1 Formulations containing nalbuphine and uses thereof The subject-matter of the present invention
is a pharmaceutical formulation containing nalbuphine and the use thereof for the treatment of pain.
Pain is a very common disorder and is one of the symptoms that is most frequently given therapeutic
treatment. Millions of individuals suffer continually from recurrent pain without receiving treatment
that is fully satisfactory iff @srdabioRFIFEVER ARG RAPHRIBIERNd uggs dlereOterivatives have been
widely used in the past to treat pain and their use has been substantially increased over the last ten
years. Nalhuphine is a semi-synthetic opiate derivative of receptor k-agonist and receptor
p-antagonist tyblS BTG R DR GRETRANINE LPs orRIE e eu HuREn By RTE under
SchedulealitAiphiamall dsicaetiviten tgdhalmaimethaf odimorphine and ten times greater than the
activity of pentazocine. It is also used for anaesthesia. Its other advantage lies in the lower
incidence of respiratory depression and addiction compared with other opiate derivatives. With the
following propeffés RABEhIFRMEBRCLEOG AN ISP B AlgES SYRADRNR, TieeridaetsA carce
inhibitor giftectiondbe.dartdiatrasatilar system and respiratory system, and no addictogenic effect.
However, whid iiiohing s yalabsaiher Wnaianerpus 1oule (o JanerRlian e galvipyte Is low
and variable owing to strong first-pass metabolism in the liver. Therefore the forms of nalbuphine
currentl;}"ﬁ?&?ﬂ%‘ﬁég’%ﬂ? R RS R re R frRf AFPRISHBTBR B et BIROME- with the shortcomings and
adverse eﬁectmaﬁate&ﬁfmwféeﬁ%@u?Qﬁiasmimét{aﬂqaae paﬁh/(?ri@%%mwrsaﬁaumahe |
compositions contajning halbuphine have been previously researched and described. Internationa
applicati%%s\ﬁf@%i%ﬁ%aggéc?{ﬁgg%d%’ggéﬁ?gﬁr% tc(:atéarﬁ1 5%89 of a solution, a suspension or an ointment.
No mention is iNathepfiag iv@sfonirsynthelistomateoteilvapipt citiene PO 0951 aand 4D 100[P 4386
descrlbeaﬂea@%rm@&%@l&%iﬁg 3stine inwrgdinnardaniabinalibrRling Rydmehesids wHoPatent

US 6,680,067 concerns a controlled release GR pharmaceutical composition, in the form of an oily
suspensiOHeE BTy Ui ASaRTRRe U6 ARBING RV ARHVR SIS SR P InBASE B S0 153 UIRES mixture

with oil fgreiaﬁe:cﬂimm.t?ﬁé]i&d_ioihyp@$iémaz'9©haracterized in that it comprises micrc_)-particles in _the oil
suspension, the parficle §ize heing lessbag 10 &‘%roﬁ’&@g?ﬁgg‘égﬂéz% w &H%%MP oRIERCEBET

allowing particles smaller than 100 microns in size to be obtained. e Russian patent RU

02/25485piedenpeersessivtighbrAdBa AR PRGOMHIb AlETaPiRIB @RsiYatves|nternational application
WO 2007/02500k carcriisvivs et erssufonnsiataastivb nadbu piine el gdan e abkigeting,
pharmaceutically acceptable salts.thereof, intended for administration via gral route : this lication
Hoacrba e S B R b ot ne s S el et e fed o i ery
system, aadnsyeddiviegnnisridfagiat least one hydrophilic compound, at least one cross-linking agent

