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(57) Abstract: This invention relates to a new method of activating 5' adenosine monophosphate- activated protein kinase (AMPK) to
treat certain diseases and disorders using a salt of 4-chloro-N-[2-[(4-chlorophenyl)methyl]-3-0x0-1,2 4-thiadiazol-5-yl]benzamide in a
dose-cificient manner. Disecases that may be treated in this way include type-2 diabetes.

w0 2022/153042 A1 LU 0AYE 0 NP0 0 0 A R



1,

20

25

S0

35

WO 2022/153042 PCT/GB2022/050054

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

Figld of the Invention

The present invention relates {o the use of a8 sedium salt of a particular pharmaceutical
active ingredient in medicine in a dosa-efficient manner by aclivating 5 adenosine
monophosphate-activated protein Kinase (AMPK) and thereby ftreating particuiar

diseases,

Background of the Invention

AMP-activated protein kinase (AMPK) i5 a protein Kinase enzyvme that consists of three
nrofein sub-units and s activated by hormones, cviokines, exarcise, and stressas that
diminish celiular energy state {e.g. giucose deprivation}. Activation of AMPK inCreases
nrocesses that generate adencsine S'-triphosphate (ATP)Y (e.g., fatty-acid oxidation)
ang restrains others such as fatty acig-, givcerciipig- and protein-synthesis {hat
consume ATPF, but are not acutely necessary for survival, Conversely, when ¢cells are
presented with a sustaingd exceass of glucose, AMPK activity diminishes and fatty acid,
givcarglipid- and protein-synthesis are enhanced. AMPK thus is a protein kinase
anzvime that plavs an important role in cellular enargy nomeostasis. Therefore, the
activation of AMPK is coupled to glucose iowering 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
svndrome and especialiy type 2 diabetes, AMPK is also invoived in a number of
pathways that are important for many different diseases {(a.g. AMPK 5 alsg invoived in
a number of pathwavs that are important in NS disorders, inflammation {and resuliant

fibrosis), osteoporosis, neart failure ang sexual dystunction).

AMPK is aiso invoived in a number of pathways that are important in cancer. Ssvearal
tumour sunprassors are part of the AMPK pathway, AMPK acts as a negative reguiator
of the mammalian TOR (MmTOR) and EFZ pathway, which are Key regulators of cell
arowth and proliferation. The deregulation may therefore be linked to diseassas such
as cancer {as well as diabetes)., AMPFK aclivators may therefore be of utility as anti-

cancer drugs.
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The effecis of the dysreqgulation of AMPK in diseases such as gbesity, inflammation,
diabeates and cancer are discussad in, for exampie, Jeon 5-M, Experimental & Molecular
Meadicineg (2016} 48, a245,

It has been shown that AMPK activateor dgrugs {(e.g. metformin and 4-chigro-N-{2-{{4-
chiorophenyiymethyii-3-ox0-1,2, 4-thiadiazol-5-vilpenzamide {i.e. the compound of
formuia I below)) are effective at treating pain. Das and co-workers report that,
following iumbar disc puncture, postinjury treatment in mice with AMPK activator drugs
reduces mechanical hvpersensitivity (Das V, et al, Reg Anesth Pain Meg 2019;0:1-5.
doi:10.1136/rapm~2019-~100839). Similarly, Das and co-waorkers alse report that early
treatment with AMPIKC aclivator drugs reduces mechanical hypersensitivity in a
postoperative pain mode! in mice (Das V, et ai. Reg Anesth Pain Med 2019:0:1-6.
doii10.11306/rapm-2019-180651}. These drugs aisg normalize the AMPK pathway in
the dorsal root ganglion. AMPK aclivators may therefore be used in the freatment of

nain, particularly post-operative pain.

It has aiso been shiown that hepalic steatosis may be reguiated by AMPK (Zhao et al.
1. Biol, Chem. 2020 295 12279~ 12289). Activation of AMPK inhibits de novo
lipogenesis while promoting fatty acid oxidation (B-oxidation) in the liver. AMPK
activation also reguces free fatty acid release from adipose tissus and pravents hepatic
steatosis. Pharmacelogical activation of AMPK in the liver was reported [0 promote
beneficial effects on muitiple aspects of non-alcoholic fatly liver disease (NAFLD)., For
axample, activation of AMPK was found o improve non-aiccholic steatchepatitis
(NASH) in both muring and simian animal modeis, Accordingly, AMPK activators may
he useful in the treatment of NAFLD and NASH.

An example of an AMPK activator is 4-chioro-N-[Z2-{{d-chiorophenviimethvil-3-0X0-
1,2, 4-thiadiazol-5-vilbenzamide {(i.e. the compound of formula I}, which was first
disclosad in WO 2011/004162.

5. N AN C
N7 '
Oy
N o)” 3
As an AMPK agonist {i.e. an AMPK aclivatlor), the compound of formula I is useful in
the treatment of discrders or conditions which are amelicrated by the activation of
AMPK, Such compounds may be useful in the treatment of cardicvascular diseasea

(such as neart fallure), diabetic Kidney disease, type 2 diabeles, insulin resistance,
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non-alconolic fatty liver disease, non-aiccholic steatohepatitis, pain, opicid addiction,
chesity, cancer, inflammation (including chronic inflammatory diseases), autoimmune

giseasas, osteoporesis and intestinag! diseaseas,

There remains a need to improve the bicavailabiiity of active ingrediants, such as 4-
chioro-N-{Z2-{{4d-chicrophenvyiimethvll-3-oxo-1,2,4-thiadiazol-5-vi|benzamide, N vivo
50 as to improve their effectiveness in medicine. The inventors have now found a
treatment that surprisingly ennances the bigavailapility of the compound of formiia 1

in vivo,

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

the state of the arf or is comimoen general kKnowledge.

Detailed Description of the Invention

According to a first aspect of the invention, there is provided a method of activating 5
adenosing monophosphate-activated protein Kinase {(AMPK) comprising adgministering
from about 200 to about 1000 mg/day of a sedium sait of 4-chioro-N-{2-[{4-
chigrophenviymethyij-3-oxXo-1, 2, 4-thiagiazol-5-yviibenzamide in a pharmaceutical

dosage form o a human subject.

Methods according o the first aspect of the invention are hereinafier referred 1o as

“methods of the invention”.

According to an aiternative first aspect of the invention, there is provided from about
200 to apoul 1000 mg/day of a sodium salt of 4-chioro-N-{ 2-{ (4-chigrgpnenyiymethyi |-
3-0x0-1,2 . 4-thiadiazol-5-viibhenzamide in a pharmaceutical dosage form for uss in
activating AMPK,

According (o a further aiternative 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-
chigrophenyiimetnhyl|-3-0xo-1, 2, 4-thiadiazol-h-yviibenzamide in 3 pharmaceutical
gosage form, in the manufacture of 3 medicament for treating a disease or gdisorder by

activating AMPE..

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

assemibly of cations of sodium and associated anions. Accordingly, the term "a sodium
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Sait of 4-chioro-N-[ 2~ {d~chlocrophenv!imethvii~-3-oxc-1,2,4-thiadiazoi-5-~
viibenzamide” refers to a compound comprising sodium cations and anions of 4-chioro-
N-f2-i{4-chiorophenylmethvl]-3-0x0-1,2,4~-thiadiazol-5-yllbenzamide. For example,
a sodium sait of 4-chioro-N-iZ2-{{4-chiorophenviimetnyii-3-oxo-1,2,4-thiadiazol-5-
viibenzamide may refer to the compound of formuia 1I,

NS

F-

o

F

wherain Na* represents the sodium cation.

The skiiled person will recognize that, when dissolved in a suitabie solvent {(e.g. water),
the sodium salt of 4-chioro-N-{Z2-{ {4-chiorophenviimethyi{-3~0x0~1,2,4-thiadiazoi~-5-

viibenzamide may dissociate inte its anionic and cationic components.

Throughout this specification, structures may or may not e presented with chemical
names. Where any guestion arises as to nomenciature, the structure prevails, Where
it is possiple for the compound o exist as a tautomer (.4, in an alternative resgnance
form) the depicted structure represents one of the possible tautomeric forms, whereain
the actuai tautomeric Tormis} observed may vary depending on envircnmental factors
sUCh as solvent, temperature or pH, Al tautomeric {and resonance) forms and
mixturaes thereof are inciuded within the scope of the invention, For examplg, the

following tautomers are included within the scope of the invention:

VB e

N
5 =N, G|
N Ny /’#}""’
ci~ e ©

For the avoidance of doupt, sodium salts of 4-~chioro-N-{2-[{4-chicrophenviimethyi]-
3-0X0-1,2. 4-thiadiazol-5-viibenzamide are solid under ambient conditions, and
references harein to said saits inciude all amorphous, crystalling and part crystalline

forms theraof,

Sodium salts of 4-chicro-N-{2-{{4-chiorophenvylimethyii-3-oxo~1,2,4-thiadiazoi-5-

vitbhenzamide may be prepared in accordance with technigues that are well kKnown to
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those skilled in the art. For exampie, 4-chioro~N-~{2-[{4-chicrophenyiimethyi}-3-0x0-
1,2, 4-thiadiazel-5-yvijoenzamide may be reacted with sodium hydroxide, or an
alternative sodium base compound. 5Sait switching techniques may aiso be usad o

convert one salt into another salt.

Where the sait is prepared from 4-chiore-N-i Z2-{{4-chiocrophenviimethvyi|-3-0x0-1,2,4~-
thiadiazol-5-viihenzamide, d-chioro-N-{Z2-{{d4-chiorophenvi}methvii-3-ox0-1,.2,4-
thiagiazoi-5~vi{benzamide may be prepared in accordance with technigues that are
well known o those skilled in the art, such as those described in international patent
appiication WO 2011/004162. The contents of WO 2011/004162 are incorporated by

referance,

The sogium sait of 4-chioro-N-{2-i{4-chiorophenvyiimethyii-3-0x0-1,2,4-thiadiazol-5-

viibenzamide is referrad o herein as "the salt of the invention”.

