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TETRODOTOXIN LIQUID FORMULATIONS

FIELD OF THE DESCRIPTION

[0001] The present description relates generally to liquid formulations comprising
tetrodotoxin. In one aspect, the description relates to stable tetrodotoxin formulations that are
suitable for use as pharmaceutical product. Such products may be in a form for injection to a

mammal.
BACKGROUND
[0002] Tetrodotoxin is a naturally occurring, non-protein marine neurotoxin. Tetrodotoxin

binds with the SS1/SS82 subunit of voltage-gated sodium channels with high specificity and
high affinity.

[0003] The chemical name of tetrodotoxin (C11H17N3Os) is octahydro-12-(hydroxymethyl)-
2-imino-5, 9:7, 10a-dimethano-10aH-(1,3)dioxocino (6,5-d)-pyrimidine-4,7,10,11,12-pentanol.

Its molecular weight 319.28, and has the following structure:

[0004] Tetrodotoxin (or “TTX") is a white to off-white crystalline powder that darkens
above 220°C without decomposition and has the following characteristics: [a]D25 -8.64
(C=8.55 in diluted acetic acid); pKa 8.76 in water and 9.4 in 50% alcohol. TTX is water
soluble and generally insoluble in organic solvents. TTX is relatively stable at acidic pH, but

quickly degrades in alkaline solution.

[0005] Most likely due to its being a strong neurotoxin, TTX has not been extensively
investigated. Nevertheless, tetrodotoxin has been known to be used as a tool in
pharmacological research, particularly neurophysiology and ion-channel electrophysiology. In
addition to its use in scientific research, therapeutic applications of TTX have also been
described. In some cases, a tetrodotoxin compositions for injection (i.e., in the form of
aqueous solutions), have been described. For example, TTX and derivatives thereof have
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been described for use as non-opioid analgesics in the treatment of chemotherapy induced
neuropathic pain (CINP) and cancer related pain (CRP). These and other examples of uses
of TTX have been described in, for example, U.S. Patent Nos: 5,846,975; 6,407,088;
6,599,906; 8,486,901; 9,018,222; and 10,624,896.

[0006] One of the problems encountered in using TTX as a therapeutic has been its
tendency to rapidly degrade when in liquid solution form, in particular as a result of the
molecule’s high sensitivity to temperature. In US Patent No. 8,124,608, it was found that the
content of tetrodotoxin, as examined by HPLC, declined to 91.9% on day 1 and further to
89.37% on day 3, when stored in aqueous solution form at 40°C. Moreover, the content of
tetrodotoxin declined to 95.34% when the formulation was left standing for one month at 25°C,
and 89.77% after three months at 25°C. As will be understood, once the content of
tetrodotoxin, the active pharmaceutical ingredient in such formulations, is reduced to less than
90% of the labelled amount, the formulation is no longer suitable for clinical use.

[0007] Thus, in view of the lack of acceptable stability, and consequently unacceptable
shelf life, the currently known TTX formulations are not suitable for wide-scale application in

treatment methods.

[0008] The characterization of the tetrodotoxin degradation products and the mechanism
of tetrodotoxin degradation in aqueous media have been extensively studied. In 1965, T. Goto
et al. reported that tetrodotoxin transformed to an epimer, 4-epi-tetrodotoxin under acidic
medium. The epimer can further dehydrate to form 4,9-anydro-tetrodotoxin (Tetfrahedron.
1965, Vol 21, 2059-2088). The epimerization of tetrodotoxin is facilitated by a proton via a

rapid ring-opening intermediate:

o o o o
o OH . o OH . o OH
- O (o]
O OH _NH} H o' oH _NH H o oH|oH  _wwy -HO o oH _NH
NH7/ = NH7/ B —NH7/ —NH7’
NH GH' H,N NH +H,0
HO HO 2 HO NH
OH Ho OH ‘OH OH HO™ o
Tetrodotoxin 4-epi-tetrodotoxin 4,9-anhydro-tetrodotoxin

[0009] Upon mild water treatment of tetrodotoxin, T. Goto et al., found the formation of
tetrodonic acid (Tetrahedron Lett., 1963, 4, 2105-2113), as follows:
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Tetrodotoxin Tetrodonic acid

[0010] At extreme acidic or alkaline condition, tetrodotoxin breaks down into other
complex degradation products (Woodward, R. B. The structure of tetrodofoxin. Pure and Appl.
Chemistry, 1964, 9(1), 49-74))

[0011] To address the problem associated with the degradation of tetrodotoxin in aqueous
solution, a lyophilized tetrodotoxin powder formulation has been proposed, such as described
in U.S. Patent Nos. 8,124,608; 8,222,258; and 8,530,481. However, lyophilized powder
formulations has several disadvantages. First, the lyophilization process incurs a significant
manufacturing cost per dose when considered in an industrial scale, which thereby leads to
increased costs for the therapeutic products. Second, use of a conventional lyophilized
formulation, which is typically in a powdered form, first requires reconstitution in a diluent,
such as water for injection (WFI), or 0.9% sodium chloride injection (USP), in order for the
drug to be administered. Reconstitution is an aseptic technique that generally requires the
skill of a healthcare professional and often a qualified pharmacy compounding facility. Third,
as discussed above, TTX is soluble in water and not to any desired degree in organic
solvents; however, as also discussed above, exposure to water accelerates the degradation
of TTX. Consequently, formulations formed by reconstituting TTX in an aqueous solution are

not sufficiently stable unless stored under special conditions.

[0012] There is, therefore, a need for a liquid tetrodotoxin formulation that addresses at

least one of the aforementioned deficiencies.
SUMMARY OF THE DESCRIPTION

[0013] In one aspect, there is provided a stable liquid formulation comprising tetrodotoxin,
and/or a derivative, analog, or a pharmaceutically acceptable salt thereof, and one or more

pharmaceutically acceptable diluents, carriers, and excipients.

[0014] In one aspect, the formulation comprises less than 15% water (w/v). In another

aspect, the formulation comprises up to 95% polyethylene glycol (PEG) (w/v).
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[0015] In one aspect, the stable formulation is provided in a container. In another aspect,
the stable formulation is provided in a pre-filled syringe adapted for subcutaneous
administration of tetrodotoxin. In another aspect, the formulation is adapted to administer a

tetrodotoxin dose of 5-120, or 15-60, or about 30 pg to a subject.

[0016] In one aspect, there is provided a use of the stable liquid formulation comprising
TTX for the treatment of pain. In a further aspect the pain is chemotherapy induced

neuropathic pain (CINP).

[0017] In another aspect, there is provided the stable liquid formulation comprising TTX
for use in the treatment pain. In a further aspect the pain is chemotherapy induced
neuropathic pain (CINP).

[0018] In another aspect, there is provided a method of administering the stable liquid
formulation comprising TTX to a patient in need thereof for the treatment of pain. In a further

aspect the pain is chemotherapy induced neuropathic pain (CINP).
BRIEF DESCRIPTION OF FIGURES

[0019] The features of certain embodiments will become more apparent in the following

detailed description in which reference is made to the appended figures wherein:

[0020] Fig. 1 illustrates tetrodotoxin (“TTX") stability in formulations comprising different
ratios of propylene glycol (“PG”) and polyethylene glycol 400 (PEG 400) as an organic

solvent.

[0021] Fig. 2 illustrates TTX stability in formulations having different pH and with an
acid/PG/PEG 400 ratio of 5/50/45 (v/v).

[0022] Fig. 3 illustrates TTX stability in formulations having different pH and with an
acid/PG/PEG 400 ratio of 5/80/15 (v/v).

[0023] Fig. 4 is a graph illustrating the effects of two TTX formulations on pain withdrawal

threshold (PWT) in oxaliplatin induced pain model rats.

[0024] Fig. 5 is a graph illustrating the effects of two TTX formulations on PWT in

oxaliplatin induced pain model in rats at one hour post dose.
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[0025] Fig. 6 is a graph illustrating the effects of two TTX formulations on PWT in

oxaliplatin induced pain model in rats at 2 hours post dose.

[0026] Fig. 7 is a graph illustrating the effect of two TTX formulations on baseline PWT in

oxaliplatin induced pain model in rats.
DETAILED DESCRIPTION

[0027] As described herein, there are provided liquid pharmaceutical formulations of
tetrodotoxin, or derivatives or analogs thereof, or pharmaceutically acceptable salts thereof.
As will be apparent from the present description, the tetrodotoxin liquid formulations disclosed
herein have several advantages over known lyophilized formulations. For example, the
presently described tetrodotoxin liquid formulations do not require a lyophilization process,
which results in reduced manufacturing costs, which is particularly of importance when
manufacturing doses on an industrial scale. The described liquid formulations do not need to
be reconstituted, thereby avoiding the expense associated therewith and the need for health
care practitioners required for such reconstitution. As such, the formulations described herein
may be provided or packaged in a container, such as a syringe, an ampule, a vial, or an
autoinjector, etc. Such containers may be made of glass, plastic, or another other material as
known in the art. In one aspect, the described tetrodotoxin liquid formulations can be
provided in a “ready to use” form for self-administration by a patient, or for administration by
any other person, using an injection device. In this regard, the presently described
formulation may be provided in the form of pre-filled syringes, or other known administration
devices, having a pre-set dosage of tetrodotoxin. As would be understood, in using the
described liquid formulations, administration errors may also be reduced since the
formulations do not require reconstitution. As would also be understood, such administration
errors can be highly detrimental to the patient owing to the fact that tetrodotoxin is a highly

toxic substance.
[0028] Definitions

[0029] Unless stated otherwise herein, the articles “a” or “the”, when used to identify an
element, are not intended to constitute a limitation of just one and will, instead, be understood
to mean “at least one” or “one or more”. Thus, unless stated otherwise, as used in this

specification and the appended claims, the singular forms “a”, “an”, and “the” will be
understood to include the plural form. For example, reference to “a container” will be
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understood to include one or more of such containers and reference to “the excipient” will be

understood to include one or more of such excipients.

[0030] As used herein, the term “tetrodotoxin” refers to a naturally occurring, synthetic, or
semi-synthetic chemical with the general formula provided above, and pharmaceutically

acceptable salts thereof.

[0031] As used herein, the terms “derivatives of tetrodotoxin” and “analogs of tetrodotoxin
refer, but are not limited to anhydro-tetrodotoxin, tetrodaminotoxin, methoxytetrodotoxin,
ethoxytetrodotoxin, deoxytetrodotoxin, tetrodonic acid, 6-epi-tetrodotoxin, 11-
doexytetrodotoxin as well as the hemilactal type tetrodotoxin analogs (e.g. 4-epi-tetrodotoxin,
6-epi-tetrodotoxin, 1’-deoxy-tetrodotoxin, 4-epi-11-deoxy-tetrodotoxin, tetrodotoxin-8-O-
hemisuccinate, chiriquitoxin, 11-nor-tetrodotoxin-6(S)-ol, 1’-nor-tetrodotoxin-6(R)-ol, 11-nor-
tetrodotoxin-6,6-diol, 11-oxo-tetrodotoxin, and tetrodotoxin-11-carboxylic acid), the lactone
type tetrodotoxin analogs (e.g.6-epi-tetrodotoxin (lactone), 11-deoxy-tetrodotoxin (lactone), 1’-
nor-tetrodotoxin-6(S)-ol (lactone), 11-nor-tetrodotoxin-6(R)-ol (lactone), 11-nor-tetrodotoxin-
6,6-diol (lactone), 5-deoxy-tetrodotoxin, 5,11-dideoxy-tetrodotoxin, 4-epi-5,11-dideoxy-
tetrodotoxin, 1-hydroxy-5,11-dideoxy-tetrodotoxin, 5,6,11-trideoxy-tetrodotoxin and 4-epi-
5,6,11-trideoxy-tetrodotoxin), and the 4,9-anhydro type tetrodotoxin analogs (e.g. 4,9-
anhydro-tetrodotoxin, 4,9-anhydro-6-epi-tetrodotoxin, 4,9-anhydro-11-deoxy-tetrodotoxin, 4,9-
anhydro-tetrodotoxin-8-O-hemisuccinate, 4,9-anhydro-tetrodotoxin-11-O-hemisuccinate), and

pharmaceutically acceptable salts thereof.

[0032] Unless stated otherwise herein, references to “tetrodotoxin” or “TTX” will be

understood to include the naturally occurring substance or derivatives and/or analogs thereof.

[0033] As used herein, the term “subject” or “patient” refers to a mammal. Examples of
subjects include humans, and may also include other animals such as horses, pigs, cattle,
dogs, cats, rats, rabbits, and aquatic mammals. The present description is not limited to any

particular mammal; however, it will be understood that the preferred subjects are humans.

[0034] As used herein, “treat”, “treating”, or “treatment” means the treatment of a disease
in a subject, for example a human, and includes inhibiting the disease (e.g., decreasing its
rate of progression); regressing the disease; relieving or decreasing the severity of one or

more symptoms of the disease; and/or curing the disease.
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[0035] As used herein, “prevent,” “preventing”, or “prevention” means the prevention of a
disease in a subject and includes inhibiting initiation of the disease; decreasing a
predisposition toward the disease; and/or delaying the onset of at least one symptom of the

disease.

[0036] As used herein, the term “about” is synonymous with “approximately” and is used
to provide flexibility to a numerical value, or to the start- and endpoints of range, by providing
that a given value may be “a little above” or “a little below” the value stated. “About” can
mean, for example, within three or more than three standard deviations. “About” can mean
within a percentage range of a given value. For example, the range can be £1%, 5%, £10%,
120%, +30%, £40% or £50% of a given value. “About” can mean with an order of magnitude
of a given value, for example, within 2-fold, 3-fold, 4-fold, or 5-fold of a value. However, it is to
be understood that even when a numerical value is characterized herein by the term “about”,
express support shall be provided at least for the exact numerical value as though the term
“about” were not present. In one aspect, the term about will be understood to encompass a

range +10% of the respective value.

[0037] The term "and/or" can mean "and" or "or".

[0038] The terms “comprise”, “comprises”, “comprised”, or “comprising” may be used in
the present description. As used herein (including the specification and/or the claims), these
terms are to be interpreted as specifying the presence of the stated features, integers, steps,
or components, but not as precluding the presence of one or more other feature, integer, step,
component, or a group thereof as would be apparent to persons having ordinary skill in the
relevant art. Thus, the term "comprising” as used in this specification means "consisting at
least in part of’. When interpreting statements in this specification that include that term, the
features, prefaced by that term in each statement, all need to be present but other features
can also be present. Related terms such as "comprise" and "comprised" are to be interpreted

in the same manner.

[0039] As used herein, “comprises,” “comprising,” “containing” and “having” and the like

can have the meaning generally ascribed to them and can mean “includes”, “including”, and
the like, and are generally interpreted to be open ended terms. The terms “consisting of” or
“consists of” are closed terms, and include only the components, structures, steps, or the like

specifically listed in conjunction with such terms.
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[0040] The phrase “consisting essentially of” or “consists essentially of” will be understood
as generally closed terms, with the exception of allowing inclusion of additional items,
materials, components, steps, or elements, that do not materially affect the basic and novel
characteristics or function of the item(s) used in connection therewith. For example, trace
elements present in a composition, but not affecting the composition's nature or
characteristics would be permissible if present under the “consisting essentially of’ language,
even though not expressly recited in a list of items following such terminology. When using an
open-ended term, such as “comprising” or “including”, it will be understood that direct support
should be afforded also to “consisting essentially of’ language as well as “consisting of”
language as if stated explicitly and vice versa. In essence, use of one of these terms in the

specification provides support for all of the others.

