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4-CHLORO-N-[2-[(4-CHLOROPHENYL)METHYL]-3-OX0-1,2,4-THIADIAZOL-5-YL|BENZAMIDE FOR USE IN MEDICINE

Field of the Invention

The present invention relates to the use of a sedium salt of a particular pharmaceutical
active ingredient in maedicine in a dose-efficient manner by activating 5' adenosine
monophosphate-activated protein kinase (AMPK) and thereby treating particular
diseases.

Background of the Invention

AMP-activated protein kinase (AMPK) is a protein kinase enzyme that consisis of three
protein sub-units and is activated by hormones, cytokines, exercise, and stressas that
diminish cellular energy state {e.q. glucose deprivation}. Activation of AMPK increases
processes that generate adencsine 5'-triphosphate (ATP) (e.g., fatly-acid oxidation)
and restrains others such as fatly acid-, glycerclipid- and protein-synthesis that
consume ATP, but are not aculely necessary for survival, Conversely, whan cells are
presented with a sustained excess of glucose, AMPK activity diminishes and fatty acid,
agiycerolipid- and protein-synthesis are enhanced. AMPK thus is a protein kinase
enzyme that plays an important role in cellular energy homeostasis. Therefore, the
activation of AMPK is coupled to glucose lowering effects and triggers several other
biclogical effects, including the inhibition of cholesterol synthesis, lipogenesis,
triglyceride synthesis, and the reduction of hyperinsulinemia.

Given the above, AMPK is a preferred target for the treatment of the metabolic
syndrome and especially type 2 diabetes. AMPK is also involved in a number of
pathways that are important for many different diseases {(e.g. AMPK is also involved in
a number of pathways that are important in CNS disorders, inflammation {and resultant
fibrosis}, ostecporosis, heart failure and sexual dysfunction).

AMPK is also involved in a number of pathways that are important in cancer. Ssaveral
tumour supprassors are part of the AMPK pathway. AMPK acts as a negative regulator
of the mammalian TOR {mTOR} and EF2 pathway, which are key regulators of cell
arowth and proliferation. The dersgulation may therefore be linked to diseases such
as cancer {as well as diabetes). AMPK activators may therefore be of utility as anti-
cancer drugs.
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The effects of the dysregulation of AMPK in diseases such as obesity, inflammation,
diabetes and cancer are discussed in, for example, Jeon S5-M, Experimental & Molecular
Medicine (2016) 48, e245.

It has been shown that AMPK activator drugs (e.g. metformin and 4-chioro-N-[2-[{4-
chiorophenyl}methyll-3-oxo- 1,2 ,4-thiadiazol-5-yilbenzamide (i.e. the compound of
formula I below)) are effective at trealing pain. Das and co-workers report that,
following lumbar disc puncture, postinjury treatment in mice with AMPK activator drugs
reduces machanical hypersensitivity (Bas V, et al. Reg Anesth Pain Med 2019;0:1-5.
doi:10.1136/rapm~2019-100839). Similarly, Das and co-workers also report that early
treatment with AMPK activator drugs reduces mechanical hypersensitivity in a
postoperative pain model in mice (Das V, et al. Reg Anesth Pain Med 2019;0:1-6,
dei:10.1136/rapm-2019-100651}. These drugs alsc normalize the AMPK pathway in
the dorsal root ganglion. AMPK activators may therefore be used in the treatment of
pain, particularly post-operative pain.

It has aiso been shown that hepatic steatosis may be requlated by AMPK (Zhao et al.
1. Biol. Chem. 2020 295: 12279~ 12289). Activation of AMPK inhibits de novo
lipogenesis while promoting fatly acid oxidation (B-oxidation) in the liver. AMPK
activation alse reduces free fatty acid release from adipose tissue and prevents hepatic
steatosis. Pharmacological activation of AMPK in the liver was reported to promote
baneficial effects on multiple aspects of non-alcohelic fatiy liver disease (NAFLD). For
example, activation of AMPK was found to improve non-aicoholic steatohepatitis
{NASH) in both murine and simian animal models. Accordingly, AMPK activators may
be useful in the treatment of NAFLD and NASH.

An example of an AMPK activator is 4-chigro-N-{2-[{4-chiorophenyiymethyi}-3-oxo-
1,2, 4-thiadiazol-5-yilbenzamide (i.e. the compound of formula I}, which was first
disclosed in WO 2011/004162.

Neptnata

As an AMPK agonist (i.e, an AMPK activator), the compound of formula I is useful in
the treatment of disorders or conditions which are amelicrated by the activation of
AMPK. Such compounds may be useful in the treatment of cardicvascular diseass

(such as heart failure), disbetic kidney disease, type 2 diabetes, insulin resistance,
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non-alcoholic fatty liver disease, non-alcoholic steatchepatitis, pain, opioid addiction,
obesity, cancer, inflammation {including chronic inflammatory dissases), autoimmune

diseases, osteoporosis and intestinal diseases.

There ramains a nead to improve the bicavailability of active ingrediants, such as 4-
chioro-N-{2-[{4-chiorophenyiymeathyl}-3-oxo-1,2,4-thiadiazol-5-ylibenzamide, in vivo
50 as to improve their effectiveness in medicine. The inventers have now found a
treatment that surprisingly enhances the bicavailability of the compound of formula I

in vivo.

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

the state of the art or is common general knowledge.

Detailed Description of the Invention

According to a first aspect of the invention, there is provided a method of activating 5'
adenosine monophosphate-activated protein kinase (AMPK) comprising administering
fromn about 200 to about 1000 mg/day of a sodium salt of 4-chioro-N-[2-[{4-
chiorophenytimethyil-3-oxo- 1,2, 4-thiadiazol-5-vilbenzamide in a pharmaceutical
dosage form to a human subject,

Methods according to the first aspect of the invention are hereinafter referred to as

“methods of the invention”.

According to an alternative first aspect of the invention, there is provided from about
200 to about 1000 mg/day of a sodium salt of 4-chicro-N-{2-[(4-chigrophenyiimethyl]-
3-oxo-1,2,4-thiadiazol-5-yllhenzamide in a pharmaceutical dosage form for use in
activating AMPK,

According to a further alternative first aspect of the invention, there is provided the
use of from about 200 to about 1000 mg/day of a sodium salt of 4-chioro-N-{2-[{4-
chiorophenylymethyl}-3-ox0-1,2 4-thiadiazol-5-yilbenzamide in a pharmaceutical
dosage form, in the manufacture of a8 medicameant for treating a disease or disorder by
activating AMPE,

It will be understood that a “sodium salt” is a chemical compound consisting of an

assembly of cations of sodium and associated anions. Accordingly, the term “a sodium
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salt of 4-chloro-N-[2-{{4-chicrophenvlymethyi}-3-oxo0-1,2,4-thiadiazol-5-
vilbenzamide” refers Lo a compound comprising sodium cations and anions of 4-chloro-
N-[2-[{4-chlorophenylmethyi]-3-ox0-1,2,4-thiadiazol-5-ylibenzamide. For example,
a sodium salt of 4-chloro-N-f2-[(4-chlorophenyl}methyil-3-oxo-1,2,4-thiadiazol-5-
vilbenzaride may refer to the compound of formuia 11,

nNE

ot
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wherein Na* represents the sodium cation.

The skilled person will recognize that, when dissolved in a suitable solvent (e.g. water},
the sodium salt of 4-chloro-N-[2-{{4-chiorophenyl}methvii-3-oxo-1,2,4-thiadiazoi-5-

vilbenzamide may dissociate inte its anionic and cationic components.

Throughout this specification, structures may or may not be presented with chemical
names. Where any guestion arises as to nomenclature, the structure prevails, Where
it is possible for the compound to exist as a tautomer (e.g. in an alternative resonance
form} the depicted structure represents one of the possible tautomeric forms, whearein
the actual tautomeric form(s) observed may vary depending on envircnmental factors
such as solvent, temperature or pH. All tautomeric {and rescnance) forms and
rnixtures thereof are inciuded within the scope of the invention. For example, the

following tautomers are included within the scope of the invention:

e

NEC Na
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For the avoidance of doubt, sodium salts of 4-chioro-N-[2-[{4-chicrophenyiymethyl]-
3-0x0-1,2,4-thiadiazol-5-yilbenzamide are solid under ambient conditions, and
references herein to said salls include all amorphous, crystalling and part crystalline
forms thereof.

Sodium salts of 4-chioro-N-{2-{{4-chiorophenyl}methyi]-3-ox0-1,2,4-thiadiazoi-5-

vitbenzamide may be prepared in accordance with technigues that are well known to
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those skilled in the art. For example, 4-chioro-N-[2-[{4-chiorophenyiimethyi]-3-oxa-
1,2,4-thiadiazol-5-yilbenzamide may be reacted with sodium hydroxide, or an
alternative sodium base compound. Sait switching techniques may also be used o

convert one salt into another salt.

Where the salt is prepared from 4-chioro-N-{2-[{4-chiorophenyl}methy!l-3-0x0-1,2,4-
thiadiazol-5-yilbenzamide, 4-chlore-N-[2-[{(4-chiorophenyl}methyi]-3-ox0-1,2,4~
thiadiazol-5-yilbenzamide may be prepared in accordance with techniques that are
well known to those skilled in the art, such as those described in international patent
application WQ 2011/004162. The contents of WO 2011/004162 are incorporated by

referance.

The sodium sait of 4-chloro-N-[2-[{4-chiorophenylymethyl]-3-oxe-1,2,4-thiadiazol-5-

yiibenzamide is referrad to herein as “the salt of the invention”™.