and at least ongiparBranAHE GRISIERE Rrailedsbries MKl PILA SXMBOKNGY AIdBaTHERE via
cross-linkingﬁg{%ent, at Ieagt one pharmaceutical di{uent and at Ie%%jl one %??ti nic ciross-]Jinkin agent
different3FBTCHIE £IP Y BRE NARARESQURL &P St R S he GRS AR ¥ b Bl S5t 105 8% Sationic
cross-linkimgsage nt bodratdeastronidy pharkedesd wicahtihdad . for pSenirlyntamosatienairamsiaation WO
2005/12/683 comceins agvsliathnsysiained dolsase dauaulations plap phinges aphimageutically
acceptable salt thereof, intended for administration via oral route. One of the objects of the
inventioRPTEdERE @ herein is to provide clinicians with an oral form of nabulphine having swift action
close to that of Vreid\isfamaranddhatas suffictamtibnstamtgining Hatvepdifectiwely does pahixisthany
immedi | £ ' e present time since it has been observed that the immediate
formulaﬁlgﬁgoe{ggt%%aéf%% rr?%)e\tg'showed low bioavailability due to the bolus effect which causes
saturation of th&IRFERPEMNBINRPBYAERR (MO CRPPRESS 488RCibRR h2acs@ht{of6t thensidish Hhg

intensive sRERM GNIssiEstntoF N iresatONSIRNAINRING Miéstiae dregiRage form. Another
difficulty with the use of an oral form of uphine Jies in, the parti rly unpleasant intense taste of
the active ingre@fgﬁ??v‘v nl%rL %?8{'/%?‘1{%'1 w?a%lpugg /tqgegr?aeo riqu a\@gu@%n% #lgs gsgﬁgnqgs {ﬁgsngrerﬂat% mask
the tastepalichasstfA gk ingradierdsd nalahlying lorduag hyfwbideridee detrimental to the immediate
release of the gefiein@seriRintoBesearehlas dheteie isaed BRIBHAWAICR BLSiRINRsLEpisASe

formulations. The objective of the present invention is to provide a novel, solid, oral |

| ! | .
pharmadBBRAPTEr AN SHRRERSIRG: FaBRPRNE ABASHR S XS LI LTI RHE WG ADailability
that is e@ah@tmmaicbfdmsérm mbmmwfﬂnmildbnmmﬂmm&his cqmpeqjﬁese_is!brrarenmghmehatét
concerns apimmediaie relaase. aiahanamacsiical feHDWaKRR COmPHSIRG [RALHRINDE' fn,

pharmaceutically acceptable salt thereof and at least one hydrophilic granulation carrier, one
hydrophfii@ipRfrsing Fheifohighrneroy BirengivypigiRatidemeaatenaul SARte Yib S
dispersilietia swesatear in a polar solvent. 3 In a preferred embodiment of the invention, the
pharmaceutical formulation only contains nalbuphine or one of its pharmaceutically acceptable salts as
an active ingredient, preferably nalbuphine hydrochloride. The present invention follows from the
unexpected finding by the inventors that an oral, pharmaceutical formulation having immediate
release, comprising nalbuphine and at least one hydrophilic granulation carrier, one hydrophilic binder

and one lubricant, allows good solubility to be obtained and hence bioavailability that is equivalent to
that nf a enliitinn of nalhiinhine for iniectinn adminicteread arallhy The faormiilation of the invventinn



Preferably, the formulation of the invention does not contain any.cross-linking agent capable, in the
presence of a hydrophilic compound, of forming a matrix which can be used for delayed release of the
active ingredient. By cross-linking agent is meant homopolysaccharides for example, including guar
gums, locust bean gums or cationic cross-linking agents. One formulation can be characterized by
its release kinefibs iRuEsen PrsgaidRIY 022 MBREisecHbRiag esiivtiom atioraicebitnbydabidridention has
in vitro redeageckietics equal to or greater than 80% in 45 minutes. The expression " nalbuphine
or a salt thereof " according to the invention includes nalbuphine, nabulphine hydrochloride/HCI, the
esters of nalbu!fﬁﬁfgagﬁa%,h@ﬂpéﬁaﬂ?ﬂiae%t %qyﬁ%i%aﬁﬁcgéﬂ%,%ﬂ%%%ﬁ@%ﬁ? o dafioatives.
Preferabsl{, taivehinglnefobtiee afvibetiphasmadedicatlylaideftrive dalts tAdredbrinté il faceutically
accepta@%‘;a@mam@el%FHB%&}QHié%aml%{mﬁaggéﬁeé&%%egﬂsﬁs%&%g%a%gmeof