[0041] As used herein, a plurality of items, structural elements, compositional elements,
and/or materials may be presented in a common list for convenience. However, these lists
should be construed as though each member of the list is individually identified as a separate
and unique member. Thus, no individual member of such list should be construed as a de
facto equivalent of any other member of the same list solely based on their presentation in a

common group without indications to the contrary.

[0042] Concentrations, amounts, and other numerical data may be expressed or
presented herein in a range format. It is to be understood that such a range format is used
merely for convenience and brevity and should be interpreted flexibly to include not only the
numerical values explicitly recited as the limits of the range, but to also include all the
individual numerical values or sub-ranges encompassed within that range as if each
numerical value and sub-range is explicitly recited. As an illustration, a numerical range of
“about 1 to about 5" should be interpreted to include not only the explicitly recited values of
about (e.g., £10%) 1 to about (e.g., £10%) 5, but to also include individual values and sub-
ranges within the indicated range. Thus, included in this numerical range are individual values
such as about 2, about 3, and about 4 and sub-ranges such as from about 1 to about 3, from
about 2 to about 4, and from about 3 to about 5, etc., as well as 1, 2, 3, 4, and 5, individually.
This same principle applies to ranges reciting only one numerical value as a minimum or a
maximum. Furthermore, such an interpretation should apply regardless of the breadth of the

range or the characteristics being described.
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[0043] Stability of Tetrodotoxin Liquid Formulations

[0044] As used herein, the term “stable”, in the context of the present TTX formulations,
will be understood to apply to a formulation wherein the TTX component does not degrade
beyond a given value over a given period of time. Some of the known mechanisms of TTX
degradation have been described above. In one aspect, a liquid TTX formulation may be
described as being stable if the TTX component of the formulation does not degrade to
greater degree than TTX in liquid formulations known in the art, examples of which are
provided above. This stability criteria are particularly advantageous when the TTX liquid
formulations are to be stored for immediate administration or self-administration to a subject in

need thereof.

[0045] In one aspect, the stability of TTX can be evaluated or quantified by measuring the
level or concentration of TTX in a formulation over a period of time and at predetermined
conditions (e.g., at a specified temperature and relative humidity) and comparing such
observations or measurements against known TTX formulations. In another aspect, the
stability of a TTX formulation can be evaluated or quantified by measuring the presence, level,
or concentration of one or more TTX degradation products in the formulation over a given
period of time and under specified conditions. Thus, the stability of TTX formulations may be
measured qualitatively or quantitatively by measuring the presence of degradation products

and comparing such measurements to predetermined threshold values.

[0046] In one aspect, a stable TTX formulation may be defined as a formulation that is
sufficiently effective (i.e., achieving the desired TTX response), and has a concentration of
one or more TTX degradation products that is below a predetermined threshold. Sufficiently
effective may be, for example, about 90%, 91%, 92%, 94%, 94%, 95%, 96%, 97%, 98%,

99%, or 100% effective in achieving the desired TTX response.

[0047] For example, in one aspect, a stable liquid TTX formulation may comprise a
formulation of TTX wherein the TTX component does not degrade by more than 11% after
being stored at 25°C for three months. In another aspect, a stable TTX formulation may
comprise a formulation of TTX wherein the TTX component does not degrade more than 5%
after being stored at 25°C for one month. In one aspect, the present description provides a
TTX formulation that is (a) stable for 24 months at a temperature of 2-8°C; and/or (b) stable

for 1 month at 25°C; and/or (c) stable for 28 days at a temperature of 40°C.
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[0048] Thus, in one aspect, a stable TTX formulation according to the present description
exhibits less than 5%, 10%, 15%, 20%, 25%, 30% or 35% degradation of the tetrodotoxin
after the formulation is stored at 40°C and 75% relative humidity (RH) for a period of 28 days.
In one aspect, the formulation is defined as being stable if less than 10% of the tetrodotoxin

undergoes degradation after being stored at 40°C for a period of 28 days.

[0049] In another aspect, a stable TTX formulation according to the present description
exhibits less than 5%, 10%, 15%, 20%, 25%, 30% or 35% degradation of the tetrodotoxin
when the formulation is stored at 25°C and 40% RH for a period of 12 weeks. In one aspect,
the formulation is defined as stable if less than 10% of the tetrodotoxin undergoes degradation
after being stored at 25°C and 40% RH for a period of 12 weeks.

[0050] In another aspect, a stable TTX formulation according to the present description
exhibits less than 5%, 10%, 15%, 20%, 25%, 30% or 35% degradation of the tetrodotoxin
when the formulation is stored at 2-8°C and ambient RH for a period of 6 months. In one
aspect, the formulation is defined as stable if less than 5% of the tetrodotoxin undergoes
degradation after being stored at 2-8°C and ambient RH for a period of 6 months.

[0051] For the purposes of the present analysis, an analytical method was designed and
validated for the quantification of TTX and TTX degradation products in TTX formulations.
This method was applied to assay the degradation products mentioned above, namely, 4-epi-
tetrodotoxin and 4,9-anydro-tetrodotoxin. Thus, an indication of stability of a TTX formulation
may be quantified by measuring the concentration of one or both of these degradation
products. On the basis of assays conducted, and purely by way of example, a TTX
formulation may be deemed to be stable if over a predetermined period of time, the
concentration of 4-epi-tetrodotoxin does not exceed about 2% and/or the concentration of 4,9-
anydro-tetrodotoxin does not exceed about 5% in the formulation. It will be understood that
the time for these degradation products to reach such concentrations will depend on the
conditions to which the formulations are exposed. For example, it is understood that TTX

degradation is accelerated at higher temperatures.

[0052] Tetrodotoxin liquid formulations

[0053] Described herein are liquid formulations of tetrodotoxin, or derivatives or analogs
thereof, or pharmaceutically acceptable salts thereof, that have been shown to have
enhanced stability characteristics over known TTX liquid formulations, such as known

formulations made by reconstituting lyophilized TTX. The term “stable” has been defined

10
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above and will be understood to mean that the TTX component in the formulation is not
degraded by a given amount, and/or that the concentration of one or more TTX degradation

products is not greater than a given amount.

[0054] The formulations described herein may be formulated in an injectable form and/or
in the form of ready to administer compositions. Thus, contemplated herein are dosage forms
that comprise, for example, pre-filled syringes or pre-filled ampules comprising a set dose of

TTX for administration to a subject.

[0055] The liquid TTX formulations described herein comprise tetrodotoxin, water, a
solvent, and one or more other components as discussed herein. In one aspect, the
formulations may further comprise one or more pharmaceutically acceptable diluents, carriers,
excipients etc. Preferably, the tetrodotoxin liquid formulations described herein contain a
minimal amount of water that balances the solubility and stability of tetrodotoxin. In other
words, in one aspect, the formulations described herein comprise a sufficient amount of water
to solubilize the TTX component but not enough water to detrimentally affect the stability of

such component.

[0056] In one embodiment, the liquid TTX formulation is adapted for parenteral

administration and comprises:

[0057] (i) Tetrodotoxin, or a derivative of tetrodotoxin, or an analog of tetrodotoxin, or a

pharmaceutically acceptable salt thereof;

[0058] (i) water;

[0059] (iii) one or more pharmaceutically acceptable solvents;

[0060] (iv) one or more pharmaceutically acceptable pH adjusting agents;
[0061] (v) one or more pharmaceutically acceptable buffering agents; and
[0062] (vi) one or more pharmaceutically acceptable stabilizing agents.

[0063] Solvents suitable for use in the presently described formulation include, but are not
limited to, ethyl alcohol (ethanol) (“‘EtOH”), dehydrated ethyl alcohol, denatured ethyl alcohol,
benzyl alcohol, dimethyl sulfoxide, glycerin, isopropyl alcohol, methylpyrrolidone, N,N-
dimethylacetamide (“DMA”), polyethylene glycol 200 (*PEG 2007%), polyethylene glycol 300
(“PEG 300%), polyethylene glycol 400 (“PEG 400”), polyethylene glycol 600 (“PEG 600,
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polypropylene glycol, propylene glycol (*PG”), diethylene glycol monoethyl ether, or any

combination thereof.

[0064] The pH adjusting agents suitable for use in the presently described formulation
include, but are not limited to, hydrochloric acid, acetic acid (“AA”), acetic anhydride, adipic
acid, anhydrous citric acid, benzenesulfonic acid, boric acid, citric acid monohydrate, lactic
acid, (DL)-lactic acid, (L)-lactic acid, maleic acid, metaphosphoric acid, methanesulfonic acid
(“MSA”), nitric acid, phosphoric acid, succinic acid, sulfuric acid, sulfurous acid, tartaric acid,
(DL)-tartaric acid, trifluoroacetic acid, ascorbic acid, benzoic acid, edetic acid, formic acid,
lactobionic acid, aspartic acid, caprylic acid, glucuronic acid, hydroxyethylpiperazine ethane
sulfonic acid, methylboronic acid, oleic acid, palmitic acid, pentetic acid, stearic acid, sodium
hydroxide, calcium hydroxide, potassium hydroxide, sodium bicarbonate, sodium carbonate,
sodium carbonate decahydrate, sodium carbonate monohydrate, diethanolamine, meglumine,
tromethamine, ammonia, or any combination thereof.

[0065] Buffering agents used in the presently described formulation include, but are not
limited to sodium phosphate, dibasic, heptahydrated sodium phosphate, dibasic, sodium
phosphate, dibasic, anhydrous, sodium phosphate, dibasic dehydrate, sodium phosphate,
dibasic dodecahydrate, sodium phosphate, sodium phosphate dehydrate, sodium phosphate,
monobasic, anhydrous, sodium phosphate, monobasic, dehydrate, sodium phosphate,
monobasic, monohydrate, dibasic potassium phosphate, potassium phosphate, monobasic,
sodium acetate, sodium acetate anhydrous, ammonium acetate, sodium citrate, disodium
hydrogen citrate, anhydrous trisodium citrate, disodium citrate sesquihydrate, trisodium citrate
dehydrate, sodium lactate, (L)-sodium lactate, sodium tartrate, ammonium sulfate,

ethanolamine hydrochloride, or any combination thereof.

[0066] Stabilizing agents used in the presently described formulation may comprise one
or more known pharmaceutically acceptable antioxidants, surfactants, preservatives, sugars.
Such agents include, but are not limited to sodium sulfite, sodium bisulfite, sodium
metabisulfite, potassium metabisulfite, alpha-tocopherol, acetone sodium bisulfite, ascorbic
acid, sodium ascorbate, butylated hydroxyanisole, butylated hydroxytoluene, gentisic acid,
gentisic ethanolamide, glutathione, methionine, monothioglycerol, sodium formaldehyde
sulfoxylate, edetate disodium, edetate disodium anhydrous, edetate sodium, edetate calcium
disodium, edetate calcium disodium anhydrous, edetic acid, gluceptate sodium, pentasodium
pentetate, pentetate calcium trisodium, pentetic acid, povidone, povidone K12, povidone K17,

crospovidone, carboxymethylcellulose, methylcellulose, microcrystalline cellulose, poloxamer

12
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188, polyvinyl alcohol, polysorbate 80, sorbitan monolaurate, sorbitan monopalmitate,
hydroxypropyl betacyclodextrin, gamma cyclodextrin, sulfobutylether betacyclodextrin
(“SBECD”), sorbitol, sorbitol solution, lactose monohydrate, mannitol, fructose,
gluconolactone, sucrose, trehalose, guanidine, guanidine hydrochloride, benzalkonium
chloride, phenylethyl alcohol, propylparaben, methylparaben, hexylresorcinol, succimer,
butylparaben, metacresol, miripirium chloride, phenol, propyl gallate, or any combination

thereof.

[0067] In one aspect, the formulation described herein is packaged in a container. In one
aspect, the container may comprise a syringe, an ampule, a vial, or an autoinjector. In one
aspect, the formulation may be provided in such container in a predetermined volume and/or

TTX concentration, thereby resulting in a predetermined dose of TTX for administration.

[0068] In another aspect, the container may be provided in a kit comprising the container
and a suitable administration device, where needed. For example, the kit may comprise an
ampule or vial containing a volume of the formulation and a syringe for administering the
formulation to a subject. The kit may also comprise suitable instructions and other information

and/or equipment to aid in the administration or self-administration of the TTX formulation.

[0069] The subject formulations can be prepared using techniques described herein. For
example, the formulations may be prepared by first dissolving TTX (or a derivative, analog, or
salt thereof) in water. One or more pH adjusting agents, and/or one or more buffering agents,
may also be combined in this aqueous solution. One or more stabilizing agents may then be
combined, followed by mixing one or more solvents. The composition can be aseptically filled
into a container suitable for direct administration (i.e., without requiring any further mixing,

diluting, reconstituting, etc.)

[0070] The studies summarized herein illustrate the ability of providing stable TTX liquid
formulations. The formulations can be provided in containers and stored in liquid form for a
sufficient period of time, without degradation, for later use. Thus, the formulations provided
herein are believed to be the first commercially viable liquid TTX formulations that are stable.
The formulation can therefore be provided in predetermined doses for administration by, for
example, sub-cutaneous (“S.C.”) or intramuscular (*I.M.”) injection. In this regard, the TTX
formulation can be provided in a pre-filled syringe. In this way, the formulation can, in one

aspect, be provided in a form for self-administration.
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[0071] It will be understood that the TTX formulations described herein may be provided
in any suitable concentration and/or dose amount. As will be understood, the required TTX
dosage and concentration are closely related to the volume of the dose to be delivered.

[0072] In one example, the TTX formulations described herein may be provided with a
TTX concentration from about 5 to 5000 pg/ml. Included in this range are concentrations of
about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110,
115, 120, 125, 130, 135, 140, 145, 150, 155, 160, 165, 170, 175, 180, 185, 190, 195, 200,
250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1500, 2000,
2500, 3000, 3500, 4000, 4500, and 5000 pg/ml, including dosage amounts between these

values.

[0073] In one example, the formulation described herein may comprise a TTX dose of
from about 5 to about 120 pg. In another example, the formulation described herein may
comprise a TTX dose from about 15 to about 60 pg. In another example, the formulation

described herein may comprise a TTX dose of about 30 pg.

[0074] As will be understood, the required TTX dosage and concentration are closely
related to the volume of the dose to be delivered. In one example, the formulation may
comprise from about 60 ug/ml of TTX, thereby allowing for a dose of 30 ug TTX with about 0.5
ml of the formulation, which is suitable for S.C. administration. In another example, the
formulation may comprise from about 100 ug/ml of TTX, thereby allowing for a dose of 30 ug
TTX with about 0.3 ml of the formulation, which is suitable for S.C. administration. In another
example, the formulation may comprise from about 150 pg/ml of TTX, thereby allowing for a
dose of 30 pug TTX with about 0.2 ml of the formulation, which is suitable for S.C.

administration.

