comprising a swelling layer and a modified release layer, wherein the modified
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release layer comprises, based on a total weight of the modified release layer: about 50% (w/w) 5-
HTP; about 0.06% (w/w) to about 5.4% (w/w) carbidopa; about 5.7% (w/w) to about 25.1% (w/w)
MCC, about 5% (w/w) medium or high MW PEOQO; about 7% (w/w) to about 18% (w/w) medium
viscosity HPMC; about 0% (w/w) to about 25% (w/w) high viscosity HPMC; about 0.2% (w/w)
BHT, about 0.1% (w/w) colloidal silica; and about 1.5% (w/w) SSF. In some embodiments, the
modified release layer comprises, based on a total weight of the modified release layer: about 50%
(w/w) 5-HTP; about 0.06% (w/w) to about 5.4% (w/w) carbidopa; about 19.8% (w/w) to about
25.1% (w/w) MCC; about 5% (w/w) medium or high MW PEQ; about 18% (w/w) medium
viscosity HPMC; about 0.2% (w/w) BHT, about 0.1% (w/w) colloidal silica; and about 1. 5%
(w/w) SSF. In some embodiments, the swelling layer comprises, based on a total weight of the
swelling layer, about 49.55 (w/w) high MW PEO, about 49.5% (w/w) high viscosity HPMC and
about 1% (w/w) of a lubricant (e.g., SSF). In some embodiments, the weight of the modified
release layer and the swelling layer are approximately the same. In some embodiments, the weight
of tablet is about 800 mg to about 1200 mg. In some embodiments, the weight of the table is about
1000 mg. Thus, in some embodiments, the weight of each of the swelling layer and the modified
release layer is about 500 mg.

In some embodiments, the gastroretentive dosage form (e.g., tablet) is coated to enhance
swallowing. In some embodiments, the coating has no or minimal functional effect on the swelling
and drug delivery of the tablet. In some embodiments, the coating adds a color. In some
embodiments, the coating is taste-masking.

Tablet hardness for the gastroretentive tablet is, in some embodiments, about 22 kilopond
(Kp) to about 28 Kp. In some embodiments, the tablet hardness is about 24 Kp to about 26 Kp. In
some embodiments, the tablet hardness is about 25 Kp.

Methods for determining disintegration and content uniformity are known in the art,
including the methods described in U.S. Pharmacopeia ("USP") <905> (“Uniformity of Dosage
Units” (2011)) and USP <701> (“Disintegration” (2016)), each of which is incorporated herein by
reference for all purposes.

In some embodiments, the content uniformity of 5-HTP and of carbidopa in gastroretentive
dosage form (e.g., tablet) meets the requirements of USP <905> (“Uniformity of Dosage Units”,
2011). In some embodiments, the modified release layer has an acceptance value (AV, calculated
as per USP <905>) of about 15 or less in content uniformity testing. In some embodiments, the
modified release layer has a relative standard deviation (RSD) of about 3% or less in content

uniformity testing. In some embodiments, the modified release layer has an AV of about 15 or less
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and an RSD of about 3% or less in content uniformity testing. In some embodiments, the modified
release layer remains stable (e.g., physically and/or chemically stable) for at least 70 days when
stored at 15°C to about 25°C and protected from light. In some embodiments, the gastroretentive
dosage form (e.g., tablet) remains physically and chemically stable for at least 70 days when stored
at 15°C to about 25°C and protected from light.

While the time the gastroretentive dosage form remains in the stomach can vary by
individual, in some embodiments, the gastroretentive dosage form (e.g., tablet) swells in the
stomach (e.g., in the fed state, i.e., when the dosage form is orally administered to a human at the
same time or within about 15 minutes after a meal) and is retained in the stomach, on average
across a group of subjects, as assessed by scintigraphy, for about 4 hours to about 6 hours. In some
embodiments, the dosage form is retained in the stomach for about 5 hours.

In some embodiments, delivery rate of S-HTP from the gastroretentive sustained-release
tablet formulation is unaffected by the level of carbidopa. For example, the dose of carbidopa in the
modified release layer can be adjusted (e.g., from about 0.3125 mg to about 25 mg) without
affecting the release rate of the 5’-HTP by adjusting the level of ductile filler (e.g., MCC) such that
the total combined weight of the carbidopa and ductile filler remains constants. For example, at
higher carbidopa content, the modified release layer can include less ductile filler, while at lower
carbidopa content, the modified release layer can include more ductile filler. Stated another way,
the dosage form is configured to maintain the same 5-THP release rate over a range of different
carbidopa content values by inversely adjusting the amount of ductile filler based on the carbidopa
content. In some embodiments, the dosage form is configured to provide a same release rate for 5-
HTP and/or a same release rate for carbidopa over a range of carbidopa content from 0.3125 mg to
25 mg when a total combined weight of carbidopa and microcrystalline cellulose is held constant.
Thus, in some embodiments, the T=80% for carbidopa and/or 5-HTP is the same value whether the
dosage form contains 0.3125 mg carbidopa or 25 mg carbidopa or any value therebetween.

In some embodiments, the 5-HTP dose per gastroretentive dosage form (e.g., tablet) is
fixed, while the carbidopa dose per tablet is varied, in order to obtain varying plasma 5-HTP levels
fitting the needs of the therapeutic scenario. In some embodiments, the 5S-HTP dose is fixed at
about 250 mg per tablet, while the carbidopa dose is varied from about 0.3125 mg to about 25 mg.
In some embodiments, the fixed dose of 5-HTP is lower than 250 mg; in some embodiments, the
fixed dose of 5-HTP is higher than 250 mg. In some embodiments, the fixed per tablet 5-HTP dose
is about 25mg, about 50 mg, about 100 mg, about 200 mg, about 300 mg, about 400 mg, or about
500 mg, while the carbidopa dose per tablet is varied.
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In some embodiments, the carbidopa dose per gastroretentive dosage form (e.g., tablet)
enhances 5-HTP plasma exposure from a given fixed dose of 5-HTP by about 1-fold to about 10-
fold compared to the plasma exposure resulting from the same dose of native 5-HTP immediate
release form. In some embodiments, the carbidopa dose enhances 5-HTP plasma exposure from a
given fixed dose of 5-HTP by about 0.5-fold to about 3-fold compared to the plasma exposure
resulting from the same dose of native S-HTP immediate release form. In some embodiments, the
carbidopa dose enhances 5S-HTP plasma exposure from a given fixed dose of 5-HTP by about 3-
fold to about 10-fold compared to the plasma exposure resulting from the same dose of 5-HTP
administered in its native S-HTP immediate release form.