undesired reactions when administered to a mammal, human in particular. The formulation of the
inventio'cBriptideeres] APdrgphiRtalieth iRERAT SRINEFY 3V M o BRI KRR amePEs g RhlsePreferably
the hydrophitigdycphlilatiompauriér athedsy diepbite bimteiganstthe hiddiceat aspchaspnme@r4p allow
highly rapij lybilizati h Me ' ermitting swift treatment of pain, Preferentially the
yeropt AL e e e T B oL 2T 850G oty
the reled¥@BRAGEUHERLS L dlethBh deastinpaC i Srpssifking , adeich diffewwsttiiamgtion thes
formulatipessaraaigingda hednastione ngdeRpATRNERh FeaHdNAKESIVHIRY M RALISR LN in the
gastric pH. ta ‘I&h§ {é)rrrt}ulations of the 'nv?%t]ion ffectively lead to near " flash >> release of the
active in%?galen > 8 éme%(Brg @%%e”g? nUMEEeh carrier >> comprises all the compounds allowing
granulation of thinjadymatssottendbanplattorai¢or@PRpto2fethventioms essBytitigravatatned ", is
meant ajl.beRraGARASARALONINGIPASHIE P TLIINIANZAL ALAQHRBAD ROVISHINRS GoRKgHgd to solid
aggregates of greater. or less resistance and greater or lesser porosity. Preferably, the hydrophilic
granulatiBha PR TEIGHYR PR FAUIfe group comprising polyols, for example mannitol, sorbitol, maltitol
or xylitol, lactogenelichtbiobjghtsphiie, aveathonateserdec deigm ip etassivide Biagnesiuwmtoasodium
carbona C il vati ili i inium.silicate
(Neus e B e R o
derivativ&®¥eof, a derivative of cellulose e.g. methylcellulose, hydroxypropyl methylcellulose or

carboxymethylqgilito sefe polytiavien e ¢l ys@airgnimaldis-aervalivesiineroaint ikl . ime Further
preferably. the hydrophilic granulation carrier of the ipventian is chosen from among, mannitol, polyvinyl
oo St He et Sy vag tan S iz R beE R TR

hydroxypiemxailetitity ided i sesobelarepateuhitbetiansse, sadiyetioylaridhgyiisrosrexioaeisienthereof
and a siligpleryatve 4 PRenRICIRIEEArRMBPHE RSN AIARALR FALISLISIERBNIERL rathef NE

expression " at least one granulatjon carrier " #ndicates that the pharmaceutical formulation of the

inventiol &P BSIPEHIR SRR SHER L §PRF0 X Bifferent granulation carriers. The formulation of
the invention mayoétiso dififnpltisevidh |trestisaehpdropdhilforinufenabaetinedbesofrthednuatitiolargan be

chosen {iQoL3MANGLHLS &GeIuMaliGR Fﬁ%gécﬁ hGuoR, BRIALIASSIHERES MALRLSXIHNS,

polyethylene glycol e.g. PEG 4000 or 6000, PVP or a derivative tehreof, solutions of saccharose,

glucose $'¥iBitdINs pERyBICRLiB S S BIRRhesias b sE b el artefacts (flavouring or
e.g.methylethy) ogednystodypirapytaetric elresearr e shoxmethytcel hglegant.  Preferably, the
binder is chosey f r ising PV rivative thereof olyol,.lactose, a cellulose
derivative e.g.eﬁ%gtﬁy 8@%\%&%&?@%@%@%@ Frgett%%égéﬁﬁ Qgs%i%?é;?rle gi?/?fn(%ﬁ%?%geqmﬁbse, polyethylene
glycol or a deriVARPipiEOef Sigrigesgnigtineaiianic inarerdde carerelanglicatsshrbrnrgrticel

preferaliyrinepindesmeiibadrnaptionis RMh allowdguessinrtich easbrnrdwsinphilig kinder "
indicates that ‘het an{‘r?nace%utiﬂl gor ulatifon fp:‘g?fhe invention may comprise one, two, three or more

