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NEW USE OF N N-BIS-2-MERCAFTOETHYL ISOPHTHALAMIDE

Fleld of the Invention

iR

The present invention relales fo new medicyl uses of the compound N AN-bis-2-
mercapiosthyl {sophthalamide {(NBMI) and pharmsceutically scceptable salls andior
detivalives thereol. In particular, the invention relales o the use of such compounds in
treating or preventing the sifects of parscstamel foxicity, which may ocour dus to thetoie
gifects of paracetamol overdoss. More particudarhy, the wention may relsts o the

Do

freatmert of prevention of acule Hiver fallure ooouring as a resull of paracelamol foxiaity,

Background of the Invention

The Hsling or discussion of an apparently prinrpublished docurment in this specification
15 should 1ot necsasarly be laken as an acknowledgement that the document is part of the

state of the art or s cormnminn general knowledgs.

Liver disorders caused by damags 1o the liver roprasent serlous and offen ife-threatening
eonditions, Acute Hver Tallure {ALFY i among the most critical of lver disorders, with a
20 very high incidence of moriality among sufferers. Thers are many polentisl causss of ALF,
including the progression of liver diseases, sucl as viral hepatills, aloohalic iver dissase

and non-aleohalis fatly ver disease, and the toxde sffects of madication.

Among thoss medications known 10 be potential causes of liver damags lsading lo ALF,

88 paracetanmol foxiclty stands out as belng pariicularly dangerous, not least dus o s
polential {o cause rapid damage © fver tissug, often leading o reparable damage to the
Hver and thus 1 rreversible fiver fatlure.

Paracatamol (also known as scefaminophen) is a widely used and effective pain kitter for
3B mild o moderats pain, However, as i s highly toxic at dosss only moderatsly greater than
the effective therapeudic dose, accidental paraceiamol inlexication s a significant risk,
Morsover, as itis commonly known o have hanmdud sffects when administered in excess,
deliberate paracstamol intoxication through overdoss has heer used as g means for seli

harm in those with suicidal lendencies. For these reasons, paracefamol overdose is the

o

most common form of infoddeation from authorised medication, leading to over 100,000

smgrgency room visits per year in the US and the EU alons.
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Following administration, paracetama! is melabolised in the liver {0 the oxis infermediate
N-geatyb-p-banzoguinens imine {(NAPGH, which under normal oircumstances s delaxifiag
through conjugation with the endogenous antioxidant glutathione and consequently

sxorated as the non-toxic cyateimd pacacelamal. However, in Bimes of siress, such as in

(%53

the svert of 3 paracsiamol overdose, stores of glutatidons in the Hver are deplsted, leading
o oxidative stress and the formation of NAPQLprotein adducts, which in tum causes rapid
ver damage. In serious cases, his toxie offect ivads o ALF and, ¥ lefl untreated, may

rgsudt i desth,

16 The stendard treatment for paracetamol foxicly s fo administer high doses of Neaostyl
oysteine (NAG) over an exiendad penod, NAC i3 an analogue of cysleine which is &
precurser fo glidathione and thus is thought fo replenish stores of glidathione in the fiver,
in turn leading fo the restoration of its protective effect. Treatment of paracelamaol toxicity
with NAC is effective wher itis administersd within 8 hours of the ingestion of a toxic dose

15 of paracetamicl, However, the effectiveneas of NAC treatmeant rapidly diminishes if R s
administered moere than 8 hours after paracstamol ingestion, as the glulathions levels have
then decreased foo much {approximatsly below 705% of normal levels) and cannot bind fo
alf of the NAPGH mistabolite, which then causes damage to the ver. Whils NAC Hsell does
bing to NARPQE in vilro, NAC Is unable © halt an infoxication i vive,

byvs
<

Thereforg there Is @ significant dlinjcaliy-unmet need for the development of novel and
affective slternative therapies for the treatment and prevention of liver damags caussd by

paracetamni toxioity,

25 N NBis-Zemercapinethyd isophthaiamide (NBMD was first disciosed iy a patent application
granted as US palen! number US §,5888,800 82, ls use as a dislary supplement is
disclosed In US patent appiication 2010/0227818, and i is also known 1 be a cheialor of
heavy metals, such 35 meroury, cadmium and lead.  Analogues of NBM have been
disclosed in, ffor afla, granted US patent US 8,428,368 B2, and internationsl patent

30 applications WO 011088385 and WO 2012121788,

However, thers has besn no leaching or sugyestion relating fo the polential use of NEBM

or derivatives thereol it the treatment or preveniion of fver damage csused by

garacetamol toxicity,
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Regoription of the Invention

We have now surprisingly found that administration of MNBMI following parscetamcd
gverdoss can prevent or reduce tiver damage, thus providing an effecting means o treat

5 or pravent the affects of paracetamol toxicily. NBMI thersfore shows graal promise as an
improved treatment for paracetamol toicily and acute liver failure related ©© paracetamol
toxicity.

New methads and medical usss

According 1o a first aspect of the invention there is provided the compound N N-bis-2~
mercaptoethyl sophthalamide (NBMB, or a pharmacsutioaiiv-goceptalde salt andior
darivative thereof, for use in the treatment or prevention of paracelamat toxiaity.

15 Unleas specified othsrwise, NBM and phamscoutically-acceptable salls  andéor
derivatives thereof may be reforred to herein as “compounds of the Invention”

in an allemative firsl aspect of the hvention there 5 provided the use of the compound
N AN-bis-d-mercaptosthnd isophthalamide, or 8 pharmaceuticaily-acosplable salt andfor
20 derivative thereof, in the manufacture of a medicament for the fregtment or pravention of

paracetamal foxicity,

n g further alternative first aspect of the invention there s provided a method for the
reatmant or prevention of paracelamol toxiclly, which method  comprises  the
28 administtation of an sifective amount of N ANBis-Z-mercaptosthyl isophithalamide, or a
pharmacsutically-acceptable salt andior derivative thereof, to 5 patient in need thereof {Lea.

a patient of such realmert of prevention).

Unless indicated otherwise, all tachnical and sclentific terms usad hersin have the sams

1923
pae

meaning as commonty understocd by one of ordinary skill in the art {o which this invention

pariaing,

Particular Teatures and embodiments describad in relation o & given 3spect of the

invention shoudd, uniess the context indicatss otharwise, be regarded as having bea

a3

%

disclosed in combiration with any and all other particular features and embadiments of
that aspeat of the vention.
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For the svoldances of doulbt, the compound NBMI as described hereln may aiso be referred
fo by the frade name Irminix® or by the internstional non-propristary name KN}
Emaramide. The structure of'the compound {in non-salt forml s reprasented below.