In some embodiments, the dose ranges of carbidopa used with the fixed 5-HTP dose in the
gastroretentive dosage form (e.g., tablet) enhance S-HTP plasma exposure about 1-fold to about 10-
fold compared to the plasma exposure resulting from the same dose of 5-HTP administered in its
native 5-HTP immediate release form, while carbidopa plasma levels reach average Cmax values at
steady state of < about 5 ng/ml. In some embodiments, the dose ranges of carbidopa used with the
fixed 5-HTP dose enhance 5-HTP plasma exposure about 1-fold to about 10-fold, while carbidopa
plasma levels reach averages at steady state of < about 5 ng/ml. In some embodiments, the dose
ranges of carbidopa used with the fixed 5-HTP dose in the gastroretentive dosage form (e.g., tablet)
enhance 5-HTP plasma exposure about 1-fold to about 10-fold compared to the plasma exposure
resulting from the same dose of 5-HTP administered in its native S-HTP immediate release form,
while carbidopa plasma levels reach average Cmax values at steady state of < about 10 ng/ml. In
some embodiments, the dose ranges of carbidopa used with the fixed 5S-HTP dose enhance 5-HTP
plasma exposure about 1-fold to about 10-fold compared to the plasma exposure resulting from the
same dose of 5-HTP administered in its native 5-HTP immediate release form, while carbidopa
plasma levels reach averages at steady state of <about 10 ng/ml.

In some embodiments, the dose ranges of carbidopa used with the fixed 5S-HTP dose in the
gastroretentive dosage form (e.g., tablet) enhance 5-HTP plasma exposure about 1-fold to about 10-
fold, compared to the plasma exposure resulting from the same dose of 5-HTP administered in its
native 5-HTP immediate release form, while carbidopa plasma levels reach average Cmax values at
steady state of <about 15 ng/ml. In some embodiments, the dose ranges of carbidopa used with the
fixed 5-HTP dose enhance 5-HTP plasma exposure about 1-fold to about 10-fold compared to the
plasma exposure resulting from the same dose of 5-HTP administered in its native 5-HTP
immediate release form, while carbidopa plasma levels reach averages at steady state of < about 15

ng/ml.
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In some embodiments, the dose ranges of carbidopa used with the fixed 5-HTP dose in the
gastroretentive dosage form (e.g., tablet) enhance 5-HTP plasma exposure about 1-fold to about 10-
fold, compared to the plasma exposure resulting from the same dose of 5-HTP administered in its
native 5-HTP immediate release form, while carbidopa plasma levels reach average Cmax values at
steady state of < about 20 ng/ml. In some embodiments, the dose ranges of carbidopa used with the
fixed 5-HTP dose enhance 5-HTP plasma exposure about 1-fold to about 10-fold, compared to the
plasma exposure resulting from the same dose of 5-HTP administered in its native 5-HTP
immediate release form, while carbidopa plasma levels reach averages at steady state of < about 20
ng/ml.

In some embodiments, the dose ranges of carbidopa used with the fixed 5-HTP dose in the
gastroretentive dosage form (e.g., tablet) enhance S-HTP plasma exposure about 1-fold to about 10-
fold, compared to the plasma exposure resulting from the same dose of 5-HTP administered in its
native 5-HTP immediate release form, while carbidopa plasma levels reach average Cmax values at
steady state of < about 20 ng/ml. In some embodiments, the dose ranges of carbidopa used with the
fixed 5-HTP dose enhance 5-HTP plasma exposure about 1-fold to about 10-fold, compared to the
plasma exposure resulting from the same dose of 5-HTP administered in its native 5-HTP
immediate release form, while carbidopa plasma levels reach averages at steady state of < about 25
ng/ml.

In some embodiments, the 5-HTP plasma exposure produced by the gastroretentive dosage
form (e.g., tablet) increases, as compared 5-HTP in its native immediate release form, as a function
of higher carbidopa doses in the modified release layer containing 5-HTP and carbidopa. In some
embodiments hereof, the relationship between increasing the carbidopa dose and the increase in 5-
HTP plasma exposure is non-linear. In some embodiments hereof, the relationship between
increasing the carbidopa dose and the increase in 5-HTP plasma exposure is linear at lower
carbidopa dose, and non-linear at higher carbidopa doses.

In some embodiments, a 1-fold increase in the carbidopa dose results in a <1-fold increase
in 5-HTP exposure. In some embodiments, a 1-fold increase in the carbidopa dose results in a ~1-
fold increase in 5-HTP exposure at lower carbidopa doses, and a <l-fold increase in 5-HTP
exposure at higher carbidopa doses. In some embodiments, a fold increase in the carbidopa dose
results in a lesser fold increase in 5-HTP exposure.

The 5-HTP plasma levels produced by the gastroretentive dosage form (e.g., when
administered once or twice daily to a mammal, such as a human, optionally in a fed state) can at

steady state be on average about 25 ng/ml to about 1000 ng/ml, depending on the combination of 5-
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HTP and carbidopa doses. In some embodiments, at twice daily dosing at steady state, the average
5-HTP plasma levels are above about 25 ng/ml. In some embodiments, at twice daily dosing at
steady state, the average 5-HTP plasma levels are above about 50 ng/ml. In some embodiments, at
steady state average S-HTP plasma levels are above about 100 ng/ml. In some embodiments, the
average 5-HTP plasma levels at steady state are above about 150 ng/ml. In some embodiments, the
steady state average S-HTP plasma levels are above about 200 ng/ml. In some embodiments, the
steady state average S-HTP plasma levels are above about 250 ng/ml. In some embodiments, the
steady state average S-HTP plasma levels are above about 300 ng/ml. In some embodiments, the
steady state average S-HTP plasma levels are above about 350 ng/ml. In some embodiments, the
steady state average 5S-HTP plasma levels are above about 400 ng/ml.

In some embodiments, the average 5-HTP plasma Tmax produced by the gastroretentive
dosage form (e.g., tablet) is delayed by about 1-fold to about 7-fold compared to 5-HTP
administered in its native immediate release form (e.g., based on administration once or twice daily
to a human, optionally in the fed state). In some embodiments, the average 5-HTP plasma Tmax
occurs at about 4h, about 5h, about 6h, about 7h, or about 8h. In some embodiments,
administration of the dosage form (e.g., tablet) once or twice daily to a mammalian subject,
optionally a human, provides a time to achieve a maximum plasma concentration (Tmax) of 5-HTP
that is delayed about 4 hours on average compared to an immediate release dosage form of S-HTP.

The average carbidopa plasma levels produced by the gastroretentive dosage form (e.g.,
tablet) can at steady state be below about 25 ng/ml. In some embodiments, the average carbidopa
plasma levels can be below about 20 ng/ml, about 15 ng/ml, about 10 ng/ml, about 5 ng/ml, about
2.5 ng/ml, or about 1 ng/ml. The average carbidopa Cmax plasma levels produced by gastroretentive
dosage form can at steady state be below about 25 ng/ml. In some embodiments, the average Cwmax
plasma levels produced by the presently disclosed subject matter can at steady state be below about
20 ng/ml, about 15 ng/ml, about 10 ng/ml, about 5 ng/ml, about 2.5 ng/ml, or about 1 ng/ml.