[0075] Examples

[0076] The examples provided herein are included solely for the purpose of illustration
and are not intended to limit the scope of any invention described herein. The examples
serve to illustrate specific aspects of the description. Persons skilled in the art will appreciate
that the scope of the present description will comprise additional aspects that can be

reasonably predicted based on the factual bases provided herein.

[0077] The aim of the examples was to arrive at a liquid TTX formulation that would
provide a fixed TTX dose of up to 30 pg. For this reason, the aim was to arrive at a
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formulation having a TTX concentration of 300 pg/ml, which would allow for a S.C. or .M.

administration of roughly 0.1 to 0.2 ml of the formulation.

[0078] As discussed above, TTX is known to be heat sensitive; e.g., TTX rapidly degrades
at 40°C. Thus, it was assumed that using 40°C as a study condition would provide better
screening when assessing stability of the formulations. In other words, exposing the
formulations to conditions of 40°C for 1 month was assumed to be equivalent to a 24-month
study at 5°C.

[0079] As also discussed above, TTX is known to have better stability characteristics in
acidic environments. In particular, TTX is labile in alkaline, pH > 6, so the present study
sought to arrive at a preferred formulation pH of 3-5. In some of the tests, a pH of 4 was used

for the analyses.

[0080] As is also known, TTX is water soluble but is also quickly degraded in such
aqueous environment. The present study therefore sought to determine what amount of
water provides an optimal balance of the need for water to enhance the dissolution of TTX

with the degradation of TTX resulting from exposure to water.

[0081] A) Solubility Studies

[0082] Example 1 — Solubility of TTX in organic solvent and acid

[0083] In this study, the solubility of TTX in various acid and organic solvent combinations
was investigated to determine solubility characteristics of TTX in an environment essentially
free of water. The target TTX concentration was 30 pyg/mL. The acids studied were ascorbic
acid (“AA”), citric acid (“CA”), and methanesulfonic acid (‘MSA”). The solvents studied were
ethanol (“EtOH”) and benzyl alcohol (“BA”). The results of this study are presented below in
Table 1.

[0084]  Table 1

Acid Solubility Conc. Initial Dilution/pH TTX Solubility
pH
AA in EtOH | Readily soluble | 0.4% w/v 3.5 1st Dilution: 50/50 Not soluble at
(AAJEtOH); pH =3.7 30 pg/mL

2 Dilution: 20/80; pH =
3.9;

31 Dilution 10/90; pH =
4.0
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MSA in Fully solubilized | 8.07% w/v | Negative Dilution: 50/50;
EtOH pH Negative pH
CAin EtOH Not soluble
AAin BA Readily soluble | 0.4% wiv 46 Not needed Not soluble at
30 pg/mL
MSA in BA Lump formed 8.07% wiv | Negative Dilution: 50/50;
first, but pH Negative pH
solubilized
CAin BA Not soluble

[0085] As noted, TTX was found to be insoluble in AA/EtOH and AA/BA mixtures. MSA in
EtOH was unusable in view of the extremely low pH. CA was found to be insoluble in either
EtOH or BA, so a mixture for TTX dissolution could not be formed. These findings suggest

some incompatibility between some acids and solvents.

[0086] The above findings are not surprising owing to the fact that TTX is a zwitterion in
aqueous solution and, therefore, organic solvents are unsuitable media to facilitate TTX
ionization and protonation. The results from the studies conducted demonstrates, as

expected, that water is required to achieve a TTX solution.

[0087] Example 2 — Solubility of TTX in water and acid

[0088] In this series of tests an investigation was conducted of the solubility of TTX in an
aqueous acid solution, i.e., without an organic phase. The purpose of this investigation was to
also assess the effect of pH on the solubility of TTX in water. For this purpose, TTX was
added to aqueous solutions of acetic acid (“AA”) at concentrations of 1.0, 1.5, 2.0, and 3.0

mg/mL. The results of these solubility studies are presented in Table 2.

[0089]  Table 2

AA TTX concentration
solution 1.0 mg/mL 1.5 mg/mL 2.0 mg/mL 3.0 mg/mL
pH =4.80 Deposits in the vial Deposits in the vial | Deposits in the vial | Deposits in the vial

pH=4.13 Partially solubilized Partially solubilized | Deposits in the vial | Deposits in the vial
pH =3.76 | Almost fully solubilized | Partially solubilized | Deposits in the vial | Deposits in the vial

pH=3.30 Solubilized Solubilized Solubilized Solubilized

[0090] As noted in Table 2, the solubility of TTX in aqueous AA solutions was found to
increase as the pH is lowered. A 0.02M acetic acid solution at pH 3.30 was found to readily

dissolve TTX at up to 3.0 mg/ml.
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[0091]

This study confirms the necessity of some water content in a solution for dissolving

TTX at the target concentrations.

[0092]

[0093]

PCT/CA2022/050623

Example 3 — Solubility of TTX in water and acetic acid and organic solvent

In these tests, an acetic acid (“AA”) solution, at pH 3.30, was mixed with an

organic solvent at volume ratios of 10%AA / 90% organic and 5% AA / 95% organic. The

organic solvents studied were ethanol (‘EtOH”), N,N-Dimethylacetamide (“DMA”),
Polyethylene Glycol 400 (“PEG 400%), and Propylene Glycol (*PG”). TTX was added at a

concentration of 3.0 mg/ml. The aim of the tests was to arrive at a TTX formulation having a

pH of 4.0 £ 0.5. Table 3 provides the pH measurements of the solutions before and after TTX

addition.
[0094] Table 3
Solvent pH pH with TTX pH pH with TTX
(5% aq : 95% org) | (5% aq : 95% org) | (5% aq : 95% org) | (5% aq : 95% org) |
EtOH 5.43 6.98 5.19 7.16
DMA 7.81 9.55 7.82 10.29
PEG 400 6.78 8.06 6.71 7.52
PG 4.21 6.10 4.20 6.36
[0095] As noted above, the addition of TTX resulted in a significant upward shift of the pH

of the formulation (by roughly 2 pH units). To reduce the pH to the desired value of 4, the
formulations were titrated with addition of a 0.696M AA solution. The results of one of these
titration tests are presented in Table 4.

[0096] In these tests, a solution of TTX in AA (0.02M), at a TTX concentration of 3.0
mg/ml, was added to organic solvents in a v/v amount of 10% aq : 90% org to provide a total
TTX concentration of 300 pg/ml in the final formulation. The formulations were then titrated to
pH 4 by addition of 0.696M AA solution.

[0097] Table 4
Solvent Initial pH pH after AA Added [AA] after %wiv AA
titration (mL) titration (M)
EtOH 6.79 3.92 1.1 1.726 1.0
DMA 9.69 4.00 2.4 3.369 2.0
PEG 400 8.58 3.99 1.2 1.866 1.1
PG 6.25 4.00 0.1 0.174 0.
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[0098] As discussed above, the addition of TTX was found to raise pH values beyond the
target of 4. Consequently, additional AA was required, with the required AA amount varying

based on the organic solvent that was used.

[0099] Example 4 — Solubility of TTX in water and MSA and organic solvent

[00100] A solubility study similar to Example 3 was conducted by substituting
methanesulfonic acid (‘MSA”) for AA. As is known, the pKa of MSA is -1.86, whereas the pKa
of AA is 4.76. In this study, TTX was dissolved in a solution of 10% MSA solution (0.01 M, pH
2) to arrive at a TTX concentration of 3 mg/ml. This TTX solution was then combined with an
organic solvent at 1:9 (v/v) ratio, to result in a formation having 10% aq : 90% org (as in
Example 3). This results in a formulation having a TTX concentration of 300 pg/ml. As with
Example 3, the initial pH of each mixture was measured and then titrated with MSA to reach a
pH of 4 £ 0.5. The results of this study are presented in Table 5.

[00101] Table 5

Solvent (*) | Initial pH | pH after titration MSA added %wiv MSA
DMA 523 3.14 1 drop MSA conc. =0.01
PEG 400 5.33 3.69 0.5mL MSA 0.01M =~0.01
PG 3.54 N/A N/A =~0.01

[00102] (* In this study, EtOH was not used an organic solvent as TTX was found to
precipitate in the EtOH mixture when stored at 4°C.)

[00103] As noted in Table 5, the pH of each of the TTX formulations was found to be lower
than formulations prepared with AA. As a result, only a negligible amount of additional MSA
was needed to lower the pH of the formulation to the target value. With PG as the organic
solvent, the starting pH of the formulation was found to be within the target range of 4 + 0.5

and, as such, no MSA titration was necessary.

[00104] This study shows that with MSA, being a strong acid (pKa = -1.86), pH control of

TTX formations in organic solvents is more easily controlled.

[00105] Summary of Solubility Studies

[00106] The studies that were conducted confirm that TTX is insoluble in mixtures of
organic solvents and acids. In other the studies conducted by the inventor, it was found that
the solubility of TTX in pure organic solvents (such as EtOH, DMA, PEG, PG) is below 30
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pg/ml, which is what was expected. The above findings indicate that the solubility of TTX in a

combination of organic solvents and acids is also below 30 pg/ml.

[00107] These studies also confirm that water is a needed component in the formulation for
obtaining the above-mentioned concentration values of TTX. For example, TTX was found to

readily dissolve up to 3 mg/ml in aqueous acetic acid solutions.

[00108] In an experiment involving a formulation comprised of 10% aqueous + 90% organic
solvents (i.e., EtOH, DMA, PEG 400 and PG), and titrating with AA, TTX was found to be
solubilized at 0.3 mg/mL. However, the addition of TTX was found to raise the pH of the
formulation by approximately 2 pH units. To reach the target pH of about 4.0, addition of
1.0%, 2.0%, 1.1%, and 0.1% AA (all w/v) was found to be required for formulations having
10% Aqueous + 90% of EtOH, DMA, PEG 400, and PG, respectively.

[00109] In another experiment using 10% aqueous + organic solvents (EtOH, DMA, PEG
400 and PG) and titrating instead with MSA, TTX was found to be solubilized at 0.3mg/mL.
The amount of MSA required to achieve the target pH of about 4.0 was less than that for AA.
This is believed to be attributed to MSA being a stronger acid than AA.

[00110] B) Stability Studies

[00111] Example 5 — Stability of TTX in formulations of agueous acid (MSA/AA) and

organic solvent (10% aqueous : 90% organic (v/v))

[00112] In this study, seven formulations were prepared comprising an organic solvent
(ethanol (“EtOH"), N,N-Dimethylacetamide (‘DMA”), Polyethylene Glycol 400 (“PEG 4007, or
Propylene Glycol (‘PG”)), an acid (MSA or AA), and water. These formulations were prepared
at volume ratios of 10% aqueous component : 90% organic component, with a target pH of 4,
and a TTX concentration of 300 ug/ml. The samples were prepared and stored in closed vials
in a stability testing chamber (40°C and 75% relative humidity, “RH”) for 24 hours, 48 hours,
and 7 days, respectively. Measurement of TTX concentration in the samples was performed
using HPLC and calculating the areas under the respective curves. The TTX measurements
are reported as a percentage based on the quantified amount of TTX at TO (i.e., prior to the
storage periods). More specifically, the stability of TTX in the sample solutions was calculated
as a %Recovery by comparing the peak area of TTX at the respective time points to the peak
area of TTX obtained at T=0, according to the following formula:

[00113] %Recovery = (ru/rs) x 100
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[00114] Where: ry = peak response of Tetrodotoxin from the Sample solution at different
time points; and rs = peak response of Tetrodotoxin from the Sample solution at T=0.

[00115] The results of this study are presented in Table 6, where TTX %Recovery data is

shown.

[00116] Table 6

Sample TO T1 (24h) T2 (48h) T3 (7 days)
EtOH/AA 100.0% 97.4% 98.1% 92.4%
DMA/AA 100.0% 97.3% 96.3% 92.6%
PEG400/AA 100.0% 91.3% 92.8% 87.3%
PG/AA 100.0% 92.6% 92.8% 90.5%
DMA/MSA 100.0% 96.3% 99.4% 97.9%
PEG400/MSA 100.0% 90.2% 91.5% 97.4%
PG/MSA 100.0% 89.0% 90.9% 90.7%

[00117] The concentrations of TTX indicated in Table 6 are presented as normalized

values with respect to the concentration at TO.

[00118] In this study, it was found that TTX was sufficiently soluble up to at least a
concentration of 300 pg/mlin each of the formulations at pH 4. As can be seen, formulations
comprising MSA were found to generally provide better stability results than formulations with
AA. This may be attributed to MSA being a stronger acid. While some variation in the
stability results was found, there was no clear differentiation amongst the four organic
solvents that were reviewed. This suggests that degradation of TTX observed in this study

was the result of the 10% aqueous component.

[00119] The study also revealed that formulations comprising MSA with PEG 400 or DMA

were found to provide the highest stability results.

[00120] Example 6 — Stability of TTX in formulations of aqueous acid (MSA/AA) and

organic solvent (5% aqueous : 95% organic (v/v))

[00121] Based on the findings in Example 5, studies were conducted to investigate TTX
solubility and stability with less than 10% water content. In this study, similar tests as above
were conducted with formulations comprising a 5% aqueous component and a 95% organic
component. In these studies, PEG 400, DMA, and PG were used as the organic solvents and
MSA and AA were used as the acids.
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[00122] Initially, six samples of formulations were attempted with each containing 0.3
mg/ml (or 300 ug/ml) TTX in the acid/organic composition. However, for these solutions, the
TTX was found to not fully dissolve when mixed with either AA or 0.01M MSA. Only the
sample comprising TTX mixed with 3.48M AA was found to achieve the desired TTX
concentration. It was therefore decided to reduce the TTX concentration in the final
formulation to 0.15 mg/ml.

[00123] To achieve the 5% aq/ 95% org ratio, 3 mg of TTX was dissolved in 1 ml of either
AA or 0.01M MSA and this aqueous solution was mixed with 19 ml of the organic component,
comprising DMA, PEG 400, or PG. For the AA samples where TTX did not fully dissolve,
3.48M AA was added until dissolution was achieved. The final concentration of TTX in the

samples was 0.15 mg/ml.

[00124] In addition, three further samples were prepared containing PEG 400 / MSA with
one a stabilizer chosen from guanidine, lactose monohydrate, and sodium metabisulfite.

These stabilizers were provided up to a concentration of 1mM.

[00125] The above-mentioned samples were kept overnight under refrigeration without any
precipitate being found. The sample were then moved to a stability chamber (40°C and 75%
RH) and kept for 24 hours (T1), 120 hours (T2), 168 hours (T3), or 312 hours (T4). The
samples were then analyzed by HPLC to measure the amount of TTX. As above, the
measurements were performed by calculating peak areas and comparing same with the
measurements at TO. The results (expressed as %Recovery) of the TTX measurements are
provided in Table 7.