The method of the invention has been found to be surprisingly effective at improving
(e.g. increasing) the bicavailability of 4-chioro~N-[2-[{4-chiorophenylymethyl]-3-oxo-
1,2,4-thiadiazol-5-yilbenzamide in  vive compared to a method comprising
administration of a comparable amount of 4-chloro-N-[2-[{4-chlorophenylymethyl]-3-
oxg-1,2,4-thiadiazel-5-yilbenzamide in the free base form. Improvement in
bicavailability may be demonstrated by measuring the Crax 0or the area under the curve
{AUQC) following administration of the pharmacsautical dosage form to a human subject.
It has also been found that a comparable level of systemic exposure to 4-chioro-N-{2-
[{4-chlorophenylymethyli-3-ox0-1,2,4-thiadiazol-5-ylibenzamide, e.g. a comparable
concentration thereof in blood plasma, in a human subject can be achieved through
administration  of a  significantly  lower amount of  d-chioro-N-[2-[(4-
chiorophenylymethyil-3-oxo-1,2,4-thiadiazel-5-yilbenzamide in the form of a sodium
salt of that compound. The finding that administration of the sodium sait form can
enable a reduction in the dose reqguired to achieve a particular level of systemic
exposure is beneficial as use in a dose-efficient manner reduces the likelihood of
unwanted side effects occurring. The salt of the invention, and pharmaceutical dosage
form comprising said salt, is useful in the therapies described herein in a subject in

need of such therapy.

In the context of the present invention, the term “free base” refers to a form of 4~
chioro-N-{2-[(4-chiorophenyiymethyl]-3-oxo-1,2,4-thiadiazol-5-yiibenzamide which is
not in a salt form. Free base 4-chlioro-N-{2-[(4-chicrophenylymethyi]-3-ox0-1,2,4-
thiadiazoi-5-vilhenzamide may be depicted as the compound of formula I,
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The terms "Crax” and “AUC” will be weil understood by the person skilled in the art to
refer, in the present context, to the peak plasma concantration of 4-chioro~-N-{2-[{4-
chiorophenyl)methyil-3-ox0-1,2 ,4-thiadiazol-5-yilbenzamide after administration
{e.g. to a human subject) and the integral of the concentration/time curve for that
substance following the administration of the salt of the invention in a pharmaceutical

dosage form, respectively,

Thus, the method of the invention is capable of increasing the bicavailability of the
compound of formuia I in humans compared te a method comprising administration of
the free base form of said compound. By this, we mean that administration of a
pharmaceutical dosage form comprising the salt of the invention resuits in a larger
systemically available fraction of 4-chioro-N-[2-[{4-chlorophenyiimethyl]-3-oxo-
1,2,4-thiadiazol-5-yilbenzamide in  vivo compared to administration of a
pharmaceutical dosage form comprising the free base form of said compound. The
increase in the amount of the compound of formula I that is systemically available
following administration of a pharmaceutical dosage form comprising the salt of the
invention as compared to administration of a pharmaceutical dosage form comprising
the free base form of said compound may be at least about 10%, {at least) about 20%,
about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, about 0%,
about 100% (i.e. 2-fold), about 150%, about 200% (i.e. 3-fold), about 250%, sbout
300% (i.e. 4-fold), about 350%, or about 400% (i.e. 5-fold).

The improvement in the bioavailability at a given dose of the salf, or the achievement
of comparable systemic exposure through administration of a reduced dose of the salt
(compared to the dose of the non-salt form required to achieve that exposure), may
be demonstrated using suitable methods known in the art. For example, changes in
the bicavailability and systemic exposure levels may be chserved by comparing the
pharmacokinetic data (e.g. Cmax data) for a subject who has been administered a
pharmaceutical dosage form comprising the salt of the invention with the
corrasponding data for a subject who has beean administered a pharmaceutical dosage
form comprising 4-chloro-N-[2-{{4-chlorophenylymethyl]}-3~oxo-1,2,4-thiadiazoi~-5-

vilbenzamide in the free base form.
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The skilled person will understand that the method of the invention comprises
administering a tofal dosage of from about 200 to about 1000 mg per day (mg/day) of
the sodium salt of 4-chloro-N-[2-{{4-chicrophenylymethyil-3-ox0-1,2,4-thiadiazol-5-
viltbenzamide by way of one or more pharmaceutical dosage forms described herein.
In particular emboediments, the total dosage of the sodium salt of 4-chioro-N-{2-{{4-
chiorophenyl}methyll-3-oxo-1,2 4-thiadiazol-5-yilbenzamide administered toc the
human subject may be in the range of from about 200 to about 800 mg/day, about
200 to about 800 mg/day, or, preferably, about 200 to about 4060 mg/day.

Advantageously, the salt of the invention (including pharmaceutical dosage forms
cornprising said sail} may be administered to the human subject in a single daily dose
(e.g. via oral delivery}. Alternatively, the total daily dosage of the salt of the invention
may be administered in divided dosas two, three or four times daily (e.g. twice daily
with reference to the doses described herein, such as a dose of 108 mg, 250 mg, or
500 mg twice daily). Still further, the method of the invention may involve
administration at a frequency of less than once daily, e.9. once every two days, once
weekly or twice weekly. In such embodiments, the average daily dose recgived by the
subject will stiil be from about 200 to about 1000 mg. In a particular embodimeant, the
salt of the invention is administered not more than once per day. More particularly,

the salt of the invention is administered in once daiiy.

As indicated by Exampie 3, the method of the invention is particularly effective when
the sait of the invention is administered once daily for a duration of at least one waek
(e.g. at least 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27 or 28 days). In particuiar embodiments, the duration is at {east two weeks. In
further embodiments, the duration of administration is at least three weeks. In other
embodiments, the salt of the invention is administered once daily for a duration that is
at least sufficient to achieve a steady state blood plasma concentration of 4-chioro-N-
[2-[(4-chiorophenyl}methyi]-3-0x0-1,2,4-thiadiazol-5-yilbenzamide. Longer periods
of treatment are envisaged, including treatment that may extend over many menths
or years, as is deemad appropriate by a prescribing doctor under the circumsiances.
t is intended that such extended treatments are also the methods of the invention.

The term “about” as used herein when referring to a measurable value such as an
amount of a compound, dose, time, temperature, and the like, refers to variations of
20%, 10%, 5%, 1%, 0.5%, or even 0.1% of the specified amount. I is contemplated

that, at each instance, such terms may be replaced with the notation "£10%”, or the
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like (or by indicating a variance of a specific amount calculated based on the relevant

value). Itis also contemplated that, at each instance, such terms may be deleted,

For the avoidance of doubt, the dose administered to a8 human subject, in the context
of the present invention, should be sufficient to activate AMPK and thereby effect a
therapeutic response in the subject over a reasonable timeframe. One skilled in the
art will recognize that the selection of the exact dose and compuosition and the most
appropriate delivery regimen will also be influenced by inter alfia the pharmacological
properties of the dosage form, the nature and severity of the condition being treated,
and the physical condition and mental acuity of the recipient, as well as the potency of
the specific compound, the age, condition, body weight, sex and response of the
subject to be treated, and the stage/severity of the disease,

It any event, the medical practitioner, or other skilled person, will be able to determine
routinely the actual dosage which will be most suitable for an individual subject.

The method of the invention may be particularly advantageous in that it enables a
clinician to achieve a desired peak biood plasma concantration of 4-chioro-N-[2-[(4-
chiorophenylymethyll-3-oxo- 1,2, 4-thiadiazol-5-vilbenzamide in a subject whilst
administering a lower dose of the active ingredient {o that subject. In the study
described in Example 2, repeated dosing of the sodium salt of 4-chioro-N-[2-[{(4-
chiorophenyl}methyll-3-oxo-1,2,4-thiadiazol-5-yilbenzamide was shown to result in a
Cmax of around 50 ug/mil. In a prior study involving administration of 4-chloro-N-[2-
[{4-chlorophenylymethyi]-3-ox0-1,2,4-thiadiazoi-5-ylibenzamide in suspension, a
similar Cmax was achieved only when subjects received a substantially larger (ca. five-
foid larger) repeat dose amount,

I addition, as shown by the study described in Example 3, it is possible to achieve a
peak biood plasma concentration of 4-chloro-N-[2-[{4-chiorophenylymethyl]l-3-oxo-
1,2,4-thiadiazol-5-yilbenzamide of at ieast around 85 ug/mi foliowing repeated dosing
of 212 mg the salt of the invention in the form of a tablet and at least around 50 ug/mi
following repeated dosing of 200 mg the salt of the invention in the form of a capsule.

The method of the invention is therefore capable of achieving a peak blood plasma
concentration of 4-chioro-N-{2-[{4-chlorophenyl}methyli-3-0xo-1,2,4-thiadiazol-5-
vitbenzamide of at least 40 ug/ml {e.g. after repeated dosing of 200 mg the salt of

the invention daily for at least two weeks). In further embodiments, method of the
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invantion achieves a peak biood plasma concentration of at least 50, €0, 70, 80, 90,
100, 110, 120 or 130 ug/ml.

The peak blood plasma concentration may be arrived at following administration of a
sufficient number of doses o achieve a steady state blood plasma concentration, or to
achieve a blood plasma concentration profile approaching the steady state profile. In
this context, a steady state concentration is achieved when the variation in the
concentration of analvte (in this case 4-chicro-N-[2-[{4-chiorophenyiymethyi}-3-0oxo-
1,2,4-thiadiazol-5-yilbenzamide) in the bBGlood plasma remains within clinically
acceptable bounds over the period between successive dosages of the salt of the
invention. A steady state concentration may also be considered to be achieved when
the variation in the Cmax also remains within clinically acceptable bounds following
consecutive administrations. Therefore, in one embodimant, the peak blood plasma
concentration of 4-chloro-N-[2-[(4-chlorephenylymeathyil-3-oxo-1,2,4-thiadiazol-5-
vitbenzamide is reached after achieving a steady state concentration.

The time required to arrive at the steady state will vary between subiects. The steady
state for a drug is typically reached after 4 fo 5 half-lives (t12) of the drug have passed
foilowing administration. The skilled person {i.e. a clinician) will be able to appreciate
when the steady state has been achieved by reference o clinical evaluations of the
subject’s blood, e.g. using methods referred to in Example 2 and Example 3. Typically,
the steady state concentration of 4-chioro-N-{2-[{4-chioropheny!)methyl}-3-oxo-
1,2,4-thiadiazol-5~yiibenzamide is obtained after repeated dosing has taken place for
around two weeks, though a longer time may be required. For example, the peak

bicod plasma concentration may be reached after 15, 16, 17 or 18 days.