\f’ \f;“} \:}
r,;\z% HA.
N J
% TBH HS"

Pharmaceutically acceplable salts as referred fo within the scope of the present invention
hclude ackd addition salls and base additiory salts.  Such salls may be formad by
conventional means; for example, by reaction of a free acid or a free base form of 2
0 compound of the invention with one or more squivalents of an appropriste acld or base,
optionally in a solverd, or in a medium in which the ealt is inscluble, followed by remaoval
of said solvent, or said medium, using standard technigues {8.g. under reduced pressure,
by freexe-drying or by filtration}. Salls may also be preparad by exchanging a sounter-ion
of & compound of e invention in the form of & sall with another counter-ion, for exampls,

B using 8 suilable fon exchangs resdn.

Panicular acid addition salis that may be mentionsd indlude carbowviate salts {sg.
formate, acstale, Uflucrcacetate, propionale, isobulyrale, heptancate, decancats,
caprate, capryiate, siearale, acrylale, caproate, propiolate, gscorbate, cltrale, glucuronate,
an glulamats, glyoolste, o-hydroxybulyrate, lactale, tarate, phenyiacetste, mandelats,
shenyipropionate,  phenylbutyrate,  benzoale,  chiorobenzoste,  methylbanzoste,
ydroxybenzoate, methoxvbenzoate, dinfrobenzoate, o-acelony-benzoste, salivyiale,
niootingts, lsonicolinate, chnamale, oxalate, malonale, succinate, suberale, sebacals,

furmarate, malale, maleals, hydroxymaleats, hippurste, phihalale or lerephthalate saits),

N
6]

halide salls {8 chiorde, bromide or jodide salts), sulphonale sasils {eq.
banzenesuliphonate, methyl-, bromo- or chioro-benzenesulphonats, xylenesulphonate,
methanesuiphonate, sthanssulphonate, propanesuiphonate, hyvdrey-sthanesulphonsts,
1- or - naphthaisne-sulphonate or 1, Bnaphthalsnedisulphonate salts) or sulphats,
oyrosulphale, bisulphale, sulphite, bisulphite, phosphats, moenohydrogenphosphats,
30 dihydrogenphosphate, metaphosphale, pyrophosphate or nitrale salls, and the ke,

Particular hass additfon salls that may be mentioned include salts formed with atksl metlals

fsuch as Ma and K salis), atkaling earth matals {such as Mg and Ca salts), organie and
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inorganic bases {such as alurminium hydroxide). Mors particudary, base addition salts that

may be mentioned include Mg, Ca and, most particutarly, Kand Na salls.

Farticular pharmaceutivally-acceptable salls that msy be mentioned {in particudar, when
5 formning salte of NBMU Include Dase adddition salts, such as those formed with atkall mstals
{£.g. salts formed with Na or K},

The skilled person will undersiand that references © pharmaceuticaliy-accepiable

derivatives of NBMI will include compounds forrmed by derivatisation of NBM llowing
18 procedures known o those skilled in the art, such as through modification of one or movs
of the -NH- andfor -BH moleties thersin, For sxample, references o sush darivalives may
includs derivalisation of -NH- moleties through atkylation thereof {e.q. fo form an KR
moiety, wherein R’ represents G allyd optionally substituted with one or more Suaro
graup, such as wherein RY represents methyl} andfor derivatisation of ~-SH moleties
through alkyiation thereof {(g.g. o form an -8R molety, whersin R® rapresents G aligd

Py
o

optionatly substituted with ong or more fluere group, such as whersin RE represents
matngdd or esterification thereof (e.g. 1o farm an -SCIOR® molety, wherein R ropresents
Cray alkyl optionally substitided with ong or more Huore group, such as wherein RS
reprasants mathyl, or another molsty resulling from reaction of a pharmaceutiosthy-

¢ acceptable compound capable of forming such thicssters, such a3 a pharmacauicalhy-
accepiable carboxyhic acid or aster),

Particular pharmaceuticaliy-acceptable derivatives of NBRMI that may be mentioned includs
the disulphide bridged additions of glulathions, oysteing, alphadibydrolipeis ackd,

25 oystaming, thiviphosphate, S.ihivladenosing, L-homooysteine, co-ensyme A, 2-
mercaptosthanol and dithicthreitol,. Such derivativas rmay be prepered by analogy o the
procedures desaribed in, for example, US patent application 20110237778, the contents
of which are hereby ncarporaisd by referencs,

3 For the avoulance of doubtl, references lo “NA-bis-Z-mercaplosthyl isophithalamids
{(NBMD), or a pharmaceautically-acceptable salt andior derivative thersol will indicste that
NBM! miay be present in the form of g pharmaceutically-accepiable salt thereof, a
pharmaceuticaliy-accsplable dervative thersof, or a pharmacsutically-accepiable salt of a2
pharmacsuticaliy-accepiable derhative thersofl

£
&

Particular compounds of the invention thal may be mentionsd includs NBM and

pharmacsudioaliy-acoeplable salts thereof,

o1
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More particular compounds of the invantion that may be mentionsd include NERML

For the aveidance of doubl, sompounds of the invention may axist as solids, and thus the
scope of the Invention includes all amorphous, orystalling and parl orystaline forms
thereaf, Whers compounds of the invention existin arysialline and part arysialiine forms,
such forms may holude sobvates, which are included i the scope of the invention,

Compounds of the invantion may also axist n solution.

The present invendion alss embraces isotopically-labelied compounds of the nvantion,
which are iderntical, bud Tor the fact that one or mors atoms ars raplaced by an gtom having
art atomic mass or mass number different from the alomic mass or mass number usually
found in nature {or the most abundant ons found in natrs). All isolapes of any particular
atom or slement as specified hersin are contemplated within the scoge of the compounds
of the imvention. Hence, references o the compounds of the wention also includes
deutersted compounds, Le. in which one or more hydrogen atoms are raplaced by the
hydrogen isolope deuterium,

The skilled person will understand that references herein to the “treatment” of 3 particulsr
condition {or, similarly, 1o Mreating” that condiion} ake their nomial msanings in the fleld
of medicine. in particudar, the terms may refer o aohisving @ reduction in the severity of

one or more dinlesd symiptorny assosiated with the pondition,

The shkilled person will understand that references hereln {o "prevention” of a particudar
condition {and, similarly, to “‘preventing” that condition} take thelr normal meanings in the
art.  In partioular, these lerms may refer fo achisving & raduction in the fkelihood of
developing the relevant condition or symptoms associated with the relevant condition {(for
axample, a reduction of af least 10% when compared o the baseline level, such as a
reduction of at least 20% or, more particuiarly, a reduction of al least 30%). Similatly, the
torm "preventing” may also be referrsd 1o as ‘prophyiexis” of the relevant condition, and

ViCS versa.