[00126] Table 7

Time (hours)
Sample 0 24 120 168 312
(T0) (1) (T2) (T3) (T4)
DMAJ/AA 100.0% | 99.0% | 93.9% | 92.1% | 86.7%
PEG 400/AA 100.0% | 104.7% | 101.2% | 98.7% | 96.2%
PG/AA 100.0% | 107.3% | 99.8% | 100.1% | 94.4%
DMA/MSA 100.0% | 101.0% | 98.2% | 97.9% | 96.0%
PEG 400/MSA 100.0% | 71.2% | 30.7% | 25.7% | 20.7%
PG/MSA 100.0% | 99.9% | 95.3% | 93.7% | 89.1%
PEG 400/MSA /guanidine 100.0% | 77.7% | 39.3% | 32.8% | 27.1%
PEG 400/MSA /lactose 100.0% | 88.9% | 82.1% | 80.9% | 81.2%
PEG 400/MSA /metabisulfite 100.0% | 99.9% | 97.0% | 96.1% | 93.3%
PEG 400/MSA (repeat) 100.0% | 175.1% | 185.6% | 193.2%
PEG 400/MSA /guanidine (repeat) | 100.0% | 99.9% | 982% | 97.1%
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[00127] As notedin Table 7, the DMA/MSA sample was found to be relatively stable,
whereas the results for PEG 400/MSA and PEG 400/MSA/guanidine were found to be
extremely low. The latter was unexpected given that this was not reflected in the results from
the 10% aq / 90% org tests. Given that both these samples exhibited the same degradation
trend, it was postulated that these unexpected results may be attributed insufficient mixing of
the sample and to issues with over titration during sample preparation. As above, acid was
added to the final formulation to bring the final pH to 4. This was confirmed by subsequent pH
measurement of the test samples, where it was determined that the pH of the PEG 400/MSA
and PEG 400/MSA/guanidine samples were 0.92 and 0.81, respectively. Thus, the acid
titration step did not have an accurate pH measurement. For this reason, the tests comprising
PEG 400/MSA and PEG400/MSA/guanidine were repeated and these results are provided at
the bottom of Table 7. The results for PEG 400/MSA were found to again include some error
in TTX measurement and it is believed that this associated with the high viscosity of the
formulation given the 5% aqueous content. As a result, difficulties were encountered with
achieving sufficient mixing, in the pH titration step. In addition, the HPLC peaks with this
sample were difficult to measure. Thus, the results suggest that using PEG 400 alone with a
high organic solvent content (i.e., 95%) in the subject formulations, or at least the formulations
comprising MSA, would be difficult to formulate. These results indicate that it would be

preferable to include PG in the formulation to serve as a diluent for the PEG 400.

[00128] As shown at the bottom of Table 7, the repeat of the PEG 400/MSA/guanidine test

was found to provide desired results.

[00129] From this study, it was determined that obtaining a TTX concentration of 300 pg/mi
was not feasible for a formulation comprising 5% aqueous and 95% organic components. As
such, a target of 150 pg/ml is preferable for this type of formulation.

[00130] Example 7 — Stability of TTX in formulations of aqueous acid (MSA/AA) and
organic solvent combinations (5% agueous : 95% organic (v/v))

[00131] In this study, a 5% aqueous / 95% organic volume ratio was again used for the
sample formulations. However, in this instance the organic phase was formed with a
combination of solvents. This test was conducted in view of the concentration limitation of
95% for solvents. In other words, no one solvent can exceed a concentration of 95% in the

formulation.
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[00132] For this purpose, the following formulations were designed:
[00133] F1: aqueous/DMA/PG = 5%/25%/70%

[00134] F2: aqueous/DMA/PEG 400 = 5%/25%/70%

[00135] F3: aqueous/PG/PEG 400 = 5%/50%/45%

[00136] Forthe aqueous acid component, AA and MSA were investigated. However,
formulations comprising F1+AA and F2+AA were not considered in view of the large amount
of AA that was needed to lower the pH to the desired level. The formulations studied are
listed in Table 8.

[00137] Table 8

Sample | Composition Acid | Organic % aqueous | % organic
1 F3+AA AA PG/PEG 400 5 50/45
2 F1+MSA MSA | DMA/PG 5 25/70
3 F2+MSA MSA | DMA/PEG 400 | 5 25/70
4 F3+MSA MSA | PG/PEG 400 5 50/45
5 F3+MSA+sodium metabisulfite | MSA | PG/PEG 400 5 50/45

[00138] Controls used in these tests comprised samples that only comprised an aqueous
phase.

[00139] Preliminary stability data for these samples was obtained after maintaining the
samples at 25°C and 40% RH for one week (T1) and this data is summarized in Table 9.

[00140] Table 9

Sample Composition TO T

(7 days)
1 F3+AA 100.0% 100.2%
2 F1+MSA 100.0% 99.7%
3 F2+MSA 100.0% 100.1%
4 F3+MSA 100.0% 100.0%
5 F3+MSA+Metabisulfite 100.0% 99.0%

[00141] As noted, all the samples were found to maintain TTX stability for up to 7 days

under the above-mentioned conditions.
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[00142] For the next section of this study, only samples 1, 3, and 4 were utilized and these
samples were subjected to stability testing under the following three different conditions and
time periods:
[00143] 1) [25°C, 40% RH, 7 days] + [40°C, 75% RH, 7 days];
[00144] 2)[25°C, 40% RH, 7 days] + [40°C, 75% RH, 16 days];
[00145] 3) [25°C, 40% RH, 7 days] + [40°C, 75% RH, 24 days];
[00146] 4) 25°C, 40% RH, 8 weeks; and
[00147] 5) 2-8°C, ambient RH, 6 months.
[00148] The results of these tests are provided in Tables 10, 11, and 12.
[00149] Table 10
Stability test conditions 1 to 3
25°C / 40%RH for 1 week, then transfer to 40°C / 75%RH
Sample TO 1wk 25°C 1wk 25°C + 1wk 25°C + 1wk 25°C +
composition 7 days 40°C 16 days 40°C 24 days 40°C
pH | %TTX | pH | %TTX | pH %TTX pH %TTX pH
F3+AA 4.47 [ 100.2% | 4.49 | 96.4% | NA 91.2% 4.17 87.3% 4.59
F2+MSA 3.89 | 100.1% | 4.01 | 97.0% | NA 91.5% 5.64 86.3% 5.68
F3+MSA 4.32 [ 100.0% | 4.72 | 97.3% | NA 92.1% 5.29 89.2% 523
[00150] Table 11
Stability test condition 4
25°C / 40%RH
Sample TO 1 week 4 weeks 8 weeks
composition
pH %TTX pH %TTX pH %TTX pH
F3+AA 4.47 100.2% 4.49 99.0% 4.35 96.9% 4.60
F2+MSA 3.89 100.1% 4.01 97.6% 4.97 90.9% 4.86
F3+MSA 4.32 100.0% 4.72 98.5% 5.28 97.1% 520
[00151] Table 12
Stability test condition 5
2-8°C / Ambient RH
Sample TO 1 month 2 months 3 months 6 months
composition
pH | %TTX | pH | %TTX | pH %TTX pH %TTX pH
F3+AA 4.47 | 100.2% | 4.45 | 99.8% | 4.51 94.3% 453 98.9% 4.75
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F2+MSA 3.89 | 99.2% | 395 | 91.5% | 3.98 95.7% 3.98 91.1% 4.21
F3+MSA 432 | 97.0% | 493 | 99.4% | 4.76 99.3% 4.82 98.8% 4.99

[00152] In the above results, the % TTX was measured using HPLC and quantified by peak
area as with previous examples. The TTX amounts are expressed with reference to the

amount at TO.

[00153] Inthe above studies, it was found that the amount of TTX in the controls (lacking
an organic component) fell below 90% within 5-7 days under conditions of 40°C and 75% RH.
In contrast, the samples tested with 5% aqueous and 95% organic component were found to
have a TTX amount that was 90% of TO up to approximately 20 days under such accelerated

conditions.

[00154] Example 8 — Stability of TTX in formulations of agueous acid and organic solvent

combination (2% agueous: 98% organic (v/v))

[00155] Similar to Example 7, a study was conducted to determine the solubility and
stability characteristics of TTX in formulations where the aqueous component was reduced to
2% (v/v), with the remaining 98% (v/v)of the formulation comprising the organic component.
The organic component being comprised of a combination of organic solvents as in the

previous example.

[00156] In this study, formulations were prepared with three buffer systems, namely,
acetate, citrate, and phosphate buffer systems. Formulations were prepared having 2%
aqueous solution and 98% organic solvent, comprising 50% (v/v) PG and 48% (v/v) PEG.
Aqueous MSA was used to titrate the formulations to pH 4, 5, and 6. TTX samples were then
prepared at a concentration of 60 pg/ml. The formulations were adapted with the buffer to
remain at about pH 4 to minimize the amount of MSA required after TTX addition.

[00157] The samples were prepared by dissolving TTX in pH 4 buffer solutions and the
solvent was added. Upon complete dissolution of TTX, the pH was adjusted with aqueous

MSA to a pH of 4 or 6. Table 13 summarizes the samples that were prepared in this study.

[00158] Table 13

Samples TTX (mg) Buffer pH 4 (mL) | PG (mL) | PEG (mL)
TTX-Acetate pH 4 3 1 25 24
TTX-Acetate pH 6 3 1 25 24
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TTX-Citrate pH 4 3 1 25 24
TTX-Citrate pH 6 3 1 25 24
TTX-Phosphate pH 4 3 1 25 24
TTX-Phosphate pH 6 3 1 25 24

[00159] Corresponding control samples were also prepared. The formulations were then
transferred to three different stability chambers to assess the stability of the formulations

under the following three conditions: 40°C/75%RH; 25°C/40% RH; and 2-8°C. The samples
were then assayed at varying times depending on the conditions. Table 14 summarizes the

assay times for the samples.

[00160] Table 14

Conditions Assay points Time Units
40°C/75%RH TO T3 T7 T14 T21 T28 Days
25°C/40%RH TO T2 T4 - - - Weeks

2-8°C TO T1 T6 - - - Months

[00161] Tables 15, 16, and 17 summarize the results of these studies.

[00162] Table 15

Stability test: 40°C / 75%RH
% Recovery vs TO pH measurements

Time (days) TO T3 T7 T14 T21 T28 | TO | T3 | T7 | T1 | T2 | T2
4 1 8

TTX-Acetate pH4 | 100.0 | 88.5% | 87.2% | 74.2% | 62.6% | 58.1 4.0 1.9 17 (17 [ 18 | 19
% % 4 4 9 7 8 2

TTX-Acetate pH6 | 100.0 | 93.3% | 956% | 93.1% [ 836% | 750 | 60 [ 5.9 | 58 | 57 [ 57 | 56
% % 2 1 6 7 2 6

TTX-Citrate pH 4 100.0 107.1 107.8 108.5 100.3 950 | 41 42 | 41 42 | 42 | 41
% % % % % % 1 6 4 9 3

TTX-Citrate pH 6 100.0 101.1 102.3 1006 [ 892% | 840 | 57| 59 | 58 | 58 | 58 | 5.8
% % % % % 9 4 9 2

TTX-Phosphate 100.0 1035 | 99.7% | 995% | 895% | 832 | 56 | 45 |45 | 44 | 44 | 44
pH 4 % % % 1 5 3 8 6 6

TTX-Phosphate 100.0 1028 | 988% | 969% | 855% | 768 | 44 | 56 | 55 | 55 | 55| 54
pH 6 % % % 8 6 2 1 5

[00163] Table 16

Stability test: 25°C / 40%RH
| % Recovery vs TO | pH measurements
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Time (weeks) T0 T2 T4 T0 T2 T4
TTX-Acetate pH 4 100.0% | 100.5% 93.1% 4.04 1.81 1.74
TTX-Acetate pH 6 100.0% | 103.8% 96.4% 6.02 5.82 5.83
TTX-Citrate pH 4 100.0% | 114.1% 106.0% 4.11 4.14 4.16
TTX-Citrate pH 6 100.0% | 109.2% 102.0% 5.79 5.76 577

TTX-Phosphate pH 4 100.0% | 108.6% 100.9% 5.61 4.48 4.46
TTX-Phosphate pH 6 100.0% | 108.3% 100.4% 4.48 5..60 5.55

[00164] Table 17

Stability test: 2-8°C / 40%RH
% Recovery vs TO pH measurements

Time (weeks) T0 T1 T6 T0 T1 T6
TTX-Acetate pH 4 100.0% | 101.1% 88.0% 4.04 1.85 1.91
TTX-Acetate pH 6 100.0% 97.8% 99.3% 6.02 5.91 5.91
TTX-Citrate pH 4 100.0% | 107.2% 101.0% 4.11 4.1 4.13
TTX-Citrate pH 6 100.0% | 103.9% 96.6% 5.79 5.72 5.66
TTX-Phosphate pH 4 100.0% | 104.0% 100.8% 5.61 4.47 4.45
TTX-Phosphate pH 6 100.0% | 103.6% 99.8% 4.48 5.57 5.56

[00165] As notedin Tables 15-17, the TTX-Acetate, pH 4 samples were found to exhibit a
reduction in pH over time. This is believed to be the result of acetic acid being a relatively
weak acid and the acetic acid/acetate buffer being relatively slower in accommodating pH
variations. Consequently, pH a titration was rendered difficult to perform. It is also possible
that insufficient mixing of the samples may have also contributed to the unexpected pH
measurements. In contrast, citric acid and phosphoric acids are stronger acids, therefore, pH
equilibrium was achieved more quickly. Thus, these studies suggest that using a stronger

acid (such as MSA) is desirable to maintain more efficient pH control.

[00166] In this study, some of the chromatographic integration and quantification were
found to be unreliable due to imperfect TTX peak shapes. This is believed to be the result of
the high organic solvent concentration in the formulations. Thus, although TTX formulations
having an aqueous component as low as 2% are found to be stable (as noted below),
measurement of the TTX concentration may be challenging with such high organic

concentration.

[00167] This study shows that, for formulations having a 2% aqueous component, TTX
solubility is at least about 60 pyg/ml. Further, the data from the 2% aqueous samples placed in
accelerated conditions (i.e., 40°C) did not show a significant difference from the 5% aqueous

samples placed under the same conditions. This therefore suggests that having an aqueous

27



o AW DN =

0o ~N O

11
12

13
14
15

16
17
18
19
20
21
22

23
24
25
26
27
28
29
30
31
32

WO 2022/221963 PCT/CA2022/050623

component as low as 2% is still sufficient to maintain TTX stability. This conclusion is further
supported by the stability data obtained from the tests run at 2-8°C. These data therefore
lead to the conclusion that at least 2% or 5% aqueous composition in the formulations is

sufficient to maintain the stability of TTX.

[00168] Summary of Stability Studies

[00169] Formulations were studied comprising 10% (v/v) aqueous and 90% (v/v) organic
components. These formulations comprised an aqueous phase of an acid (AA or MSA)
solution. The organic phase comprised EtOH, DMA, PEG400, or PG. The formulations were
prepared with pH of about 4 and TTX concentrations of 300 ug/ml were achieved. The
stability of TTX in these formulations persisted for approximately 7 days with some variability.
Owing to the high organic solvent content, chromatographic effects such as peak splitting
made it challenging to obtain results using the HPLC method that was employed.

[00170] These studies also revealed that MSA is a better acid to use than AA in view of
MSA being a stronger acid (as indicated by its pKa). The studies also revealed that there was

no clear differentiation between the organic solvents used in terms of TTX stability.