Unless indicated otherwise, all technical and scientific terms used herein will have their
commeon meaning as understood by one of ordinary skill in the art to which this

invention pertains.

For the avoidance of doubt, the skilled person wili understand that references hersin
to particuiar aspects of the invention {(such as the first aspect of the invention) will
include references to all embodiments and particular features thereof, which
embodiments and particular features may be taken in combination to form further

embodiments and features of the invention.

Pharmaceutical RDosage Forms
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As indicated herein, the salt of the invention are useful as therapeutic agents for
activating AMPK and thereby treating a varigty of medical disorders and conditions.
The sait of the invention is administered to a human subject in need thereof in the
form of a pharmaceutical formulation, which is alse referred to herein as a

pharmaceutical dosags form,

In an embodiment, the salt of the invention is the sole active pharmaceutical ingredient
present in the dosage form. In a further embodiment, the salt of the invention {or a
pharmaceutically acceptable salt or solvate thereof) is present in the dosage form
alongside one or more other active pharmaceutical ingredients, or may be administered
as part of a combination therapy with one or more other active pharmaceutical

ingredients.

In particular embodiments, the method comprises administration of pharmaceutical
dosage form of the sait of the invention, including ail embodiments and particular
features thereof, wherein said salt is provided in the form of particles having a particie
size distribution defined by a D90 of less than about 10 ym (e.g. as measured using
laser diffraction). Particle sizes are typically reduced by milling larger particies of a

given substance.

The term “milling” (which may be used interchangeably with other terms of the art

7w o

such as “reducing size”, “comminuting”, “grinding”, and “puiverising”), as used herein,
refars o the process of subjecting a solid sample {&.g. granuies} to mechanical energy
to reduce the particie size of the sclid sarmple. For example, coarse particles may be
broken down to finer ones, such that the average particie size is reduced to mest
desired parameters,

Milling is regarded as a ‘top-down’ approach to the production of fine particies. For
example, a drug solid may be cul by sharp blades (g.g. cutter mill}, impacted by
harmmers, subjected to high pressure homogenisation, or crushed or comprassed by
the appiication of pressure (e.g. rolier-mill or pastie and mortar). As a limited amount
of energy is typically imparted, particles produced by such methods remain relatively
coarse. Technological advancements in milling equiprent have enabled the production
of ultrafine drug particles down to micron {i.e. the um unit range) or even sub-micron

{e.g. the nm unit range)} dimensions.

Certain milling processes may be characterised as being dry milling processes. Such

processaes are preferred for processing of the salts of the invention.

10
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Dry milling” refers to a process in which a drug is milied in iis dry state, i.e. in the
absence of a liquid medium (e.g. in the substantial absence of water). Inthe dry state,
the drug can be milled alone, or in the presence of one or more other components,
such as pharmaceutically acceptable exciplents. Other abrasive materials, such as
salls, may be present during the milling process to aid in the particle size reduction.
The meachanical energy imparted by dry milling fosters interactions betwean particies
of the drug (and optionally other substances present) via van der Waais forces or
hydrogen bonding.

A review of milling processes for pharmaceutical products may be found in e.g. Loh &t
al., Aslan Journal of Pharmaceutical Sciences, 10 (2015}, 255-274. Excipients suitable
for inclusion in drug particles are known in the art, e.9. as described in Peltonen et al.,
in Handbook of Polymers for Pharmaceutical Technologies, ed. Thakur and Thakur,
Wilay, volume 4, chapter 3, 67-87, and Nekkanti &t al, in Drug Nanoparticles - An
Overview, The Delivery of Nanoparticles, IntechOpen. The content of thess documents

is incorporated by reference,

Stabilisers, such as polymers and surfactants, are often used during milling processes
in order to increase the repulsion between particles and inhibit aggregation.
Aggregation of finely ground particles may occur during micronisation, which can
uitimately siow down the dissciution process and affect biocavailability. The increase in
the systemic exposure of 4-chioro-N-{2-[{4-chlorophenyi}methyil-3-ox0-1,2,4~
thiadiazol-5-vilbenzamide has been found to occur following administration of dry
milled salt of the active ingredient even without the addition of stabilisers. Thus, in

one embodiment, the pharmaceutical formulation does not comprise any stabilisers.

Mitling reduces the average size of the particles containing the sodium salt of 4-chloro-
N-[2-[{4-chlorophenylimethyl]-3-0x0-1,2,4-thiadiazol-5-vIlbenzamide. The extent
and effectiveness of the milling may be determined by measuring the particle size
distribution of said particles before and after the milling process by any suifable
rmethod. The term “particle size distribution” refers {o the relative number of particies
prasent according to size in a solid sample, such as a powder, a granular material, or

particles dispersed in a fuid,
The particle size distribution of a solid sample may be measured using technigues that

are well known in the arf. For example, the particle size distribution of a solid sample

may be measured by laser diffraction, dynamic light scattering, image analysis {&.qg.

11
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dynamic image analysis), sieve analysis, air elutriation analysis, optical counting,
electro-resistance counting, sedimentation, laser obscuration and acoustic {(e.g.
ultrasound attenuation) spectroscopy. Particular methods that may be mentioned for
measuring the particle size distribution of particies of the salt of the invention are

dynarmic light scattering and laser diffraction.

Particle size distributions may be also determined based on resuits from sieve analysis.
Sieve analysis presents particle size information in the form of an S-curve of
curnulative mass retained on each sieve versus the sieve mesh size. The most
cormmoenly used metrics when describing particie size distributions are D-values (e.g.
D10, D50 and D80, which are the intercepts for 10%, 50% and 0% of the cumuiative
mass, respectively}. The particle size distribution of the present invention is prefaerably
defined using one or more of such values. D-values essentially represent the diameter
of the sphere which divides the sample's mass into a specified percentage when the
particles are arranged on an ascending mass basis. For example, the D10 vaiue is the
diameter at which 10% of the sample's mass is comprised of particles with a diameter
of less than this value. The D50 value is the diameter of the particle that 50% of a

sample's mass is smaller than and 50% of a sample's mass is larger than.

In one embodiment, the particles containing a salt of the invention may have a particle
size distribution defined by a D90 of less than about 10 um {e.g. from about 5 um to
about 10 um) (8.g. as measured using laser diffraction). The particie size distribution
may alternatively be defined by a D90 of less than about 8 um {e.g. from about 5 um
to about 8 um). In a further embodiment, the particles consisting of the salt of the
invention may have a particle size distribution defined by a D50 of less than about 6
um (e.g. from about 8.5 um to about 6 um)}. In a vet further embodiment, the particle
size distribution of the particles consisting of the salt of the invention may further be
a defined by a D10 of less than about 2 um (e.g. from about 0.2 1im to about 2 um).

The particle size distribution parameters mentioned above may be applicable,
individually or in combination. For example, in particular embodimeants, the dosage
form comprises particles containing the salt of the invention, said particles having a
particle size distribution defined by a D90 of less than about 10 um and a D50 of less
than about 6 um. Still further, sald particles may have a particle size distribution
defined by a D90 of less than 9 um; a D50 of less than & um or less than 5 um; and a

D10 of iess than 2 um or less than 1.5 um.
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The particie size distribution of particles containing the sait of the invention may be
rmeasured by laser diffraction, using, for example a commerciaily available parficle size

analyser such as a Malvern Instrument, Mastaersizer 3000.

The present invention also encompasses a pharmaceutical dosage form comprising
particles containing the sall of the invention with any of the particle size distributions

defined herein, regardless of the procass by which the particies are produced.

Preferabiy, the pharmacautical dosage form comprisaes particies of the salt of the
invention with any of the particular particle size distributions described herein, wherein

the particles are oblained by a process which invoives miiling said sait.

The skilled person will understand that the pharmaceutical dosage forms described
herein may act systemically, and may therefore be administered accordingly using
suitable techniques known o those skiiled in the art. The pharmaceutical dosage form
as described herain will normally be administered orally, i.e. as an oral pharmaceutical
dosage form. Thus, in a second aspect of the invention, thera is provided an oral
pharmaceutical dosage form comprising from about 200 to about 1000 mg of a sodium
salt of 4-chlore-N-[2-{{4-chigrophenylymethyll-3-oxc-1,2,4-thiadiazol-5-

vitbenzamide,

In particular embodiments, the pharmaceutical dosage form referred to in the first and
second aspects of the invention may comprise, for example, from about 200 mg to
about 800 mg, from about 200 mg to about 600 mg, or from about 200 mg to about
400 maq) of the salt of the invention. Preferably, the pharmaceutical dosage form of
the comprises from about 200 to about 400 mg of the sodium salt of 4-chloro-N-{2-

[{4-chlorophenylymethyi]-3-ox0-1,2,4-thiadiazoi-5-ylibenzamide,

Dosage forms intended for oral administration may further comprise an enteric coating
in crder to prevent or minimise dissolution or disintegration in the gastric environment.
As such, oral preparations (e.g. capsules or tablets) coated by an enteric coating may
provide targeted release of the sait of the invention in the small intestine. For example,
the enteric coating may be present on surface of the formulation (e.g. on the surface
of a tablet or a capsule), or each of the particles containing the salt of the invention
may be coated with the enteric coaling. Thus, in particular embodiments, the
pharmaceutical dosage form used in the method of the invention further comprises an

anteric coating.
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It may be desirable to minimise dissolution or disintegration of an oral pharmaceutical
dosage form (e.g. a capsule or a tablet, and the like) in the gastric environment and/or
provide targeted release of the active ingredient in the small intestine. Thus, in
particutar embodiments, the enteric coating is present on the pharmaceutical dosage
form of the method of the invention. For example, said coating may be provided as
an outer layer on the pharmaceutical dosage form.

Alternatively, particies containing the salt of the invention may be individually coated
with the enteric coating, and said coated particles may be prepared into the
pharmaceutical dosage form. Thus, in particular embodiments, the pharmaceutical
dosage form contains particles comprising the sait of the invention and each particle is
coated with the enteric ceating.