The method of the invention has Deen found to be surprisingly effective at improving
(2.¢. increasing) the bicavailability of 4-chioro-N-{2-[{4-chiorophenylimethyl}-3-0x0-
1,2, 4-thiadiazel-5-yviipenzamide 1 vive compared t©o a method comprising
administration of a comparable amount of 4-chioro-N-{ Z-[ {(4-chloropnenvyiymethyl}-3-
oxo-1,.2,4-thiadiazol-5-vilbenzamide in the free base form. Improvement in
bicavailabilily may be demonstrated by measuring the Crax Or {he area under the curve
(AUC) following administration of the pharmaceutical dosage form o a human subject.
It nas also peen found that a comparabie ievel of systemic exposiure to 4-chioro~N-{2-
{4-chiorophenviimethyi]-3-0x0-~-1,2,4~-thiadiazoi-5-ylibenzamide, e.g. a comparabie
concentration thereof in iood plasma, In a human subject can pe achieved through
administration  of  a  significantly  lower amount of  4d-chioro-N-{2-[(4-
chiorophenyiimethyl}-3-0x0-1,2 4-thiadiazoi-5-yi{benzamide in the form of a sodium
sait of that compound. The finding thal administration of the sodium sait form can
enable a reduction in the dose reguirad o achieve a particuiar level of systemic
exposure s beneficial as use in a gose-~efficient manner reguces the likelihoog of
unwanted side effects occurring. Tne salt of the invention, and pnarmaceutical gosage
form comprising said salt, is useful in the therapies describad herein in a subiect in

need of such therapy.

In the context of the presant invention, the term free base” refers to a form of 4-
chioro~N-{ 2-{{4-chiorophenyiimethvi}-3-0x0-1,2,4~thiadiazel-5>-~vi{banzamige which is
not in & salt form. Free pase 4-chicro-N-{Z2-{{4-chiorophenviimethvii-3~-ox0~1,2,4-

thiadiazoi-5-viibenzamide may be depicted as the compound of formuia I,
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The ferms "Crax” and TAUC” will be weil understood by the person skilled in the art o
refer. in the present contexi, to the peak plasma concentration of 4-chioro-N-{2-[{4-
chiorophenviimetnvil-3-oxo-1,2,4-thiadiazol-5-vijpenzamide after administration
(e.g. t0o a human subject) and the integral of the concentration/time curve for that
substance foilowing the administration of the salt of the invention in a pharmadceutical

dosage form, respectively.

Thus, the method of the invention is capable of increasing the bicavalabiiity of the
compound of formuia I in humans compared (o a method comprising administration of
the free pase form of said compound. By this, we mean that administration of a
pharmaceutical gosage form comprising the salt of the invention resuits in a larger
systemically available fraction of 4-chioro~-N-{Z2-[{4-chiorophanyiimethyl}-3-0x0-
1,2, 4-thiadiazel-5-vijpenzamide i vivo compared o administration of 3
nharmaceutical dosage form comprising the free gase 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 o administration of a pharmaceautical dosage form comprising
the free base form of said compoundg may be at ieast about 10%, (3t ieast) aboul 20%,
about 30%, about 40%, apout 50%, anout 60%, about 70%, about 80%, about 0%,
about 100% {i.&. 2-Told), aboul 150%, about 200% {i.e. 3-foid}, about 250%, about
300% (i.e. 4-foid), about 350%, or about 400% (i.e. 5-foid).

The improvement in the bicavaiiability at a given dose of the salf, or the achisvement
of comparabie systemic exposure through administration of a reduced dose of the salt
(compared to the dose ¢of the non-salt form reqguired to achieve that exposure}, may
he demonstrated using suitable methods known in the art, For example, changes in
the bicavallablity and systemic exposure igvels may be observed by comparing the
pharmacoekinetic data {e.g. Cmax data) for a subject who has been administeraed a
pharmaceutical dosage form comprising the salt of the invention with the
corrasponaing data for a subject who has bean administered a pharmaceutical dosage
form  comprising 4-chioro-N~{ Z2-{ {4-chiorophenviimethyi |-3~0x0~1,2,4~-thiadiazoi~5-

viibenzamide in the free base form.
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The skiliegd person will understand that the method of the invention comprises
administering a total dosage of from agout 200 to apout 1000 mg per day {mg/day) of
the sodium salt of 4-chioro-N-{2-{ {(d~chicrophenviimethyii-3-ox0-1,2,.4-thiadiazoi-5-
vithenzamide by way of one or more pharmaceutical dosage forms describad herein.
In particuiar embodimeants, the total dosage of the sodium salt of 4-chioro-N-{2-{{4-
chiorophenyiimethyij-3-0x0-1,2,4-thiadiazol-5-vilbenzamide administeregd 1t the
numan subiect may be in the range of from apout 280 to about 3C0 mg/day, about

200 to aboul 600 mag/day, or, preferanly, about 200 to about 400 mg/davy.

Advantageously, the salt of the invention {(including pharmaceutical dosage forms
comprising said sail) may be administerad to the human subject in a single daily dose
(.G, via oral delivery)., Alternatively, the total daily dosage of the salt of the invention
Mmay be administeread in divided doses two, three or four Times daily {e.g. twice dally
with reference to the dosas described herein, such as a dose of 100 mg, 250 mg, or
SO0 mg twice daityy.,  Still further, the method of the invention may involve
agministration at a frequency of iess than once daily, 2.g. once avery Two gavs, once
weekly or twice weekly, In such embodiments, the average daily doss recgived by the
supiect wiil stiil be from about 200 to about 1000 mg. In a particuiar embodiment, the
salt of the invention is agministerad not more than once per day. More particuiarly,

the sait of the invention is administered in gnce daily.

As indicated by Exampie 3, the method of the invention is particularly effective when
the saif of the invention is agministered once daily Tor a duration of at teast one weelk
(e. g, atleast 7, 8, Q, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27 or 28 davys). In particuiar embodiments, the duration is at ieast two weeks., In
Further embodiments, the guration of administration is at {east three weeks. In other
empodiments, the sait of the invention is administered once daily for a duration that is
al least sufficient to achieve a steady state plood plasma concentration of 4-chioro-N-
| Z2=-{ {d-chiorophenviimethyi{-3-0x0-1,2,4-thiadiazol-5-viibenzamide. Lohger pericds
cof treatment are envisaged, inciuding treatment that may extend over many months
Or vears, as is deemead appropriate by a prescribing doctor under the Circumstanceas,

It is intended that such extendead {reatmeants are aisg the methods of the invention.

The term “atout” as used herein when referring {0 8 measurabie value such as an
amount of 8 compound, dgose, [ime, temperature, and the like, refers to variations of
0%, 10%, 5%, 1%, 0.5%, or even 0.1% of the specified amount. It is contemplated

that, af each instance, such [erms 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

vaiue). It is also contemplated that, at each instance, such terms may be deleted.

For the avoidance of doubt, the dose administerad o a human subject, in the context

of the present invention, should be sufficient to activate AMPK and therepy effect a
therapeautic response in the subiect over a reasonanle timeframe,. Onhe skilled in the
art will recognize thal the selection of the exacl dose and composilion and the most
appropriate delivery regimen will also bDe influenced by infter afia 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 weli as the potency of
the specific compound, the age, condition, body weight, sex and response of the

subject to pe treated, and the stage/sevearity of the disease.

In any event, the medical practitioner, or other skilled person, will be able [o deferming

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 tiood plasma concantration of 4~chioro-N-{2~[ {4~
chigrophenviymethyi j-3-oxXo-1, 2, 4-thiadiazol-5-viibenzamide in a subject whiist
administering a lower dose of the active ingredient to that subject. In the study
described in Example 2, repeated dosing of the scdium salt of 4-chioro-N-12-[{4-
chiorophenviimethyii-3-ox0-1,2,.4-thiadiazol-5-vijbenzamide was shown {0 result in a
Cmax of arcund 50 ug/ml. In a prior study involving administration of 4-chloro-N-{ 2~
{4-chiorophenylimethyi]-3-0x0-~1,2,4~thiadiazoi-5-ylibenzamide n suspensicn, a
simiiar Umax was achieved only when subjects received a substantially iarger {(ca. five-

foid larger) repeat dose amount,

It addition, as shown by the study described in Exampie 3, it is possibie [0 achieve 3
peak picod plasma concentration of 4-chioro-N-[Z2-{{4-chiorophenviimethyvli-3-0X0-
1,2 4-thiadiazol-5-viipbenzamide of at ieast around 85 ug/mi foliowing reneated dosing
cf 212 mg the salt of the invention in the form of a tablet and at ieast 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 biood plasma
cohcentration of 4-chioro-N-{Z-[{4-chiorophenviimethvli-3-0xo-1,2,4-thiadiazoi-5-
vitbhenzamide of at least 40 uyg/mbL {e.q. after repeated dosing of 200 mg the sait of

the invention daily for at least two weeks). In further embodiments, method of the



10

20

25

S0

35

WO 2022/153042 PCT/GB2022/050054

invention achieves a peak biood plasma concentration of at least 50, 60, 70, 80, 94,
100, 110, 120 or 130 ug/ml.

The peak tlood plasma concentration may be arrived at foliowing administration of 3
sufficient number of doseas 1o achieve a steady state tlood plasma concentration, or to
achiave a plood plasma concentration profile approaching the steady state profiie. In
this context, a steady state concentration is achieved when the variation in the
concentration of analyte {in this case 4-chicro-N-[ 2~ {4-chiorophenviimethy!}~-3-0x0-
1,Z2,4~thiadiazol-5~viibenzamide) in the blood plasma remains within clinicatly
acceptable bounds over the period betweean successive dosages of the salt of the
invention., A steady state concantration may aiso be consideraed to be achiaved whean
the variation in the Cmax alsg remains within clinically acceptable bounds foliowing
consecutive adminisirations., Therefore, in one embodiment, the peak blood plasma
concentration of 4d-chioro-N-{Z2-{{4-chicrophenviimeathvli-3-oxo-1,2,4-thiadiazoi-5-

vitbenzamide is reached after achieving a steady stale concentration.