[00171] Based on the favorable results from the 10% (v/v) aqueous studies, further studies
were conducted using a lower (5% and 2%) aqueous component. As indicated above, studies
were conducted with a formulation having a 5% aqueous and 95% organic composition,
wherein AA and MSA were employed as the acid, PEG 400, DMA, and PG employed as
organic solvents, guanidine HCI, lactose monohydrate, and sodium metabisulfite as
stabilizers. With these formulations, TTX was found to be soluble up to about 150 ug/mL and

TTX stability was found to be improved as compared to the 10% aqueous studies.

[00172] In view of the encouraging data from the 5% (v/v) aqueous studies, further
experiments were conducted using the 5% aqueous and 95% organic composition, with AA
and MSA used as acids, DMA, PEG, PG, and combinations of two solvents, used as the
organic component. Guanidine HCI, SBECD, and sodium metabisulfite were used as
stabilizers. Three stability conditions were investigated: 40°C/75% RH (1 month), 25°C/40%
RH (2 months), and 2-8°C (6 months). TTX values were found to be stable (i.e., remaining
above 90%) for up to approximately 20 days. The stability data at 2-8°C indicate that TTX
may not follow the conventional Arrhenius estimate of temperature vs degradation reaction
rate. This data, therefore, suggests that TTX formulations can remain stable at low aqueous

contents.
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[00173] Based on the favorable 5% aqueous data, 2% (v/v) aqueous formulations were
explored to determine if improved stability could be achieved. In these studies, TTX solubility
was found to be about 60 pg/mL. Stability testing conducted at 40°C did not show a
significant difference between 2% and 5% aqueous compositions. This suggests that stable
TTX formulations can be achieved with aqueous concentrations as low as 2%. However,
chromatographic defects encountered during the analytical phase were challenging for the 2%

aqueous formulation.

[00174] Example 9 — Stability of TTX in formulations with various PG/PEG 400 ratios and
pH

[00175] In this study, experiments were conducted to examine the effects of different PG
and PEG 400 ratios (organic solvents) on TTX stability. Experiments were also conducted to
examine the effect of formulation pH on TTX stability. In these studies, aqueous MSA was

used for the acid component.

[00176] The formulations were made up with a TTX concentration of 100 ug/ml and
according to the volume ratios of MSA/PG/PEG 400 listed in Table 18. Where MSA is 0.01M
aqueous MSA.

[00177] Table 18

Expt. TTX MSA PG PEG 400 pH

No.
1 100 pg/ml 5 40 55 5
2 100 pg/ml 5 50 45 5
3 100 pg/ml 5 60 35 5
4 100 pg/ml 5 70 25 5
5 100 pg/ml 5 80 15 5
6 100 pg/ml 5 50 45 6
7 100 pg/ml 5 50 45 4
8 100 pg/ml 5 50 45 3
9 100 pg/ml 5 80 15 6
10 100 pg/ml 5 80 15 4
11 100 pg/ml 5 80 15 3
12 100 pg/ml 5 30 65 5
13 100 pg/ml 5 20 75 5

[00178] Table 18 also lists the initial pH of the formulations. In the course of preparing the
samples, it was noted that increasing PG amounts resulting in lowering of pH.
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[00179] The samples were subjected to stability tests under 40°C and 75%RH, with

samples assayed at t=0, 2 weeks, and 4 weeks.

[00180] The results from these tests are presented in Figs. 1, 2 and 3. It was surprisingly
noted that a higher PEG 400 amount resulted in improved TTX stability for both stability
testing environments. Without being bound to any theory, it is believed that this finding of
improved TTX stability is the result of PEG 400 (as compared to PG) being better able to bind
water molecules and thereby reduce the exposure of TTX to the water component in the
formulation. In this regard, it was previously shown that, in a PEG aqueous solution, one
water molecule forms hydrogen bonds with one monomer of the PEG chain when water is
present in a high concentration. However, in the case of a low water concentration, one water
molecule forms hydrogen bonds with two monomers of the PEG chain. See P. Molyneux
(Synthetic polymers. In Water - A Comprehensive Treatise; Franks, F., Ed.; Plenum Press:
New York, 1975; Vol. 4.) and S. Lusse et al (Macromolecules 1996, 29, 4251-4257).

[00181] It was also noted that a formulation having a pH of about 3 to about 6 also
exhibited improved TTX stability. Of this range, a pH of about 4 was found to be ideal for TTX
stability.

[00182] In this study, as with the other studies discussed above, stability was also
measured at conditions of 2-8°C. As with the earlier data, the TTX formulations stored under
these conditions were found to be stable. These data indicate that TTX formulation stability is

influenced by storage temperature.

[00183] In separate studies that were conducted, it was also noted that PEG 400 increases
formulation viscosity and that the formulation viscosity at 5°C is roughly 3-4 times greater that
at 25°C. Thus, while the use of PEG in TTX formulations has been found to be preferable, the
manner of administration of the formulation may need to be adjusted where the PEG

concentration is higher, such as by use of larger gauge needles.

[00184] Taking the above factors into consideration, it was determined that formulation 2
would be ideal for further investigation. This formulation comprised MSA/PG/PEG 400 in the
ratio 5/50/45 (v/v) (where MSA is 0.01M aqueous MSA).

[00185] The study described in Example 9 was repeated to provide supplementary data
regarding impurities. The relative amounts of various degradation products of TTX were
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measured at the noted time points. The degradation products of TTX are identified as
impurities g-TTX, o-TTX, e-TTX and a-TTX as shown in Table 19.

[00186] Table 19

(g-TTX)

C17H27N3013

Chemical Name Structure and Formula Molecular Impurity
Weight Origin
4,9-anhydro- 301 Degradation
tetrodotoxin product
(a-TTX)
4-epi-tetrodotoxin 319 Degradation
(e-TTX) product
4-olefinic- 301 Degradation
tetrodotoxin product
(o-TTX)
11-galactopyranosyl- o~ 481 drug
tetrodotoxin substance

impurity from
the
manufacturing
process, not a
degradation
product

[00187] The results of the repeat study measuring the amount of impurities are shown in

Table 20 below:

[00188] Table 20
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Sample Impurities TO
ID PG:PEG | pH Other gTTX | oTTX | eTTX | aTTX | sum
Impurities
29 2075 | 5 - 0.168 - - - 0.168
28 3065 | 5 - 0.269 - - 0.135 0.404
1 4055 | 5 - 0.343 - - 0.134 0.477
2 5045 | 5 - 0.399 - - 0.203 0.602
3 6035 | 5 - 0.445 - 0.055 0.247 0.747
4 7025 | 5 0.162 0.458 | 0.054 0.085 0.246 1.005
5 80:15 | 5 0.260 0.465 - - 0.250 0.974
6 50:45 | 6 - 0.411 - - 0.245 0.656
7 50:45 | 4 - 0.412 - 0.068 0.200 0.680
8 50:45 | 3 - 0.406 - 0.072 0.224 0.703
9 80:15 | 6 0.248 0.456 - - 0.346 1.050
10 80:15 | 4 0.225 0.450 | 0.054 0.083 0.248 1.060
11 80:15 | 3 0.234 0.452 - 0.075 0.289 1.049
Sample Impurities, 2W
p | PG:PEG | pH | Other gTTX | oTTX | eTTX | aTTX | Sum
mpurities
29 2075 | 5 - 0419 | 0.300 0.735 4.609 6.063
28 3065 | 5 - 0.457 - 0.322 4.414 5.193
1 4055 | 5 - 0.344 | 0.134 0.305 4.329 5112
2 5045 | 5 - 0.382 | 0.091 0.177 4.664 5.314
3 6035 | 5 0.187 0.348 | 0.060 0.286 5.331 6.024
4 7025 | 5 0.249 0.361 | 0.044 0.275 5.772 6.452
5 80:15 | 5 - 0.507 - 0.293 7.128 7.928
6 50:45 | 6 - 0.511 - 0.770 6.650 7.931
7 50:45 | 4 - 0.353 | 0.045 0.233 4.801 5.432
8 50:45 | 3 0.190 0.361 | 0.034 0.291 5.175 5.860
9 80:15 | 6 - 0.379 - 0.383 7.558 8.320
10 80:15 | 4 0.264 0.299 - 0.282 6.504 7.085
11 80:15 | 3 0.613 0.363 | 0.146 0.389 7.355 8.253
Impurities, 4W
Sample :
PG:PEG | pH
ID Pri | Other gTTX | oTTX | eTTX | aTTX | sum
Impurities
29 2075 | 5 - 0.349 | 0612 1.041 8.150 10.151
28 3065 | 5 - 0.344 | 0.394 0.650 7.721 9.108
1 4055 | 5 - 0.367 | 0274 0.511 8.120 9.272
2 50:45 | 5 - 0.362 | 0227 0.414 8.712 9.716
3 6035 | 5 - 0.365 - 0.533 9.749 10.647
4 7025 | 5 - 0.353 - 0.587 10.684 | 11.624
5 80:15 | 5 1.841 0.562 - 0.660 11.785 | 14.848
6 50:45 | 6 - 0.336 | 0.391 0.897 10.360 | 11.984
7 50:45 | 4 1.027 0432 | 0.126 0.543 9.624 11.753
8 50:45 | 3 - 0.400 - 0.772 10.364 | 11.536
9 80:15 | 6 0.448 0.378 | 0.178 0.657 12.829 | 14.490
10 80:15 | 4 1.514 0416 | 0.192 0.742 13.016 | 15.881
" 80:15 | 3 2.805 0.350 | 0.995 0.982 13.487 | 18.620
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[00189] The results of this study generally showed consistency compared to the initial
study. In particular, the formulation comprising PG:PEG 400: MSA (50:45:5) demonstrates

good stability over the observed time period.

[00190] Example 10 — Stability of TTX in formulations with different aqueous acids and
different PEG

[00191] In this study, the formulation mentioned above, i.e., a formulation comprising
MSA/PG/PEG in the ratio 5/50/45 (v/v), was investigated by varying the acids used. For these
tests, the formulations were made up with 100 pg/ml TTX. The following acids were
investigated: benzenesulfonic acid, formic acid, hydrochloric acid, phosphoric acid, sulfuric

acid, sulfurous acid, and citric acid.

[00192] As the previous studies have focused on PEG 400, this study further involved an
investigation of different PEG components, in particular, PEG 200, PEG 300, and PEG 600.
For these experiments, 0.01M aqueous MSA was used as the common acid component and
the following comparative formulations were prepared with v/v ratios of MSA/PG/PEG: 5/70/25
(“low” PEG); 5/50/45 (“target” PEG); and 5/30/65 (“high” PEG).

[00193] In all cases, the stability tests were conducted under conditions of 40°C and 75%
RH and samples were assayed at t=0, 2 weeks, and 4 weeks.

[00194] The combined results of these studies are presented in Table 21. As with the
previous data provided above, the % recovery of TTX is presented in Table 21 with respect to
the amount of TTX at TO.

[00195] Table 21

Sample TO 2 weeks 4 weeks
%Recovery | pH %Recovery | pH %Recovery | pH

Benzenesulfonic acid 100.0% 5.31 92.7% 4.89 85.7% 5.81
Formic acid 100.0% 4.50 93.0% 473 85.8% 4.84
Hydrochloric acid 100.0% 4.82 92.8% 5.09 84.8% 4.88
Phosphoric acid 100.0% 4.36 91.8% 4.43 81.7% 4.48
Sulfuric acid 100.0% 5.14 93.3% 5.00 85.1% 5.18
Sulfurous acid 100.0% 4.40 92.5% 4.40 84.9% 4.43
Citric acid 100.0% 4.06 89.3% 419 90.0% 417
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PEG 200 (Low) 100.0% 4.45 88.6% 474 78.2% 4.65
PEG 200 (Target) 100.0% 5.37 79.6% 5.60 67.2% 5.64
PEG 200 (High) N/A* 5.20 N/A* 5.31 N/A* 5.28
PEG 300 (Low) 100.0% 5.15 89.2% 5.20 79.7% 5.06
PEG 300 (Target) 100.0% 5.29 89.0% 5.45 80.9% 5.36
PEG 300 (High) 100.0% 5.20 93.4% 4.48 85.2% 4.75
PEG 600 (Low) 100.0% 5.28 88.8% 5.04 78.7% 5.04
PEG 600 (Target) 100.0% 5.26 91.7% 5.01 82.7% 4.98
PEG 600 (High) 100.0% 5.45 92.4% 4.96 84.0% 4.99

[00196] * The TTX peaks in these samples were unreadable owing to the presence of PEG
200.

[00197] As can be seen, after the 4-week examination (under accelerated conditions) none
of the tested samples was found to exhibit increased TTX stability over the previously tested
formulation comprising MSA:PG:PEG 400 at a v/v ratio of 5:50:45. Most of the tested
samples were found to lose approximately 10% of the TTX during the last two weeks of the

study; however, the formulation comprising citric acid was an exception.

[00198] Benzenesulfonic acid exhibited a high variability in pH measurement and was also
generally difficult to use (requiring more care and control as compared to the other acids
studied). Thus, it is concluded that this acid may not be an ideal candidate for TTX
formulations, primarily owing to the difficulty of pH titration. Phosphoric acid does not appear
to improve TTX stabilize as compared to MSA. The formulations containing other acids -
formic acid, hydrochloric acid, sulfuric acid, sulfurous acid, and citric acid — showed similar
TTX stability to MSA. These studies indicate that the stability of TTX is not related to the acid
employed and that various acids may be used for preparing stable TTX liquid formulations.