The gastroretentive dosage form (e.g., tablet) of the presently disclosed subject matter can,
in some embodiments, increase the terminal half-life (T12) as compared to when 5-HTP is
administered in its native immediate release form for a given dose. In some embodiments,
administration of the dosage form (e.g., tablet) once or twice daily to a mammalian subject,
optionally a human, provides an increased 5-HTP half-life compared to a 5-HTP half-life when 5-
HTP is administered in an immediate release form. In some embodiments, the 5-HTP half-life is
increased by about 10% to about 200% compared to the 5-HTP half-life when the 5-HTP is

administered in an immediate release form. In some embodiments, the T12 is extended by about 10
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%, about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, about 90%,
or about 100%. In some embodiments, the T12 is extended by about 100% to about 200%. In some
embodiments the T1/2 is about 3.2h, about 3.5h, about 4h, about 4.5h, about 5h, about 5.5h, or about
6h.

The presently disclosed gastroretentive dosage form can thus be administered orally and can
act therapeutically by increasing plasma 5-HTP levels over baseline in a continuous manner, all or
most of the time. In some embodiments, the 5S-HTP plasma levels are increased continuously with
the least possible variation in levels over time. Without being bound to any one theory, it is
believed that, as 5S-HTP crosses the blood brain barrier, the increased plasma 5-HTP can increase
brain serotonin (i) synthesis, (ii) levels, and (iii) neurotransmission. More particularly, it is believed
that an increase in the levels of extracellular serotonin can cause increased stimulation of serotonin
receptors. The totality of this receptor stimulation can cause the increased serotonin
neurotransmission. As described hereinabove, there is support for the therapeutic relevance of
increased serotonin neurotransmission using 5-HTP dosage forms in a range of human disorders.

Accordingly, in some embodiments, the presently disclosed subject matter provides for the
use of the disclosed gastroretentive dosage form for therapeutic use in a subject in need thereof. In
some embodiments, the subject is a human. The gastroretentive sustained-release tablet
formulation can be administered once or twice daily. The administration can occur at any time of
the day. In some embodiments, administration is in the morning and evening, with or after (e.g.,
within about 15 minutes after) the morning and evening meal, respectively. In some embodiments,
the interval between administrations at twice daily dosing is about 12 hours, but the interval can be
longer or shorter. In some embodiments, the gastroretentive dosage form is administered to the
subject in need during or after a meal. In some embodiments, the twice daily administration occurs
during or after the morning and evening meals. In some embodiments, the twice daily
administration occurs after the two highest caloric content or highest fat content meals of the day,
e.g., breakfast and dinner, lunch and dinner, or breakfast and lunch.

In some embodiments, the gastroretentive dosage form (e.g., tablet) is administered once
daily, e.g., during or after the meal with the highest caloric content of the day and/or during or after
the meal with the highest fat content.

In some embodiments, the gastroretentive dosage form (e.g., tablet) is administered once,
twice, or thrice daily. In some embodiments, the gastroretentive dosage form (e.g., tablet) is

administered more than thrice daily.
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In some embodiments, the presently disclosed gastroretentive dosage form (e.g., tablet) is
used therapeutically with one or more other drugs.

In some embodiments, the gastroretentive dosage form is used as adjunctive therapy to a
serotonin reuptake inhibitor when therapy with a serotonin reuptake inhibitor alone provides
inadequate therapeutic relief. 5S-HTP is known to synergize with serotonin reuptake inhibitors in
elevating extracellular serotonin in the mammalian brain (Jacobsen et al, 2016a). L.e., under some
circumstances the increase in brain extracellular serotonin consequent to combined 5-HTP and
serotonin reuptake inhibitor administration is larger than the sum of the increases in brain
extracellular serotonin consequent to 5-HTP and the serotonin reuptake inhibitor administered
individually. Thereby, the presently disclosed gastroretentive dosage form can be used to
significantly augment the pharmacological effect of serotonin reuptake inhibitor therapy.

In some embodiments, the effective therapeutic plasma 5-HTP levels consequent to
administration of the presently disclosed gastroretentive dosage form is lower when used as
adjunctive therapy to serotonin reuptake inhibitor therapy, as compared to when the gastroretentive
dosage form is used as monotherapy. In further embodiments, therapeutic efficacy can be achieved
using a lower dose of the serotonin reuptake inhibitor during co-therapy with the presently
disclosed gastroretentive dosage form. In some embodiments, there is an interval between
administration of the presently disclosed gastroretentive dosage form and administration of the
serotonin reuptake inhibitor, to enhance tolerability of the combined therapy. A convenient mode is
to administer the serotonin reuptake inhibitor before and the gastroretentive dosage form after a
given meal. In different embodiments, said interval is 0.5h, 1h, 2h, 3h, or 4h, or longer.

Some disorders can require high continuous 5-HTP plasma exposure, in which case more
than one unit per administration of the gastroretentive dosage form (e.g., tablet) can be necessary.
In some embodiments, two, three, four, or more dosage form (e.g., tablets) can be administered
over one, two, three, or more daily administrations.

In some embodiments, to optimize safety and/or tolerability of the presently disclosed
gastroretentive dosage form in a subject in the need hereof, a dose up-titration scheme can be used
to gradually elevate 5-HTP plasma level, over days, weeks, or months. In some embodiments, the
dose up-titration is achieved by initiating treatment administering tablets with lower levels of
carbidopa, e.g., 0.3125 mg, whereafter a first interval tablets with higher carbidopa levels, e.g,,
0.625 mg, are administered for a second interval. This dose up-titration approach can be extended
with a third, fourth, fifth, and so forth interval, using tablets with increasing levels of carbidopa.

Interval length can be one to several days, or one to several weeks, as required. In some
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embodiments, the dose up-titration is individualized to the patient, e.g., to optimize the subject’s
safety, tolerability, and clinical response. In some instances, the dose up-titration involves
administering only one tablet per day for a first interval, followed by two or more daily
administrations for a second and subsequent intervals. Analogous, dose down-titration can be
achieved, in a subject in need thereof, by administering tablets of descending carbidopa dose
strength, over one, two, three, or several intervals, and/or by reducing the number of daily tablets
administered. Down-titration can for many pharmaceuticals, including pro-serotonergic drugs,
minimize discontinuation symptoms (Haddad, 1998).

In some embodiments, the gastroretentive dosage form is used to treat a specific disorder,
non-limiting examples of which include social anxiety, panic disorder, generalized anxiety
disorder, obsessive compulsive disorder (OCD), mood symptoms and agitation related to
neurological disorders (e.g. Alzheimer’s, Parkinson’s), stroke recovery, premenstrual dysphoria,
post-traumatic stress disorder, post-partum depression, depression after interferon treatment, eating
disorders, obesity, irritable bowel syndrome-constipation, idiopathic constipation, and other
constipation disorders. Moreover, in some embodiments the gastroretentive dosage form is used to
treat indications where the pathogenesis is associated with low brain serotonin, non-limiting
examples of which include impulse control disorders, aggression, suicidality, borderline personality

disorder, autism, phenylketonuria, and tetrahydrobiopterin deficiency.