The time required to arrive at the steady state will vary petween subiscts. The steady
state for a drug is typicaily reached after 4 to 5 half-lives {t¥2} of the drug have passed
following administration. Tne skilied person (i.e. a clinician} will be able to appreciate
when the steady state has bheen achieved by reference o ciinical evaluations of the
subject’s biced, e.g. using methods referrad to in Example 2 and Exammple 3. Typicaily,
the steady state concentration of 4-chioro-N-{Z-[{4-chiorophenyiimethyl-3-0X0-
1,2, 4~thiadiazol-5~vi|banzamide is obtained afler repeated dosing has taken place for
around two weeks, though a longer time may be required. For example, the peak

biccd piasma concentration mayv be reached after 15, 1€, 17 or 18 davs.

Liniess indicated otherwise, ali technical ang scientific terms used hearein will nave their
CoOMMmMon meaning as understood by one of ordinary skill in the art to which this

invention pertains.

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

ambodiments and features of the invention.

Fharmaceutical Dosage Forms




10

20

25

S0

35

WO 2022/153042 PCT/GB2022/050054

As indicated herein, the salt of the invention are useful as therapeufic agents for
activating AMPK and thereby treating a variety of medical disorders and conditions.
The sait of the invention is agministered to a human subject in need thereof in the
form of a pharmaceutical formulation, which is alsg referred {0 herein as a

pharmaceutical dosage form.

Inan embodiment, the salt of the invention is the sole active pharmaceutical ingredient
preasent in the dosage form. In a further embodiment, the sait of the invention {or a
pharmaceuticaily acceptable sait or solvate [hereol) is present in the dosage form
alongside one or more other active pharmaceutical ingredients, or may oe administered
as part of a compination therapy with one or more other active pharmaceutical

ingredients.

In particuiar embodimeants, the method comprises agministration of pharmacsulical
dgosage form of the sait of the invention, including all embodiments and particuiar
featiuires thereof, wherein said salt is provided in the form of particles having a particie
size distribution defined by a D90 of lass than about 10 um {&.g. as measured using
laser diffraction}. Particie sizes are tvpicaily reduced by miiling {arger particies of a

given subpstance.

The term "milling” {(which may be usad inferchangeably with other ferms of the art
such as "reducing size”, "comminuting”, "grinding”, and “puiverising”), as used herein,
refers 1o the process of subjecting a sclid sampie {e.¢g. granules} [0 mechanical energy
Lo reduce the particle size of the solid sample. For example, coarse particles may be
proken down to finer ones, such that the average particie size s reguced o mesat
desired parameters,

F-.
[

Milling is regarded as a3 top-down’ approach o the proguction of fine particies. For
exampie, a drug solid may be cul by sharp tlades {&.g. cutier mill}, impacted by
hammers, subjected o high pressure homogenisation, or crushed or comprassead by
the application of pressure (e.g. rolier-mill or peastie and mortar). As a limited amount
of energy is typically imparted, particies produced by such methods remain relatively
coarse, Technoiogical advancements in milling equipment have enabled the production
of ultrafine drug particles down to micreon {(i.e. the um unit range) or even sub-micren

(e.g. the nm unit range) dimensions.

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

pDrocesses are preferred for processing of the saits of the invention.

10



10

19

20

25

S0

35

WO 2022/153042 PCT/GB2022/050054

Dry miliing’ refers 10 a process in which a drug is milied in its dry state, .e. in the
absence of a liquid medium {(&.g. in the substantial apsence of water). In the dry state,
the drug can be milled alone, or in the presence of one or more other components,
such as pharmaceutically acceptable excinients. Other abrasive materials, such as
salts, may be present guring the milling process o aigd in the particle size reduction.
The mechanical energy imparted by dry milling fosters interactions betwean particies
of the drug {(and optionally other substances present) via van der Waais forces ¢or

nydrogen bonding.

A review of milling processes for pharmaceutical products may ge found in &.¢g. Loh &t
al., Asian Journal of Pharmaceutical Sciences, 10 (2015}, 255-274. BExcipients suitaple
for inclusion in drug particies are kKhown in the art, e.4. as described in Peitonen et al,,
in Handpook of Folymers for Pharmaceutical Technologies, ed. Thakur and Thakur,
Wiiey, volume 4, chapter 3, 67-87, andg Nekkanti &t al, in Drug Nanoparticies -~ An
Overview, The Delivery of Nanoparticies, IntechOpen. The content of these documentis

1S incorporated by reference.

Stabilisaers, such as polyvmers and surfactants, are often used during miliing procassses
in order o increase the repuision between particles and Inhibit aggregation.
Aggregation of finely ground particles may occur during micronisation, which can
Litimately siow down the dissoiulion process and affect bicavailability., The increase in
the sysiemic exposure of 4-chioro-N-iZ2-{{4-chiorophenviimethyi|-3-0x0~1,2,4-
thiadiazoi-5-viibenzamide has been found o occur following administration of dry
miiied salt of the active ingredient even without the addition of stabilisers, Thus, in

one embodiment, the pharmaceutical formuiation does notl comprise any stabilisers.

Milling reduces the average size of the particies confaining the sodium salt of 4-chloro-
N-f2-i{4-chlorophenviimethyli-3-0oxo-1,2,4-thiadiazol-5-vlibenzamide. The exient
and effectiveness of the milling may be determined by measuring the particle size
distribution of said particies before and after the milling process by any suitable
metnod, The term "particle size distribution” refers {0 the reiative numper of particies
present according to size In a solid sample, such as a powder, a granular material, or

particles dispersad in a fiuid,
The particlie size gistribpution of a solid sampie Mmay be measured using technigues that

are well Khnown in the art. For exampie, the particie size gistribution of a solid sampie

mMay be measured by laser diffraction, dynamic light scattering, image analvsis {&.4.
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gynamic image anaiysis}), sieve analysis, air elulriation analysis, optical counting,
electro~-resistance counting, sedimentation, laser obscuration and acoustic {e.g.
vitrasound attenuation) spectroscopy. Particuiar methods that may be mentiched for

measuring the particle size distribution of particies of the sait of the invention are

dvnamic light scatiering and laser diffraction.

Farticle size distributions may be aiso determined basad on resuils from sieve analysis.
Sieve analysis presantis particle size information in the form of an S-curve of
cumuiative mass refained on each sieve versus the sieve mesh size. The most
cornmoniy used metrics when describing particie size distributions are D-values {&.4g.
D10, D50 and D90, which are the intercepts for 10%, 50% and 90% of the cumuiative
mass, respeactiveiyy, The particle size distribution of the present invention is preferably
defined using one or more of such values. D-vaiues essentially represent the diameter
of the sphere which gdivides the sample's mass into a specified percantage when the
sarticles are arranged on an ascending mass £asis. For example, the D10 vaiue is the
diameter at which 10% of the sampie's mass is comprised of particles with a diameter
of iess than this vaiue., Tne D50 vaiue s the diameter of the particle that 50% of a

sampie' s mass is smaller than ang 50% of a sampie's mass is iarger than.

In one empodiment, the particles containing a salf of the invention may have a particle
size distribution defined by a D0 of less than aboul 10 um {(e.g. from about 5 um to
about 10 um) (e.g. as measured using iaser diffraction). The particie size distribution
may allernatively e defined by a DO of less than about 8 um {e.q. from about 5 um
o about 8 ym). In a further embodiment, the particies consisting of the salt of the
invention may have a particle size distribution defined by a D50 of less than about 6
m (e.g. from about 0.5 um to about & um). In a vet further embodiment, the particie
size gistripution of the particies consisting of the sait of the invention may further be

a defined by a D10 of less than about 2 um {&.g. from aboul 0.2 um o about 2 um).

The particle size distribution parameters mentioned above may bDe anplicable,
individually or in combpination. For example, in particular embodiments, the dosage
form comprises particies containing the salt of the invention, said particles having a
narticle size distribution definaed by a8 D90 of less than about 10 um and a D50 of less
than about & um. St further, said particies may have a particle size distribution
defined by a D90 of less than 9 um: a D50 of {ess than © um or l@ss than 5 um; and a

D10 of less 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 de
measurad by jaser diffraction, using, for exampie a commerciaily availabie particle size

analyser such as a Malvern Instrument, Mastersizer 3000.

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

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

Preferably, the pharmaceutical dosage form comprises parficies of the salt of the
invention with any of the particular particie size distributions described herein, wherein

the particies are obtained by a process which involvas miiling said sait.

The skilleg person will understand that the pharmaceutical dosage forms described
herain may act systemicaily, and may therefore be administerad accordingly using
suiitable technigues known o those skilled in the art. The pharmaceutical dosage form
as described herein will normaily be administerad orally, i.e. as an ¢oral pharmaceutical
dosage form. Thus, in & second aspect of the invention, there is provided an orat
ohiarmaceutical dosage form comprising from about 200 to about 1000 mg of a sodium
s5ait of 4-chioro-N-[ 2-{ {(d-chlorophenviimethyi{-3-oxo-1,2,4-thiadiazoi-5-

viithenzamide,

In particular embodiments, the pharmaceutical dosage form referrad o in the first and
second aspects of the invention may comuorise, for example, from about 200 mg to
about 800 myg, from about 200 mg to about 600 mg, or from about 200 mg to about
400 mqg) of the sait of the invention. Preferably, the pharmaceutical dosage form of
the comprises from about 200 to apout 400 mg of the sodium salt of 4-chioro-N-[2-

| {4-chioropnenviimethvii-3-ox0-1,2,4-thiadiazoi-5-vijbenzamide.

Dosage forms intendged for oral agdministration may further comprise an enteric coating
in ocrger Lo prevent or minimise dissoiution or disintegration in the gasiric envirgnment.
As such, oral preparations {e.g. capsules or tablets) coated by an enteric coating may
orovide targeted release of the sait of the invention in the small intesting. For example,
the enteric coating may be present on surface of the formulation {(e.9. on the surface
of a tabiel or a capsuie), or each of the particles containing the salt of the invention
may be cogated with the enteric coating., Thus, in parficular embodiments, the
pharmaceulical dosage form used in the method of the invention further comprises an

enteric coating.