For example, when used in relation fo paracetamuol toxiclly, references to "pravention” may
refer o reducing the likelihood thal the patient will experience the effects of paracstamnt
foxicity, such as ver damage {including ALF), Similarly, refersnces (o "rsaling” may refer
¢ reducing the severfly of ihe sffecls of paracetamol foxichly, such as fver damage
{including ALF),

th Y]
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As used herein, references o "patients” will refor © a iving subject being reated, Including
mammatian dn paricudar, human) patients, and as such "patienis” may also be refered
a8 “subiecte”, and vice varsa, Referances to “patients” {and therefore alao 1o "subjects™
aisn should be ponsidered o refer © individuals displaying a0 synploms of the relevant
condition, for whom compounds of the invention may be used sz 3 preveniative or
prophiactic measure {as defined herain above),

For the avoidance of doubt, references to patients may also nclude refergnces to andmals,
auch as non-mantmalian animals {a.g. birds) and, particudarly, mammaiian animals {e.g

cats, dogs, rabbits, modents, horses, shesp, pigs, goats, cows, wimates, and the lke),

As used hersin, the temm “effective amount” will refer to an amount of a compound that
confers the desired therapstdio effect on the treated subjest {i.o. the desired trealment or
prevention, as described hersind). The effect may be objective {Le, measurable by soms

test or marker} or subjective {Le. the sublect glves an indication of andfor fecls an effent),

e skilled person will understand thal parscatamol foxiolly {and similarly paracetamol
intodeation) rafers fo a condition charactarised by the clinteal effects sxperienced folbowing
administration of & toxie dose (8. an overdose) of paracsiamol. As such, the treatment
or prevention of parscetamsi loxolly may also be referred o s the frealment of
paracetamol overdose {which may be deliberate o accldental), paracetamol abuss (which
may refer o deliberate paracetamel overdose), pargostamal poisoning (which may be
deliberale or socidental} and the lkea.

in padicular, paracetamal fodolly may be indicatad by serum liver enzyme glanine
transaminase {ALT) andior aminotransferase (AST) levels above 1000 Unitdl. H may be
characlerised by hepatocaliular necrosis {L.e. damage © ihe gells of the liver), which may
in turrt be characterised by impaired fiver function and, In severe casss, aculs Hver failure
{ALF). Such effects may initially {L.a. in the Tirst 24 hours following paracetamol overdose)
be characlerisad by symploms such as nausea and vomiting, followed by the onset of right

subonsial paln and {enderness, indicating the onsel of liver damage.

The skilled person will understand that the amount constiiuling g toxie dose of paracetamol
is highly variable and may depend on g number of faclors, such as the weight, age and
general health of the patlent. Toxic dosss of paracslamal may ocowr through acude

overdose (L. an overdoss ooourring &8s a resuliing of g toxic amount being administerad
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iy any ong dose) o chiranic dose (e, an overdoss onouring as a result of the cumulative
affect of several doses). In general, cumudative dally doses above about 101012 g {or
about 180 mgfkyg of body weight) and single doses atot 4.5 10 8 g {or 75 myglsg of body

weaight are generally belleved {o be Bkely 1o inducs toxicity,

R

Moregver, (he skilled pereon wilt understand that paracstamol toxicity may nocur at lower
dosss in palisnis with grealsr susospiibility 1o such toxicily, such sz thuse expenienaing
impaived liver flunction {Le. thuse experiencing impaired iver function indspendently of the
immediate effects of paracetama! oxicity), Such impaired Bver funclion may be the result

10 of malnutrition or fasling, a chronic condition (such as viral infection, e.9. hepatitis infection,
o Bver damage caused by chronio alosholism) or an souts condiion {such a8 impaired
fiver funclion caused by the sffecis of medication, Lo, medication ather than paracetamod,
af excassive glechol consumption),

1B I any event, the skilled parson will appraciate that the treatment o prevention {a.q. the
pravaertion} of paracetamol {odaily may be performed i palients known {o have {or, In
chroumsiances when s cautious approach is required, subjects thought o have) received
{e.g. through ngestion) any greater than therapeutic dose of paracstamol, with reference
{e the standard therapsutic dose for any given patlent a5 known o those skilied In the art

20 {forsxample, 8 dose in adulls of healthy weight of 1 g every 4 hours with @ maximum of 4
g per 34 howr period).

The skilled person will undersfand thal paracstamol sverdose may ooour as a8 resylf of
administration of paracetamol per ge {8.g. in the form of paracstamal labiats, such as thase

2w typicaliy formuiated for oral administration, of via Intravenous infusian) orin the form of @
pharmaceutica! formulation comprising paracetamal iogether with other active ingredients
{such as formulations designed for the relief of the symploms of commeoen cold and
influenzal.

3 The skilled person will understand thal e reatmsnt or prevention of paracetamol foxiaity
as describad herain should ideally be parformed (e, should be commenced) as soon as
possible after pargcatamol overdoss, such as within 72 howrs {or, particularly, within 24
hours, such as within 12 hours or, mare particudarly, within 8 hours) of the overdoss

ooourring, However, reatmaent with compounds of the invertion may also be effactive in

84

patients who have not been freated {for paracatamaol overdose) within the initial periad
{2.g. the initlal 24 hours or, more particularly, the inlllal 12 hours, such as with the initial 8
hours) fellowing overdose, in which case the treatment may be parformed o g periad

LN o]
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betweery 188 hours and 12 hours {e.g. bebwesn 72 hours and 18 hours, such as bebween
2 hours and 3 hours) afler paracslamol overdase,  For exampls, beatment with
gompounds of the invention may be performed in patisnts who have not begn treated (for
saracetamaol overdose) within the inttial 8 hours following overdoss.