EXAMPLES
The following Examples have been included to provide guidance to one of ordinary skill in
the art for practicing representative embodiments of the presently disclosed subject matter. In light
of the present disclosure and the general level of skill in the art, those of skill can appreciate that
the following Examples are intended to be exemplary only and that numerous changes,
modifications, and alterations can be employed without departing from the scope of the presently

disclosed subject matter.

Example 1

Manufacture of 5-HTP/low-dose carbidopa gastroretentive tablets

Four compositions of the S-HTP/low-dose carbidopa gastroretentive tablet technology were
formulated and manufactured as bilayer tablets. See Table 1, below. The tablet weight was about
1000 mg total. The shape of the dry tablet was an oval, 18.9 mm long, 9.6 mm wide, 7 mm deep,
with a beveled edge. Both the swelling layer and modified release layer weighed about 500 mg.
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The tablets were manufactured from separate blends for the swelling and modified release
layers, with each layer being filled and compressed in succession to the other in a tablet tooling die,
to obtain a bilayer tablet. Each excipient was sieved and added to the appropriate blend (swelling or
modified release).

In the modified-release layer blend the 5-HTP and carbidopa ingredients were added to the
fillers and dry rinsing was performed. Prior, to obtain carbidopa content uniformity in the blend
meeting the requirements of USP <905>, carbidopa was mixed with small amounts of
microcrystalline cellulose (MCC) to create a first “pre-blend”. If necessary, i.e., at low levels of
carbidopa, the first pre-blend was mixed with an additional amount of MCC, creating a second pre-
blend. This process was optionally repeated several times, creating several intermediate pre-blends,
to achieve carbidopa content uniformity. The final MCC/carbidopa pre-blend was mixed with 5-
HTP and the remaining modified release layer excipients, except sodium stearyl fumarate. This
mixture was sieved through a 600 um screen, whereafter sodium stearyl fumarate was mixed in.
This was the final modified release layer blend.

In the swelling layer blend, all excipients were screened and mixed. This was the final
swelling layer blend.

To produce the tablets, a manual tablet press (Natoli NP-RD10A (Natoli, Saint Charles,
Missouri, United States of America) was used. First, the modified release blend was filled and
compressed into the die. Second, the swelling blend was filled into the die and compressed on top
of the modified release layer, yielding the bilayer tablet. Tablet hardness was ~25 kp (22-28 kp)

While these tablets were prepared by a manual process, the same process can be fully
automated on an automated bilayer press, e.g., a Manesty BB3B bilayer tablet press (Manesty,
Knowsley, United Kingdom). A granulation process and addition of glidant can improve powder
flow for use in an automated process and lubricated may be added to avoid sticking to machine
components. Moreover, while these tablets were made by direct compression, the manufacturing of
the tablets are easily adapted to high shear granulation, fluid bed granulation, or roller compaction,
to potentially make more robust tablets and/or improve content uniformity, and to scale up
manufacturing. The compositions of the swelling and modified release layers are shown in Table 1,
below. 5-HTP levels were kept fixed at 250 mg per tablet. Carbidopa content was adjusted for the
level of hydration of the carbidopa drug substance. The level of carbidopa per tablet (adjusted for
hydration of the carbidopa drug substance) ranged from 0.3125 mg to 25 mg. Carbidopa content

uniformity results are shown in Table 2, below.
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Table 2. Carbidopa content uniformity test.

Results
Test Slow, 0.3125 Slow, 25.0 mg Fast, 0.3125 mg Slow, 25 mg
mg carbidopa carbidopa carbidopa carbidopa
Assay 95.1% 97.4% 104.9% 99.0%
1. 93.5% . 1. 1052% 1. 99.8%
2. 97.2% L. 99.3% 2. 1035% | 2.99.2%
2. 95.0%
3. 953% - 9.0% 3. 106.3% 3. 97.9%
4. 95.8% i- Zzzof’ 4. 108.6% 4. 102.4%
» 5..99.9% - 97.0% 5. 108.2% 5..99.9%
Carbidopa
OIOPE 6. 95,59 5. 96.6% 6. 103.2% 6. 97.9%
Uniformity | 794 oo 6. 95-804 7. 104.9% 7.97.2%
of Dosage | 8. 93.2% ; 22;;’ 8. 102.7% 8. 100.1%
10 Tablots | & 923% - 96.3% 9. 101.5% 9. 94.1%
10.94.0% 9. 97.4% 10. 104.7% 10.101.5%
AV=87 10. 98.0% AV=389 AV=57
AV=49
% RSD = % RSD =2.2% % RSD = 2.4%
23, %RSD = 1.6%
. 0

The release rate of 5-HTP from the modified release layer when combined with the swelling
layer in a bilayer tablet varied from to T80% ~8 hours (h) (“fast”, see Figures 1A-1B) to T80% ~11 h
(“slow”) (see Figures 1C-1D) under dissolution testing using a USP III apparatus (Agilent BIO-
DIS reciprocating cylinder apparatus 3/7 system including 850-DS dissolution sampling station (auto
sampler)). T80% is the time when 80% of the compound (5-HTP or carbidopa) has been released from
the dosage form. The release rate was controlled by varying the levels of HPMC K100M CR and
HPMC K4M DC in the modified release layer, and adjusting the MCC level to maintain the modified
release layer weight of 500 mg. See Table 1. Increasing or decreasing the carbidopa level was
compensated for by decreasing or increasing, respectively, MCC level to maintain the modified release
layer weight of S00 mg. See Table 1. The level of carbidopa did not affect S-HTP release rate. See
Figure 2. 5S-HTP and carbidopa release rates were similar and in parallel, irrespective of overall release
rates (“fast”, “slow”, or “intermediate”) and carbidopa level. See Figures 3A-3C. See also, Table 6, in
Example 3, below. For all composition iterations of the bilayer tablet the S-HTP and carbidopa T=80%
differed <2h hours.

During disintegration testing (Copley DTG 2000 Disintegration tester with disk which
complies to USP <701> (“Disintegration” (2019)) the swelling layer stayed largely intact (i.e., in one
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piece, without significant erosion) and the modified release layer (although diminishing in size due to

erosion) stayed attached the swelling layer for at least 8 hours. See Figure 4.

Example 2
Short-term stability of 5-HTP/low dose carbidopa gastroretentive tablets.