13
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It may be desirable [0 minimise gissciution or disintegration of an oral pharmaceautical
dosage form {(e.g. a capsule or a tablet, and the like) in the gastric envirgnment and/or
orovide targeted release of the active ingredient in the small intestine. Thus, in
particular embodiments, the enteric coating is present on the pharmaceutical dosage
form of the method of the invention. For example, said coating mayv be provided as

an outer laver on the pharmaceutical dosage form.

Alternatively, particies containing the salt of the invention may be individuaily coated
with the enteric coating, and said coated particles may bDe prepared into the
pharmaceutical dosage form. Thus, in particular embodiments, the pharmaceutical
dosage form containg particies comprising the sait of the invention and sach particle is

coated with the enteric coating.

The term “enteric coating” refers to g substance (e.4. a poelymer) that is incorporated
into an oral medication {(&.g. applied onto the surface of a tablet, 3 capsule, parficies
o petlets) and that inhibits dissolution or disintegration of the medication in the gastric
environment. Enteric coatings are typically stabile at the highiy acidic pH found in the
stomach, but break down rapidly in the relatively basic pH of the small intestine.
Therefore, enteric coatings prevent reiease 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 alkyiceliviose polvmer resin {e.g. ethviceliulosea
potymaers, cargoxymethyisthylceliulose, or hydroxypropy! methylcealiulose phthalate) or
an acrylic poiymer resin {(&.g. acrvlic acid and methacrviic acid copoivmers, methy
methacrviate copolymaers, ethoxvethyi methacryiates, covanoethyl methacrviate,
methacryiate copolymers, methacrvlic acid copolymer, aminoalkyl methacrviate
copolymer, poly{acryiic acid), poly{methacrviic acid}, methacrviic acid alkyiamide
copoiymer, poly{metnyi methacryiate), poly{methacryiic acid) (anhydride),
nolymethacrviate, methyl methacryviate copoivmer, polvimethyl methacryiate)
copolvmer, polvacrviamide, polv{methacrvlic acid anhvydride), and glycidy

methacryiate copolymers), caliuiose acetate phthalate and polvviny! acetate phthalate.

The pharmaceulical dosage forms referred [0 in the first and second aspecis of the
invention may be provided in the form of a tablet or particularly a capsule., For
examplie, capsules such as soff gealatin capsuies may be prepared containing the salt

of the invention alone, or together with a suitable vehicie, &.g. vegetable oil, fat etc.

14
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Similariy, hard gelatin capsules may contain the sait of the invention ailone, or in
combination with solid powdered ingredients such as a disaccharide {&.g. lactose Or
saccharose), an alcohol sugar {e.g. sorbitel or mannitol), a vegetable starch {e.g.
notato starch or corn starch), a poivsaccharide {(e.g. amviopectin or cellulose

derivatives) or geiling agent {&.g. geiatin).

The pharmaceutical dosage forms described hersin may be prepared in accordance
with standard ang/or accepted pharmaceutical practice. The pharmaceutical dosage
forms of the first and second aspects of the invention will generaily bDe provided as a
mixture comprising the salt of the invention and ong or more pharmaceuticaliy
acceptable excipients., The ong or more pharmaceutically acceptable excipients may
e selaected with due regard to the intended route of administration in accordance with
standard pharmaceutical practice. Such pharmaceuficaliy acceptable excipients are
preferaply chemically ihert to the active compound and are preferably have no
detrimential side effects or toxicity under the coconditions of uUse. Sultaible
pharmaceutical formuiations may pe found in, Tor exampie, Remingicn The Science
and Practice of Pharmacy, 18th ed., Mack Printing Company, Easton, Pannsylvania
(1995}, A Dbrief review of methods of drug delivery may alsg be found in e.g. Langer,
Science 249, 1527 (1990),

Thus, according to particuiar embodiments, the pharmaceutical dosage forms referred
to in the first and second aspects of the inventich further comprises af least ohe
pharmaceutically acceptatie excipient., In particular, the at least one pharmaceutically
acceptable excipient may be a lubricant, a pindear, a filler, a surfactant, a diluent, an

anti-agherent, a coating, a flavouring, a colourant, a glidant, a praservative, &

sweeatener, a disintegrant, an adsorbent, a hulTering agent, an antioxidant, a ¢neiating

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

Parficular pharmaceutically acceptable excipients thal may be mentioned incliude
mannitol, PVP {(polyvinvipyrroligone) K30, lactose, saccharcose, sorbitol, siarch,
amviopectin, celluiose derivatives, gelatin, or another suitabie ingreadients, as well as
gisintegrating agents and lubricating agents such as sodium lauryl suifate, Na-
gocusate, magnesium stearate, caicium stearate, sodium stearyi fumarate and
polyethviene giveol waxes, In the preparation of a pharmaceutical dosage form of the
sait of the invention for oral agdministration, particles containing the salt of the invention
(preferably milled) may be mixed, either together or separately, with mannitol, PVP

Lpolyvinvipyrrolidoneg) K30 and scdium lauryi suifate.
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In the preparation of a8 pharmaceutical dosage form Tor use in the method of the
invaention, the sait of the invention may be mixed, either together or separately, with

cne or more of the pharmaceutical excipients {including basic excipients) ilisted above.

Mixtures of the salt of the invention and one or more pharmaceuticaily acceptable
excinients may be processad into pelliets or granuies, or comprassad into tablets, Thus,
pharmaceutical dosage form of the method of the inventions may pe a [ablet, mini-

tablets, piocks, pellets, particies, granuies or a powder for oral agministration.

Medical uses

The dose-efficient methods of activating AMPK and the pharmaceutical dosage forms
describad herein are usaful in medicing, 4-Chioro-N-[2-[{4-chlorophenyiimethyli-3-
oxo-1,2,.4-thiadiazol-5-viibenzamide is a known AMPK activator, and AMPK activation
is Known to be beneficial in the freatment of a variely of disease, as disclosead in
internationat patent application nos. WO 2011/004162 and WO 2020/09501G,

Thus, according to a third aspect of the invention, there is provided the use of an orai
pharmaceutical dosage form according to the second aspect of the invention in the
manufacture of a medicament for the treatment of a disease or disgrder by activating
AMPK., wherein from aboutl 200 to about 1000 mg/day of the sodium salt of 4-chloro-
N-{2-i {4-chlorophenyiimethvil-3-oxo-1,2,4-thiadiazol-5-vllbenzamide i3

administeread o a8 human subiect.

Similarty, the methoed of activating AMPK according to the first aspect of the invention
may he performed {0 treat a disease or disorder ameliorated by AMPK activation in the

human subject.

By ‘activate AMPK', we mean {hat the steady state level of phosphorviation of the Thr-
172 moiety of The AMPK-g (AMPK-aipha) subunit is increased compared 0 the steady
state ievel of phosphorviation in the absence of a compound of formuia |

Alternatively, or in addition, we mean that there is a higher steady state ievei of
nhosphorviation of anvy other proteins downstream of AMPK, such as acetyi-CoA

carboxylase (ACC).
Diseaseas or gisorders that are {reated by aclivating AMPK will be kKnown by those siilied

in The art 0 include cardiovascular disease (such as heart fallure, &.9. hearl faliure

with preserved ejection fraction), diabstic Kidney disease, diabhetes {(such as type £
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diabetes), insulin resistance, non-alcoholic fatty lver disease, non-alcoholic
steatohepatitis, pain, opioid addiction, obesity, cancer, inflammation {including chronic
iNHammatory diseaseas), autoimmuneg diseases, osteoporesis and intastinal diseasas,
Other diseases or conditions that may be ameliorated by the activation of AMPK inciude
hvperinsuiinemia and associated conditions, a condition/disorder where fibrosis niavs

a roie, sexual dysfunction and neurodegenerative gdiseases.

The term “diabetes” {i.e. diabetes mellitus) wiill be understood by those skilled in the
art o refer 0 both type 1 (insulin-dependent) diabetes and type 2 {insulin-
independent) diabetes, both of which invoive the malfunction of glucose homeostasis.
The methoed of the invention is particularly suited for the treatment of diapetes, i.&.
tvpe 1 diahetes and/or type 2 diabetes , most particuiariy tvpe 2 diabeales as is detailad

in international patent application ne., WO 2020/085010.

As well as being useful in the treatment of diabeles, the method of the invention is
alse suitabie Tor treating diapelic Kidney gisease {i.e. diapetic nephropathy). " Diabelic
Kidney disease” refers to Kkidney damage caused by diabetes and is a s&ricus
complication of tvpe 1 diabetes and type 2 diabetes. Diabetic kidney disease affects
the Kidneys' ability o remove wastie products from dicod [0 be excreted as uring, and

can lead to Kidney failure,

The melthod of the invenfion is aiso suitable for treating chronic Kidney diseass,
inciuding chronic Kidney disease in the apsence of type 2 diabeles, (Chronic kidney
disease s a condition characterised by a gradual 1oss of Kidney function over time.

Chronic Kidney disease usually occurs as a resuit of ong or more other diseases or

conditions that affect the kidneys, such as high biood pressure, diabstes, high
cholesterol, Kidney infections, giomerulonephritis, polvevstic kidney disease,
obstruction of the urinary tract biockagess in the flow of urine and lohg-term medication

LiSE.

The term "hyperinsuiinemia or an associated condition” wiil pe understood by those
skiiled in the art to include hyperinsulinamia, type 2 diabeles, giucose intolerance,
insuiin resistance, metabolic syndrome, dyslipidemia, hyperinsulinism in chilidhood,
hvperchoiesterclemia, high blood pressure, obesity, fatty liver conditions, diapetic
nephropathy, diabetic neuropathy, diapetic retinopathy, cardiovascular diseass,
atherosciersgsis, cerebrovascuiar conditions such as  stroke, systemic  upus

arythematosus, neurocdegenerative diseases sSuUch as Alzheimer's disease, and
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Solyeystic ovary syndrome,  Other disease states include progressive renal disease

SUCH as chronic renal fallure,

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

nyperinsulinemia.