differentinders. & fofmalation aisd &8 B&-at least one lubricant. The lubricant according to

the invention mEielreassieiciaditom Bikceiordioritisrnsagmésinadisteardtaseohvidiahamhydeotisatilica,
sodium gieandibRaisie AsitIGHBuphind BELYREESSIL@IPast RsriiGaMe rdpelicates fhatithe

pharmaceutical formulation according to the invention may comprise one, two, three or more different
lubricanfSrRE GBRNS HR)URAOLFaEIEE S5%HYCHRRY Mo sts ANY 2R IHATERMe on the kinetics ofthe
release of the dtivdragoeliént(s rhearapyafebsahembridineant difisefsitiwiaianssemiprisesidiree
differentJubgicants. The formulation of the invention may contain other compounds such as at
least one excipient for example. Preferably, the excipient which may be used in the formulations of the
invention is chosen from among flavouring agents or taste-masking agents, sweeteners, colouring
agents and disintegration agents such as polyvinylpyrrolidone. The flavouring and taste masking
agents are particularly desirable in the formulations of the invention to remove or attenuate the
unpleasant taste of nalbuphine. By " flavouring agent " is meant any substance used in the
pharmaceutical industry intended to be added to formulations to modify or mask the taste or smell
thereof. Sweeteners may also be used that are natural or synthetic products having a sweet taste.

Preferably, pharmaceutically acceptable sweeteners are used such as sugar substitutes (polyol
Aarinzativvaee natiiral darivvativiee: otevia eate ) and infeance eweeteanare (acnartam cvelamate cacrcharin



at least one disintegrating agent; at least one excipient. The formulation according to the
invention may be completed by excipients, for example by compression agent(s). In some
preferred embodiments, the pharmaceutical formulation of the invention comprises less than 30 % by
weight of nalbuphine, preferably 4 to 30% by weight of nalbuphine and further preferably 18 to 22% by
weight of nalbuphiéieiiice fmbrdisianiveigheoftrrntigmmingidharmaceigephdqsrapiatie only
embodirsemtsntheapigmaceutieal dord windion.asaacdintate dnt K eRHe L E M RILEES MgRArMS% by

weight of hydrophilic granulation carrier, preferably from 45 to 70% by weight, and still preferably from
55 to 65%%?7% q@‘f 9@?%ﬁﬁ?c°%@éﬁ&?ation carrier relative to the total weight of the formulation.

In some preferrde: eprassdinievastichagloasniosuticaluerpelied fiodite invibetionaroenprisatsdess than

10 % by paight afeiarainRindsoRIorb b e 0. 4R% by wrightiag dhstilprsierahiy drom 4 to

8% by welght of binder relative to the total weight of the formulation. In some preferred

embodinféfits*Me YR RUlIG BTRAHIFSAR AT of MReYRIGRDBIS BirpriSad 1888 (HEHCBY, B Wreight of
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relative g [nglpialuaio LIBR, SMIHBNIB, orayll ANEBIEIASIGT AL SBRRIMANS o fag vention.
rl % of nalbuphine,

the formulation _artlcugi% f/comprlses: rom4to3 y weight e, from 45 to 70% by
weight dTis@aesd) fheeatmanwrimaindiptisraovisalgal 4 Biat ebadormupfineighiresiaasitcone
lubricantiieers hetetndtictxedranisef the dMR P hyrRBeaLdehiorradation of gagninvention is intended
for oral adminiﬁlg%tio%STQteigpear{éggqtﬁg;g@ efo&ggul%iosn :aorf g@glinventié)n is [efera‘bl in.solid f?rm. The
solid forms of the irivention particularly’comprise ta ‘Ia’ets, granuf@sn:'%e’ﬁg?s, rﬁl%sf%-é’ nud?élg,nh%rd
capsuledaipusbineapionday sublivgursisiaisiels, bezehtpiepiltatpawders)psugbie colitethtsslett a
_ ‘_Pr_eferablxz%&ah@ém&f&%m&aﬂeﬁ s £0088 AR D GHYBGRABFHNI _tablets, grgnules,
pellets, micro-granules, soft capsules and lozenges. The forms of the formulation according to the