The term “enteric coating” refers to a subsiance {e.g. a polymer) that is incorporated
into an oral medication (e.g. appiied onto the surface of a tablet, a capsule, particles
or pellets) and that inhibits dissolution or disintegration of the medication in the gastric
environmeant., Enteric coatings are typically stable at the highly acidic pH found in the
stomach, bub break down rapidly in the relatively basic pH of the small intestine.
Therefore, enteric coatings prevent release of the aclive ingredient in the medication

until it reaches the small intestine.

Any enteric coating known to the skilled person may be used in the prasent invention.
Particular enteric coating materials that may be mentioned include those which
comprise beeswax, sheilac, an alkyiceliuiose polymer resin (e.g. ethyiceliulose
polymers, carboxymethyiethylceiiulose, or hydroxypropyt methylceliulose phthalate) or
an acrylic polymer resin {e.g. acrylic acid and methacrylic acid copolymers, methyi
methacryiate copolymaers, ethoxyethyl methacryiates, cyvancethyl methacrylate,
methacryiate copolymers, methacrvlic acid copolymer, aminocalkyl methacrylate
copolymer, poly(acrylic acid), poly{methacrylic acid}, methacrylic acid alkylamide
copolymer, poly{methyi methacryiate), poly{methacrylic acid) {anhydride),
polymethacrylate, methyl methacryiate copoivmer, poly(methyl methacryiate)
copolymer, polyacryiamide, poly{methacrylic acid anhydride}, and glycidyl
rmethacryiate copolymers), caliulose acetate phthalate and polyviny! acetate phihalate.

The pharmaceutical dosage forms referred to in the first and second aspects of the
invention may be provided in the form of a tabiet or particularly a capsule. For
example, capsules such as soft gelatin capsuies may be prepared containing the salt

of the invention alone, or together with a suitabie vehicle, &.g. vegetable oil, fat etc.
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Similariy, hard gelatin capsules may contain the sail of the invention alone, or in
combination with solid powdered ingredients such as a disaccharide (&.g. lactose or
saccharose), an alcohol sugar {g.g. sorbitol or mannitol), a vegetable starch {e.g.
potato starch or corn starch), a polysaccharide (e.g. amvyiopectin or cellulose
derivatives) or gelling agent {e.g. gelatin}.

The pharmaceutical dosage forms described herein may be prepared in accordance
with standard and/or accepted pharmaceutical practice. The pharmacsutical dosage
forms of the first and second aspects of the invention will generally be provided as a
mixture comprising the salt of the invention and one or more pharmaceutically
acceptable excipients. The one or more pharmaceutically acceptable excipients may
be selected with due regard to the intended route of administration in accerdance with
standard pharmaceutical practice. Such pharmaceutically acceptable excipients are
preferably chemically inert to the active compound and are preferably have no
detrimental side effects or toxicity under the conditions of use. Suitable
pharmaceutical formulations may be found in, for exampig, Remington The Science
and Practice of Pharmacy, 19th ed., Mack Printing Company, Easton, Pennsylvania
(1995). A brief review of methods of drug delivery may also be found in e.g. Langer,
Science 249, 1527 (1990},

Thus, according to particular embodiments, the pharmaceutical dosage forms referred
to in the first and second aspects of the invention further comprises at least one
pharmaceuticaily acceptable excipient. In particular, the at least one pharmaceutically
acceptable excipient may be a lubricant, a binder, a filler, a surfactant, a diluent, an
anti-adherant, a coating, a flavouring, a colourant, a glidant, a preservative, a
swaetener, a disintegrant, an adsorbent, a buffering agent, an antioxidant, a chelating

agent, a dissolution enhancer, a dissolution retardant or a wetting agent.

Particular pharmaceutically acceptable axcipients that may be mentioned include
mannitei, PVP {polyvinylpyrrolidone) K30, lactose, saccharose, sorbitcl, starch,
amyiopectin, cellulose derivatives, gelatin, or another suitable ingredients, as well as
disintegrating agents and lubricating agenis such as sodium lauryl sulfate, Na-
docusate, magnesium stearate, calcium stearate, sodium stearyl fumarate and
nolyethyieneg giveol waxes. In the preparation of a pharmaceutical dosage form of the
salt of the invention for oral administration, particles containing the salt of the invention
{preferably milled} may be mixed, either together or separately, with mannitol, PVP

{polyvinyipyrrolidone) K30 and sodium laury! suifate.
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In the preparation of a pharmaceutical dosage form for use in the method of the
invention, the sait of the invention may be mixed, either together or separately, with

one or more of the pharmaceutical excipients {inciuding basic excipients) listed above.

Mixtures of the salt of the invention and one or more pharmaceutically acceptable
excipients may be procassad into peliets or granules, or compressed info tablets. Thus,
pharmaceutical dosage form of the method of the inventions may be a fablet, mini-

tablets, biocks, pellets, particles, granuies or a powder for oral administration.

Medical uses

The dose-efficient methods of activating AMPK and the pharmaceutical dosage forms
described herein are useful in medicine. 4-Chloro-N-[2-[{4-chlorophenylimethyl]-3-
oxo-1,2,4-thiadiazol-S-yilbenzamide is a known AMPK activator, and AMPK activation
is known o be beneficial in the treatment of a variety of disease, as disclosed in
international patent application nos. WO 2011/004162 and WO 2020/095010.

Thus, according to a third aspect of the invention, there is provided the use of an oral
pharmaceutical dosage form according to the second aspect of the invention in the
ranufacture of a medicarment for the treatment of a disease or disorder by activating
AMPK, wherein from about 200 to about 1000 mg/day of the sodium salt of 4-chloro-
N-{2-[{4-chlorophenylymethyi}-3-oxo-1,2,4-thiadiazol-5-yiibenzamide is

administerad o a human subject.

Similarly, the method of aclivating AMPK according to the first aspect of the invention
may be performed (o treat a disease or disorder ameliorated by AMPK activation in the

human subject.

By ‘activate AMPK’, we mean that the steady state level of phosphorylation of the Thr-
172 moiaty of the AMPK-g {AMPK-alpha)} subunit is increased compared to the steady
state ievel of phosphorylation in the absence of a compound of formula I
Alternatively, or in addition, we mean that there is a higher steady state ievel of
phosphorylation of any other proteins downstream of AMPK, such as acetyl-CoA
carboxylase (ACC).

Diseasas or disorders that are treated by activating AMPK will be known by those skilled

in the art to include cardiovascular disease {such as heart failure, e.g. heart failure
with preserved gjection fraction), diabsetic kidney disease, diabetes (such as type 2
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diabstes}, insulin resistance, non-alcoholic fatty liver dissase, non-alcoholic
steatohepatitis, pain, opioid addiction, obesity, cancer, inflammation {including chronic
inflammatory diseases), autoimmune diseases, osteoporosis and intestinal diseasas.
Other diseases or conditions that may be ameliorated by the activation of AMPK include
hyperinsulinemia and associated conditions, a condition/disorder where fibrosis plays

a role, sexual dysfunction and neurodegenerative diseases.

The term “diabetes” (i.e. diabetes mellitus) will be understood by those skilled in the
art to refer to both type 1 {insulin-dependent) diabetes and type 2 ({insulin-
independent) diabetes, both of which invoive the malfunction of glucose homeostasis.
The method of the invention is particularly suited for the treatment of diabetes, i.e.
type 1 diabetes and/or type 2 diabetes , most particularly type 2 diabetes as is detailed
in international patent application no, WO 2020/095010.

As well as being useful in the treatment of diabetes, the method of the invention is
alsc suitable for treating diabetic kidney disease {i.e. diabetic nephropathy). “Diabetic
kidney disease” refers to kidney damage caused by diabetes and is a serious
complication of fype 1 diabetes and type 2 diabetes. Diabetic kidney disease affects
the kidneys' ability to remove waste products from biood to be excreted as urine, and

can lead to kidney failure.

The method of the invention is also suitable for treating chronic kidney diseass,
including chronic kidney disease in the absence of type 2 diabetes. Chronic kidney
disease is a condition characterised by a gradual loss of kidney function over time.
Chronic Kidney disease usually occurs as a resuit of one or more other diseases or
conditions that affect the kidneys, such as high blood pressure, diabstes, high
cholesterpl, kidney infections, glomerulonephritis, polycystic kidney disease,
obstruction of the urinary tract blockages in the flow of urine and long-term medication

use,

The term “hyperinsulinemia or an associated condition” will be understood by those
skilied in the art to include hyperinsulinemia, type 2 diabetes, glucose intolerance,
insuwlin resistance, metabolic syndrome, dyslipidernia, hyperinsulinism in childhood,
hypercholesterclemia, high blood pressure, obesity, fatly liver conditions, diabstic
nephropathy, diabetic neuropathy, diabetic retinopathy, cardiovascular disease,
atherosclerosis, cerebrovascuiar conditions such as stroke, systemic lupus

erythematosus, neurcdegenerative diseases such as Alzheimer’s disease, and
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polycystic ovary syndrome. Other dissase states include progressive renal disease

such as chronic renal failure,

In particular, the method of the invention is suitable for the treatment of obesity
associated with hyperinsulinemia and/or cardiovascular dissase associated with

hyperinsulinamia.

The method of the invention is also suitable for the treatment of cardiovascular disease,
such as heart failure, wherein said cardiovascular disease is not associated with
hyperinsuiingmia. Similarly, the method of the invention is also suitable for use in the
treatment of cbesity which is not associated with hyperinsulinemia. For the avoidance
of doubt, the treatment of ocbesity and/or cardiovascular disease (such as heart failure)
where AMPK activation may be beneficial is included within the scope of the invention,
In particular, the disease or disorder is heart failure, preferably heart failure with
preserved ejection fraction {i.e. HFpEF).

g

The term “cancer™ will be understood by those skilled in the art to include one or more
diseases in the class of disorders that is characterized by uncontrolled division of celis
and the ability of these cells to invade other tissuss, sither by direct growth inio
adjacent tissue through invasion, proliferation or by implantation into distant sites by
meatastasis. By “proliferation” we include an increase in the number and/or size of
cancer cells. By "metastasis” we mean the movemant or migration (e.g. invasiveness)
of cancer cells from a primary tumor site in the body of a subject to one or more other

areas within the subject’s body {(where the cells can then form secondary tumors).