The method of the invention is also suitable for the treatment of cardiovascular giseasea,
SUCh as heart failiure, wherein said cardiovascuiar disease is not associated wilh
nyperinsuiinagmia. Similariy, the method of the invention is also suitable Tor use in the
treatment of obesity which is not associated with nyperinsulinemia. For the avolidance
of doutt, the reatment of obesity and/or cardiovascular disease {such as heart failure)
where AMPK activation may be beneficial is included within the scope of the invention.
In parficular, the dissase or disorder is heart Tailure, preferably hearl failure with

oreserved ejection fraction {i.e. HFpEFR).

The term “cancear™ will be understood by those skilled in the art to inciude one or more
diseasas in the class of disorders that is characterized by uncontrolied division of ¢alis
and the ability of these ceils to invade other lissues, sither by direct growtnh into
adiacent tissue through invasion, proliferation or by implantation into distant sites by
malastasis, By "proliferation” we inciude an increase in the number and/or size of
cancer cells, By melastasis” we mean the movemeant or migration (e.g. invasiveness)
of cancer cealls from a primary tumor site in the body of a8 subject to one or more other

areas within the subject's body (where the calls can then form secondary tumors).

Thus, method of the invention is suitable for the treatment of any cancer type, inciuding
a3 tumors {non-solid and, preferably, solid tumors, such as carcinoma, adenoma,
adenccarcinoma, blood cancer, irrespective of the organ). For example, the cancer
celis may be seiectad from the group consisting of cancer cails of the breast, piie duct,
brain, colon, stomach, reproguctive organs, thyroid, nematonoielic system, iung and
airways, skin, gallpladder, liver, nasopharyny, nerve calis, kidney, prostate, lvmph
glands and gastrointestinal tract., Preferably, the cancer is selected from the group
consisting of coion cancer {incluging colorectal adenomas), breast cancer {(8.4.
postmenopausal breast cancer), endometrial cancer, cancers of the hematopoielic
system {&.g. leukemia, ivmphoma, etc.}, thyroid cancer, Kidney cancer, oesophageal
adenocarcinoma, ovarian cancer, prostate cancer, pancreatic cancer, galibiadder
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 8 hematopoielic tumor such as a leukemia
(e.g. Acute Myeicgencus Leukemia (AML), Chronic Myelogenous Leukemia (CML),
Acute Lymphocytic Leukemia (ALLY, or Chronic Lymphocvtic Leukemia (CLL).

Fraferably the cancer ceils are breast cancer cells,

A condition/disorder where fiprosis piays a roie inciudes {but is not limited o) scar
nealing, keloids, scleroderma, pulmonary fibrosis (including idiopathic pulmonary
Fibrosis), nephrogenic systemic Tfibrosis, and cargiovascuiar fibrosis {inciuding
endomyocardial fibrosis}, systemic sclerosis, liver Cirrnosis, eye macular gegeneration,
retinal and vitreal retinopathy, Crohn’s/inflammatory bowel disease, post-surgical scar
tissue formation, radiation andg chemotherapsutic-drug induced fibrosis, and

cardiovascular fibrosis,

The method of invention is also be suiftabie for the treatment of sexua!l dysfunclion
(e.g. the treatment of erectile dysfunction). The method ¢of invention may aiso be

siiitable for the reatment of inflammation.

Neurodegenerative diseases that may be mentioned include Alzheimer’'s dissase,
Parkinson s disease and Huntington's disease, amvoirophic lateral sclerosis,
polygiutamine disorders, such as spinal and bulbar muscular atrophy (SBMA),
dentatorubral and pallidoluysian atrophy {(DRPLAY, and a number of spinccerabeliar
ataxias {(SCA).

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

Non-alconolic fatty liver disease {(NAFLD) is defined by excessive fat accumulation in
the form of triglycerides {stealosis) in the liver {(designalted as an accumuiation of
greater than 5% of hepatocyies histologicaily). 1t is the most comimoen liver disorder
in dgeveioped counfries (for example, atffecting arcund 30% of US aduits) ang most
natients are asymptomatic, If [eft untreated, the condition may prograssively worsan
and may ultimately lead {0 cirrhosis of the liver. NAFLD is particuiarly prevalent in

chese patients, with around 80% thought Lo have the disease.

NAFLD mav be diagnosed wherein alcohol consumption of the patient is not considered
Lo be a main causative factor. A typical threshold for diagnosing a fatty liver disease
as "hot alcohaol related” is a daily consumption of less than 20 g for female subjeds

and less than 30 g for male supiects.
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Farticular diseases or condgitions that are associated with NAFLD include metabolic
conditions SUCH as giaibates, nypertension, chesity, dyvsiipidemia,
abetalipoproteinemia, givcoaen storade diseases, Weber-(Christian disease, acute fatty
Hiver of pregnancy, and lipodystrophy. Other non-alcoho! reiated factors related o
fatty liver diseases inciude malnutrition, tolal parenteral nutrition, severe weight 0S5,
refeading syndrome, i@junolleal bypass, gastric bvpass, polvevstic ovary syndrome and

diverticuiosis.

Non-alcoholic steatohepatitis (NASH) is the most aggressive form of NAFLD, and is &
condition in which excessive fat accumulation (steatosis) is accompanied by
inflarmmation of the liver, If advanced, NASH can iead [0 the development of scar
tissue in the liver {fibrosis) and, eventually, cirrhosis, As described above, compounds
that activate AMFK have been found o be useful in the treatment of NAFLD and
infiammation. It foliows that the method of the invention is aiso useful in the freatment
of NASH. Therefore, in a further embodiment, the treatment is of non-alcoholic
steatonapatitis (NASH).

It has been shown that AMPK activator compounds {(such as 4-¢chioro-N-[2-[{4-
chigrophenyiymethvli-3-oxo-1,2,4-thiadiazol-h-vilbenzamide (i.e. the compound of
formuia 1)) are capable of treating pain (Das V, el al. Reg Anesth Pain Med 2019;0:1-
5. doil10.11536/rapm-£2019-100839 and Das V, ef al. Reg Anesth Pain Med 2019;0:1-
6. goi:10.1138/rapm-2019-100651) and such compounds may pDe considered o be
analgesics., It therefore follows that, since the method of the invention incCreases thea
picavailabiiity of a known AMPK activator compound, the methods of the inventicn may
e suitabie for the treatment of pain, In particular, the methods of the invention may
e suitabie for the treatment of patients witnh severe pain, chronic pain or useaful in the

managemeant of pain after surgery.

Opicid~-pased therapies, such as opioid anaigesics, are used [0 treat severe, chronic
cancer pain, acute pain {(&.g. during recovery from surgery and preakthrough pain} and
their use is increasing in the managemeant of chronic¢, non-~-malignant pain. However,
the increasing use of opicid-based therapies to treat pain has resuited in an increase
of opicid dependence {&.¢. opioid addiction}. By providing a known AMPK activator,
the methods of the invention may be used {o treat pain in place of an oploid-based
therapy, as Known by those skilied in the art. Accordingly, the method of the inventicon

is suitable for treating opiocid addiction.
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Particular autdimmune diseases Know o those skilled in the art include
Crohn's/inflammatory bowel disease, svstemic lupus eryvthematosus and tvpe 1

diabeates,

Farticular intestinal diseases that shouid be mentioned include Cronn's/inflammatory

powel disease and cancer of gasirointestinal tract.

The skilled person wili ungerstand that references to the “treatment” of a particuiar
condition (or, similarty, to "treating” that condition) will take their normal meanings in
the field of medicine., In particuiar, the terms may refrer to achieving a reduction in the
severity and/or frequency of occurrence of ong or more clinical symptom associated
with the condition, as judged by a physician atiending a subiject having or being

suscepntibie o such sympioms.

The skilled perscon will understand that such treatment will be performed in a8 subject
in need thereof., The need of a subiject for such treatment mav be assessad by those
skilied the art using routine techniques. In the context of the present invention, a
“subiect in need” of the method of the invention includes a subiect that is suffering
from a disorder or condition ameliorated by tne activation of AMPK. As used nerein,
the terms "disease” and “disorder” {and, similarly, the terms condition, iliness, medical

propiem, and the like) may be used interchangeably.

Without wishing to be bound by thecry, it is believed that {he administration of a
reduced dose of 4-chioro-N-[2-{{4-chiorophenylymethyi]-3-0x0-1,2,4-thiadiazol-5-
vithenzamide t0 a human subject can still vield a dinically useful concentration of 4-
chioro-N-{2-[{4-chicropnenvyiimeinyi|-3-0ox0o-1,2,4-thiadiazol-5-viibenzamide in the
systemic circulation when the active ingredient is administered in the form of the
sodium salt of that compound. Kepeated dosing using the salt of the invention in the
amount of from 200 o 1000 mg/day has been snown to resuit in a biood plasma
concentration 4-cnloro-N- 2~ {d~chicrophenviimeihvi i~ 3-0x0-1,2,4-thiagdiazoi-5-
vilpbenzamide that is approximately five-Told higher than the concentration oblained
following repeated administration o©of the same amount of 4-chioro-N-{2-[{4-

chigrophenviimethyi|-3-0xX0-1,2,4-thiadiazol-5-viibenzamide in the free pase form.

Combpination Theranies

The skilied person will understand that the method of the invention may comprise {i.e.

e 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 sait of the invention may be administered in conjunction with one or more
cther {l.e. different) therapeutic agents that are useful in treating that disease or

disorder.

Such combination treatments may involve the administration of the sailt of the
invention o the subjecd in conjunction (i.e. seguentially or simulianaousiy) with the
different therapeutic agent in the same formuiation, or preferably in a separaie
formuiation. By "administration in conjunction with” {ang similarly "administerad in
conjunction with”) we inciude that the respective active ingredients are administerad,
seguentialiy or simultansously, as part of a medical intervention directed towards
treatment of the relevant condition. By simultaneously, we mean that the s3lt of the
invention and the gifferent therapsaulic agent are administerad alongside onhe another,
either in a single pharmaceutical dosage form comprising poth active ingredients or in

separate dosage forms administerad at the same fime.