invention intended B BE Sl BRI AREIRPLIPIRIALER S GRE LD SHIRRSE Y ARIBRSTE Bhrticularly
prefer_redh?a'mﬁme&imwisﬁmnam wloves satﬁio@ént@e‘a& ingdstbscoftibe fgrmulaﬁmdmmomt _the user
suffering,diseQapoIifam the WiRlsasantiadeOLRAIRYRRINGN any IIRENIGNESAESE 1R qhtain the

solid form of the formulation’according to the invention may consist of any methods known to those

skilled iPIREFRH $B S tENMRHIREGI A6 RS SIS ARBIeth el e tHee hithRRRS PR Bereridlsn from
among thetetitiriauesHer weiandddspigianraiiorardireatNiesiang, Huigizeddrdgraaotatianle,
film-coating.and spray drying. .. ... The formulation of the invention preferably allows good .palbuphine
pionva g, B T Ob o Bl e e e Ay BB Bntainec
in the foRXRIBRROPIWIK ETfeckliall ieanahe sualdemphediwmmutpéondsadreriasualitity shealgd provide

the desies figranrentic efiffded » 16y anEdPETIRYaFRBEOJIMaatetigNVRRIGAREBER NS KIRe
pharmazeutic.al fo¥mulation such as d%@j ovle for pyse thereof as m%dicinal Qrodu?t in %he
treatment'of ﬁ%iﬁ, Br[g?e’fbﬁ‘f{)' tHE tFes nf'of AGAS r(?HR:SEéWf? IS aty 3séd<%r(f’aﬁ’é Gfty-tive
immediaténsksase @ritrnatofes duberdinglisstietimvdatingfar saichediets selehshatdlineydatiaye swift
treatment, of Dald CHHEY HERUstained release formulations. The pain which can be treated with
the pharmaceutical formulations of the invention may be due to any cause, for example pain generated
by opioid addictiBraralimis fBTruation, obySUIRTIIRM WS YL CONRINABYLSRSSANNBY #8%Mha, etc.
Preferablyghisgamitre atedanith tihe fopdnotetiancofthelnyentifimisngeneratedvhidhecdmeatuskapioid

addictio e ed gmhadiment,. the. | ion c ) ar utical lation as
defined Ifatt)tgovdee% |trds u%g %Ea ﬁug%%ti%%ﬁr%tm@%g g@ &giofﬂdggé%ﬁ%@c%al%ﬁlé% (%% I[JE
FIGURESPRPOYRREIPARAC IS RBFERE dRIURINE ¢ pro M8 D PRIBUPRARCVEIS 98 FAoNic CroRp-2

illustratemKneydigeatéed nalbuphine percentage versus time for the formulation of Example 5,
according to difigrens spgrating.condiions, S EXAMPLES Rrenaratign of the phasmacetion
formulations in tablet form e compositions and methods To prepare 9 types of tormlations
(Examplienmediaimisieasteaniyttdid) aseanding 1 Brdnvskiisn Bramplé & rdisesa plodtics eample 8, and
Example,9yiadiensriked,nelankxasaple 1: 30 mg tablets .
The expression « nalbuphine or a salt thereof » according o the invention includes
nalbuphine, nabulphine hydrochloride/HCl, the esters of nalbuphine and their
pharmaceutically acceptable salts, their complexes and derivatives. Preferably, the

nalbuphine of the invention is in hydrochloride form.



Formula Raw materials Unit (mg) % Nalbuphine/HCI 30.00 4.69 Povidone (PVP) 242.01 37.80
Mannitol (granulation carrier) 349.49 54.58 Crospoyidone 12.81 2.00 Anhydrous colloidal silica 0.64
0.10 Sodium stearylfumarate 3.20 0.50 Talc 2.14 0.33 TOTAL 640.29 100.00 This formulation was
obtained following the protocol below: weighing of raw materials (scales); mixing nalbuphine, purified
water and povidbfelgnalix aigitoapeutically acceptable » relates to molecules and formulations

which do not induce any adverse, allergic or undesired reactions when administered to a
mammal, human in particular.