Thus, method of the invention is suitable for the treatment of any cancer type, including
all tumors {non-solid and, preferably, solid tumors, such as carcinoma, adenoma,
adenccarcinoma, blood cancer, irrespective of the organ). For example, the cancer
cells may be selected from the group consisting of cancer cails of the breast, bile duct,
brain, colon, stomach, reproductive organs, thyroid, hematopoietic system, lung and
airways, skin, gallbladder, liver, nasopharynx, nerve calis, kidney, prostate, lymph
glands and gastrointestinal tract. Preferably, the cancer is selected from the group
consisting of colon cancer (induding colorectal adenomas), breast cancer (e.qg.
postmenocpausal breast cancer), endometrial cancer, cancers of the hematopolstic
system {&.g. leukemia, lymphoma, etc.}, thyroid cancer, kidney cancer, oesophageal
adenocarcinoma, ovarian cancer, prostate cancer, pancreatic cancer, gallibiadder
cancer, liver cancer and cervical cancer. More preferably, the cancer is selected from

the group consisting of colon, prostate and, particularly, breast cancer. Where the
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cancer is a non-sclid tumor, it is preferably a hematopoietic tumor such as a leukemia
(=.g. Acule Myelogencus Leukemia (AML), Chronic Myelogenous Leukermia (CML},
Acute Lymphocytic Leukemia (ALL), or Chronic Lymphocytic Leukemia (CLL).

Preferably the cancer cells are breast cancer cells,

A condition/disorder where fibrosis plays a role includes {but is not limited to) scar
healing, keloids, scleroderma, pulmonary fibrosis (including idicpathic pulmonary
fiorosis), nephrogenic systemic fibrosis, and cardiovascular fibrosis {including
endomyocardial fibrosis), systemic sclerosis, liver cirrhosis, eye macular degeneration,
retinal and vitreal retinopathy, Crohn’s/inflammatory bowel disease, post-surgical scar
tissue formation, radiation and chemotherapeutic-drug induced fibrosis, and

cardiovascular fibrosis,

The method of invention is also be suitabie for the treatment of sexual dysfunction
(&.g. the treatment of erectile dysfunction}. The method of invention may also be

suitable for the treatment of inflammation.

Neurodegenerative diseases that may be mentioned include Alzheimer’s disease,
Parkinson's disease and Huntington’s disease, armyotrophic lateral sclerosis,
polyglutamine disorders, such as spinal and bulbar muscular atrophy (SBMA),
dentatorubral and pallidoluysian atrophy (DRPLA)Y, and a number of spinocerebeliar
ataxias {SCA).

The method of the invention is suitabie for the treatment of a non-alcoholic fatty liver
disease (NAFLD).

Non-alcohelic fatty liver disease {(NAFLD) is defined by excessive fat accumulation in
the form of triglycerides {steatosis) in the liver {(designated as an accumuilation of
greater than 5% of hepatocytes histologically). It is the most common liver disorder
in deveioped countrigs (for example, affecting around 30% of US adults) and most
patients are asymptomatic. If left untreated, the condition may progressively worsen
and may ultimately iead to cirrhosis of the liver. NAFLD is particuiarly prevalent in
obese patients, with around 80% thought o have the disease.

NAFLD may be diagnosed wherein alcohol consumption of the patient is not considered
to be a main causative factor. A typical threshold for diagnosing a fatly liver disease
as "not alcohol related” is a daily consumption of less than 20 g for female subjects

and less than 30 g for male subjects.
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Particular diseases or conditions that are associated with NAFLD include metabelic
conditions such as diabetas, hypertension, obasity, dysiipidemia,
abetalipoproteinamia, glycogen storage diseases, Weber-Christian disease, acute fatly
tiver of pregnancy, and lipodystrophy. Other non-alcoho! related factors related to
fatty liver diseasas include malnutrition, total parenteral nutrition, severe weight loss,
refeeding syndrome, jejunoileal bypass, gastric bypass, polycystic ovary syndrome and
diverticuiosis.

Non-alcoholic steatohepatitis (NASH) is the most aggressive form of NAFLD, and is a
condition in which excessive fal accumuiation (steatosis) is accompanied by
inflarmmation of the liver, If advanced, NASH can lead fo the development of scar
tissue in the liver {fibrosis) and, eventually, cirrhosis. As described above, compounds
that activate AMPK have been found to be useful in the treatmeni of NAFLD and
inflammation. It follows that the method of the invention is also useful in the treatment
of NASH. Therefore, in a further embodiment, the treatment is of non-alcoholic
steatohepatitis (NASH),

It has been shown that AMPK activator compounds (such as 4-chioro-N-{2-[{4-
chiorophenyiymethyll-3-oxo-1,2,4-thiadiazol-5-yvilbenzamide {i.e. the compound of
formula 1)) are capable of treating pain (Das V, et al. Reg Anesth Pain Med 2012;0:1-
5. doi:10.1138/rapm-2019-100839 and Das V, =t al. Reg Anesth Pain Med 2019;0:1-
6. dol:10.1136/rapm-2019-100651) and such compounds may be considered (0 be
analgesics. It therefore follows that, since the method of the invention increases the
bicavailabiiity of a known AMPK activator compound, the methods of the invention may
be suitable for the treatment of pain. In particular, the methods of the invention may
be suitable for the treatment of patients with severe pain, chrenic pain or useful in the

management of pain after surgery.

Opicid-basaed therapies, such as opioid analgesics, are used to treal severe, chronic
cancer pain, acute pain (&.g. during recovery from surgery and breakthrough pain) and
their use is increasing in the management of chronic, non-malignant pain. However,
the increasing use of opicid-based therapies to treat pain has resulted in an increase
of opioid dependence {e.g. opioid addiction). By providing a known AMPK activator,
the methods of the inventicn may be used to treat pain in place of an opicid-based
therapy, as known by those skilled in the art. Accordingly, the method of the invention

is suitable for treating oploid addiction.
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Particular autoimmune diseasas know 1o those skilled in the art include
Crohn’s/inflammatory bowel dissase, systemic lupus erythematosus and type 1

diabetes.

Particular intestinal dissases that shouid be mentioned include Crohn's/inflammatory

bowel disease and cancer of gastrointestinal tract.

The skilled person will understand that references to the “treatment” of a particuiar
condition {or, simiiarly, to “treating” that condition) will take their normal meanings in
the field of medicine. In particuiar, the terms may refer to achisving a reduction in the
severity and/or frequency of occurrence of one or more clinical symptom associated
with the condition, as judged by a physician atiending a subject having or being
susceptible to such symptoms.

The skilled person will understand that such treatment will be performed in a subject
in need therecof. The need of a subject for such treatment may be assessed by those
skilled the art using routine techniques. In the context of the present invention, a
"subject in need” of the method of the invention includes a subject that is suffering
from a disorder or condition ameliorated by the activation of AMPK. As used herein,
the terms “disease” and “disorder” {and, similarly, the terms condition, liness, medical
probiem, and the like) may be used interchangeably.

Without wishing to be bound by theory, it is believed that the administration of a
reduced dose of 4-chloro-N-[2-{{4-chlorophenylymethyl]-3-ox0-1,2,4-thiadiazol-5-
yvlihenzamide to a2 human subject can still vield a dlinicaily useful concentration of 4~
chioro-N-{2-[{(4-chiorophenyiymethyll-3-ox0-1,2,4-thiadiazol-5-yilbenzamide in the
systemic circulation when the active ingredient is administered in the form of the
sodium salt of that compound. Repeated dosing using the salt of the invention in the
amount of from 200 to 1000 mg/day has been shown to result in a blood plasma
concentration 4-chioro-N-[2-{{4-chicrophenylymethyl]-3-ox0-1,2,4-thiadiazoi-5~
vilbenzamide that is approximately five-fold higher than the concentration obtained
following repeated administration of the same amount of 4-chioro-N-[{2-[{4-

chiorophenyi)methyl}-3-ox0-1,2,4-thiadiazol-5-yilbenzamide in the free base form.

Combination Therapies

The skilled person will understand that the method of the invention may comprise (i.e.

be combined with) further treatment(s) for the same condition.
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In particuiar, when treating a disease or disorder that is ameliorated by activating
AMPK, the salt of the invention may be administered in conjunction with one or more
cther (i.e. different) therapeutic agents that are useful in treating that disease or

disorder,

Such combination treatments may involve the administration of the sait of the
invention to the subject in conjunction (i.e. sequentially or simultaneously) with the
differant therapeutic agent in the same formulation, or preferably in a separaile
formulation. By “administration in conjunction with” {and similarly "administered in
conjunction with”} we inciude that the respective active ingredients are administeraed,
seqguentially or simultansously, as part of a medical intervention directed towards
treatment of the relevant condition. By simultanecusly, we mean that the salt of the
invention and the different therapeutic agent are administered alongside one another,
either in a single pharmaceutical dosage form comprising both active ingredients or in

separate dosage forms administerad at the same time.

Thus, in relation to the presant invention, the term “administration in conjunction with”
{and similarly "administered in conjunction with”) includes that the salt of the invention
and the different therapeutic agent are administered either tegether, or sufficiently
closely in time, to enable a beneficial effect for the patient that is greater, over the
course of the treatment of the relevant condition, than if sither agent is administered
alone in the absence of the other component over the same course of treatment.
Determination of whether a combination provides a greater beneficial effect in respect
of, and over the course of, treatment of a particular condition will depend upon the
condition to be treated, but may be achisved routinaly by the skilled person.