Three different carbidopa contents of bilayer tablets of the 5-HTP/low-dose carbidopa (“fast”)
gastroretentive composition were tested for short term stability (T=0, T=7 days, T=35 days, and T=70
days). For the modified release layer, “stable” was defined as meeting all acceptance criteria defined in
Tables 3-5. The three bilayer tablets comprised 250 mg 5-HTP/0.625 mg carbidopa, 250 mg 5-HTP/5
mg carbidopa, and 250 mg 5-HTP/25 mg carbidopa. Assay and related substances were determined on
single modified release monolayers, as swelling layer excipients interfered with assay and related
substances for 5-HTP and carbidopa. Assay for 5-HTP and carbidopa were within 90.0-110.0 %
nominal at all stability time points for all three tablets. Related substances for 5-HTP and carbidopa
remained within acceptance criteria at all stability time points for all three tablets. Appearance
remained unchanged as a white to off-white bilayer tablet for all bilayer tablets. See Tables 3-5,
below. Dissolution profiles of 5S-HTP and carbidopa from the three bilayer tablets were tested using a
USP III apparatus. See Figures SA-SE. The dissolution profiles of 5S-HTP for all three bilayer tablets at
70 days were indistinguishable from the profiles at T=0. See Figures 5A-5C and Tables 3-5. The
dissolution profiles of carbidopa for the 250 mg 5-HTP/S mg carbidopa and 250 mg 5-HTP/25 mg
bilayer tablets were indistinguishable from the profiles at T=0 (the carbidopa levels from the 250 mg 5-
HTP/0.625 mg carbidopa bilayers were too low to be reliably quantified). See Figures 5D and SE.
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Example 3

Manufacture of other 5-HTP/low-dose carbidopa gastroretentive tablets

To further broaden the scope of the 5-HTP/low-dose carbidopa gastroretentive tablet
technology presented in Example 1, a series of 33 compositions of bilayer tablets of differing swelling
and modified release layers were prepared and characterized by dissolution testing as described under
Example 1. See Table 6, below. Excipients not listed are identical to listed in Table 1. In the 29 of 33
compositions where the T=80% release was tested, the T=80% of 5-HTP and the T=80% of carbidopa

differed by less than 2 hours, demonstrating essentially parallel release of S-HTP and carbidopa.

Table 6. Summary of T80% for various 5-HTP/low-dose carbidopa gastroretentive tablets iterations.

Swelling layer MR layer T=80%
Formulation® HPMC Polyox HPMC Polyox | Carbidopa | 5-HTP
Not used 100% 32%
201140-052-01 5% 301 8.8h 8.0h
Coagulant | K100LVCR
Not used 100% 18%
201140-052-02 5% 301 8.0h 7.0h
Coagulant | K100LVCR
Not used 100% 32% Not Not
201140-052-03 5% 301 ) i
Coagulant K4MCR achieved | achieved
Not used 100% 18%
201140-052-04 5% 301 10.5h 88h
Coagulant K4MCR
49.5% 49.5% 18%
201140-056-05 5% 301 6.1h 55h
K100M Coagulant K100LVCR
49.5% 49.5% 18%
201140-056-06 5% 301 56h 54h
K15M Coagulant K100LVCR
19.8% 79.2% 18%
201140-056-01 5% 301 | Not tested | Not tested
K100M Coagulant | K100LVCR
49.5% 49.5% 18%
201140-056-03 5% 301 | Not tested | Not tested
K4M Coagulant | K100LVCR
49.5% 49.5% 18%
201140-057-01 5% 1105 4.7h 42h
K100M Coagulant | K100LVCR
201140-057-02 49.5% 49.5% 9% 5% 301 46h 42h
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Swelling layer MR layer T=80%
Formulation' HPMC Polyox HPMC Polyox | Carbidopa | 5-HTP
K100M Coagulant | K100LVCR
201140-057-03 (with 49.5% 49.5% 18%
5% 301 | Not tested | Not tested
SLS) K100M Coagulant KI100LVCR
49.5% 49.5%
201140-061-01 18% K4M | 5% 301 9.6h 8.7h
K100M Coagulant
49.5% 49.5%
201140-061-02 25%K4M | 5% 301 102 h 89h
K100M Coagulant
49.5% 49.5% 32%
201140-061-03 5% 301 58h 55h
K100M Coagulant K100LV
49.5% 49.5% 25%
201140-061-04 5% 301 58h 54h
K100M Coagulant K100LV
49.5% 49.5%
201140-066-01 32% K4M 5% 301 12.1h 11.5h
K100M Coagulant
49.5% 49.5% 25% K4M
201140-066-02 5% 301 13.3h 12h
K100M Coagulant 7% K100M
49.5% 49.5%
201140-066-03 15% K4M | 22% 301 12h 11h
K100M Coagulant
201140-066-04 15% K4M
49.5% 49.5%
(Weight of Swelling 17% 5% 301 122h 11h
K100M Coagulant
layer is 400mg) K100M
15% K4M
49.5% 49.5%
201140-072-01 17% 5% 301 13.6h 12h
K100M Coagulant
K100M
7% K4M
49.5% 49.5%
201140-072-02 25% 5% 301 14.6 h 13h
K100M Coagulant
K100M
7% K4M
49.5% 49.5%
201140-072-03 25% 5% 301 15h 13.6 h
K100M Polyox 303
K100M
49.5% 49.5% 25% K4M
201140-072-04 5% 301 13.1h 12h
K100M Polyox 303 | 7% K100M
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Swelling layer MR layer T=80%
Formulation' HPMC Polyox HPMC Polyox | Carbidopa | 5-HTP
49.5% 49.5%
201140-076-01 25% K4M 5% 301 11.2h 10.7h
K100M Coagulant
7% K4M
49.5% 49.5%
201140-076-02 25% 5% 301 13.8h 13.3h
K100M Coagulant
K100M
25% K4M
49.5% 49.5%
201140-076-03 3.5% 5% 301 12.3h 11.8h
K100M Coagulant
K100M
49.5% 49.5%
201140-076-04 28.5% K4M | 5% 301 12.0h 11.5h
K100M Coagulant
49.5% 49.5%
201140-080-01 18% K4M 5% 301 8.7h 8.0h
K100M Coagulant
49.5% 49.5%
201140-080-02 13% K4M 5% 301 86h 81h
K100M Coagulant
7% K4M
49.5% 49.5%
201140-082-01 25% 5% 301 14 h 13h
K100M Coagulant
K100M
49.5% 49.5%
201140-082-02 18% K4M 5% 301 103 h 10h
K100M Coagulant
201140-091-01
7% K4M
(250mg 5-HTP, 49.5% 49.5%
) 25% 5% 301 13.1h 12.4h
2.5mg carbidopa, K100M Coagulant
K100M
1000mg tablet)
201140-091-02
(250mg 5-HTP,
. 49.5% 49.5%
2.5mg carbidopa, 18% K4M 5% 301 9h 89h
K100M Coagulant
1000mg tablet
weight)

SLS = Sodium lauryl sulfate
Formulations had been prepared at 300mg 5-HTP, 25mg carbidopa with a total 1200mg tablet weight (swelling
layer 600 mg, modified release layer 600 mg) up until formulation 201140-082 series. After that tablet weight
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was reduced from 1200mg to 1000mg (swelling layer 500 mg, modified release layer 500 mg), with 250 mg 5-
HTP and 2.5 mg carbidopa.