Az describad haralry, paracetamol toxiclly may be characterisad by acule liver failure.
Thus, the reatment or prevention of parscelamo! fexiclly as described herein may be
parformsed in palients having or at risk of developing {e.g. paliends at risik of developing)

avute liver fallurs,

Further, according o a second aspect of the nvention there is provided the compound
N Abis-2-mercaptoethyl sophthalamide (NBMIY, or 8 pharmacsutically-acceptable salt
andicr derhvative thereof, for use in the realment or pravention of aculs liver faliurs

gspocialed with parscetama! {oxiclty,

i1 an allgmative second aspect of the Invention there s pronvdded the use of the compound,
NON-his-2-marcapiosthyl isophithadamide, o a pharmacsuticaly-scoeptable sall andfor
derivative thereod, in the manufacture of 3 medicament for the reatment or prevention of

acute fiver falkre associated with paracstamacl toxially,

in 8 further alfemative second aspect of the invention thare i provided a method for the
trestment or prevention of auute liver fallure associaled with paracetamol toxiclly, which
msthod comprises the administration of an siective amount of N M-bis-2-meroapiosthyl
isophihalamide, or g pharmacsulivaliy-sccepiable sall andior derivative thersof, o a
patient iy nesd thersof {Le. a patient of such reatment or pravention).

For the aveidance of doubt, alt embodiments and particular fealures deseribed in relation
o the first aspect of the invention (and combinations thereof) will slso apply to the second

aspact of the wention,

Az used herein, referances o “acuts lver fallure associated with paracatamo! toxiclty” will
be understoed 1o refer 0 acute liver falfure thatl is triggered by {or caused by parasetamd

foxicily, which may be reférred 1© as acute fiver fallure resulting from paracetamol toxicity,

The skilled person will understand that agule ver fallure may be defined as the rapid
development of hepatoceliular dysfunction, characterised by the devslopment of
{

coagulopathy (yploaliy with an intemational normalized ratio (NR) of greater than 1.8) and

R

s

bes



28

WO 2018/025049 PCT/GB2017/052306

snoephaiopathy (tvpically characterized by mental status changss) in & patient without

prior Hver dissase {o.g. without known prior fver diseasel

Furthar, it & genarally
understond that fver damage leading to acule vey failure may involve 3 loss of function in
about 80% fo about 90% of liver cells,

The skilied parson will understand thal impaired {and, sirmilarly, reduced or gboormal) Heer
function refers o problematic sub-optimst ver funclion as determined by a oliniclan using
{echnigues known o those skilled In the arl. Foresampds, commaon tests for impaired liver
function {commony referred Lo as bver function tests (LFTs)) inolude those thal measure
the fevals of slanine aminolransferase (ALT), aspartale sminotransiersss (AST), skaline
phosphatase {ALP), gamma glistannitransferase (GET), tilirubin or albumin prosent in a
patients blood, Simdiarly, sub-optimal liver funclion may be identifled through siotling
studies {such as by aszessing prothrombin tme (FT) or international normaiized ralio
{INR}). The relevant rosults of these losts that are indicative of impaired or abnormal lver

funation gre well known o the medical practiionsr {or other persons skilisd in the fisld]

The skitted person will understand that the realment or prevertion of paraceiamol toxicity
or soute fver failure associated with paracsiamal {oxicily may be combinad wilh (e
administerad a8 part of the same medical intervention as) other freatments {Le

medications andfor therapeutic methods) ussd for such purposes.

For example, i instances of overdose resulling from ingestion of parscstamol, treatment
or pravention of paracetamo! toxicly or acute liver falure associsted with paracetamud
xicltly may be combined with omal adminisiration of activaled charcoal or similsr

praparalions,

Further, such freatment or prevention msy be combined with administation {a.g
soncontitant or sequential administration of ane or more other therapeutic agent useful in
the realment or prevention of paracetamol oxiclty or acute tiver fallurs associated with
paracetamol toxiclty as known {o those skilled in the arl, such as those described hersin
helow,

As used hereln, references o “sequential administralion” may refor fo ssparate

administration of the therapeutic agents as part of the same medical intervention {a.g.

within four hours, such 38 within twa hours o, particulardy within ong hour, of sach cther),

13
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Az desoribed hersin, compounds of the invention may De paricularly sffective

preventing paracetamot toxidity or acule liver fatlure assodiated with paracstamel toxiclly,

Thus, pravantion of paracetamol foxicity or sculs Hver fallure associated with parscetamal
toxicity {as described I ihe first and second aspeets of he invention, respectively) may be
combined with treatment with paracetamot {2.g. the treatmant of mild {o muoderate pain,
favar or other shmilar conditions, such as through the administration of @ therapeutically
sffective amount of paracetamol o a patient in nesd thereof, which treatment may be

performed in g manner as known W those skilied i the art), or vice varss,

Such combingtions (e with paracetamol} may be parlicularly ussful when administered
o patients with greater susceptibility o paracetamol toxicily, such 3 those described
herein, andior in patients recebving or reguiring teatment with greater doses of
paracetamat than those normally used (e.g. doses grester than 1 g every 4 hours with g
maxirnun of 4 g per 24 hour period).

Pharmagsutical compositions and dosagss

The siiled porson will understand thal, when smployed In the uses and msthods
desoribad herein, compounds of the invention may be administered iy a2 manner allowing
for syatemic absorption, which absorplion may ocow vig g number of possible roudes; for
axample, compounds of the nvention may be adminisierad wrally, infravenousty or
infraarteriglly,  inframuscularly,  culansoushy,  subcutaneously, fransmucosally {s.g.
sublingually or bugeally), rectally, transdermally, nasally, pulmonarily {eg. by inhalation,
tracheally or bronchdaily), or by any other parenieral rowde, in the form of g pharmaceutical
praparation comprising the compoundd in a pharmaceutically scoeplatle dosage form. I
particutar, compounds of the Invention may be administersd orally, rectally of intravenouslhy

{8.g. by intravensus infusion}.

The compounds of the inveation will generally be administerad in the forny of ong or more
phanmaceutical formulations in admixture with g pharmsacsutivally accepiable exciplent,
whicht miay be selectsd with dus regard  the intended rode of adminisiration and
standard pharmaceutival praciice. Such pharmacsulically acceptable exciplents may be
cherrically inert {o the aclive compounds and may have no delimenial side offeds or
toxicity under the conditions of use, Such pharmaceuiically scceptable exciplents may
also impart an immediate {v.g. rapid), or 3 modified {e.g. delayad), reloase of the

compaunds af he invention,

1
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Sultshis pharmaceutical formulations may be commercially avaliable or otherwise are
dascoribed in the Heralure {sse, for exampie, Remington The Scienos and Praclice of
Fharmacy, 15t ad. | Mack Prinding Company, Easion, Pennsylvania {1888} and Martindale
~ The Complels Drug Reference {357 Edition), and the documents referred {o therain}, the
relevant disclosuras in all of which documents are hereby incorporaled by refersrice.
Otherwise, the preparstion of sultsble formulstions may be achieved norinventively by
the skifled person using routine techniques. Sultable pharmaceutical formulations for use
with the compowwds of the wention arg also desuibad in US patent gpplication
2IWOZ2ZTL.