Thus, in relation to the present invention, the term "administration in conjunction with”
{and similarly "agministered in conjunction with”} includes that the sait of the invention
and the different therapeutlic agent are administered either together, or sufficiently
closely in time, o enable a bpeneficial effect for the patient that is greater, over the
course of the treatment of the relevant condition, than if either agent is administered
aione in the abpsence of the cother 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 particuiar condition wili depend upon the

condition to be treated, nut mav te achieved routingly by the skilled person.

Further, in the context of the presant invention, the term “in conjunction with” includes
that one or other of the two aclive ingredienfs may be administerad (optionally
repeatediy) prior {o, after, and/or at the same {ime as, administration of the other.
When used in this context, the terms "administered simultaneousiy” and "administerad
at the same time as” include instances in which the individual doses of the salt of the
invention and the different therapeutic agent are administerad within & hours, 3 hours,

2 hours, 1 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, digbelic Kigney disease, diabetes and the like,

as described heregin) will be well-known to those skilied in the art. Preferably the ¢ther
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fherapeutic agent will be a sodium-~glucose transport protein £ (SGLTZ2Y inhibitor, or a
sharmaceautically accenptabie salt, solvate or prodrug thereof such that the compination
s useful Tor treating diseases such as type 2 diabetes. In a further embodiment, the
method of the invention invoelves seguential or simultaneous administration of the
sodium  sait  of  4-chioro-N-{Z2-{{4-chiorophenviimethvli-3-0oxg-1,2,4-thiadiazol-5-

viibenzamide and the SGLTZ inhibitor,

The skiiled person will understand that a sodium-~-giucose transport protein 2 inhisitor
s a substance or agant that elicils a decrease in one or more functions of sodium-
glucose transport protein 2, and by “decrease in the functions of sodium-~giucose
transport protein 27 we inciude the cessation of one or more functions of sodium-
giucose transport protein £, or a reduction in the rate of a particular function. A
narticuiar function that may be fully or partially inhibited is the ability of sodium-

giucose transport protein 2 o act as a glucose fransporier.

In particular embodiments, the sodium-giucose transport protein 2 inhibitor is a
glifiozin,  Gliflozinsg are a kKnown class of smali~moiecule sodium-~giucose transport
orotein 2 inhibitors., Hawigy et al. (Diabetes, 2016, &5, 2784-2794) and Villani et al.
{ Molecular Metabpolism, 2016, 5, 1048-1056) have recently discussed the possibie
mechanisms of action of certain glifiozins., Particuiar glifiozins which may be mentionead
inciude dapagliflozin, canaglifiozin, empagiificzin, ipraglifiozin, tofogliflozin, serglifiozin
(such as sergliflozin etabonate), remogiifiozin {(such as reamogiifioczin etabonate),
artugiifiozin and sotagiifiozin. In further particuiar embodiments, the sodium-~-giucosea

transport protein 2 inhibitor is dapaglifiozin,

In particular embodiments, the sodium-agiucose transport protein 2 inhibitor is &
pharmaceutically acceptable salt of a gliflozin.,  For example, the further active
ingredient may be a pharmaceutically acceptable salt of dapaglifiozin, canaglifiozin,
empagiitiozin, ipraglifiozin, tofoglifiozin, serglifiozin {such as serglifiozin etabonate},

remnogiifiozin {(such as remoglifiozin etaponate}, ertuglifiozin or sotagiifiozin.

In further empodiments, the sodium-glucose transport protein 2 inhibitor is a solvate
of a gliflozin, For exampie, the further active ingredient may be a solvate of
dapagiifiozin, canaglifiozin, empaglifiozin, ipraglifiozin, tofogliflozin, sergliflozin {such
as sergiifiozin efabonate), remodglifiozin {such as remogiifiozin etabonate}, ertugiificzin

or sotagiifiozin.
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In vet further embodiments, the sodium-glucose transport protein 2 inhibitor is a
orodrug of a glifiozin, For exampie, the further active ingredient may be a prodrug of
dapagiificzin, canaglifiozin, empaglifiozin, ipraglificzin, tofoglifiozin, serglifiozin {such
as sergiifiozin etabonate), remoglifiozin {such as remogiificzin etabonate), ertugiifiozin

or sotagiificzin.

The methods of the invention {(and oral dosage forms useg in such methods) disciosed
nerein may aiso have the advantage that the dose-gfficient methods using the salt of
the invention may be more efficacious than, be iess toxic than, be iohger acting than,
be more potent than, produce fewer side effects than, be more easiiy agsorbead than,
and/or have a betiter pharmacokinetic profile {e.g. higher orai bicavaiiability and/or
lower clearance) than over other therapies known In the prior art, whether for use in
the above-stated ingications or otherwise. In particular, methods of the invention may
have the advaniage that they are more efficacious ang/or axhibit advaniageous
sroperties in vivo such as fewer side effects as a result of the dose-efficient

characteristics of the saif of the invention.

Figures

The foliowing drawings are provided to iiustrate various aspects of the present
inventive concept and are nol infendsad o iimit the scope of the present invention

uniess specifisd hereain.

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

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

Figure 2 shows comparative results of oral pharmacokinetic studies (davys 16 1o 19 and

25} using 200, 400 and 800 mg doses of the sait of the invention.

Figure 3 shows comparative resuits of oral pharmacokinetic studies {day 21} using
212.12 and 424.24 mg doses of the sait of the invention. Thease doses correspond 1o
200 mg and 400 mg, respectively, of 4-chioro~-N-{2-{{4-chiorophanyiimethyl}-3-0x0-

1,2, 4-thiadiazoel-5-vijgenzamide.
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Exampies

Abbreviations

AUCo-za: Area under the plasma concentration-time curve from time zero 1o 24
davys

AUCast: Araa under the piasma concentration-time curve from time zero to last
guanfifiaible concentration

ALICss: Araa under the piasma concentration-time curve steady state

ALIC:: Araa under the piasma concentration-time curve from time zero o
time {

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

Cimax: Fealk plasma concentralion

Ctrough: Minimum piasma concentration

IMP: Investigational medicinal product

Trnax: Time {0 reach the peak glasma concentration

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

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

Exampie 1 -~ preparation of 4~chioro~-N-{ 2~ {4-chiorophenviimethvyi i~3-0X0~

i, 2, 4-thiadiazoli-5-yi ibenzamide sodium sait

Scheame:

Procedure:

To a suspension of 4-chioro-N-{2-i {(4-chlgrophenviimetnyvii-3-ox0-1,2,4-thiadiazol-5-
vilbenzamide {100 g, 0.2629 moi) in isopropano! {1.0 L) was added slowly a solution
of sodium hvdroxide {11.56 g, 0.28%1 mol) in water {100 mL) at 25+5°C. The mass

was stirred for 3 h at 255%C and cooled 1o 5E£5°C, The mass was stirred for 3 h at
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5E5°C and filtered to coliect the solids. The solids were washed with isopropanc! (300
L) and dried for 8 h under reduced pressure at 35£5°C, The dried solids were
micronized twice using an air jet mill with 4.0 kg/cm? of primary pressure, 7.0 kg/cm?
of secondary pressure and scraw feader with 8 RPM to isolate the desired sodium sall
as white solid {50 g, 48%).

Repeated dry milling using a jel mill under argon at a8 primary pressure up to 4.0
Kg/cm? and the secondary pressure up to 7.0 kg/cm? was used {o give a particle size
distripution with a D10 vaiue of {.3um, a D50 vaiue of 1.9 um andg a DS vaiue of

7.1 um {(as determined by laser diffraction (Malvern Instrument, Mastersizer 3000)).

Example 4 - Pharmacokinetic studies in humans

The test material used in Example 2 was a sodium salt of 4-chloro-N-{Z2-[{4-
chiorophenviymethyi}-3-ox0-1,2,4-thiadiazel-5~vi {banzamide. This substance is
referred 1o beiow as "the test material” and simiiar. The fest material used in the study
was synthesised and purified by Anthem Bioscience Pvt. Lid. {Bangalore, India). The
grug product containing the test material was produced by RISE (S8dertalie, Swedean)

for Betagenon AB (Umead, Sweden).

Methods

Clinical study design.

An open, randomised, paratlel-group study in neaithy volunteers (hereafier referred o
as subjects) was conducted o evaluate the exposure of 4-chioro~-N-{Z2-[{(4-
chiorophenyiimethyi}-3-0x0-~1,2,4-thiadiazoi-5-yilbenzamide after single and mulitipie
dose administration of 3 dose leveis of the sodium salt of 4-chioro-N-{Z2-[{4-
chiorophenviymeathvil-3-ox0-1,2,4-thiadiazol-5-yi{benzamide  and to  evaluate

combination with dapaglifiozin at steady state.

Main inciusion criteria; Heaithy male supiects and nhealthy female subjects of non-
childbearing potential, 18-65 vears of age, with a body mass index {BMI) = 18.0 and
< 30.0 kg/m¢<.

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

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

Clinical Study Compound
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A good~manufacturing practice {GMP) 1 kg batch of the {est material was manufactured
according to a method analogous to that in Exampie 1. The compound was provided

in the form of a white to off-white crystalline powder with a DY0 <8 um, determined

by laser diffraction (Malvern Instrument, Mastersizer 3000).

For the study, Vcaps enteric capsules, size §, were individually filled with 2008 mg of
milied fest material together with 2 mg of sodium docusate, 125 mg of mannitol and

6.5 mg of sodium lauryl suifate.

Commercially avaiiable oral tablels of dapaglifiozin, 10 mg, were provided.

Clinical Methodology
Twenty-four (24) subjects were randomised (L:1:1) o treatment with either 200 mg
{1 capsuie of 200 mg), 400 mg {2 capsules of 200 mg} or, 800 mg (4 capsuiss of 200

g of the tesi material.

A screening visit (Visit 1) was performead within 28 days bpefore 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
aliocated to one of three paralial dose groups of the IMP, 200, 400 or 800 mg once
datly {1:1:1).