[00199] In comparing TTX stability in formulations comprising PEG 400 with other grades
of PEG it is noted that PEG 400 formulations were found to result in greater TTX stability as
compared to formulations comprising PEG 200 or PEG 300. While stability using PEG 600
was found to be similar to that achieved with PEG 400, the formulation viscosity was found to
be much greater than that using PEG 400. This would be attributed to the higher molecular
weight of PEG 600. With these findings, and the fact that PEG 400 is easily accessible, it is

believed that PEG 400 would be preferred for the present formulations.
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[00200] An additional experiment was conducted to further study the effects of the type of
2 acid and PEG on the formulation. The samples as shown in Table 22 below were repeated at
target pH 5 for pH/Assay/RS stability at 40°C at time points TO, 2 weeks and 4 weeks.
4 [00201] In the following tables the term “test” refers to all the chemical tests conducted on
5 each sample at each stability test time point. The term “assay” refers to the test to determine
6 the content of TTX and the term “RS” refers to the “related substances” test which is the test
7  forthe presence and amount of impurities.
8 [00202] Table 22
[00203] Stability study: 40°C/75%RH at TO, 2W, 4W
Samples | TTX Acid PG PEG pH Test
14 100pg/mL Benzenesulfonic acid | 50% PEG 400:45% | 5 assay, RS, pH
15 100pg/mL Formic acid 50% PEG 400:45% | 5 assay, RS, pH
16 100pg/mL Hydrochloric acid 50% PEG 400:45% | 5 assay, RS, pH
17 100pg/mL Phosphoric acid 50% PEG 400:45% | 5 assay, RS, pH
18 100pg/mL Sulfuric acid 50% PEG 400:45% | 5 assay, RS, pH
19 100pg/mL Sulfurous acid 50% PEG 400:45% | 5 assay, RS, pH
20 100pg/mL Citric acid 50% PEG 400:45% | 5 assay, RS, pH
21 100pg/mL MSA 50% PEG 200:45% | 5 assay, RS, pH
22 100pg/mL MSA 50% PEG 300:45% |5 assay, RS, pH
23 100pg/mL MSA 50% PEG 600:45% | 5 assay, RS, pH
9
10 [00204] The stability results are for the formulations of Table 22 provided in Tables 23 and
11 24, Table 23 includes the measured pH values at each time point and the percent of TTX
12  relative to the TTX at TO and Table 24 includes the relative percentage of the TTX
13  degradation products relative to TO.
14 [00205] Table 23
H d A /mL A %LC
Sample Aqueous Acids | PEGx pH measure ssay (mg/mL) ssay (%LC)
ID TO | 2W | 4W TO 2w 4w TO 2w 4w
14 Benzenesulfonic | PEG 400 | 5.11 | 4.81 | 4.89 | 0.0980 | 0.0930 | 0.0854 | 100.32% | 95.19% | 87.45%
15 Formic PEG 400 | 456 | 4.70 | 475 | 0.0997 | 0.0938 | 0.0842 | 100.31% | 94.36% | 84.73%
16 HCI PEG400 | 466 | 4.76 | 4.69 | 0.0999 | 0.0948 | 0.0888 | 100.32% | 95.16% | 89.14%
17 Phosphoric PEG 400 | 451 |4.44 | 439 | 0.0990 | 0.0920 | 0.0839 | 100.63% | 93.44% | 85.23%
18 Sulfuric PEG 400 | 4.94 | 4.88 | 468 | 0.0989 | 0.0929 | 0.0858 | 99.35% | 93.31% | 86.15%
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19 Sulfurous PEG 400 | 527 | 522|516 | 0.0978 | 0.0913 | 0.0848 | 100.69% | 93.94% | 87.28%
20 Citric PEG400 | 446 | 448 | 441 | 0.0957 | 0.0883 | 0.0762 | 97.66% | 90.18% | 77.75%
21 MSA PEG200 | 553 | 505|504 | 01071 | 0.0983 | 0.0896 | 99.52% | 91.35% | 83.27%
22 MSA PEG300 | 545 | 494 | 505 | 0.0971 | 0.0912 | 0.0846 | 99.54% | 93.50% | 86.73%
1 [00206] Table 24
Sample ID Impurities, TO
Aqueous Acids PEGx Other
impurities g-TTX | o-TTX | e-TTX | &-TTX Sum
14 Benzenesulfonic | PEG 400 - 0.401 - - 0.242 0.643
15 Formic PEG 400 B 0.436 - 0.111 ]| 0.318 | 0.865
16 HCI PEG 400 B 0.427 - 0.058 | 0.212 | 0.697
17 Phosphoric PEG 400 B 0.428 - 0.080 | 0.253 | 0.761
18 Sulfuric PEG 400 B 0.425 - 0.094 | 0.218 | 0.736
19 Sulfurous PEG 400 B 0.410 - 0.069 | 0.239 | 0.719
20 Citric PEG 400 B 0.424 - 0.084 | 0.282 | 0.790
21 MSA PEG 200 B - - - - 0.000
22 MSA PEG 300 B 0.269 - - - 0.269
23 MSA PEG 600 } 0.432 - 0.093 | 0.264 | 0.789
Impurities, 2W
Sample ID | Aqueous Acids PEGx Imgmﬁzes gTTX | oTTX | eTTX | aTTX | Sum
14 Benzenesulfonic | PEG 400 B 0.397 0.104 | 0.229 | 4619 | 5.349
15 Formic PEG 400 B 0.332 0.296 | 0.181 [ 5530 | 6.340
16 HCI PEG 400 B 0.372 0.087 | 0232 [ 4479 | 5.170
17 Phosphoric PEG 400 B 0.347 0.286 | 0.240 | 5640 | 6.513
18 Sulfuric PEG 400 B 0.919 - 0263 | 6.004 | 7.186
19 Sulfurous PEG 400 B 0.342 0.125 | 0.319 [ 5192 | 5.978
20 Citric PEG 400 } 0.329 0.869 | 0.180 | 6.987 | 8.365
21 MSA PEG 200 B - - - - 0.000
22 MSA PEG 300 i 0.305 - - - 0.305
23 MSA PEG 600 B 0.361 0.141 | 0.392 | 4.846 | 5.740
Impurities, 4W
Sample ID | Aqueous Acids PEGx Imgtr:ﬁ:es gTTX | oTTX | eTTX | aTTX Sum
14 Benzenesulfonic | PEG 400 | 0.799 0.404 0.478 | 0.541 | 9.521 11.74
15 Formic PEG 400 | 0.875 0.383 0.908 | 0489 [ 11.187 | 13.84
16 HCI PEG 400 - 0.390 0.241 | 0415 | 8.980 | 10.03
17 Phosphoric PEG 400 | 0.695 0.397 0.832 | 0471 [ 11.167 | 13.56
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18 Sulfuric PEG 400 - 0.425 0.312 [ 0.530 | 10.368 | 11.63
19 Sulfurous PEG 400 0.392 0.429 [ 0.588 | 10.686 | 12.09
20 Citric PEG 400 0.375 1.705 | 0.770 [ 23.168 | 26.02
21 MSA PEG 200 - - - - - 0

22 MSA PEG 300 - 0.378 - - - 0.378
23 MSA PEG600 | 1.962 0.410 0.408 | 0.799 | 10.066 | 13.65

[00207] The results of this additional study were generally consistent with the original
study. Strong acids were found to have a similar stabilizing effect for TTX, indicating the effect
of the pH on the formulation. The study also confirms the advantage of using of PEG 400 in

the formulation.

[00208] Example 11- Secondary Percentage H,O Study

[00209] A further study of the effect of the concentration of H,O in the formulation was
carried out on formulations comprising the combinations of aqueous MSA, PG and PEG. The
formulations tested are outlined in Table 25. The stability is assessed at the temperature and
times points noted in the last column. For the formulation shown in the last row of table 25
comprising 2% MSA, the amount of TTX may have been reduced slightly in cases where the
TTX did not fully dissolve.

[00210] Table 25

TTX MSA PG PEG pH Stability
400
100ug/mL 50 26.3 23.7 5 40°C: TO, 2W, 4W
100ug/mL 25 13.2 11.8 5 40°C: TO, 2W, 4W
100ug/mL 10 47.3 427 5 40°C: TO, 2W, 4W
100ug/mL 5 50 45 5 40°C: TO, 2W, 4W
100ug/mL 2 515 46.5 5 40°C: TO, 2W, 4W
(*may reduce to be soluble)

[00211] The study results are provided in Tables 26 and 27. Table 26 includes the
measured pH values for each formulation at each time point and the percent of TTX relative to
the TTX at TO and Table 27 includes the relative percentage of the TTX degradation products
(g-TTX, o-TTX, e-TTX, a-TTX) relative to the amount of these substances at TO.

[00212] Table 26
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%H20 pH measured Assay (mg/mL) Assay (%LC)
TO 2W | 4W T0 2w CAYY TO 2w CAYY
50 434 | 3.73 | 3.69 | 0.1043 | 0.0883 | 0.0785 | 104.66% | 88.59% | 78.81%
25 5.01 | 4.62 | 4.53 | 0.1013 | 0.0906 | 0.0815 | 101.93% | 91.12% | 82.00%
10 524 | 511 | 5.02 | 0.1054 | 0.0971 | 0.0896 | 101.53% | 93.53% | 86.37%
5 520 | 4.77 | 4.89 | 0.1013 | 0.0947 | 0.0887 | 100.06% | 93.54% | 87.64%
2 522 | 5.14 | 523 | 0.1046 | 0.0981 | 0.0918 | 101.37% | 95.01% | 88.95%
[00213] Table 27
Impurities, TO
%H20 g-TTX o-TTX e-TTX Ioa-TTX RRT=2.5 Sum
50 0.442 - 0.209 - 0.651
25 0.442 - 0.255 - 0.697
10 0.416 - 0.205 - 0.620
5 0.444 0.109 0.212 - 0.766
2 0.437 0.072 0.202 - 0.711
Impurities, 2W
%H20 g-TTX o-TTX e-TTX ° a-TTX RRT=2.5 Sum
50 0.246 0.317 1.501 10.255 - 12.320
25 0.374 0.210 0.893 7.930 - 9.407
10 0.384 0.150 0.488 6.294 - 7.315
5 0.356 0.140 0.298 5.420 - 6.215
2 0.370 0.189 0.301 5.235 - 6.095
Impurities, 4W
%H20 g-TTX o-TTX e-TTX " a-TTX RRT=2.5 Sum
50 0.329 0.755 3.116 16.986 0.941 21.19
25 0.351 0.510 1.827 13.730 1.075 16.42
10 0.354 0.320 0.911 11.036 1.132 12.62
5 0.343 0.259 0.564 9.749 0.940 10.92
2 0.400 0.387 0.566 9.310 1.035 10.66
[00214] From these results a clear trend emerges, that the higher the water content the

higher the degree of TTX degradation.

[00215]

[00216]

Example 12 — Exemplary TTX formulations

As would be understood from the present description, the liquid TTX formulations

described herein are preferably in a form for parenteral administration. For example, the

formulations described herein may be administered by |.M. or, preferably, S.C. routes to
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provide an initial dose of 30 ug of Tetrodotoxin to a patient. In another example, the liquid
parenteral formulations described herein may also be administered to provide a daily dose of
60 ug of Tetrodotoxin to a patient. It will also be understood that the formulations described
herein are also suitable for various other doses and dosage regimens as would be known to
persons skilled in the art. In view of their enhanced stability profiles, the formulations
described herein are well-suited for being stored for periods of time in containers, such as
vials, ampules, syringes, auto injectors and the like. Thus, the formulations may be packaged
in predetermined dosage amounts for use by a subject or for administration to a subject. In

this regard, the formulation may, for example be packaged into pre-filled syringes or the like.

[00217]

of the present description.

The following examples are provided to illustrate some possible TTX formulations

[00218] Example 12a
Ingredients Quantity
Tetrodotoxin 150 ug
Water for injection 0.05 mL
Propylene glycol 0.5 mL
Polyethylene glycol 400 0.45 mL
Acetic acid Adjust pH to 4.0£0.5
[00219] To a processing vessel, water for injection and acetic acid were added to obtain a

solution with pH 2.0. Tetrodotoxin was added to the above solution and mixed until dissolved.
Propylene glycol and polyethylene glycol 400 were added and mixed well. The pH of the
solution was adjusted to 4.0+0.5 by addition of acetic acid if necessary. The solution was

filtered and filled into containers.

[00220]

Example 12b
Ingredients Quantity
Tetrodotoxin 150 ug
Water for injection 0.05 mL
Dimethylacetamide 0.25 mL
Polyethylene glycol 400 0.7 mL

Methanesulfonic acid

Adjust pH to 4.0£0.5

[00221]
to obtain a solution with pH 2.0. Tetrodotoxin was added to the above solution and mixed until

To a processing vessel, water for injection and methanesulfonic acid were added

dissolved. Dimethylacetamide and polyethylene glycol 400 were added and mixed well. The

39




O 00 ~N O o A~

10

11
12
13
14
15
16

17

WO 2022/221963 PCT/CA2022/050623

pH of the solution was adjusted to 4.0+0.5 by addition of methanesulfonic acid if necessary.

The solution was filtered and filled into containers.

[00222] Example 12c
Ingredients Quantity
Tetrodotoxin 150 ug
Water for injection 0.05 mL
Propylene glycol 0.5 mL
Polyethylene glycol 400 0.45 mL
Methanesulfonic acid Adjust pH to 4.0£0.5
[00223] To a processing vessel, water for injection and methanesulfonic acid were added

to obtain a solution with pH 2.0. Tetrodotoxin was added to the above solution and mixed until
dissolved. Propylene glycol and polyethylene glycol 400 were added and mixed well. The pH
of the solution was adjusted to 4.0+0.5 by addition of methanesulfonic acid if necessary. The

solution was filtered and filled into containers.

[00224] Example 12d
Ingredients Quantity
Tetrodotoxin 60 ug
Water for injection 0.02 mL
Propylene glycol 0.5 mL
Polyethylene glycol 400 0.45 mL
Sodium Acetate 2.624 mg
Acetic acid 0.12mg
Methanesulfonic acid Adjust pH to 6.0+£0.5

[00225]

added to prepare a buffer solution. Tetrodotoxin was added to the above solution and mixed

To a processing vessel, water for injection, sodium acetate and acetic acid were

until dissolved. Propylene glycol and polyethylene glycol 400 were added and mixed well. The
pH of the solution was adjusted to 6.0+0.5 by addition of methanesulfonic acid if necessary.

The solution was filtered and filled into containers.

[00226] Example 12¢
Ingredients Quantity
Tetrodotoxin 60 ug
Water for injection 0.02 mL
Propylene glycol 0.5 mL
Polyethylene glycol 400 0.45 mL
Sodium citrate 0.9804 mg
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Citric acid 1.1904 mg
Methanesulfonic acid Adjust pH to 4.0+0.5

[00227] To a processing vessel, water for injection, sodium citrate and citric acid were
added to prepare a buffer solution. Tetrodotoxin was added to the above solution and mixed
until dissolved. Propylene glycol and polyethylene glycol 400 were added and mixed well. The
pH of the solution was adjusted to 4.0+0.5 by addition of methanesulfonic acid if necessary.

The solution was filtered and filled into containers.

[00228] Example 12f

Ingredients Quantity
Tetrodotoxin 60 ug
Water for injection 0.02 mL
Propylene glycol 0.5 mL
Polyethylene glycol 400 0.45 mL
Sodium citrate 2.2446 mg
Citric acid 0.2496 mg
Methanesulfonic acid Adjust pH to 6.0+£0.5

[00229] To a processing vessel, water for injection, sodium citrate and citric acid were
added to prepare a buffer solution. Tetrodotoxin was added to the above solution and mixed
until dissolved. Propylene glycol and polyethylene glycol 400 were added and mixed well. The
pH of the solution was adjusted to 4.0+0.5 by addition of methanesulfonic acid if necessary.

The solution was filtered and filled into containers.

[00230] Example 129

Ingredients Quantity
Tetrodotoxin 60 ug
Water for injection 0.02 mL
Propylene glycol 0.5 mL
Polyethylene glycol 400 0.45 mL
Sodium phosphate, monobasic 2.4 mg
Phosphoric acid 0.0294 mg
Methanesulfonic acid Adjust pH to 4.0+0.5

[00231] To a processing vessel, water for injection, sodium phosphate monobasic and
phosphoric acid were added to prepare a buffer solution. Tetrodotoxin was added to the
above solution and mixed until dissolved. Propylene glycol and polyethylene glycol 400 were
added and mixed well. The pH of the solution was adjusted to 4.0+0.5 by addition of

methanesulfonic acid if necessary. The solution was filtered and filled into containers.
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[00232] Example 12h

Ingredients Quantity
Tetrodotoxin 60 ug
Water for injection 0.02 mL
Propylene glycol 0.5 mL
Polyethylene glycol 400 0.45 mL
Sodium phosphate, monobasic 1.8 mg
Sodium phosphate, dibasic 0.142 mg
Methanesulfonic acid Adjust pH to 6.0+£0.5

[00233] To a processing vessel, water for injection, sodium phosphate monobasic and
sodium phosphate dibasic were added to prepare a buffer solution. Tetrodotoxin was added to
the above solution and mixed until dissolved. Propylene glycol and polyethylene glycol 400
were added and mixed well. The pH of the solution was adjusted to 6.0+0.5 by addition of
methanesulfonic acid if necessary. The solution was filtered and filled into containers.