Accordingly, I g third aspeat of the invention, thers iz provided a pharmaceudical
composition comprising N N-Gis~Z-mercaptoethy isaphthatamids, of a
pharmacsuticaliv-accepiable sall and/or derlvative therea!, and optionally one or more
pharmacaiticaly-accepiabile excipient, for use in:

the treatment or prevention of paracstamol toxiclty (as describad herein; or

}
{b} the freatment or prevention of acude lver fallure assoclated with paraceiamal

gity {as desordbed hergin).

i an alternative third aspect of the invention, there is provided a method fon

{a) the treatment or prevention of parscetamol foxiclty {as described hersing; or
{by the fraatment or pravention of aculs lver fallure associated with paracetamol
fokinily {as desoribed herain,

which method comprises the administration of an effective amount of 8 pharmaceutica!
composition gomprising N N-Bis-2-mercaptosthyl isophthalamids, or A
pharmacsutically-acceplable salt andfor derivative thereol, and oplionally one or mors

pharmacsuticaliy-accepiatis sxciplent, o a patient in nead theread,

For the avoidance of doubt, all embodiments and particular fealures desoribed in relation
1o the first and second aspects of the invention {and combinations thereof) will also apply
o the third aspact of the invention.

The skilled person will undersiand that refersnces hereln 1 pharmaceutically acceptable
exciplents include references o g pharmaceutivally acceplable adiuvant, diluent andior
carrier, which adjuvanis, diluanis and carrers will be known 1o those skilied in the art (a8

described harein).
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Az dezoribad hersin, pharmacsutics! formulstions may be prepared iy 8 manner suitable
for the desire rmule of administration, using techniquss and malerials known to thoss
skilled In the art.  In parficulsr, pharmacsutical formulglions may iaks the form of oral
formulations or intravenous formulations {or formudations, o.g. concentrated formudations,

suitable for use i the preparation of infravencus formudations},

For axamply, when infended for oral administration, pharmaceutical formulations
comprising cempounds of the invention may be provided in the form of g tablel, or an orgl
sewdsr or solution, sach optionally comprising suitable excipients, which may be preparsd
using tachnigues known 1o those skilled in the arl. Similarly, whean intended for infravenaus
{LV.) sdministration, sharmsceutival frmulations ceenpising compounds of the invention
may be provided i the form of solutions sultabls for LV, administralion, or as solutions
suilable Tor the preparation of soluions suitable for LY. administration, which may be
preparad usihg teohniques known {o thoss skilied In the st Similardy, when intended for
rectal administration, pharmacectical formulations comprising compounds of the invention
may be provided n the form of a tablet {a.g. 2 suppositary), or a powder or solution, each
optionaily comprising suitable exciplents, which may be prepared using techniguss known
fo those skilled in the arl.

Depending on the patient {0 be traatad, the route of adminisiration and the sevesity of the
condition {e.g. the level of the paracetamol overdose and ihe severly of the effects
tharao), compounds of the nvention may be administered al varving therapautically
affective dosas (o the relovant pallent In nesd thereofl.  Suilable dosss may bs
determined by the skilled person using routine technigques, such as by foutine dose fitration

studies and ths liks.

Similarty, the amount of the compounds of the nvention included in the relevar
sharmaceutical formuistions may be delermined based on the deslred dosage of the
compound of the invention, the ease of formulation and the oute of administration {which
may n tum determine the availability of the compound of the nvention for systemic

absorption}.

Suitable doses of the compounds of the invention may nclude dosages (g, for 1NV
adminisiration) in the range of from about 0.05 to 300 mgikyg, such as from about 0.5 {o
abaut 200 mgikg {s.g. aboul 1 o sbawd 100 mgkg, such g ghowt § mydkg or sbout 50
mgdkgl.

€3
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in particutar, such doses may be administered by‘ LV adoinisteation, orally or rectally (2.0
by LY adiministration), over g period of time, such as abaut 15 minutes, one hour or seversl
hours {a.g. ong hour), Morsover, such doses mgy b repealed a3 necessary, such as in
the form of pericdic, sequential Infusions, which nfusions may be of decreasing doss.

For the avoidance of doubt, wherever the word “about” ts employed heraln, for example in
the contexd of amounts {e.g. doses of aclive ingredients), § will be gporeciated that such
variables are apm@xim&t@ and as such may vary by £ 10%, fr example 2 5% and
preferably & 2% {e.g. 3 1%} from the numbers specified hersin

For the avoldance of doubt, the skilled parson will understand that doss of compounds of
the nvention administered {&.g. 1o 8 human) should be sulficient to affect the dasired
therapeutic response or proventative effect within {and over) a regsonable imefame. For
sxamps, compounds of the inveniion may be provided in a form suifable for rapid {le
guick o imnediate) release of the active ingredieni{s), such a3 in the form of 3 rapidiy
disintegrating tabdet, which iablets may be fumulsted using techniguss and materials

kKnown 10 those skilied in the arl

in any event, the skilled person will be able {o determing routinely the actust dossge which
will be most sultable for an individual patient.  While the above-mentioned dosagss are
axamplary of he average case, there can of course be individual instances whers higher

of lower dosage ranges are merited, and such are within the scops of the Invention,

Agiministration of the compounds of the invention may be cordinuous (e.g. by continuous
LY. infusion) or infermittent {(e.q. by bolus injsction or through periodie sdministration of a
mhiet or solulion, orally or reclally, such as by bolus iniection or through periodic
administration of a table! or saludion), or may be provided in the form of & single dose (8.0
by injection or through adminisiration of 2 lablet or solution). The dosage form may also

be delermined by the fiming and fregusncy of administration, and vice versa,

Combingtions and Kits-of-parts

in the usss and msthods described hersin, the compounds of the invention may also be
combined with ons or morg aciive ingredients thal are potentially useful, or have been
indicated for use, In the freatment of ver disorders.



1473

s
<

WO 2018/025049 PCT/GB2017/052306

Accordingly, n 8 fourth aspact of the invention, there s provided a pharmaceutioat

formuiation comprising:

{2} N NBis-Z-marcaptnethyl isophthalamide, o a pharmaceutiosliv-acceptabls salf
andior derfvative thereof, gnd
{b} ona or mare othar therapeutic agent that is useful in the reatment or prevention of

paracetamol oxiclly,

and uptionally ong or mors pharmaceuticaliy-acceptable excipients.