Pre~-dose safely assessments as well as pre- ang post-dose PK agssessments were
performed. The subiects left the clinic after the last PK-sample on Day 1 and returned

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

Subjects self-administered the test material at home from Day 3 to Day 1h A
telephone visit {0 check compliance, Ak status ang use of concomitant medications will

he performed on Dav 8 (Visit 43,

The subjects returned o the clinic on Days 18 and 17 (Visits 5 and &}, for PK sampiing
and AE assessment, Visit & continued in the evening of Day 17, when the subjects were
confinaed to the clinic until Day 18, On Day 18, pre- and post-dose PK and safety
assessments were performed. The subjects ieft 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 pegan co-agministration of the test material and

dapagiifiozin (Forxiga), 10 mg per day for 7 days (Day 19 {0 Day 25). The subijects
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returned to the clinic on Day 25 {(Visit 8} for final gosing, PK and safety assessments.
A final end-of-study visit {Visit 9} for follow~-up of safety assessments was conducted

28 davys {(+ 14 days) after Visit 8 or after early withdrawal,

Venous blood samples {(approximately 5 mb) Tor the determination of plasma
cohcentrations of 4-chloro-N-{Z-[{4-chiorophenviimethvli-3-0Xo-1,4,4-thiadiazoi-5-
vitbhenzamide after administration of the test material were coliected througn an

indwelling venous catheter on Davys 1, 2, 16 t0 19 and 25,

The biood samples were collected in pre-iabelled Li-Heparin tubes. All the coliected
Dicod 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 each blood sample
was be divided into 2 aliguots in pre-iabelled polypropyviene cryotubes {A ang B
samples, approximately 750 ul in each tube} and frozen at <-70°C., Un Day £5, the
slasma was diviged in o 3 aliguots of at ieast 500 ul (A and B samples for the fest

material, and 1 sampie for potential future analysis of gapaglitiozing.

Sampies for determination of piasma  concentrations of  4-¢hioro-N-[2-[{4-~
chigrophenviymethyij-3-oxXo-1, 2, 4-thiadiazol-5-viibenzamide were analysed Dby

Labiviica Life Sclence AB, Uppsala, Sweaden by means of a validated L5-M5/MS method.

Data Analysis

The data of plasma concentration to respeactive time points for the analvie {(4-chioro-
N-f 2~ {4~chiorophenylimethyl]-3-oxo-1,2,4-thiadiazoi-5-vlibenzamide) were used for
the pharmacokinetic analysis. Pharmacekinetic analysis was performed using non-

compartmental anaivsis (NCA) moduie of Phoenix WinNoniin 8.1 50

ware o determine

the foliowing pharmacokingtic parameters,

After single doss administration of test material:
o AlUCo-24, Crax, Tmax and dose proportionaiity {(bhased on AUCq24 and Cmax)

{secondary endpointis).

After muitiple dose administration of test material:
s AUChu and Umax, at steady state (primary endpoints)
¢ AUCH AUCs:, Tmax {secondary endpoinis}
« [Dose proportionality after mulliple doseas, based on AUC at steady state (AUCss)
and Cmax (secondary endpoints)

¢ {oough Pre~gose on Days 16 ang 17 {secondary endpoint)
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» Accumulation ratio {secondary endpoint].

Results

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

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

The resuils snow thal there was substantial accumuiation of 4-chioro-N-{Z2-[{4-
chioropnenvyiimethyil-3~-oxo~1,2,4-thiadiazoi~-5-vyijcenzamide in the Biood plasma after
repeat dosing. Trough concentrations are similar on days 16 o 25, suggesting that
steady state conditions (or at least ¢lose to steady state) have been established before
day 18. At day 18, there is vary little variation in the plasma concentration and a iarge
increasa in Cmax cOMpPpared o pravicus pnase [ and phase [Ia pharmacokinatic studies
performed with  d-chioro-N-{ 2-[{4-chiorophenvylimethvi]-3-ox0-1,2,4-thiadiazol-5-

vitbenzamide in suspansion.

In previous phase lla stugies involving patients with type-2 diabetes receiving 1000
Mg/ day of d4-chioro-N-{ 2~ {d-chlorophenvylimethvi]-3-ox¢-1,2,4-thiadiazoi-5-
viibenzamide in suspension, the mean (max af day 28 was 55 ug/mi. This was an
axploratory proof-of-concept randomised, paratliei-group, doutle-plinded, placebo-
controlled phase [la 28-day study (TELLUS) conducted in &5 patients on Metformin for
>3 months, TELLUS is listed in the BEudraCTt database protocol no. 2016-002183-13.

When compared [0 a standard suspension of the aclive ingredient, thers was 3
surprising and substantial {(up to Tive-foid) Increase in the systamic exposure of 4-
chioro~N-{ 2-[{4~chicrophenyiimethvyi}-3-0x0-1,2,4-thiadiazel-5-vijbenzamide  when

200 mg of the sodium salt of the active ingredient was administeread to the subject.

AUC!ast
Dose group | Sampling | Cwmax (g /mbL} Tmax {11} (h*ug/mil}
200 Day 1 7.193 14.98 87.37
Day 18 49.86 §.025 1061
400 Day 1 10.62 15.37 158.5
Day 18 70.77 3.31 1541
200 Day 1 22.76 15.59 340.5
Day 18 118.5 11.48 2619

Tabie 1. Mean Plasma Pharmacokinetic Parameters For the Analyte
{4d-chioro-N-{ 2-[ {4~chlorophenyimethvl|~-3-oXx¢o-1,2,4-thiadiazol-5-~-vlibenzamide)

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 tablet
formulation of 0304 Na salt

The test material used In Example 3 was a sodium salt of 4-chioro-N-{2-[{4-
chiorophenyiiymethyii-3-ox0-1,2,4-thiadiazol-5-vilpenzamide. The free base form of
this supbstance {i.e. 4-chicro-N-{Z2-{ {d4-chiorophenviimethyii{-3-0x0-1,2,4-thiadiazol-5-
viibenzamide} is referred 0 below as "the test substance”, IMP andg similar. The drug
substance in the {est material used in the study was synthesized by Anthem
Biosciences (Bangalore, India) and the tablets (drug product) were produced by
Recipharm Pharmaservices Pvt. Ltd. {Bangalore, India) for Betagenon Bio AB {(Umea,

Swedean).

Mathods

Clinical study design.

An open, randomised, parailel~-group study was conducted o evaluate the exposure
and safety of 4-chioro-N-j2-[{4-chicrophenyliimethvli~3-oxo-1,2,4-thiadiazoi-5-
viibenzamide sodium sait tablets indoses of 212,12 mg and 424.24 mg {(aquivaient Lo
200 mg and 400 mg doses of 4-chiloro-N-i2-{{4-chicrophenyiimethyl]-3-oxo-1,2,4-
thiadiazol-5-ylibenzamide) at steady state in healthy volunteers {(hereafter referred {0

as subjects).

Main inciysion criteria: Heaithy male subjects and healthy female subjecis 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; Subiects with a history of any clinically significant disease or
disorder which, in the opinion of the Investigator, may either put the subiect at risk,

or influsnce the rasulls or the subjact’s ability o participate in the study.

Clinical Stuagy Compound

Fach T400 mg” tabiel contained 424.24 mg of a sodium salt of 4-¢chioro-N-[2-[{4-
chiorophenyiymeathyij-3-0ox0-1,2,4-thiadiazol-5-vijbenzamide (Compound of formula
I1} which corresponds o 400 mg of the parent compound 4-chioro-N-[2-[{4-

chiorophenyiymethyl}-3-0x0-1,2,4-thiadiazol-5-vilbenzamide.

The formulation detalls of the "400 mg” tabiel are shown beiow in Table 5.
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: Component Content Function Reference fo standard
- per tablet

Compound of formula 11 | 424.24 mg | API -
Microcrystatline 206.59 mg Filler/ Binder Ph. Eur.
celiulose j
Lactose monohydrate 413.17 myg Fitler Ph. Bur,
Sodium starch glvcolate $0.00 mg Disintagrant Fh., Bur.
Colioidal silicon dioxide 30.00 mg Gildant Ph. Eur,
Magnesium stearate 36.00 mg Lubricant Ph. Eur.
Total . 1200.00 mg

Table 5. Drug'product composition of the 400" mg taplet

Fach tabiet nad a score {ineg, which made it possibie 1o spitt the tablel inte 2 pieces for
administration of the lower dose of 200 mg of 4-chioro~N-{ 2-[{4-chicrophenyiimethyi]-

3-0x0-1,2,4-thiadiazol-5-viibhenzamide,

Clinical Methodoiogy
Twenty (20) subjects were randomised (1:1) to treatment with either 200 mg {1 tablet

of 200 mig) or 400 mg {1 tabiet of 400 mg} of the test subsiance.

A screening visit (Visit 1) was performed within 28 days pefore randomisation and the
start of IMP administration. The subiects arrived at the research clinic on Day 1 {(Visit
23, randomised, and received the first administration of the test substance (200 myg or

400 mg as randomised).

The subjects refurned to the clinic in the moining of Day £ {Visit 3) for pre-dose PK

sampling and subseqguent administration of the test substance.

Beforg ieaving the clinic, the subjects were provided with the test substance for 18

days once dally seif-administration at home (Day 3 to Day 20).

It addition, the subijects were instructed how o use an slectronic giary in which their

daily intake of the test substance was registerad. Subjects were contacted by phone

cn Day 11 +£1 {Visit 4} for a check-up of adverse avenis {(AEs), use of concomitant
medications andg IMP accountabiiity. Site personnel contacted subjects who do not

reguiarty register IMP intake in the electronic diary.
After 18 days of home-~-based self-administration of the test substance, the subjects

returned to the cinic in the morning of Day 21 {Visit 5} for pre-dose PK sampiing and

subseguent administration of the iast dose of the itest substance. The subjects
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remained at the ciinic for at {east 8 hours post-dose for safely assessmenis and
additional PK sampiing. In the morning of Dav 22 {(Visit 6}, the subjects came for a iast

visit o the dclinic for a final PK sampie 24 hours after the {ast dose,

A final telephone-pasead end-of-study visit (Visit 7} will took place approximately 2

weeks after the last dose, on Day 35 £3 gays.