Example 4

Excipient compatibility

Excipient compatibility studies were performed to examine the stability of S5-HTP and
carbidopa mixed together, either the two APIs alone or in the presence of one or two excipients. The
stability (assay and level of impurities) was tested using small aliquots of 5-HTP (300 mg) and
carbidopa (25 mg) blended together, with or without together excipients. See Table 7, below. The
API/excipient ratios were based on the approximate composition of gastroretentive tablets of 5-HTP
and carbidopa in Table 1. There were no significant increases in the levels of impurities for any of the
API/excipient(s) combinations at T=0, 7 days and 1 month of storage at 40 °C. See Table 8, below.
The maximum percentage increase (largest single impurity) for carbidopa was 0.44%, 0.55%, and
0.86% at T=0, 7 days and 1 month, respectively. The maximum percentage increase for 5S-HTP was
0.27%, 0.48%, and 0.49% at T=0, 7 days and 1 month, respectively.

Table 7. Excipient compatibility of 5-HTP and carbidopa in a range of excipients.
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Sample Components Weight | Sample Components Weight
(mg) (mg)

1 5-HTP 300.00 11 5-HTP 300.00
Carbidopa 25.00 Carbidopa 25.00
Butylated hydroxytoluene 0.65 Polyox WSR 301 16.25
(BHT)

2 5-HTP 300.00 Ascorbic Acid 3.25
Carbidopa 25.00 12 5-HTP 300.00
Ascorbic Acid 0.65 Carbidopa 25.00

3 5-HTP 300.00 Magnesium Stearate 6.5
Carbidopa 25.00 BHT 0.65
Butylated hydroxytoluene 3.25 13 5-HTP 300.00
(BHT)

4 5-HTP 300.00 Carbidopa 25.00
Carbidopa 25.00 Sodium stearyl fumarate 6.5
Ascorbic Acid 3.25 14 5-HTP 300.00

S 5-HTP 300.00 Carbidopa 25.00
Carbidopa 25.00 Silica Colloidal Anhydrous 6.5

(Aecrosil 200)

6 5-HTP 300.00 15 5-HTP 300.00
Carbidopa 25.00 Carbidopa 25.00
PVP K30 16.25 Amberlite IRP 69 resin 6.5

7 5-HTP 300.00 BHT 0.65
Carbidopa 25.00 16 5-HTP 300.00
Polyox WSR 301 16.25 Carbidopa 25.00

8 5-HTP 300.00 Amberlite IRP 69 resin 6.5
Carbidopa 25.00 17 5-HTP (control) 300.00
Polyox WSR 301 16.25 18 Carbidopa (control) 25.00
BHT 0.65 19 5-HTP 300.00

9 5-HTP 300.00 Carbidopa 25.00
Carbidopa 25.00 Magnesium Stearate 6.5
Polyox WSR 301 16.25 20 5-HTP 300.00
Ascorbic Acid 0.65 Carbidopa 25.00
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5-HTP 300.00 Sodium stearyl fumarate 6.5
Carbidopa 25.00 BHT 0.65
Polyox WSR 301 16.25
BHT 3.25
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Example 5

Evaluation of the 5-HTP/low-dose carbidopa gastroretentive tablets in human healthy volunteers

The “fast” 5-HTP (250 mg) / low-dose carbidopa (0.625 mg, 2.5 mg, 5 mg, or 15 mg)

gastroretentive tablets were administered orally to subjects from a cohort totaling 16 healthy
subjects in a S-period open label pharmacokinetics study. See Table 9. The subjects’ mean age was
~50 years (33 to 60 years). All were Caucasian, 11 males, 5 females. Average weight was ~80 kg
and all body mass index (BMI) < 32.0 kg/m®. The subjects were admitted to a clinic during the
study. The swelling layer of the tablets was radiolabelled with <1 MBq '"'In to allow for parallel
scintigraphic location of the tablets in the gastrointestinal tract. The tablets were administered in the
morning, one tablet per administration, after ingestion of >80% of the breakfast. Tablets were
administered with 210 mL water followed by a radiolabelled drink (radiocontrast) containing NMT
4 MBq technetium-99m-diethylene triaminepentaacetic acid (99mTc-DTPA) in 30 mL of water.
Blood samples for 5S-HTP and carbidopa plasma analysis were collected at pre-defined timepoints
over 36h after tablet administration.

In the first 4 periods, the tablets were administered after a standardized FDA high-fat, high-
calorie meal (FDA, 2022), in order of increasing doses of carbidopa. Administration of the highest
carbidopa dose tablets, 5-HTP (250 mg) /carbidopa 15 mg, were repeated in period 5, but with an
FDA medium-fat, medium-calorie meal to assess the impact of an alternative meal type on the 5-
HTP and carbidopa pharmacokinetics of the “fast” gastroretentive tablets. See Table 9, below. The
5-HTP and carbidopa in the plasma were analyzed by liquid-chromatography-mass spectrometry.
As reference to the tablet 5-HTP profiles, the tablet pharmacokinetics 5-HTP data from the “fast”
gastroretentive tablets was compared to plasma 5-HTP data from a separate cohort of 12 healthy
volunteers, recruited from the same geographical area, administered 250 mg of native 5-HTP
immediate release after a standardized FDA high-fat, high-calorie meal in an analogously designed

study, in the same clinic, under the experimental conditions as for the “fast” gastroretentive tablets.
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Table 9. Pharmacokinetics study periods.

Period 5-HTP/low-dose carbidopa gastroretentive tablets Prandial state

| 5-HTP/carbidopa gastroretentive prototype 1 tablet, 250 mg 5- Fed (high-fat/
HTP, 0.625 mg carbidopa, radiolabelled with NMT 1 MBq !!!In high-calorie breakfast)

5 5-HTP/carbidopa gastroretentive prototype 2 tablet, 250 mg 5- Fed (high-fat/
HTP, 2.5 mg carbidopa, radiolabelled with NMT 1 MBq '''In high-calorie breakfast)

; 5-HTP/carbidopa gastroretentive prototype 3 tablet, 250 mg 5- Fed (high-fat/
HTP, 5 mg carbidopa, radiolabelled with NMT 1 MBq '''In high-calorie breakfast)

A 5-HTP/carbidopa gastroretentive prototype 4 tablet, 250 mg 5- Fed (high-fat/
HTP, 15 mgcarbidopa, radiolabelled with NMT 1 MBq !''In high-calorie breakfast)

] ) Fed (moderate-fat/
5-HTP/carbidopa gastroretentive prototype 4 tablet, 250 mg 5- )
5 ) ) ) " Moderate-calorie
HTP, 15 mg carbidopa, radiolabelled with NMT 1 MBq 'In

breakfast)

NMT: not more than.