The formulation of the invention comprises an hydrophilic granulation carrier, an
hydrophilic binder and a Ilubricant. Preferably the hydrophilic granulation carrier, the
hydrophilic binder and the lubricant are chosen so as to allow highly rapid solubilization of
the active ingredient, permitting swift freatment of pain. Preferentially the hydrophilic
granulation carrier, the hydrophilic binder and the lubricant are selected so as not to modify
the release of the active ingredient according to the changes in pH, which allows taking of
the formulations according to the invention, independent of food intakes which may cause
change in the gastric pH.

The formulations of the invention effectively lead to near « flash » release of the
active ingredient.

The expression « granulation carrier » comprises all the compounds allowing
granulation of the pharmaceutical formulation according to the invention.

By « granulation », is meant all the processes allowing particles of crystallized or
amorphous powder to be converted to solid aggregates of greater or less resistance and
greater or lesser porosity.

Preferably, the hydrophilic granulation carrier is chosen from the group comprising
polyols, for example mannitol, sorbito!, maltitol or xylitol, lactose, dicalcium phosphate, a
carbonate e.g. calcium, potassium, magnesium or sodium carbonate, a gluconate, a silica
derivative e.g..a silicate such as magnesium aluminium silicate (Neusilin® UFL2), sugar
crystals, starch derivatives, saccharose, polyvinyl pyrrolidone (PVP) or a derivative thereof, a
derivative of cellulose e.g. methylceliulose, hydroxypropyl' methylcellulose or carboxy-
methylcelluiose, polyethylene glycol or one of its derivatives alone or in a mixture.

Further preferably, the hydrophilic granulation carrier of the invention is chosen from
among mannitol, polyvinyl pyrrolidone or a derivative thereof, a polyol, lactose, a cellulose
derivative e.g. methyicellulose, hydroxypropyl methylcellulose or carboxymethylcellulose,
polyethylene glycol or a derivative thereof and a silica derivative.

in one preferred embodiment, the granulation carrier is mannitol.

The expression « at least one granulation carrier » indicates that the pharmaceutical
formulation of the invention may comprise one, two, three or more different granulation
carriers,

The formulation of the invention may also comprise at least one hydrophilic binder.
The binder of the invention can be chosen from among gums e.g. gum arabic or tragacanth
gum, gelatin, starches, maltodexirins, polyethylene glycol e.qg. PEG 4000 or 6000, PVP or a

derivative tehreof, solutions of saccharose, glucose or sorbitol, a polyol, lactose, carbomers,



solubilizing and complexing the mixture (GPCG3 fluidized bed, WEirster and peristaltic pump) ;
coating mannitol with the mixture and drying the caated mannitol to obtain granules; screening the
granules (mesh size 600pm diameter, oscillating screen, mesh of 630, 500 and 400 pm); lubricating
the granules by adding talc (Erweka mixer and 8L cubic vessel); mixing and lubricating the granules
with mainitdiepaofondlesidipevidere, amejibyiselWensidalsxysoivin steihyigfideate (Brveka
mixer a%&@g%yg(gmgseobtammg tablets from the mixture (SVIAC RP2080 rotary press, 13 mm
dies). 9 Exam@ﬁf %)(ngeta let Form a Ra mat rials Unit ( g % Nalbu hine/HCI 30 00 18.65
Talc 4.47 2.70 AR/ERs B8 APk 8e19'i5’|9|pz¢‘56réJ gy Hrfer§oyat 9 4 00

Tablettoffe8®f{granpitdyidn tasider) 79.4{‘43148(199 Rﬁmde’tw:?d@ methylcellulose, hydroxypropyi
methylcellulose or carboxymethylceliulose, polyethylene glycol or a derivative thereof, gums
e.g. gum arabic and tragacanth, and carbomers.