Further, in a §ifth aspect of the nvention, there is provided a kit-ofpards comprising
COMPONarsl

(A} apharmaseudical formudation comprising N A-bis-Z-mercapiosihn sophihalamide,
or a pharmacauticalby-accepiable salt andfor derbvative thereo!, and oplionsily one or morg
charmacsuticaliy-accepiabie exciplents; and

{B) a pharmaceutical formuigtion comprising one of more other therapeutio agent that
fs useful in the eatment o prevention of paracetamal toxiclly, and oplionally one or more
pharmacautical-acreptable exciplents,

which componsats (A and (B) are each provided v a form thal i sultable for
sdministration in conjuncion with the other.

For ihe avoidance of doubt, all smbodiments and particular featurss desoribed in relation
o the first i third aspecis of the invention {and combinations thereof} will also apply fo the

fourth and fifth gspects of the invention.

The skilled person will understand that the kits-of-paris dasoribed hersin may comprise
morg than one formulation including an appropriate quarntityidose of the compounds of the
invantion, andfor more than one formidation including an approprate quantityfdose of one
of mare ather therapeutic agent capabie of treating o preventing paracstamol toxicity, In
order fo provids for repest dosing.  # more than one formulation {comprising sither active
sompound) s present, such formulations may be the sams, ormay be different In terms of

the dose of sither compound, chemical composiion{s} andfor physical form{s)

With raspect to the Kils-of-parts as describad herein, by “adminisiration in conjunction with”

{and similarly "administered in conjunction with”y we include that respsclive formulations
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comprising the compounds of the nvention, and one or more other therapsulic agerd
capable of freating o preventing paracetamol toxiclly, are administerad, sequentially,

separaisly or simultanecusly, as part of the same medical nlsrvention,

5 Thersfore, in relation to the present invention, the teomn “sdministration in conjunction wilh®
{and similarly “administered In confunction with”} includes that the two active ingredisnts
{i.e. a compound of the invention, and one or more other therapsulic agent capaile of
treating or praventing paracatamol fexicity) are adminisiersd {optionally repeatedy) sither
tgather, or sulficiently closaly in Hime, 1 engble a beneficial effect for the patient, that s
10 grealer, over the course of the treatment of the relevant condition, than I either &
formulation comprising 8 compound of the invention, or g formulation comprising one or
more cther therapsulic agent capable of irealing or praventing paracelamol xicity, of
pharmacsutically acceplable ssif thereof] are administered (optionally repeatedly) slons,

in the absence of the other camponeat, over the same courss of treatmant, Delermination

pey
<

of whether a combination provides a greater beneficial sffect in respedt of, and over the
course of, realmernt or grevention the relevant condition may be achigved routingly by the

skifled parson.

Further, in the cordext of the present invention, the tenm “in conjunction with” includes that
& one or other of the two formulations may be administerad {optionally repeatediy) prdor to,
after, andlor af the sams fime as, admiristration of the other component. When used in
s contexd, the terms “adminisiered simultaneoushy” and “admirdstersd st the sams fims
as” include that individual dozes of 3 compound of the ivention and ong or miors other
tharapeutic agent capabie of treating or praventing paracelamol toxichly are administered
25 within 24 hows {e.g. within 12 hours, & howrs, 3 hours, 2 hours, 1 hour, 45 minutes, 30

minufes, 20 minutes or 10 minuies) of gach othey,

Thus, in refation to the §ifth aspect of the hvention, there is also provided a kitohparts
comprising:

3¢ B ane of components {A) or (B) as desaribed in the fifth aspect of the nvention; and
{1 instructions 1o uge that component in combination with the other of the two

comporents,

Suitable therapeutic agenis usefid in the frestment or prevention of paracetamo! toxiclty
{e.g. for use in component (b} of the fourth aspest of the invention and component (B} of

Lo
for3

the §ith aspadct of the invention, or for use in combination with the treatment or prevention

describad in the first aspect of the nvention) include antb-oxidants and chelators, such as
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vitamin-8, vitamin-D, ovsieine, oysting, glutathions, lpole add glulaihione {G8H},
dihyrirolipoic acid (DLPA), Hpoie sdd (LA}, N-acetyicysieing (NAC), dimercaplopropans
sulfonate {DMPS), dimercapiosucainic ackd (DMSA), ethylansdiaminstatraacelic sold
(EDTA), Deforoxamine {BFO). Deferasivox, Deferiprans, Trientine, D-peniclilamine,

ammondum letrathiomolvbdates, choline {etrathiomolybdate, and combingtions thersol,

Particular such therapeulic agents that may be mentioned include N-acehvioysateing (NAG)
in partictlar embodiments of the fowth and L aspects of the investion, the
pharmaceutical formulgtion or kit-of parls, as appropriate, may be for uss ine

(a} the treatment or prevention of paracelamol toxiclly {as defined herein); or

{ the treatment or prevantion of acute Bver fallure associated with paracetamol

toxicity {as defined hersin),

in further embodiments of the fourth and #th aspects of the nverntion, the phammaceutical
formulation or Kit-of parts, as appropriate, may be used in a method fon

{53} tha tregtment or pravention of paracstamol toxicity {as defined herainy; or

)] the treatment or prevention of acule Bver fallure associated with paracetamol
fexiaity {as definsd hersing,

whersin such methods may compriss administering a therapeutically elfective amount of
NBRM, or a pharmacautically accepiable salt andior derbvative thereof, 1o a patient in need
thereof {(&.4. 85 a phamacsutical formulation or Kit-of«parts, as appropriale, containing the
refevant therapeutically effective amount).

Ag also described hergin, compounds of the invention may be particulardy sffective in
preventing paracstamol toxiclly or acute fver failure associated with paracsiamo! toxicalty,
argd may thersfors be useiud in administration in combination with paraceiamal {e.g, where
such paracstamol is used in the tregtment of mild to moderate pain or Tever, a3 known {o
those skilled in the art), padicularly In patients with greater susceptibliity {o paracetamud
ety (as desoribad herein) andfor these receiving or requiiring treatment with grester
doses of paraceiamat than hose normally used (8.g. dosss of 1 g every 4 hours with a

maxirnum of 4 g per 24 howr perniod).