Plasma pharmacokinetics parameters were estimated using standard Phoenix WinNonlin
methods. Data are presented as geometric mean + SEM. The 5-HTP plasma profiles after single
tablet administration following a high-fat meal are shown in Figure 6A. The 5-HTP plasma profiles
after single tablet administration of “fast” 5S-HTP (250 mg) / low-dose carbidopa (15 mg) tablets
following either an FDA high-fat high-calorie meal versus after an FDA moderate-fat, moderate-
calorie meal are shown in Figure 6B. Data from periods 1-4 were fit and simulated to extrapolate to
pharmacokinetic steady-state at twice-daily dosing (after high-fat, high-calorie meal) using non-
parametric superposition. See Figure 6C. The corresponding AUC1-12n at steady-state at twice-daily
dosing extrapolated using non-parametric superposition are shown in Figure 6D. Table 10, below,
summarizes key 5-HTP pharmacokinetic parameters after the 5 gastroretentive tablet treatments: (i)
native 5-HTP immediate release, (ii) “fast” 5-HTP (250 mg) / low-dose carbidopa (0.625 mg)
gastroretentive tablets, (iii) “fast” 5-HTP (250 mg) / low-dose carbidopa (2.5 mg) gastroretentive
tablets, (iv) “fast” 5-HTP (250 mg) / low-dose carbidopa (5 mg) gastroretentive tablets, and (v)
“fast” S-HTP (250 mg) / low-dose carbidopa (15 mg) gastroretentive tablets.
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Plasma pharmacokinetics data for carbidopa are presented in Figures 7A-7D. Carbidopa
plasma was below lower limit of quantification (1ng/ml) at all timepoints at the 0.625 mg carbidopa
dose strength, and for most time points at the 2.5 mg carbidopa dose strength. Only for the 5 mg
and 15 mg carbidopa dose strengths were extrapolation to steady state using non-parametric
superposition possible. Table 11, below, summarizes key carbidopa pharmacokinetic parameters
after (i) “fast” S-HTP (250 mg) / low-dose carbidopa (2.5 mg) gastroretentive tablets, (i1) “fast” 5-
HTP (250 mg) / low-dose carbidopa (5 mg) gastroretentive tablets, and (iii) “fast” 5-HTP (250 mg)
/ low-dose carbidopa (15 mg) gastroretentive tablets, and (iv) “fast” S-HTP (250 mg) / low-dose
carbidopa (15 mg) gastroretentive tablets, the latter following a moderate fat diet. Carbidopa
concentrations below the limit of quantification are not summarized in the table. Tmax of about 5

hours was similar for all dose groups.

Table 11. Key pharmacokinetic parameters for carbidopa following single-administration of 5-

HTP/low-dose carbidopa gastroretentive tablets in human healthy volunteers. Data are geometric

means.

Treatment 250 mg 5- 250 mg 5- 250 mg 5- 250 mg 5-
HTP/2.5 mg HTP/5 mg HTP/15 mg HTP/15 mg
carbidopaHF | carbidopa HF | carbidopa HF | carbidopa MF

T () 5.000 5.000 5.000 5.000

(5.00-10.0) (4.00-6.00) (5.00-16.02) (3.00-9.00)
[n=9]

Chviax 1.35(22.7%) 2.36 (26.5%) 8.07 (52.9%) 5.43 (59.9%)

(ng/mL) [n=9]

T1/2 (h) NC 2.394 (86.7%) | 2.003 (20.6%) | 1.987 (10.3%)

[n=53] [n=10] [n=8]

Using scintigraphy and 111In radio-labelling of the swelling layer, the gastric emptying
time and time to colon arrival were estimated by periodic scintigraphic imaging of the subjects
following administration of the gastroretentive tablets. See Figure 8. On average, the tablets were
gastric retained in the stomach for about 5 hours, with colon arrival about 9 hours. Single-

administration of “fast” 5-HTP (250 mg) / low-dose carbidopa (15 mg) after a moderate-fat,
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moderate-calorie meal resulted in gastrointestinal transit of the radiolabeled tablet occurring
slightly faster than was measured after a high-fat high-calorie meal. The mean gastric emptying
time (4.4 hours) and colon arrival (6.3 hours) times were approximately 1-2 hours faster after a
moderate-fat moderate-calorie meal than after a high-fat high-calorie meal, when comparing across

all 5 administration periods.
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It will be understood that various details of the presently disclosed subject matter may be
changed without departing from the scope of the presently disclosed subject matter. Furthermore,
the foregoing description is for the purpose of illustration only, and not for the purpose of

5  limitation.
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Claims

What is claimed is:

1. A gastroretentive dosage form comprising a tablet, wherein said tablet comprises
two layers:

(a) a swelling layer comprising one or more hydrophilic polymers, wherein each of
said one or more hydrophilic polymers is swellable in the presence of gastric fluid; and

(b) a modified release layer, wherein the modified release layer comprises 5-
hydroxytryptophan (5-HTP) and carbidopa; and

wherein a time period for 80% by weight of the 5-HTP to release from the dosage
form in dissolution testing is within about 2 hours of a time period for release of 80% by

weight of the carbidopa.

2. The gastroretentive dosage form of claim 1, wherein the time period for 80% by
weight of one or both of the 5-HTP and the carbidopa to release from the dosage form in

dissolution testing is about 5 hours to about 12 hours.

3. The gastroretentive dosage form of claim 1 or claim 2, wherein the modified release
layer comprises one or more hydrophilic polymers selected from the group consisting of a
low viscosity hydroxypropyl methylcellulose (HPMC), medium viscosity HPMC, high
viscosity HPMC, low molecular weight (MW) polyethylene oxide (PEO), medium MW
PEO, high MW PEO, and high viscosity hydroxyethyl cellulose.

4, The gastroretentive dosage form of claim 3, wherein the modified release layer
comprises about 14% (w/w) to about 37% (w/w) of the one or more hydrophilic polymers

based on a total weight of the modified release layer.

5. The gastroretentive dosage form of claim 3 or claim 4, wherein the modified release
layer comprises about 5% (w/w) of a medium MW PEO or a high MW PEO and about 13%
(w/w) to about 32% (w/w) of a low viscosity HMPC, a medium viscosity HPMC, or a
mixture of medium viscosity HPMC and high viscosity HPMC based on a total weight of

the modified release layer.
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6. The gastroretentive dosage form of any of claims 1-5, wherein the modified release
layer comprises, based on a total weight of the modified release layer:

(1) about 50 % (w/w) 5S-HTP;

(i1) about 0.0625% (w/w) to about 5% (w/w) carbidopa; or

(iii) about 50% (w/w) 5-HTP and about 0.0625% (w/w) to about 5% (w/w)

carbidopa.