Further preferably, the binder of the invention is PVP.

The expression « at least one hydrophilic binder » indicates that the pharmaceutical
formulation of the invention may comprise one, two, three or more different binders.

The formulation also comprises at least one lubricant. The lubricant according to the
invention may be selected from silicon dioxide, magnesium stearate, colloidal anhydrous
silica, sodium stearylfumarate or talcum.

The expression « at least one lubricant » indicates that the pharmaceutical
formulation according to the invention may comprise one, two, three or more different
lubricants. The lubricant(s) are selected so that they do not have any influence on the
kinetics ofthe release of the active ingredient(s).

In one preferred embodiment, the formulation comprises three different lubricants.

The formulation of the invention may contain other compounds such as at least one
excipient for example. Preferably, the excipient which may be used in the formulations of the
invention is chosen from among flavouring agents or taste-masking agents, sweeteners,
colouring agents and disintegraﬁon agents such as polyvinylpyrrolidone. The flavouring and
taste masking agents are particularly desirable in the formulations of the invention to remove
or attenuate the unpleasant taste of nalbuphine.

By « flavouring agent » is meant any substance used in the pharmaceutical industry
infended to be added to formulations to modify or mask the taste or smell thereof.
Sweeteners may also be used that are natural or synthetic products having a sweet taste.
Preferably, pharmaceutically acceptable sweeteners are used such as sugar substitutes
{polyol derivatives, natural derivatives: stevia, etc.) and intense sweeteners (aspartam,
cyclamate, saccharin efc.).

The formulation of the invention may further contain at least one film-forming agent in
particular to form a cohesive coating to increase the stability of the formula or to mask the
taste. Preferably, the film-forming agent is chosen from among cellulose derivatives, HPMC,
polyethylene glycol derivatives, polyvinyl pyrrolidone derivatives, waxes, acrylic derivatives
{for example Eudragit® L, RL, S) and carbomers. The film-forming agent is more particularly
selected so as to mask the taste while not acting on the release kinetics of the active

ingredient(s). The film-forming agent is preferably hydrophilic.



4.50 Magnesium stearate 0.74 0.45 Sepifilm LP014 14.89 9.00 Crospovidone 3.72 2.25 96 Alcohol
Surfin Pharma / / Purified water / / TOTAL 320.15 £00.00 This formulation was obtained following the
protocol below: weighing the raw materials (scales); mixing the nalbuphine, talc and Tablettose(r) and

Avicel0; obtaining a binder solution by mixing povidone and purified water; spraying the binder
solution on the st ipiixtdrsien ceearing rinthate@nling tisewseiied gamtiolae teabingtifloidized bed:;

lubricatiendpyadsingrirganeaiaratrasale Jndhanydreumsaligidal silicay b ohemegemization and

tion to. th gra ulate dlrect compression of the mixture; Preparation of the film-coating
cupona RS B A NG HEa P g B e BHARE 0 E RER TR S o tablets

Formulafﬂa\mahateaads)rdmg to the invention, the amount of release substance is at least 95%
within fifteen minutes. For a conventional immediate release form, the amount of released
substance is at least 75% within forty-five minutes (« Guidance for industry, dissolution
testing of immediate release solid dosage forms 1997, FDA, CDER »).

In one preferred embbdiment, the formulation according to the invention further
comprises: '

- at least one disintegrating agent;

- at least one excipient.

The formulation according to the invention may be completed by excipients, for
example by compression agent(s).

in some preferred embodiments, the pharmaceutical formulation of the invention
comprises less than 30 % by weight of nalbuphine, preferably 4 to 30% by weight of
nalbuphine and further preferably 18 to 22% by weight of nalbuphine relative to the total
weight of the formulation.

In some preferred embodiments, the pharmaceutical formulation according to the
invention comprises at least 45% by weight of hydrophilic granulation carrier, preferably from
45 to 70% by weight, and still preferably from 55 to 65% by weight of hydrophilic granulation
carrier relative to the fotal weight of the formulation.