[00234] Example 13 -Stability of TTX Formulations Stored in Pre-Filled Syringes

[00235] A study was conducted to determine the stability characteristics of TTX
formulations stored in pre-filled syringes. A TTX formulation comprising methanesulfonic acid
(MSA), propylene glycol (PG) and polyethylene glycol (PEG) was prepared as described
above. The samples were filled into BD Neopak 1 ml 279 glass syringes. The stability of the

samples was assessed under the following conditions and time periods as set out in Table 28:

[00236] Table 28

Stability conditions
40°C/75% RH 25°C/40% RH 2-8°C
TO for all samples TO for all samples TO for all samples
2w

4w im im

3m 3m

6m

12m

[00237] The relative amount of TTX and TTX impurities was determined for each of the
above conditions and time periods as shown in Table 29. The determination of the relative
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amounts of the impurities was done by HPLC in comparison to sample at time 0 (TO) by the

2  method described above.
3 [00238] Table 29
Con- Analy- pH Assay Assay Impurities (%)
ditions sis (mg/mL) | (%LC)
g-TTX o- e- a-TTX RRT=1.053 Sum
TTX | TTX
TO 5.08 0.0987 | 101.0% | 0572 | 0445 | 0167 | 0.527 0.420 2214
40°C/75% 2w 5.15* 0.0935 | 95.66% | 0632 | 0450 | 0.305 | 5.482 0.272 7.141
RH
40°C/75% 4w 6.46 0.0886 | 90.6% 0551 | 0.454 | 0.468 | 10.421 0.292 12.186
RH
25°Ci40% 1M 577 0.0987 | 101.0% | 0573 | 0.352 | 0.167 | 1.560 0.374 3.028
RH
25°Ci40% 3M 5.54 0.0983 | 100.6% | 0587 | 0.377 | 0.133 | 2.651 0.421 4.169
RH
2-8°C 1M 6.01 0.0996 | 102.0% | 0634 | 0.360 | 0.171 | 0.606 0.331 2.103
2-8°C 3M 5.35 0.0984 | 100.7% | 0672 | 0.355 | 0.191 | 0.808 0.416 2.441
2-8°C 6M 6.00 to | 0.0981 | 100.4% | 0610 | 0531 | 0.239 | 1.078 | Notobserved? | 2.458
6.92
2-8°C 12M 6.36 0.0973 | 99.5% 0761 | 0575 | 0.288 | 1.414 0.275 3.313
4 [00239] “Initial observed value was 5.79, however additional stirring due to viscosity of
5 sample helped stabilizing the pH reading.
6 'Afirst pH reading of 6.92 was obtained using a pooled solution from 2 of the 4 syringes kept
7  for pH analysis at 2-8°C. The analysis of the same solution on another day yielded a pH of
8 6.74. Pooling the remaining two syringes in a new solution for pH analysis yielded pH values
9 0of6.00 and 6.14.
10 2The peak/hump in the tailing of the TTX peak (RRT = 1.045) was not observed.
11 [00240] Example 14 -Order of Addition Study
12 [00241] To investigate the potential impact of the order of addition of the components on
13  TTX solubility, as series of experiments were run altering the order of addition of the
14  components of the composition. First, a TTX formulation having the following excipient ratios
15 PG:PEG 400:MSA (50:45:5) (where MSA is 0.01M aqueous MSA) was prepared as a
16  standard preparation. The pH and appearance were recorded after each step. The results of
17  this experiment are reported in Table 30. In Experiments Ato G, TTX formulations having
18 the same composition as the standard preparation were prepared but the order of the addition
19  steps was altered. The pH and appearance were recorded after each addition step. The
20  results of Experiments A to G are shown in Tables 31-37 which include the order of addition of
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the components and the pH and appearance at each step. A stock solution of TTX in

MSA/H20 was prepared and used in the Experiments B-G shown in Tables 32-37.

[00242] Table 30
Sample Steps Observations
Add MSA inHpo | PH=2.11 .
Appearance: Clear solution
pH=2.58
Standard Add TTX to Solubilization time:
- MSA/H20
Preparation 30s Appearance:
Clear solution
Add PG to pH=2.98
TTX/IMSA/H20 Appearance: Clear solution after gently mixing/swirling.
Add PEG 400 to pH=5.10

TTX/IMSA/ H20 /PG

Appearance: Clear solution after gently mixing/swirling.

[00243]

Table 31

Sample

Steps

Observations

Add TTX in H20

pH= 8.95
Solubilization time: Not fully dissolved after mixing >2min.
Appearance: Cloudy solution.

Experiment A Add MSAto TTX/ | pH=2.56
H20 Appearance: Clear solution after swirling 10s.
Add PG to pH=2.91
TTX/MSA/H20 Appearance: Clear solution after gently mixing/swirling.
Add PEG 400to | pH=4.89
TTX/MSA/H20/PG | Appearance: Clear solution after gently mixing/swirling.
[00244] Table 32
Sample Steps Observations
Add TTX Stock into pH=2.95
Experiment B Appearance: Clear solution after gently mixing/swirling.
H=5.01
Add PEG 400 P
Appearance: Clear solution after gently mixing/swirling.

[00245]

Table 33
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Sample Steps Observations
Add PEG 400 into pH=5.59
TTX Stock Appearance: Clear solution after gently mixing/swirling.
Experiment C
H=5.24
Add PG P
Appearance: Clear solution after gently mixing/swirling.
[00246] Table 34
Sample Steps Observations
Add TTX Stock pH= 4.91
into PEG 400 : i
Experiment D Appearanpg. Clear solution after gently
mixing/swirling.
H=5.18
Add PG P
Appearance: Clear solution after gently
mixing/swirling.
[00247] Table 35
Sample Steps Observations
PG:PEG400 pH=5.93
] (53:47) Appearance: Clear solution.
ExperimentE 1 — 377X Stock o 505
PG:PEG400 A= . _ . .
(53:47) Appearance: Clear solution after gently mixing/swirling.
[00248] Table 36
Sample Steps Observations
TTX Stock in pH=2.67
Experiment F MSA 0.01M Appearance: Clear solution.
Add PG:PEG400 pH=4.90
(563:47) to TX Stock | Appearance: Clear solution after gently mixing/swirling.
[00249] Table 37
Sample Steps Observations
Add PG into pH=2.88
. TTX Stock Appearance: Clear solution after gently mixing/swirling.
Experiment G
pH= 4.94
Add PEG 400 Appearance: Clear solution after gently mixing/swirling.
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[00250] The TTX formulations prepared by the standard procedure and in the Experiments
A-G (Tables 30-37) were assayed to determine the amount of TTX and the amount of
impurities obtained by each process. The assay and impurity test results are shown in Table
38 below. The percentages are w/v.

[00251] Table 38

Samples TTX g- o- e- a-TTX Sum
(%) TTX TTX TTX (%) o
(%) (%) (%) (%)
Standard 95.9 0.46 0.36 0.18 0.50 1.50
Preparation
Experiment A 95.6 0.47 0.37 0.18 0.51 1.53
Experiment B 96.6 0.45 0.35 0.15 0.54 1.49
Experiment C 96.6 0.44 0.28 0.19 0.54 1.45
Experiment D 96.5 0.43 0.32 0.21 0.52 1.48
Experiment E 96.8 0.46 0.32 0.14 0.55 1.48
Experiment F 96.4 0.45 0.31 0.12 0.58 1.45
Experiment G 96.7 0.43 0.31 0.18 0.55 1.47

[00252] C) Efficacy Study

[00253] Example 15 -Efficacy of TTX formulations in rats with chemotherapy-induced
neuropathy

[00254] A study comparing the efficacy of TTX lyophilized formulation and TTX liquid
formulation in the treatment of rats with chemotherapy induced neuropathy was undertaken.
For this study Adult male Sprague-Dawley rats were used. Chemotherapy-induced
neuropathic pain (CINP) was induced by oxaliplatin 4 mg/kg, iv, administered twice a week for
up to 3 weeks. Induction of neuropathy was confirmed by assessment of mechanical allodynia
using von Frey hairs (PWT < 4 g). Rats with induced mechanical allodynia were divided into 7
groups, with relevant treatments for 5 days. Details are set out in table 39 below. Paw
withdrawal threshold (PWT) was tested daily for three days before beginning the treatment
course (pre test). daily before dosing, 1 hour after dosing and 2 hours after dosing during the
5 day treatment course, and once on the 7th, 10th and 14th days after the start of the dosing
course. PWT was expressed as mean £ SEM. One-way ANOVA was used to compare

different groups at the same time points.
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[00255] Table 39
Group | Description Dose Dose Dose Schedule | Route | n
level volume concentration
Normal saline,
1 0 pg/kg | 1 mL/kg | O pg/mL qd for5d | SC 7
sterile
Lyophilized TTX for
2 o 8 ug/kg | 1 mL/kg | 8 ug/mL qd for5d | SC 7
injection (Lyo TTX 8)
Stable liquid TTX
] 10 1.87
3 formulation (SL 5.35 pg/mL qd for 5d | SC 7
pa/kg mL/kg
TTX10)
Stable liquid TTX 186
4 formulation (SL 8 uglkg | 4.3 yg/mL qd for5d | SC 7
mL/kg
TTX8)
Vehicle for liquid
5 formulation (SL 0 pg/kg | 2 mL/kg | O pg/mL qd for5d | SC 7
vehicle)
Duloxetine (DXT 30
6 2 mL/kg | 15 mg/mL qd for 5d | PO 7
30mpk, qd) mg/kg
Pregabalin (PGN 30
7 ] 2mL/kg | 15 mg/mL bid for 5d | PO 7
30mpk, bid) mg/kg
[00256] For this study the lyophilized TTX formulation comprises lyophilized TTX

reconstituted in water at a concentration of 8 ug/mL and the stable liquid formulation is
formulation of TTX having an excipient ratio of PG:PEG 400:MSA (50:45:5) (where MSA is
0.01M aqueous MSA) prepared by the Standard Preparation method described in example

14. The lyophilized TTX was administered at a dose of 8 pg/kg while the stable liquid

formulation was tested at doses of 8 yg/kg and 10 pg/kg.
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[00257] The results of the PWT testing for the two TTX formulations is shown in Figs. 4-7.
Normal saline and the vehicle of the liquid formulation were used as controls samples. Figure
4 illustrates the PWT test results at all testing time points. The testing time points include
daily testing for 3 days before oxaliplatin administration (Pre1, Pre2, Pre3) weekly testing for
two weeks after oxaliplatin administration (W1, W2) testing 3 times per day during the TTX
dosing course (D-0, before TTX dosing, D-1h, one hour post TTX dosing, and D-2h, two hours
post TTX dosing) and once a daily testing a days 7, 10 and 14 post TTX dosing. In orderto
appreciate the effects of TTX at the different time points during dosing, Graphs 5-7 isolate the
data for each of the 1hour, 2hour and immediate before TTX dosing, time periods, so that

comparisons can be more readily observed.

[00258] From these results it was found that no significant difference was observed on
baseline and post-dosing PWT between CINP rats treated with normal saline or vehicle for
liquid TTX formulation. This indicates that the vehicle is not a significant factor in the PWT
results. Lyophilized TTX for injection at 8 pug/kg, sc, once daily, and Stable Liquid TTX
formulation at 8 pg/kg, and 10 pg/kg sc, once daily all significantly increased baseline and
post-dosing PWT in CINP rats which is demonstrated over Figs 4-7. However, there did not
appear to be a significant difference in the efficacy of the different TTX formulations as the
PWT test results of lyophilized and liquid formulations of TTX appear to overlap within the

margin of error. This experiment demonstrates the utility of TTX liquid formulation.

[00259] Although the above description includes reference to certain specific embodiments,
various modifications thereof will be apparent to those skilled in the art. Any examples
provided herein are included solely for the purpose of illustration and are not intended to be
limiting in any way. Any drawings provided herein are solely for the purpose of illustrating
various aspects of the description and are not intended to be drawn to scale or to be limiting in
any way. The scope of the claims appended hereto should not be limited by the preferred
embodiments set forth in the above description but should be given the broadest interpretation
consistent with the present specification as a whole. The disclosures of all prior art recited

herein are incorporated herein by reference in their entirety.
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WE CLAIM:

1. A stable liquid formulation comprising tetrodotoxin, and/or a derivative, analog, or a
pharmaceutically acceptable salt thereof, and one or more pharmaceutically acceptable

diluents, carriers, and excipients.

2. The formulation of claim 1, wherein the formulation further comprises one or more:

solvents; pH adjusting agents; buffering agents; and stabilizing agents.

3. The formulation of claim 1 or 2, wherein the tetrodotoxin and/or a derivative, analog, or
a pharmaceutically acceptable salt thereof, is in the formulation at a concentration between
about 5 and about 5000 ug/mL.

4. The formulation of claim 1 or 2, wherein the tetrodotoxin and/or a derivative, analog, or
a pharmaceutically acceptable salt thereof, is in the formulation at a concentration between
about 60 to about 150 pg/mL.

5. The formulation of claim 1 or 2, wherein the tetrodotoxin and/or a derivative, analog, or
a pharmaceutically acceptable salt thereof, is in the formulation at a concentration of about 30

pg/mL.

6. The formulation of any one of claims 1 to 5, wherein the formulation comprises

aqueous component and a non-aqueous organic component.

7. The formulation of claim 6, wherein the aqueous component is present from about 2%

to about 10% (v/v) of the formulation.

8. The formulation of claim 6, wherein the aqueous component is present from about 2%

to about 5% (v/v) of the formulation.

9. The formulation of claim 6, wherein the organic component is present from about 90%

to about 98% (v/v) of the formulation.

10. The formulation of claim 6, wherein the organic component is present from about 95%

to about 98% (v/v) of the formulation.
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11. The formulation of any one of claims 6 to 10, wherein the aqueous component

comprises an aqueous acid solution.

12. The formulation of claim 11, wherein the aqueous acid solution comprises one or more
of hydrochloric acid, acetic acid, anhydrous citric acid, benzenesulfonic acid, citric acid
monohydrate, lactic acid, (DL)-lactic acid, (L)-lactic acid, methanesulfonic acid, and

phosphoric acid.

13. The formulation of claim 11, wherein the aqueous acid solution comprises

methanesulfonic acid.

14, The formulation of any one of claims 6 to 13, wherein the organic component
comprises one or more of ethyl alcohol, dehydrated ethyl alcohol, denatured ethyl alcohol,
benzyl alcohol, dimethyl sulfoxide, glycerin, isopropyl alcohol, methylpyrrolidone, N,N-

dimethylacetamide, polyethylene glycol, and propylene glycol.

15. The formulation of claim 14, wherein the organic component is combination of

polyethylene glycol and propylene glycol.

16. The formulation of claim 14 or 15, wherein the polyethylene glycol is polyethylene
glycol 200 (PEG 200), polyethylene glycol 300 (PEG 300), polyethylene glycol 400 (PEG
400), and/or polyethylene glycol 600 (PEG 600).