Accordingly, In a shdh aspect of the invention, there i provided a pharmaceutical

formudation comprising:
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(g} N NS Zamercaptosthy! isophihalamide, o a8 pharmaceuticalivaccaptable salt
andfor devvative thereof, and

(&3 paracstamaol,

& and oplionslly one or mors pharmaceuticall-acceptabis exciplents.
Further, In & ssventh aspect of the invention, there is wrovided 5 kitof-parts camprising
componeants:
¢ Ay apharmacsulical formulation compriaing N N-Bis-E-mercaptoethyl isophthaiamids,
or a pharmaseutivaliy-accepiable salt andior derivalive therea!, and optionally one
ar mora pharmaceutically-acceptable excipients; and
(B} a pharmacsudingl formuiation comprising paracstamal, and oplionally one or mors
shanmaceutically-acoapiable sxoipients,
which components (A} and {B) are each provided in a form that is suilsble for
administration in conjunation with the other,
For the avoidance of doubt, embadiments and parficular features deagribed in relation
o the first to Hifth aspedts of the invention {and combinations thereof) will also apply t© the
sixth and sevanth agpacts of the invantion,
i relation W the ssventh aspect of the invention, there is also provided a kibof-parts
COMPASING:
2 {0 one of components (A or (B} a3 desoribed in the seventh aspect of the invention;

and
{iH) structions o yse that component in combination with the other of the two

cormponants.

30 in pardicular, the pharmaceutical formulation as descoribed v the sixth aspect of the
fnvention and the kitof-paris as described in the seventh aspect of the invention may be
for use i {or may be used in a method for) the treatment of

+  mild Io moderate pain or Tever, padicularly in patients with greater susceptibility 1o
paracatamot toxdolty {as described herein), andfor

more severe pain or fever, andior palisnts otherwise receiing or reguining

freatment with greater doses of paracatamol than those normally used (2.g. doses

greater than showt 1 g svery 4 hours with a2 maimum of abowt 4 g per 24 hour

18
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period; for example, up o about 8 g, such as wp o about 18 g, and even up

about 34 g orup o about 32 g It any 24 howr period),

Suifable doses of ofher therapeulic agents referred to herein (such as NAC) will be known

g {o those skifled n the et and clude those listed for the drugs in guestion in the rslevant
medical fteraturs, such as in Martindale —~ The Complele Drug Refersnce {38% Edition)
and the documents referred to therein, the relevant disclosuras in all of which documents
are hereby incorporated by reference.

w1 Preparation of compounds and formudations

Compounds. of the invenlion may De obigined comynercialily or may be preparsd using
tachniquas known 1o those skilled Iy the ar, such as those desoribed in the disclosures
refernscad herein, For example, NBMI may be prepared in sccordance with the procadure

anie
4]

described in US patent number US 8,588,600 B2, the contants of which {in particudar, the
procedures as desoribed in the examples provided thersin) are hereby incorporied by

raferancs.

As dazoribed heralny, sharmacetionl formulalions (including those containing muore than
A one active ingradisnt as desaribed in the fourth aspect of the Invantion) may be prepared
using techniques known ic those skillsd in the art. Similarly, a kitofparts {as described in

the [ifth aspect of the Invention) may be preparsd using lechniques known o those skifled
in the art.

23 According o further aspects of the vention, there s provided:
~ amathod of praparing 8 pharmaceutical formulation as desoribed in the fourth and
sixth aspects of the invention comprising bringlng infe admivture {Le. inlo the same
formulation) components (8} and {b} as described in the fourth and sixth aspects of the
36 invention, optionally logsether with one or more pharmaceutically acosplable exciplents;
and
- a msthod of preparing a kit-obparts as desoribed in the fifth and seventh aspsch
of the invention comprising bringing Into associalion componants (&) and (B} as desaribed
3B i the ifth and seventh aspects of the Invention,

18
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For the avoidance of doulst, by bringing the componants “into association with” each other,
we {ngluds that components (&Y and (B} of the kitofparis a3 described in the fifth and
severth aspects of the invention may be:

~. provided gs separale formulations (e, independently of sach gther), which are
subsequently rought fogether for use in conjunclion with sach other in combination
therapy; or

- packaged and presented as separate componants of & “combination pack” for use

in conjuncton with each other i combination therapy.

Whan emiployed i the uses and methods desoribed herein, compounds of the invention
may have the advantage that, in the treatment or mrevention of paracstamol toxicity ar
acude Hver fallurs associated with paracsiamol toxiclly, may be mors convenient for the
physician andfor patient than, be mors efficacious than, be less toxic than, have a Broader
rangs of activity than, be mors potent than, produce fewer side offects than, o thal Emay
have other usefyl phanvacologioal properties over, similar fregimends or preventstive

measures known in the prier art,

Withaut wishing © be bound by theory, it s belleved thal the surprising activity of
compounds of the lnvantion in binding the foxie metabolite of paracetamol (NARPGY in a
1.2 ratie, i vilro and, importanily, & vivo aliows for an unexpectedly sffective means for
blocking s damaging sffects on the liver, thus combating paracelamol toxiclty by providing
an sffective means for prevention (f adiminisiersd sarly) or restment (i administered onee

such danmaging effects have begun (o ccour) theraof,

in particular, itis believed that NBMI has the ability {o effectively bind NAPQ! it vivo, thus
providing an effective mearns for directly blocking the in vivo effects of paracstamol toxiclty
{rather than acling as & precursor 1o glutathione, as is the case with agents such as NACY.

Description of the Figires

Flgure 1 Hiustrales the resulls of an in viro study, whersin ihe activation of the calcium jen
channel TRPA 1 by NARQH was showry lo be inhibifed by the presence of NBML

Figures 2a and 2b fllustrate the resulis of a dlinical proof of concapt study, which Indicatas
that NBMI s likely o bind to NAPQL i vive

]
o3
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Figurs 3 Blustrates the sffect of NBM! on paracelamal foxialty in g mouse shudy i which
the paracetamol was dossd orally.

Figure 4 ilustrates ihe effect of NBM! on paracetamol toxicily 0 an ALT assay in which the
paracetamol was dosed by intraperitonaal injection.

Figurs B lliustrates the sffect of NBMI on paracelamol oxicily iy an AST assay in which
the paracetamol was dossd by intraperitoneal injection.

Figure & dlustrales levels of iver engymes ALT and AST {unilsil) In mice 24 hours after
200 matkg paracstamol administered Lo, with synchronised oral administration of either
NER 880 malkg o vehicle. ™™ and ™ markings indicate g high degree of slatistical
significance.

Examplss

The invention s further Hustratad, but not limited, by the following sxamples,

Examnie 1 - Iy vire study showing that NBMI binds o NAPQE

The calolum jon channsl TRPA 1k activated by NAPGH  This activation may be

dsterminsd by ratiomelrs caloium imaging.