Further, in the context of the present invention, the term “in conjunction with” includes
that one or other of the two active ingredients may be administered (optionally
repeatedly) prior to, after, and/or at the same time as, administration of the other.
When used in this context, the terms “administered simultaneousiy” and “administered
at the same time as” include instances in which the individual doses of the salf of the
invention and the different therapeutic agent are administered within 6 hours, 3 hours,

2 hours, L hour, 45 minutes, 30 minutes, 20 minutes or 10 minutes) of each other.
Other therapeutic agents useful in treating a disease or disorder that is ameliorated by

activating AMPK (such as heart failure, diabetic kidney disease, diabetes and the like,
as described herain} will be weli-known fo those skilied in the art. Preferably the other
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therapeutic agent wili be a sodium-glucose transport protein 2 (SGLT2) inhibitor, or a
pharmaceutically acceptable salt, solvate or prodrug thereof such that the combination
is useful for treating diseases such as type 2 diabetes. In a further embodiment, the
rmethod of the invention involves sequential or simultaneocus administration of the
sodium  salt  of  4-chloro-N-[2-[(4-chlorophenylimethyl]-3-oxo-1,2,4-thiadiazol-5-
vilbenzamide and the SGLT2 inhibitor,

The skilled person will understand that a sodium-~giucose transport protein 2 inhibitor
is & substance or agent that elicits a decrease in che or more functions of sodium-
glucose transport protein 2, and by “decrease in the functions of sodium-giucose
transport protein 2”7 we inciude the cessation of one or more functions of sodium-
giucose transpert protein 2, or a reduction in the rate of a particular function. A
particular function that may be fully or partially inhibited is the ability of sodium-

glucose transport protein 2 to act as a glucose transporter.

In particular embodiments, the sodium-glucose transport protein 2 inhibitor is a
glifiozin.  Gliflozins are a known class of small~-molecule sodium-giucose transport
protein 2 inhibitors. Hawiey et al. {(Diabetes, 2016, 65, 2784-27%4) and Villani et al.
{Molecular Metabolism, 2016, 5, 1048-1058) have recently discussed the possible
rmachanisms of action of certain gliflozins. Particular glififozins which may be mentioned
include dapaglifiozin, canaglifiozin, empaglifiozin, ipraglificzin, tofogliflozin, serglifiozin
{such as serglifiozin stabonate), remogiifiozin (such as rameogliflozin etabonate),
ertuglifiozin and sotaglifiozin. In further particular embodiments, the sodium-giucose

transport protein 2 inhibitor is dapaglifiozin.

In particular embodiments, the sodium-glucose transport protein 2 inhibitor is a
pharmaceutically acceptable salt of a gliflozin.  For example, the further active
ingredient may be a pharmaceutically acceptable salt of dapaglifiozin, canagliflozin,
empaglifiozin, ipraglifiozin, tofeglifiozin, sergliflozin (such as sergliflozin etabonate),

remogliflozin (such as remogliflozin etabonate}, ertuglifiozin or sotaglifiozin.

In further embodiments, the sodium-glucose transport protein 2 inhibitor is a solvate
of a gliflozin, For example, the further active ingredient may be a solvate of
dapaglifiozin, canaglifiozin, empaglifiozin, ipraglificzin, tofogliflozin, sergliflozin {such
as serglifiozin etabonate), remogliflozin {such as remogliflozin etabonate), ertugiifiozin

or sotagiifiozin,
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In vet further embodiments, the sodium-glucose transport protein 2 inhibitor is a
prodrug of a glifiozin, For example, the further active ingredient may be a prodrug of
dapaglifiozin, canaglifiozin, empagliflozin, ipraglificzin, tofogliflozin, sergliflozin (such
as serglifiozin etabonate), remoglifiozin (such as remoglifiozin etabonate), ertuglifiozin

or sotaglifiozin,

The methods of the invention (and oral dosage forms used in such methods) disclosed
herein may also have the advantage that the dose-efficient methods using the salt of
the invention may be more efficacicus than, be iess toxic than, be ionger acting than,
be more potent than, produce fewer side effects than, be more easily absorbed than,
and/or have a better pharmacokinetic profile {e.g. higher oral bicavaiiability and/or
fower clearance) than over other therapies known in the prior art, whether for use in
the above-stated indications or otherwise. In particular, methods of the invention may
have the advantage that they are more efficacicus and/or exhibit advantageous
properties /in vive such as fewer side effects as a resull of the dose-efficient

characteristics of the sait of the invention.

Figures

The following drawings are provided to illustrate varicus aspects of the present
inventive concept and are not intended to Hmit the scope of the present invention

unless specified herein.

Figure 1 shows comparative results of oral pharmacokinetic studies (days 1 and 18)

using 200, 400 and 800 mg doses of the salt of the invention.

Figure 2 shows comparative results of oral pharmacokinetic studies (days 16 {o 19 and
25} using 200, 400 and 800 mg doses of the sait of the invention.

Figure 3 shows comparative resuits of oral pharmacckinetic studies {day 21} using
212.12 and 424.24 mg doses of the sait of the invention. These doses correspond o
200 mg and 400 mg, respectively, of 4-chloro-N-[2-[{4-chlorophenyiymethyl]-3-oxo-
1,2,4-thiadiazol-5-yilbenzamide.
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Exampies

Abbreviations

AUCo-2a: Area under the plasma concentration-time curve from time zero to 24
days

AliChas: Area under the plasma concentration-time curve from time zero to last
quantifiable concentration

AlCss: Area under the plasma concentration-time curve steady state

ALC: Area under the plasma concentration-time curve from time zero to
timet

AliCkau: Area under the plasma concentration-time curve during a dosage
interval (1); T = tau

Cinax: Peak plasma concentration

Cirougn: Minimum pilasma concentration

IMP: Investigational medicinal product

Trnax: Time to reach the peak plasma concentration

The present invention will be further descrined by reference to the following examples,

which are not intended to limit the scope of the invention.

Exampie 1 -~ preparation of 4-chiorp~-K-[2~[{4-chlorophenyiimethyii~3~oxo~

1,2, 4~thiadiazol-5~yl jbenzamide sodium salt

Scheme:

Frocedure:

To a suspension of 4-chlere-N-[2-[{4-chlorophenyl}methyl]-3-ox0-1,2,4-thiadiazoi-5-
vilbenzamide {100 g, 0.2629 mol) in isopropanol {1.0 L) was added slowly 2 solution
of sodium hydroxide (11.56 g, 0.2891 mol} in water {100 mL) at 25&5°C. Thea mass
was stirred for 3 h at 25x5°C and cooled to 5£5°C. The mass was stirred for 3 h at
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5x5°C and filtered to collect the solids. The solids were washed with isopropano! (300
mbl) and dried for 8 h under reduced pressure at 35+5°C. The dried solids were
ricronized twice using an air jet mill with 4.0 kg/cm? of primary pressure, 7.0 kg/cm?
of secondary pressure and screw feeder with 8 RPM to isolate the desired sodium salt
as white solid (50 g, 48%).

Repeated dry milling using a jet mill under argen at a primary pressure up to 4.0
kg/cm? and the secondary pressure up to 7.0 kg/cm? was used to give a particle size
distribution with a D10 value of {.3um, a D50 value of 1.9 ym and a D50 vaiue of
7.1 um {as determined by laser diffraction (Malvern Instrument, Mastersizer 3000)).

Example 2 - Pharmacokinetic studies in humans

The test material used in Example 2 was a sodium salt of 4-chloro-N-[2-[{4-
chicrophenyiymethyl}-3-oxo-1,2,4-thiadiazol-5-yilbenzamide. This substance is

i"

referred to below as "the test material” and similar. The test material used in the study
was synthesised and purified by Anthem Bioscience Pvt. Lid. {Bangalore, India). The
drug product containing the test material was produced by RISE (Sddertdlie, Sweden)

for Betagenon AB (Umea, Sweden).

Clinical study design.

An open, randomised, parallei-group study in heaithy volunteers (hereafter referred to
as subjects) was conducted 1o evaluate the exposure of 4-chloro-N-[2-[(4-
chiorophenylymethyl}-3-oxo-~1,2 4-thiadiazol-5-yilbenzamide after single and multiple
dose administration of 3 dose levels of the sodium salt of 4-chloro-N-{2-[(4-
chiorophenylymethyil-3-ox0-1,2,4-thiadiazel-5-yilbenzamide  and o evaluate
combination with dapagliflozin at steady state.

Main inclusion criteria: Heaithy male subjects and healthy female subjects of non-
childbearing potential, 18-65 vears of age, with a body mass index {BMI} = 18.0 and
< 30.0 kg/m?2.

Main exclusion criteria: Subijects with a history of any clinically significant disease or
disorder which, in the opinion of the Investigator, may either put the subject at risk,

or influence the results or the subject’s ability to participate in the study.

Clinical Study Compound
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A good-manufacturing practice {GMP) 1 kg batch of the taest material was manufactured
according to a method analogous to that in Example 1. The compound was provided
in the form of a white to off-white crystalline powder with a D90 <8 um, determined
by laser diffraction (Malvern Instrurnent, Mastersizer 3000).

For the study, Vcaps enteric capsules, size 0, were individually filled with 200 mg of
milled test material together with 2 mg of sodium docusate, 125 mg of mannitol and
6.5 mg of sodium lauryl suifate.

Commercially available oral tablets of dapagliflozin, 10 mg, were provided,

Ciinical Methodology

Twenty-four (24) subjects were randomised (1:1:1) to treatment with either 200 mg
{1 capsule of 200 mg), 400 mg (2 capsules of 2008 mg) or, 800 mg (4 capsuies of 200
mg) of the test material.

A screening visit {(Visit 1) was performed within 28 days before randomisation and the
start of IMP administration. The subjects were confined to the research clinic from the
avening before Day 1 {Visit 2; Day -1). The subjects were randomised on Day 1 and
allocated to one of three paraliel dose groups of the IMP: 200, 400 or 800 myg once
daily (1:1:1).

Pre-dose safaty assessments as well as pre- and post-dose PK assessments were
performed. The subjects left the clinic after the last PK-sample on Day 1 and returned

for a 24 h PK sample and dosing on Day 2 (Visit 3).

Subjects self-administered the test material at home from Day 3 to Day 15, A
telephone visit to check compliance, AE status and use of concomitant medications will

be performed on Day 8 (Visit 4).