17. The formulation of any one of claims 14 to 16, wherein the formulation comprises an

aqueous acid, polyethylene glycol, and propylene glycol.

18. The formulation of claim 17, wherein the aqueous acid, propylene glycol (PG), and
polyethylene glycol (PEG), are present in the formulation in a ratio of between about 5:80:15
to 5:20:75 (v/v).

19. The formulation of claim 17, wherein the aqueous acid, propylene glycol (PG), and

polyethylene glycol (PEG), are present in the formulation in a ratio of about 5:40:55 (v/v).

20. The formulation of any one of claims 17 to 19, wherein the acid is MSA.
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21. The formulation of any one of claims 17 to 20, wherein the PEG is PEG 400.

22. The formulation of any one of claims 1 to 21, wherein the pH of the formulation is from
about 3 to about 6.

23. The formulation of any one of claims 1 to 21, wherein the pH of the formulation is from
about 4 to about 5.

24, The formulation of claim 22 or 23, wherein the pH of the formulation is adjusted with
hydrochloric acid, acetic acid, acetic anhydride, adipic acid, anhydrous citric acid,
benzenesulfonic acid, boric acid, citric acid monohydrate, lactic acid, (DL)-lactic acid, (L)-lactic
acid, maleic acid, metaphosphoric acid, methanesulfonic acid, nitric acid, phosphoric acid,
succinic acid, sulfuric acid, sulfurous acid, tartaric acid, (DL)-tartaric acid, trifluoroacetic acid,
ascorbic acid, benzoic acid, edetic acid, formic acid, lactobionic acid, aspartic acid, caprylic
acid, glucuronic acid, hydroxyethylpiperazine ethane sulfonic acid, methylboronic acid, oleic
acid, palmitic acid, pentetic acid, stearic acid, sodium hydroxide, calcium hydroxide,
potassium hydroxide, sodium bicarbonate, sodium carbonate, sodium carbonate decahydrate,
sodium carbonate monohydrate, diethanolamine, meglumine, tromethamine, and/or ammonia.

25, The formulation of any one of claims 1 to 24, wherein the formulation is adapted to
provide a dose of about 5 to about 120 pg, about 15 to about 60 ug, or about 30 ug of

tetrodotoxin, and/or a derivative, analog, or a pharmaceutically acceptable salt thereof.

26. The formulation of claim 25, wherein the formulation is provided in a container.

27. The formulation of claim 26, wherein the container is a vial, an ampule, or a syringe.

28. The formulation of any one of claims 1 to 27, wherein the formulation is adapted for

intramuscular (IM) or subcutaneous (SC) administration.

29. The formulation of any one of claims 1 to 28, wherein less than 10% of the

tetrodotoxin, and/or a derivative, analog, or a pharmaceutically acceptable salt thereof,
undergoes degradation after being stored at 40°C for a period of 28 days.
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30. The formulation of any one of claims 1 to 28, wherein less than 10% of the
tetrodotoxin, and/or a derivative, analog, or a pharmaceutically acceptable salt thereof,
undergoes degradation after being stored at 25°C for a period of 4 weeks.

31. The formulation of any one of claims 1 to 28, wherein less than 10% of the
tetrodotoxin, and/or a derivative, analog, or a pharmaceutically acceptable salt thereof,
undergoes degradation after being stored at a temperature between 2-8°C for a period of 3
months.

32 A pre-filled syringe comprising a predetermined volume of the formulation according to
any one of claims 1 to 31.

33. The pre-filled syringe of claim 32, wherein the syringe is adapted to deliver a dose of 5
to 120 pg, 15 to 60 pg, or about 30 pg of tetrodotoxin, and/or a derivative, analog, or a
pharmaceutically acceptable salt thereof.

34. The pre-filled syringe of claims 32 or 33, wherein the syringe is adapted for IM or SC
administration.

35. The use of a stable liquid formuation according to any one of claims 110 31 or a
prefilled syringe according to any one of claims 32 to 34 for the treatment or prevention of

chemotherapy induced neuropathic pain.

36. The stable liquid formation according to any one of claims 1 to 31 or a pre-filled
syringe according to any one of claims 32 to 34 for use in the treatment or prevention of
chemotherapy induced neuropathic pain.

37. A method of treating or preventing chemotherapy induced neuropathic pain in a
subject in need thereof comprising administering to the subject a stable liquid formulation

according to any one of claims 1-31.

38. The method of claim 37 wherein the stable liquid formulation is administered by a pre-
filled syring according to any one of claims 32-34.

52



WO 2022/221963 PCT/CA2022/050623

117

AN

PG/PEG 400 Ratio

Fig. 1

T
H

TTX Stability vs. PG/PEG 400 Ratio at 2&4 wk at 40°C/75% RH

H
5
H
i

= = X = = =
o To] o 1] [e] Lo
o (@] (@] [ee] [ee] M~
—

A1BA000Y% X1 1



PCT/CA2022/050623

WO 2022/221963

2/7

Z ‘b4

Hd
9 gs G Sy 14 g¢c
VVVVVVVVVVVVVVVVVVVVVVVVV I.f/

[I\\‘II‘I‘«II.
=
¢ - e iy, T e
.- @ - e —-———

(M) G¥/0S 00% O3d/Od —— (MZ) G¥/0S 00¥ ©3d/Od = @ =

HY %S2/J.0¥ ¥ %M 1°3¢ Je Hd sA Ajljiqe)s X1 L

%08

%C8

%v8

%98

%88

%06

%C6

%6

%96

%86

%001

A1BA009Y% X1 |



PCT/CA2022/050623

317

GG

¢ ‘b1

Hd
Svy

%08

%C8

%v8

%98

%88

%06

%C6

%6

%96

%86

%001

A1BA000Y% X1 1

WO 2022/221963

(M) 61/08 00% 93O —i— (1MZ) 61/08 00% 93O - @ =

HY %S/2/0,0% 1 ¥\ $9¢ 18 Hd SA Alljigels X1 1



PCT/CA2022/050623

WO 2022/221963

4/7

¥ "B1d4

"/=U ‘YAONY Aem-suo ‘dnous suljes TH 03 paJedwod ‘A|pA1309dSad ‘“TO0'0 ‘TO'0 ‘GO°0>d “yues s s

SPIYIA S (GO it AdrigX Ll 1S ¥ —3¢— AdHQLX 1L 1S (€D~ Adrig X 11047 29—~ auljes :LO—&—
yc ui ye Ui ye Ui ye Ui ye Ui

via 0l 40 -¢a -9 05 -+ -¥A O0vd -€A -€4d 0-¢€d -¢d -2d 0-cd -LA -1A 0l ¢M M ¢gdid ¢did |3id

sjeJ |[opow uiled
paosnpul uige|dijexQ Ul I Md UO suolje|nuLio} X 11 Z 4O S}09)3

O© < AN O

oL
¢l
vl
91

(6) LMmd



PCT/CA2022/050623

WO 2022/221963

57

G ‘b1

"[=U ‘YAONY Aem-du0 ‘dnous auljes 1O 03 pasedwod ‘AjaA1308dsad ‘TO00 ‘TO0 ‘GO°0>d “yus sn s

DIOIYDA S 1§D —— AdrgxX 11 1S v —— NdroLXLL 1S (€9 —%— ydrig X110A7 :z9—&— auljes 1O —E—

via oLa d yi-¢a yi-va yi-€a yi-eca yi-1a M LM gald ¢did Ieid

sjel [apow uled pasnpul unejdijexp
Ul | AAd @sop-isod Y| uo suoneinwao} X1 1 Z Jo s3oay3

O© < AN O

¢l
vl
91

(B) 1Mmd



PCT/CA2022/050623

WO 2022/221963

6/7

9 ‘b4

"/=U ‘YAONY Aem-suo ‘dnous suljes TH 03 paJedwod ‘A|pA1309dSad ‘“TO0'0 ‘TO'0 ‘GO°0>d “yues s s

DIOIYDA IS 16D —— AdHgX 11 1S ¥ —3¢— AdHoLXLL 1S €D —%— ydrig X110A7 :29 —g— aules 19 —&—

via oLa d ye-sa ye-va ye-€a Yyz-ca ye-1a M LM gald ¢did Ieid

sjel |opouw uited paosnpuil uneidijexp
ul 1Md @sop-3sod yz uo suopie|nwioy X 11 ¢ 0 s)oay3

© < AN O

]
¢l
vi
9l

(B) 1Mmd



PCT/CA2022/050623

WO 2022/221963

717

via

LBy
"/=U ‘YAONY Aem-suo ‘dnous suljes TH 03 paJedwod ‘A|pA1309dSad ‘“TO0'0 ‘TO'0 ‘GO°0>d “yues s s

SPIYSA 1S 1GO i AdHgX 11 1S HD ~se— AdHQLXLL TS €D~ Adrig x110A7 29— auljes : 19 —&—

oLa d 0-¢d 0-+a 0-¢d 0-cda 0-1a M LM gald ¢did Ieid

|
0 < N o

sjed |[opow uled pasnpul
unejdijexQ ul 1 Md duljdseq uo suolje|nuLio) X 11 Z JO S}0ay3

(6) LMmd



International application No.

PCT/CA2022/050623

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
IPC: A61K 31/7064 (2006.01), A6IK 9/08 (2006.01), AG6IK 47/10(2017.01), A61K 47/20 (2006.01),
AG61P 29/00 (2006.01)

CPC: A61K 31/7064 (2020.01) , A61K 9/08 (2020.01), A61K 9/0019 (2020.01), A61K 47/10 (2020.01),
A61K 47/20 (2021.02), A61P 29/00 (2020.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC: A61K 31/7064 (2006.01) , A6IK 9/08 (2006.01), A61K 47/10(2017.01), A6IK 47/20 (2006.01),

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)

STNext, Questel Orbit, Canadian Patent Database (Intellect) - Keywords: tetrodotoxin, liquid, solution, injection, stable, stability

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X CN101264063 (QIU, F.) 17 September 2008 (17-09-2008) 1-13, 15-34,36
Y Entire document, including paragraphs [0002], [0008], [0017], [0029]-[0043], [0065]-[0066], 35,37,38
[0071], and [0075]-[0082].
X CN101317846 (WANG, K.) 10 December 2008 (10-12-2008) 1-11, 13, 15-21, 25-28, 32-34,
Entire document, including the abstract, paragraphs [0007], [0012], [0014]-[0017], [0021], [0023] 36
Y and [0041]-[0044]; and Examples 11-18. 35,37,38
X CN101554368 (QIU, F.) 14 October 2009 (14-10-2009)
Y Entire document, including the abstract, paragraphs [0002], [0010], [0029], [0032] and [0041]; 1-13, 15-26, 29-34, 36
and Examples. 35,37, 38
Further documents are listed in the continuation of Box C. [ See patent family annex.
* |Special categories of cited documents: “T” [later document published after the international filing date or priority
“A” |document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“D” |document cited by the applicant in the international application “X” |document of particular relevance; the claimed invention cannot be
“E” |earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive
filing date step when the document is taken alone
“L” |document which may throw doubts on priority claim(s) or which is “Y” |document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination
“0” |document referring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art
“P” |document published prior to the international filing date but later than “&” |document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
28 June 2022 (28-06-2022) 30 June 2022 (30-06-2022)

Name and mailing address of the ISA/CA Authorized officer

Canadian Intellectual Property Office

Place du Portage I, C114 - 1st Floor, Box PCT Assia Semra (819) 639-9353
50 Victoria Street

Gatineau, Quebec K1A 0C9
Facsimile No.: 819-953-2476

Form PCT/ISA/210 (second sheet ) (July 2019) Page 2 of 4




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2022/050623

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X CN107334652 (CUIL, Z et al.) 10 November 2017 (10-11-2017) 1-6, 11, 14, 25,26, 36
Entire document, including paragraphs [0012], [0016]-[0027], [0051]-[0065] and [0084];
and Examples 1-6 and 15-18.

Y CA2942085 (LU, S. et al.) 16 March 2018 (16-03-2018) 35,37, 38
Entire document.

Y WO02007/110221 (BUSCHMANN, H. et al.) 4 October 2007 (04-10-2007) 35,37, 38
Entire document.

A WO002/22128 (KU, B. etal.) 21 March 2002 (21-03-2002) 1-38
Entire document, including p. 3, lines 20-25; p. 4, lines 20-25: and p. 5, lines 28-33.

A W02006/032481 (BUSCHMANN, H. et al.) 30 March 2006 (30-03-2006) 1-38
Entire document.

Form PCT/ISA/210 (continuation of second sheet) (July 2019) Page 3 of 4




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT /C A2022 /050623

Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date

CN101264063A 17 September 2008 (17-09-2008)  None

CN101317846A 10 December 2008 (10-12-2008)  CN101317846B 10 November 2010 (10-11-2010)

CN101554368A 14 October 2009 (14-10-2009) CN101554368B 12 June 2013 (12-06-2013)

CN107334652A 10 November 2017 (10-11-2017)  None

CA2942085A1 16 March 2018 (16-03-2018) CA2942085C 21 December 2021 (21-12-2021)

WO02007110221A1 04 October 2007 (04-10-2007) CA2647235A1 04 October 2007 (04-10-2007)
CA2647235C 12 March 2019 (12-03-2019)
CN101563079A 21 October 2009 (21-10-2009)
CN101563079B 05 December 2012 (05-12-2012)
CN103271920A 04 September 2013 (04-09-2013)
EP2012774A1 14 January 2009 (14-01-2009)
EP2394646A1 14 December 2011 (14-12-2011)
EP2394646B1 25 July 2018 (25-07-2018)
ES2691411T3 27 November 2018 (27-11-2018)
US2010215771A1 26 August 2010 (26-08-2010)
US9018222B2 28 April 2015 (28-04-2015)
US2017000797A1 05 January 2017 (05-01-2017)
US10149852B2 11 December 2018 (11-12-2018)
US2019160074A1 30 May 2019 (30-05-2019)
US10624896B2 21 April 2020 (21-04-2020)
US2015283140A1 08 October 2015 (08-10-2015)
US2021252004A1 19 August 2021 (19-08-2021)

WO0222128A1 21 March 2002 (21-03-2002) AU1378402A 26 March 2002 (26-03-2002)
CN1343491A 10 April 2002 (10-04-2002)
CN1203857C 01 June 2005 (01-06-2005)
DE10197266T5 12 May 2005 (12-05-2005)
GB0406274D0 21 April 2004 (21-04-2004)
US6599906B1 29 July 2003 (29-07-2003)

WO02006032481A1 30 March 2006 (30-03-2006) AU2005287511A1 30 March 2006 (30-03-2006)
CA2581128A1 30 March 2006 (30-03-2006)
CN101039674A 19 September 2007 (19-09-2007)
EP1799219A1 27 June 2007 (27-06-2007)
TP2008513407A 01 May 2008 (01-05-2008)
KR20070083650A 24 August 2007 (24-08-2007)
US2009143415A1 04 June 2009 (04-06-2009)

Form PCT/ISA/210 (patent family annex ) (July 2019)

Page 4 of 4




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - wo-search-report
	Page 62 - wo-search-report
	Page 63 - wo-search-report