HEK 283 cells expressing human TRPAT were pre-incubated with 7 pdd NAPQT and the
caicium fuprophors FURA L One expeariment was run in (he presence of 4 4 NBMI and
the another was run in the pressnce of 4 M NAC,

in the absence of NBM or NAG, NAPQI caused about 58% receptor activation. As shown
in Figura 1, the presence of 4 pM NBM almost completaly inhibited the activation of the

recepiorn, whereas the presence of 4 M NAC gave only partial inhibilion,

Thia alse indicates thal svery muoiscule of NBMI binds two NAPQH in a 1:2 relation, whiie
NAG binds a single NARPQI in a 101 relation,
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Exampis 2 ~ Chnical proof of concept study

A pilot cinfeal study was performed at the Lund Hospitagl Clindest Trisd Unit, on three
aocasions. On sach nocasion, 8 standard non-toxic therapsutic dosg of 1 g paracstamol
was taken at T=0 hry with or withow! prevdous dosing of NBM, and venous bload drawn

during sight hours, The results of this experiment are summarnzad in Figure Ba and 2hb.

The three intially highsr lines o the left in Figure 22 shows the concentration {uptake) of
paracstamef, with the curves being almost identical (as they should be), After six howrs,
thara s no paracetamol el all having been broken down,

Some 5-10% of paracsiamo! is broken down to foxic metabolite NAPQI in the ver. To
datoxily, glulathions is attached forming the metabolite glutationyl-paracetamel, which I8
then turned infe the non-tokic metabolile cystainyl-paracetamn! (Cys-paracsiamol), which

san be measurad in the blood, shown by the ling marked "Vehiols” in Figure 3h

The two lines marked with NBMI concentrations iy Figure 2 show that the concentration
of oys-paracetamc] s lower when NBMI bhas been laken prior fo parscstamol
administration, showing that 800 mg NBM faken one hour wrior o paracstamol
admirdstration decraased the area under the curve (AU by 28%, and that 1,200 mg
KNBR taken two hours before paracelamal sdministration decreassd i by 73%.

These resuits indicate that NBM binds o NAPQHE In the prasence of glulsthione i vive,

Qenaralinformation ~Examples 3w 8

in normal mice, the fver ensyme alanine transaminase (ALT) loval is about 38-48 univl
and the ver sneyms sspariate ransaminase (AST) leval is about 80 unitfl. Al loxicdosss
of paracetamol, increasing levals of the wxic matabolite NAPQ! depleles the glulathione
i the lver, resulling in oxddative stress and in ALT andior AST levels inorsasing above
1,000 uni¥L, which in humans s gonsidersd toxio. The ratio of ASTIALT can also be

refpvant in humans; 8 valie at or below 1 is ponsidered o indicate taxicity,
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Example 3~ Faracetamol intoxicgied mice study forad sdminisiration of paracstamai}

Study design

Six {8 mice, fasted overnight, sach received 5 foxic doss FUO mofkg paracsiamal
{anelaminophen) per oz, 30 minutes later, half of the mioe {3} wers administarsd vebicle
(0.5 % {wi) carbosymethylosiiulose 300-800 cantipoises in walsr} ondy, half of the mice
\ { £ - y Q } R

{3} received NEBM 100 mgkg per os (NBM dissolved in OMCO as described below). Al
mice avg sacificed using anesthesia after 48 hours or earlier i required,

Reasuits
Thae mice neaded o be sacrficed at 17 hours as the intoxicated {fe. paracetamni
intoxicated} control mios wers in poor condition. The resuits are summarized in Figues §,

which shows the liver snzyms ALT levels as uniVl of the mice

The median ALY level In control mice is 13,880 UniWl, approximatedy 380 Himes highsr

than normal levels {386 unitfL), and 13 times the oude leved In humans {1,000 unitil)

The median ALT level in the NBRM! freated group s 834 unitfL, thus about 85% iowsr than

the median of the intoxicated antmals, and under the foxie level for humans.

Examble 4 ~ Parscstamol infoxicated mice study (Lp. administration of paracetamal}

Study design
Six {8} mice revsivied 8 toxie dose of 300 mghg paracetamol (acstaminophen; APAR)
infraperionesily (P 30 minutes ialer, wo () of the mice were sdministered vehicle

anly, bwvo {2) received NAG 1200 mofkg par o, two (2) received NEBRMI 200 mofkg per os,

&

The mice wers sacrificed at 24 hours.

Resuits ALT

The rasuifs it the ALT assay are shown in Figure 4. #t can be seen that the intoxicated
mice had ALT levels of approximately 8,000 unitl. Administration of NAC kept ALT atan
average level of 85, Administration of NEMI at 200 mgikg kept ALT at an average lsvsl of
484, which is beiow the intoxication level of 1,000,
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Rasults AST
The resulls of the AST assay ave shown i Figure 5. The intovicated mice had ART lavels

of appraximately 6,000 unil. Administration of KAC kept AST ot 180, Administration of
NBMI at 200 mg/kg kept the ALT hovel ol 800,

ampis 5 - Effect of NMBI adminishation compared 0 conlrel {vehicle onbv) in

parscstamad doxdeated mice (L. administration of paracstamad

Mice that had fasted were injectsd iLp. with an 200mgsdg paracstamal, and synchroneously
with either an oral dose of elther (1) 880 mgikg NBME i CMC vshicle
{carboxymethyloellidoss sodium sall of medium viscosity), or (i} CMGC vehicle along
dosing volume Suligram body weilght. The NEBM dose was choser as it has in 38-day
foxicity studies shown to provide & similar exposure as a 4.5-8 mgikg dose in humans, a
doss showing no diug related adverse events in dinical frials. Mice were saonificed at 24
hours afler adminstration. following which levels of liver snzymes AST and ALT wers

measyrad,

in the NBMi-reated group, sleven {113 mice were treated. One resull was discounted as
an audifer (based on Grubbis” test for cutliers, and dus to hemolysis having been observed),

An averags of the resulle obilainad from the remaining mica showed:

AST {units/l) ~ 783 (Pevalus = §.00204, as caloulaied by Excel}
ALT {funitsfl) — 8

$52 {Pvalue = 0.00008, as caloulated by Excel)
ASTIALT ratio ~ 20

1 {Pvalue = §.00088, as calcudated by Excal)

in the vehicle-ondy group, thirleen mice were freated, An sverage of the resulls oblained
shiowed:

AST (unitelL) ~ 8507
ALT {unitsiL) — 14511

AST/ALT ratic~ 0.8

The results are summarized in Figure 6.
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