7. The gastroretentive dosage form of any one of claims 1-6, wherein the modified
release layer further comprises about 5% (w/w) to about 30% (w/w) of one or more ductile
filler based on a total weight of the modified release layer, optionally wherein the ductile

filler comprises or consists of microcrystalline cellulose (MCC).

8. The gastroretentive dosage form of any one of claims 1-7, wherein the modified
release layer further comprises about 0.5% (w/w) to about 3% (w/w) of a lubricant based on
a total weight of the modified release layer, optionally wherein the lubricant is selected
from the group consisting of sodium stearyl fumarate (SSF), glyceryl behenate, stearic acid,

magnesium stearate, and mixtures thereof.

9. The gastroretentive dosage form of any one of claims 1-8, wherein the modified
release layer further comprises about 0.01% (w/w) to about 1% (w/w) of an antioxidant
based on a total weight of the modified release layer, optionally wherein the antioxidant is
selected from the group consisting of butylated hydroxytoluene (BHT), butylated
hydroxyanisole, tocopherol, tocopherol acetate, ascorbic acid, sodium sulfite, sodium

metabisulfite, and mixtures thereof.

10. The gastroretentive dosage form of any one of claims 1-9, wherein the swelling
layer comprises high MW PEO and high viscosity HPMC, optionally wherein the swelling
layer comprises a weight ratio of high MW PEO:high viscosity HPMC of about 1:1.

11. The gastroretentive dosage form of any one of claims 1-10, wherein the swelling
layer further comprises up to about 5 % (w/w) of a lubricant based on a total weight of the
swelling layer, optionally wherein the lubricant comprises or consists of sodium stearyl

fumarate (SSF).
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12. The gastroretentive dosage form of any one of claims 1-11, wherein the swelling

layer and the modified release layer have about the same weight.

13.  The gastroretentive dosage form of any one of claims 1-12, wherein the total weight
of the tablet is between about 500 milligrams (mg) and about 2000 mg; optionally wherein
the total weight of the tablet is about 1000 mg.

14.  The gastroretentive dosage form of any one of claims 1-13, wherein the tablet

comprises about 250 mg of 5-HTP and about 0.3125 mg to about 25 mg of carbidopa.

15. The gastroretentive dosage form of any one of claims 1-14, wherein the modified
release layer comprises, based on a total weight of the modified release layer: about 50%
(w/w) S-HTP; about 0.06% (w/w) to about 5.4% (w/w) carbidopa; about 5.7% (w/w) to
about 25.1% (w/w) MCC, about 5% (w/w) medium or high MW PEQ; about 7% (w/w) to
about 18% (w/w) medium viscosity HPMC; about 0% (w/w) to about 25% (w/w) high
viscosity HPMC; about 0.2% (w/w) BHT, about 0.1% (w/w) colloidal silica; and about
1.5% (w/w) SSF.

16.  The gastroretentive dosage form of claim 15, wherein the modified release layer
comprises, based on a total weight of the modified release layer: about 50% (w/w) 5S-HTP;
about 0.06% (w/w) to about 5.4% (w/w) carbidopa; about 19.8% (w/w) to about 25.1%
(w/w) MCC; about 5% (w/w) medium or high MW PEQ; about 18% (w/w) medium
viscosity HPMC; about 0.2% (w/w) BHT, about 0.1% (w/w) colloidal silica; and about 1.
5% (w/w) SSF.

17. The gastroretentive dosage form of any one of claims 1-16, wherein the swelling
layer swells to at least about 150 % of the dry volume of the swelling layer in an aqueous

solution.

18.  The gastroretentive dosage form of any one of claims 1-17, wherein the tablet

remains in the stomach for about 5 hours after oral administration to a human.
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19. The gastroretentive dosage form of any one of claims 1-18, wherein the modified
release layer remains stable for at least 70 days when stored at 15°C to about 25°C

protected from light.

20.  The gastroretentive dosage form of any one of claims 1-19, wherein the modified
release layer and the swelling layer remain attached to one another for at least 8 hours

during disintegration testing according to USP <701> with use of a disk.

21.  The gastroretentive dosage form of any one of claims 1-20, wherein the modified
release layer has an acceptance value (AV) of about 15 or less and a relative standard

deviation (RSD) of about 3 or less in content uniformity testing according to USP <905>.

22. The gastroretentive dosage form of any one of claims 1-21, wherein administration
of the tablet once or twice daily to a mammalian subject, optionally a human, provides a
time to achieve a maximum plasma concentration (Tmax) of S-HTP that is delayed about 4

hours on average compared to an immediate release dosage form of native 5S-HTP.

23. The gastroretentive dosage form of any one of claims 1-22, wherein administration
of the tablet once or twice daily to a mammalian subject, optionally a human, provides
about 1-fold to about 10-fold 5-HTP plasma exposure compared to an immediate release
native 5-HTP dosage form comprising the same weight of 5-HTP and wherein said

immediate release native S-HTP dosage form does not comprise carbidopa.

24, The gastroretentive dosage form of any one of claims 1-23, wherein administration
of the tablet once or twice daily to a mammalian subject, optionally a human, provides a
steady state average 5-HTP plasma level of about 25 nanograms per milliliter (ng/ml) or
more, optionally wherein the steady state average 5S-HTP plasma level is about 50 ng/ml or
more, optionally wherein the steady state average S-HTP plasma level is about 100 ng/ml or
more, optionally wherein the steady state average 5-HTP plasma level is between 100 ng/ml
and 500 ng/ml.
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25. The gastroretentive dosage form of any one of claims 1-24, wherein administration
of the tablet once or twice daily to a mammalian subject, optionally a human, provides a
steady state average carbidopa plasma level of about 25 ng/ml or less, optionally about 20

ng/ml or less, further optionally about 10 ng/ml or less.

26. The gastroretentive dosage form of any one of claims 1-25, wherein administration
of the tablet once or twice daily to a mammalian subject, optionally a human, provides a
steady state average maximum carbidopa plasma level (Cmax) of about 25 ng/ml or less,

optionally about 20 ng/ml or less, further optionally about 10 ng/ml or less.

27. The gastroretentive dosage form of any one of claims 1-26, wherein administration
of the tablet once or twice daily to a mammalian subject, optionally a human, provides an
increased 5-HTP half-life compared to a 5-HTP half-life when native 5S-HTP is administered
in an immediate release form, optionally wherein the 5S-HTP half-life is increased by about
10% to about 200% compared to the 5S-HTP half-life when the native 5-HTP is administered

in an immediate release form.

28. The gastroretentive dosage form of any one of claims 1-27, wherein the dosage form
is configured to provide a same release rate for 5-HTP and/or a same release rate for
carbidopa over a range of carbidopa content from 0.3125 mg to 25 mg when a total

combined weight of carbidopa and microcrystalline cellulose is held constant.
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