The subjects returned to the clinic on Days 16 and 17 (Visits S and 6), for PK sampling
and AE assessment. Visit & continued in the evening of Day 17, when the subjects were
confined to the dinic until Day 18, On Day 18, pre- and post-dose PK and safely
assessments were performed. The subjects left the clinic after the iast PK sample on
Day 18 and returned for a 24 h PK sample and dosing on Day 19 {Visit 7).

On Day 19 (Visit 7) subjects began co-administration of the iest material and
dapaglifiozin (Forxiga), 10 mg per day for 7 days (Day 19 to Day 25). The subjects
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returned to the clinic on Day 25 (Visit 8} for final dosing, PK and safety assessments.
A final end-of-study visit {Visit 9) for follow-up of safety assessments was conducted
28 days {+ 14 days) after Visit 8 or after early withdrawal.

Venous blood samples (approximately 5 mlb) for the determination of plasma
concentrations of 4-chioro-N-{2-[{4-chlorophenyl}methyl]-3-oxo-1,2,4-thiadiazoi-5-
vitbenzamide after administration of the test material were coliected through an

indwelling venous catheter on Days 1, 2, 16 to 19 and 25.

The blood samples were collected in pre-labelled Li-Heparin tubes. All the coliected
blood sampies were be centrifuged at 1500 G for 10 minutes to separate piasma within
60 minutes from the sample is drawn, The separated plasma from sach blood sample
was be divided into 2 aliguots in pre-labelled polypropyiene cryotubes (A and B
samples, approximately 750 yl in each tube) and frozen at <-70°C. Un Day 25, the
plasma was divided in to 3 aliquots of at ieast 500 ubl {A and B samples for the test

material, and 1 sampie for potential future analysis of dapaglifiozin}.

Samples for determination of plasma concentrations of 4-chloro-N-[2-[{4-
chiorophenylimethyll-3-oxo- 1,2, 4-thiadiazol-5-vilbenzamide were analysed by

Lablvtica Life Sclence AB, Uppsala, Swedan by means of a validated LS-MS/MS method.

Data Analysis

The data of plasma concentration to respective time points for the analyte (4-chioro-
N-{2-[{4-chiorophenylimethyll-3-ox0-1,2,4-thiadiazol-5-vIIbenzamide)} were used for
the pharmacokinetic analysis. Pharmacckinetic analysis was performed using non-
compartmental analysis (NCA) moduie of Phoenix WinNonlin 8.1 software o determine

the foliowing pharmacokinstic parameters.

After single dose administration of test material:
s AUCo-24, Crax, Tmax and dose proportionality (based on AUCc24 and Cmax}

{secondary endpoints).

After muitiple dose administration of test material:
s AUCkuy and Crax, at steady state (primary endpoints)
s AUG, AUCss, Tmax (secondary endpoints)
« [Diose proportionality after multiple doses, based on AUC at steady state (AUCss)
and Caax (secondary endpoints)

o Coough pre~dose on Days 16 and 17 (secondary endpoint)

28



10

20

25

30

WO 2022/153042 PCT/GB2022/050054

s Accumulation ratio {secondary endpaint).

Results
The results for the multiple dese oral pharmacckinetic study in humans are tabulated

in Tables 1-4 below and are shown graphically in Figures 1 and 2.

The results show that there was substantial accumulation of 4-chioro-N-[2-[{(4-
chiorophenylymethyli]-3-ox0-1,2,4-thiadiazol-5-yilbenzamide in the blood plasma after
repeat dosing. Trough concentrations are similar on days 16 to 25, suggesting that
steady state conditions {or al least close to steady state) have been established before
day 18. At day 18, there is very little variation in the plasma concentration and a large
increase in Cmax cOmMpared 1o previcus phase I and phase 1Ia pharmacokinetic studies
performed with  4-chloro-N-[2-[(4-chicrophenylymethyll-3-oxe-1,2,4-thiadiazol-5-

yiibenzamide in suspansion.

In previous phase Ila studies invoiving patients with type-2 diabeles receiving 1000
rg/day of 4-chioro-N-{2-{{4~chiocrophenylymethyl]-3-ox0-1,2,4-thiadiazoi-5-
vilbenzamide in suspension, the mean Cmax at day 28 was 55 ug/mi. This was an
exploratory proof-of-concept randomised, parallel-group, double-blinded, placebo-
controlled phase Ila 28-day study (TELLUS) conducted in 65 patients on Metformin for
=3 months, TELLUS is listed in the EudraCT database protocol no. 2016-002183-13.

When compared to a standard suspension of the active ingredient, there was a
surprising and substantial {up to five-foid) increase in the systemic exposure of 4-
chioro-N-{2-[(4~-chiorophenyiymethyl]-3-ox0-1,2,4-thiadiazol-5-yilbenzamide  when
200 mg of the sodium salt of the active ingredient was administered to the subject.

AUChas
Dose group | Sampling Cmax {Pg/mi) Tmax () {h*ug/mL}
200 Day 1 7.193 14.98 87.37
Day 18 49.86 8.025 1061
400 Day 1 10.62 15.37 158.5
Day 18 70.77 8.31 1541
200 Day 1 22.76 15.59 340.5
Day 18 118.5 11.48 2619

Tabile 1. Mean Plasma Pharmacokinetic Parameters For the Analvte
{4-chloro-N-[2-[{4-chlorophenyi}methyl]}-3-0x0-1,2,4-thiadiazol-5-yllbenzamide)
following administration of the sodium salt of the active ingredient in capsules
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Example 3 ~ Pharmacokinetic studies in humans using a new tabiet
formulation of 0304 Na salt

The test material used In Example 3 was a sodium salt of 4-chloro-N-[2-[{4-
chiorophenyl}methyll-3-ox0-1,2,4-thiadiazol-5-yilbenzamide. The free bass form of
this substance {i.e. 4-chloro-N-[2-[{4-chiorophenyl}methyii-3-oxo-1,2,4-thiadiazol-5-
viibenzamide) is referred to below as “the test substance”, IMP and similar. The drug
substance in the fest material used in the study was synthesized by Anthem
BinSciences {Bangalore, India) and the tablets (drug product) were produced by
Recipharm Pharmaservices Pvt. Ltd. (Bangalore, India) for Betagenon Bio AB (Umed,

Sweden).

Methods

Clinical study design.

An open, randomised, parailel-group study was conducted to evaluate the exposure
and safety of 4-chloro-N-[2-{{4-chlcrophenylimeathyii-3-oxo-1,2,4-thiadiazoi-5-
vitbenzamide sodium sait tablets in doses of 212.12 mg and 424.24 mg (equivaient to
200 mg and 400 mg doses of 4-chloro-N-[2-[(4-chiorophenylimethyl]-3-0x0-1,2,4-
thiadiazol-5-ylilbenzamide) at steady state in healthy volunteers (hereafter referred to
as subjects).

Main inciusion criteria: Heaithy male subjects and healthy female subjects of non-
childbearing potential, 18-85 vears of age, with a body mass index (BMI) = 18.0 and
< 30.0 kg/m?.

Main exclusion criteria; Subjects with a history of any clinically significant disease or
disorder which, in the opinion of the Investigator, may either put the subject at risk,
or influence the resulls or the subject’s ability to participate in the study.

Clinical Study Compound

Each “400 mg” tablel contained 424.24 mg of a sodium salt of 4-chioro-N-[2-[{4-
chiorophanylimethyl]-3-ox0-1,2,4-thiadiazol-5-vilbenzamide (Compound of formula
11} which corresponds to 400 mg of the parent compound 4-chioro-N-[2-[{4-
chiorophenyl}methyll-3-oxo- 1,2 ,4-thiadiazol-5-yilbenzamide.

The formulation details of the "400 mg” tabiet are shown below in Table 5.
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Component Content Function Reference to standard
per tablet

Compound of formula II | 424.24 mg API -

Microcrystalline 206.59 mg Filler/ Binder Ph. Eur.

celiulose

Lactose monohydrate 413.17 mg Filler Ph. Eur.

Soedium starch glycolate | 90.00 mg Disintegrant Ph. Eur.

Colloidal silicon dioxide 30.00 mg Gilidant Ph. Eur.

Magnesium stearate 36.00 mg Lubricant Ph. Eur,

Total 1280.00 mg

Table 5. Drug product composition of the 400" mg tablet

Each tablet had a score ling, which made it possibie o spiit the tablet into 2 pieces for
administration of the lower dose of 200 mg of 4-chioro-N-{2-[{4-chiorophenyi)methyl]-
3-ox0-1,2, 4-thiadiazol-5-yilhenzamide,

Ciinical Methodology
Twenty (20) subjects were randomised (1:1) to treatment with either 200 mg (1 tablet
of 200 mg) or 400 mg (1 tablet of 400 mg) of the test substance.

A screening visit (Visit 1) was performed within 28 days before randormisation and the
start of IMP administration. The subjects arrived at the research clinic on Day 1 (Visit
23, randomised, and received the first administration of the test substance (200 mg or
400 mg as randomised).

The subjects returned to the clinic in the morning of Day 2 {Visit 3) for pre-dose Pk

sampling and subsequent administration of the test substanca.

Before leaving the clinic, the subjects were provided with the test substance for 18
days once daily seif-administration at home {Day 3 to Day 20).

I addition, the subjects were instructed how to use an slectronic diary in which their
daily intake of the test substance was registered. Subjects were contacted by phone
on Day 11 +£1 {Visit 4) for a check-up of adverse events {(AEs}, use of concomitant
medications and IMP accountability. Site personnel contacted subjects who do not
regularly register IMP intake in the electronic diary.

After 18 days of home-based self-administration of the test substance, the subjects

returned to the clinic in the morning of Day 21 (Visit 5) for pre-dose PK sampling and

subsequent administration of the last dose of the test substance. The subjecis
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remained at the ciinic for at least 8§ hours post-dose for safety assessments and
additional PK sampling. In the morning of Day 22 (Visit 6), the subjects came for a iast
visit to the dlinic for a final PK sample 24 hours after the last dose.