Vencus blood samples {approximately 5 ml) for the determination of plasma
concentrations of 4-~chicoro-N-{Z-{{4-chiorophenviimethvi{-3~0x0~1,2,4~-Thiadiazol~-5-
viibenzamide after administration of the test substance were coilected through an

indweliing venous catheter on Days 2, 21 and 22.

The blood samples were collacted in pre-iabelied Li-Heparin tubes. All the coliected
Dlood sampies were be centrifuged at 1580 G for 10 minutes o saeparate plasma within
60 minutes from the sample is drawn. The separated piasma from each biood sample
was be divided intc 2 aliguots in pre-iabelled polypropviene cryotubes (A ang B

samples, approximately 750 yl in each tube) and frozen at <-70%C,

Sampies for determination of plasma concentrations of 4-chioro-N-[Z2-]{4-
chigrophenviymethyij-3-oxXo-1, 2, 4-thiadiazol-5-viibenzamide were analysed Dby

Labiviica Life Science AB, Uppsaia, Sweden by means of a validated L5-M5S/MS method.

Data Analysis

The data of plasma concentration to respective time points for the anaivite (4-chloro-
N-f 2~ {4~chiorophenylimethyl]-3-oxo-1,2,4-thiadiazol-5-vlibenzamide) were used for
the pharmacokinetic analysis. Pharmacgekinetic analysis was performed using non-

compartmental analysis (NCAY moduie of Phoenix WinNoniin 8.1 508

ware to determine

the following pharmacckinelic paramelers after multipie dose administration of test

stibstance,

Primary engpoint:

o (ax, AUCoast, Tmax &t steady state Day 21 in each dose group.

Secondary endnoints:
¢ Accumuiation ratio based on piasma concentrations 24 nours after first and {ast
dose.

¢ [ose normalised Crmax and AUCeast at steady state Day 21,
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Results

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

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

The results show again that there was substantial accumuiation of 4-chioro-N-[2-{{4-
chiocrophenyiimethyij-3-0x0-1,2,4-thiadiazol-5-vilpenzamide in the blood piasma after

repeat dosing.

Moreover, there was a surprising and supstantiat {approximately seven-foid) increase
in the systemic accumuiation of 4-chioro-N-{ 2~{ {4-chiorophenylimetnhyi]-3-0x0-~1,2,4~
thiadiazol-5-viibenzamide from Day L o Day 21 when 212 mg of the sodium salt of
the active ingredient in tablel form was administerad to the subject, An approximately
five-fold increase in the sysismic accumulation of  4-chioro-N-[2-[{4-
chicrophenyiimethvil-3-0X0-1,2,4-thiadiazol-5>-viibanzamide from Day 1 to Day 21
was observed for subijects administered with 424 mag of the sodium salt of the aclive

ingredient in tabiet form.

When compared to capsuies containing 200 mg of the sodium sait of active ingredient,
there was a sighificant {(up to two-fold) increase in the systamic exposure of 4-chioro-
N-{2-i{4-chlorophenyiymethyll-3-0oxe-1,2,4-thiadiazol-5-yilbenzamide when 212 mg
of the sodium salt of the active ingredieni in tablel form was agministered to the

suiect.

Further, tablets and capsulas containing the sodium sait of the active ingredient both
provided surprisingly higher dose-normalized plasma exposure of 4-chioro~-N-{2-[{4-
chicrophenviimeathvii-3-oxo0-1,2,4-thiadiazol-b-vi{benzamide compared o multinle

administered doses of the free base of the active ingredient in suspension,.
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Claims

1. A method of activating 5 adenosine monophosphate-activated protaein kinase
(AMPK) comprising agministering Trom about 200 o about 1000 mg/day of a sodium
5ait; Of 4-chioro-N-{ 2-i {4-chigrophenviimethvyli-3-0x0-1,2,4-thiadiazoi-5-

viibenzamide in a pharmaceutical dosage form o 3 human subject.

2. The method according to Claim 1, wherein from about 200 to about 800 mg/day
or from about 200 to aboutl 400 mg/gay of the sodium sait of 4-chioro~N-{2-[{4-
chiorophenyiimethyi}-3-0x0~1,2,4-thiadiazol-5-yiipenzamide is administered to the

human subject.

3. The method according to Claim 1 or Claim 2, wherein the sodium salt of 4-
chicro-N-{Z-{{4-chiorophenvyiimetlhyi|-3-0x0o-1,2,4-thiadiazol-b-vilbenzamide 1S
agministered daily to the numan subject and resuits in a peak blood plasma
concentration of 4-chioro-N-j2-1{4-chicrophenviimethvii~-3-ox¢o-1,2,4-thiadiazoi-5-
viibenzamide of at least 40, 50, 60, 70, 80, 90, 100, 110, 120 or 130 ug/mi.

4, The method according to Claim 3, wherein the paak piood plasma concentration
IS reached after achieving a steady state concentration.

of The method according to Claim 3, wherein the peak diood piasma concentration
s reached atter 15, 16, 17 or 18 davs.

6. The method according to anvone of the precading claims, wherein the sodium
sait of 4-chioro-N-{ 2-i {(4-chiorophenyymethvli-3-ox0-1,2,4-thiadiazol-5-
viibenzamide is provided in the form of particlies having a particle size distribution

defined by a D90 of less than about 10 um.

7. The method according to any preceding claim, wherain the method activates
adencsine monophosphate-activated protein kinase {AMPK) and thereby {reats heart

failure.
3. The method according to any one of Claims 1 to &, wherein the method activates

5 adenosineg monophosphate-activated protein kinase {(AMPK) and thereby treats

diabetic Kidney disease.
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9. The method according to any one of Ciaims 1 te 6, wherein the meihod activaies
5" adenosine monophosphate-activated protein kinase {AMPK) and thereby ireats

diabeates,

5 10, The method according o any one of Claims 1 o 9, further comprising
administering a8 sodium-giucose ransport protein 2 (SGLTZ) inhibitor, or 3

pharmaceuticaily 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-j 2+
10 {(4d-chiorophenylimethyi]-3-0x0-~1,2,4~thiadiazoi-5-ylibenzamide and the SGLTZ

inhibitor are administered seguentially or simuitanecusiy to the numan subject.

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

15 etabonate, remoglifiozin etabonate, ertuglifiozin or sotagiifiozin.

13, The method according to any one of the preceding claims, wherein the
pharmaceutical dosage form comprises an enteric coating, preferably whersin the
anteric coating comprises peaswayx, shellac, an alkyicaliuiose polymear résin, an acrvlic

20 Nolymer resin, caliulose acetate phthalate or poivviny! acetate phthalate,

14, The method according t© any one of the preceding claims, wherein the
pharmaceutical dosage form comprising the sodium sait of 4-chioro-N-{2-[{4-
chiorophenyiimethyil-3-0x0-~1,2,4-thiadiazoi-5-yilbenzamide further comprises at
25 least one pharmaceautically acceptable excipient selected from the group consisting of
3 {ubricant, a binder, a Tiller, a surfactant, a diluent, an anti-adherent, a coating, a
Hlavouring, a colourant, a glidant, a preservative, a sweetener, a dgisintegrant, an
adsorbent, a buffering agent, an antioxidant, a chelating agent, a dissoiution enhancer,
a dissoiution retardant and a wetting agent.
30
15, The method according to any one of the preceding claims, wherein the

sharmaceutical dosage form s a capsule or a tabiet,
16, An oral pharmaceutical dosage form comuprising from about 200 to aboutl 1000

35 mg of a sodium salt of 4-chioro-N-{Z-{{4-chiocrophenvi}methvyii-3-ox0-1,2,4-

thiadiazol-5-viibenzamide.,
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17. The oral pharmaceutical dosage form according to Claim 186, wherein the
sharmacautical dosage form comprises from about 200 to about 800 mg or from about
200 to about 400 mg of the sodium salt of 4-chioro~-N-[2-[{4-chiocrophanyiimesathyi]-3-

oxXo-1,2 ,4-thiadiazol->-vijoanzamide,

18, The oral pharmaceutical dosage form according to Claim 16 or Claim 17,
wherein the pnarmaceulical dosage form comprises an enteric coating, preferably
wherein the enteric Coating comprises peaswaX, shellac, an atkyicetiulose polymer
resing,  an acrviic poilymer resin, ceiiulose acetate phthaiate or polyvinyl acelate

phithaiate.

19, The oral pharmaceutical dosage form according to any one of Claims 16 to 15,
wherein the pharmacsutical dosage form  further comprises at  ieast one
sharimaceulicaily acceptabie excipient selected from tThe group consisting of a lubricant,
a binder, a Tiller, a surfactant, a diluent, an anti-adherent, a coating, a flavouring, a
colourant, a glidant, a preservative, a sweelener, a disintegrant, an adscorbent, a
Huffering agent, an antioxidant, a chelating agent, a dissolution enhancer, a dissoiution

retardant and a wetting agent.

20 The oral pharmaceutical dosage form aceording to any one of Ciaims 16 to 19,

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

2L, The oral pharmaceutical dosage form according to any one of Ciaims 16 to 24,
wherein the scdium salt of 4-chloro-N-[2-{{4-chiorophenylimethyi]-3-0x0~1,2,4~
thiadiazol-5-viibenzamide is provided in the form of particles having a particle size

distripution defined oy a DY0 of iess than aboul 10 um.

22. Use of an oral pharmaceutical dosage form according to any one of Claims 16
to 21 in the manufacture of a medicameant for the reatment of a disease ¢r disorder
by activating AMPK, wnerein from about 200 to about 1000 mag/day of the sogium sait
cf 4-chioro~N~{Z2-[{4-chiorophenyiimethvil-3-0x0-~-1,2,4~thiadiazol-5~vilbenzamide is

administered 0 a human subject,
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