A final telephone-based end-of-study visit (Visit 7} will took place approximately 2
weeks after the last dose, on Day 35 %3 days.

Vencus blood samples {approximately 5 mlL} for the determination of plasma
concentrations of 4-chioro-N-{2-{{4-chiorophenyl}methyil-3-ox0-1,2,4-thiadiazoi-5-
vlibenzamide after administration of the test substance were collected through an
indwelling venous catheter on Days 2, 21 and 22,

The blood samples were collected in pre-iabelled Li-Heparin tubes. All the coliected
blood sampies were be centrifuged at 1500 G for 10 minutes to separate plasma within
80 minutes from the sample is drawn. The separated plasma from sach blood sample
was be divided intc 2 aliguots in pre-labelled polypropyiene cryotubes (A and B
samples, approximately 750 ul in fach tube) and frozen at <-70°C,

Sampies for determination of plasma concentrations of 4-chioro-N-[2-[{4-
chiorophenylymethyil-3-oxo- 1,2, 4-thiadiazol-5-yvilbenzamide were analysed by
Lablvtica Life Science AB, Uppsala, Sweaden by means of a validated LS-M5/MS method.

Data Analysis

The data of plasma concentration to respective time points for the analyte (4-chloro-
N-[2~-{{4~chlorophenylymethyl]-3-ox0-1,2,4-thiadiazol-5-ylIbenzamide) were used for
the pharmacokinetic analysis. Pharmacokinetic analysis was performed using non-
compartmental analysis (NCA) module of Phoenix WinNonlin 8.1 software to determine
the following pharmacckinetic parameters after multipie dose administration of test
substance,

Primary endpoint:

s Cinax, AUCo-ast, Tmax at steady state Day 21 in each dose group.

Secondary endpoints:
+ Accumulation ratic based on plasma concentrations 24 hours after first and last
dose.

« [Dose normalised Crax and AUCoas 8t steady state Day 21.
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Rasulis

The results for the multiple dose oral pharmacokinetic study in humans are tabulated

in Tables 6-9 below and are shown graphically in Figure 3.

The results show again that there was substantial accumulation of 4-chloro-N-[2-[{4-
chiorophenyt}methyll-3-ox0-1, 2, 4-thiadiazol-5-yilbenzamide in the blood plasma after

repeat dosing.

Moreover, there was a surprising and substantial {approximately sevan-foid) increase
in the systemic accumuiation of 4-chioro-N-{2-{{4-chlorophenylymethyi]-3-ox0-1,2,4~
thiadiazol-5-viihenzamide from Day 1 to Day 21 when 212 mg of the sodium salt of
the active ingredient in tablet form was administered to the subject. An approximately
five-fold increase in  the systemic accumulation of  4-chioro-N-[2-[{4-
chicrophenylymathyil-3-oxo-1,2,4-thiadiazol-5-yilbenzamide from Day 1 to Day 21
was observed for subjects administered with 424 mg of the sodium salt of the active

ingredient in tablet form.

When compared to capsules containing 200 mg of the sodium salt of active ingredient,
there was a significant {up to two-fold} increase in the systemic exposure of 4-chlero-
N-[2-[{4-chlorophenylymethyll-3-ox0-1,2,4-thiadiazol-5-yilbenzamide when 212 mg
of the sodium salt of the active ingredient in tablet form was administered to the

subject.

Further, tabiets and capsules containing the sodiurm sait of the active ingrediant both
provided surprisingly higher dose-normalized plasma exposure of 4-chioro-N-[2-(4~
chiorophenylymethyil-3-oxo-1,2, 4-thiadiazol-5-yilbenzamide compared to multiple

administered doses of the free base of the active ingrediant in suspension.
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Claims

1. A method of activating 5 adenosine monophosphate-activated protein kinase
{AMPK) comprising administering from about 200 to about 1000 ma/day of a sodium
salt of 4-chloro-N-[2-[{4-chiorophenylimethyl]-3-oxo-1,2,4-thiadiazol-5-
yvilbenzamide in a pharmaceutical dosage form o a human subject.

2. The method according to Claim 1, wherein from about 200 to about 800 mg/day
or from about 200 to about 400 mg/day of the sodium salt of 4-chioro-N-[2-[(4-
chiorophenyl}methyil-3-oxo-1,2,4-thiadiazol-5-yilbenzamide is administered to the

human subject.

3. The method according to Claim 1 or Claim 2, wherein the sodium salt of 4-
chioro-N-{2-[{4-chicrophenyl)methyl]-3-ox0-1,2,4-thiadiazol-5-yilbenzamide is
administered daily fto the human subject and resuits in a peak blood plasma
concentration ¢f  4-chloro-N-[2-{{4-chicrophenylymeathyi]-3-oxo-1,2,4-thiadiazoi-5-
vitbenzamide of at least 40, 50, 60, 70, 80, 90, 100, 110, 120 or 130 ug/mL.

4, The method according te Claim 3, wherein the peak bicod plasma concentration
is reached after achieving a steady state concentration,

5. The method according to Claim 3, wherein the peak bicod plasma concentration
is reached after 15, 16, 17 or 18 davs.

6. The method according to anyone of the preceding claims, wherein the socdium
salt of 4-chlorg-N-[2-[{4-chlorophenylymethyl]-3-oxe-1,2,4-thiadiazol-5-
ylibenzamide is provided in the form of particles having a particle size distribution
defined by a D90 of less than about 10 um.

7. The method according to any preceding claim, wherein the method activates &'
adencsine monophosphate-activated protein kinase (AMPK) and thereby treats heart
failure.

8. The method according to any one of Claims 1 to 6, wherein the method activates

5" adenosine monophosphate-activated protein kinase {(AMPK) and thereby treats
diabetic kidney disease.
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S. The method according to any one of Claims 1 to §, wherein the method activates
5' adenosine monophosphate-activated protein kinase (AMPK) and thereby treats

diabetes.

10, The method according to any one of Claims 1 to 9, further comprising
administering 3 sodium-glucose transport protein 2 (SGLT2) inhibitor, or a

pharmaceutically acceptable salt, solvate or prodrug thereof to the human subject.

11, The method according to Claim 10, wherein the sodium salt of 4-chioro-N-[2-
[{4-chiorophenylymethyi]-3-ox0-1,2,4-thiadiazol-5-vllbenzamide and the &GLTZ

inhibitor are administered sequentially or simuitanecusly to the human subject.

12. The method according to Claim 10 or Claim 11, wherein the SGLTZ inhibitor is
dapaglifiozin, canaglifiozin, empagiifiozin, ipraglifiozin, tofogiifiozin, serglificzin

etabonate, remogliflozin etabonate, ertugliifiozin or sotagliflozin.

13, The method according to any one of the preceding claims, wherein the
pharmaceutical dosage form comprises an enteric coating, preferably whersin the
enteric coating comprises beaswax, shellag, an alkyicellulose polymer resin, an acrylic

polymer resin, cellulose acetate phthalate or polyviny! acetate phthalate.

14, The method according to any one of the preceding claims, wherein the
pharmaceutical dosage form comprising the sodium sait of 4-chioro~-N-[2-[{(4-
chicrophenylymethyl}-3-ox0-1,2,4-thiadiazol-5-yilbenzamide further comprises at
least one pharmaceuticaily acceptable excipient selected from the group consisting of
a lubricant, a binder, a filler, a surfactant, a diluent, an anti-adherent, a coating, a
flavouring, a colourant, a glidant, a preservative, a sweetener, a disintegrant, an
adsorbent, a buffering agent, an antioxidant, a chelating agent, a dissolution enhancer,

a dissolution retardant and a wefting agent.

15, The method according to any one of the preceding claims, wherein the
pharmaceutical dosage form is a capsule or a tablet.

16, An oral pharmaceutical dosags form comprising from about 200 to about 1000

mg of a sodium salt of 4-chicre-N-{2-[{4-chlorophenyl}methyi]-3-0x0-1,2,4~
thiadiazol-5-yiibenzamide.
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17. The oral pharmaceutical dosage form according to Claim 16, wherein the
pharmaceutical dosage form comprises from about 200 to about 800 mg or from about
200 to about 400 mg of the sodium salt of 4-chloro-N-[2-[{4-chicrophenyiymethyl]-3-
oxo-1,2,4-thiadiazol-5-yllhenzamide.

18. The oral pharmaceutical dosage form according to Claim 16 or Claim 17,
wherein the pharmaceutical dosage form comprises an enteric ceoating, preferably
wherein the enteric coating comprises beeswax, shellac, an alkyicellulose polymer
resin, an acrylic polymer resin, ceilulose acetate phthaiate or polyvinyl acetate

phthalate.

19, The oral pharmaceutical dosage form according to any one of Claims 16 to 18,
wherein the pharmacsutical dosage form further comprises at ieast one
pharmaceutically acceptabie excipient selectad from the group consisting of a lubricant,
a binder, a filler, a surfactant, a diluent, an anti-adherent, a coating, a flavouring, a
colourant, a glidant, a preservative, a sweetener, a disintegrant, an adsorbent, a
buffering agent, an antioxidant, a chelating agent, a dissclution enhancer, a dissolution

retardant and a wetting agent.

20 The oral pharmaceutical dosage form according to any one of Claims 16 to 19,

wherein the pharmaceutical dosage form is a capsule or a tablet.

21, The oral pharmaceutical dosage form according to any one of Claims 16 to 20,
wherein the sodium salt of 4-chloro-N-[2-[(4-chliorophenylymethyi]-3~-ox0-1,2,4-
thiadiazol-5-ylihenzamide is provided in the form of particles having a particle size
distribution defined by a D90 of less than about 10 um.

22. Use of an oral pharmaceutical dosage form according to any one of Claims 16
to 21 in the manufacture of a medicament for the treatment of a dissase or disorder
by activating AMPK, wherein from about 200 to about 1000 mg/day of the scdium salt
of 4-chloro-N-[2-[{4-chiorophenyi)methyl}-3-ox0-1,2,4-thiadiazel-5~-yvilbenzamide is

administered to a human subject.
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