In some preferred embodiments, the pharmaceutical formulation of the invention
comprises less than 10 % by weight of hydrophilic binder, preferably from 2 to 10% by weight
and still preferably from 4 to 8% by weight of binder relative to the total weight of the
formulation.

In some preferred embodiments, the pharmaceutical formulation of the invention
comprises less than 10% by weight of lubricant, preferably from 0.9 to 7% by weight and still
preferably from 2 to 3% by weight of lubricant relative to the total weight of the formulation.

In one other preferred embodiment of the invention, the formulation particulariy
comprises:

- from 4 to 30% by weight of nalbuphine,

- from 45 to 70% by weight of lactose,

- from 2 to 10% by weight of PVP; and

- from 0.9 to 7% by weight of at least one lubricant, completed with excipients.

The pharmaceutical formulation of the invention is intended for oral administration.
The pharmaceutical formulation of the invention is preferably in solid form. The solid forms of

the invention particularly comprise tablets, granules, pellets, micro-granules, hard capsules,



Unit (mg) % Nalbuphine/HCI 10.00 11.86 Avicel0 PH200 (microcrystalline cellulose) (granulation
carrier) 15.54 18.43 Talc 1.54 1.83 Tablettose0 801agglomerated a-lactose monohydrate) (granulation
carrier) 44.94 53.28 Magnesium stearate 0.39 0.46 Aerosil0 200 (silica) 0.39 0.46 PVP K30 3.85 4.56
Sepifilm LP014 (coatin%?.?O 9.13 TOTAL 84.70 100.00 This formulation was obtained following the
protocoﬁgﬁeq@%{m: s g@qmgtqﬁ@%\,{pﬁm@fa@ftlgc@@ggﬂ@rs, sugar-coated tablets. Preferably

the solid form of the invention is chosen from the group comprising tablets, granules, pellets,
micro-granules, soft capsules and lozenges. The forms of the formulation according to the
invention intended fo be swallowed directly by the user such as soft capsules or tablets are
particularly preferred. This administration mode allows sufficiently fast ingestion of the
formulation without the user suffering discomfort from the unpleasant taste of nalbuphine.

The techniques used to obtain the solid form of the formulation according to the
invention may consist of any methods known to those skilled in the art to obtain formulations
in solid for. In particular, these methods may be chosen from among the techniques of wet
and dry granulation, direct pressing, fluidized bed granulation, film-coating and spray drying.

The formulation of the invention preferably allows good nalbuphine bioavailability. By
« good bicavailability », is meant that a sufficient proportion of nalbuphine contained in the
formulation will effectively act in the body compared with the absorbed quantity and will
provide the desired therapeutic effect.

in one particular embodiment, the invention concems the pharmaceutical formulation
such as defined above for use thereof as medicinal product in the treatment of pain,
preferably in the treatment of non-chronic pain.

The advantage of immediate-release formulations according to the invention for said
use is such that they allow swift treatment of pain, contrary to sustained release formulations.

The pain which can be treated with the pharmaceutical formulations of the invention
may be due to any céuse, for example pain generated by opicid addiction treatment, by
cancer, by autoimmune diseases, by infections and by trauma, etc.

Preferably the pain treated with the formulation of the invention is generated by
treatment of opioid addiction.

In one preferred embodiment, the invention concerns the pharmaceutical formulation

as defined above for its use as a drug in the treatment of opioid addiction.

DESCRIPTION OF THE FIGURES
Fig. 1 ilustrates the different dissolution profiles of nalbuphine versus pH.
Fig. 2 iliustrates the dissolved nalbuphine percentage versus time for the formulation

of Example 5, according to different operating conditions.



- homogenizing on a cubic mixer (8 L), 5 minutes at 150rpm, (Nalbuphine, Avice1l0 PH200, talc,
Aerosil(r) 200, Tablettose(r) 80 and PVP K30); lubgicating the mixture with magnesium stearate for 1
minute at 150rpm; compressing the mixture on Korsch equipment (G009, diameter 9); preparing the
coating solution with Sepifilm LP014 and purified water on a magnetic plate; - aqueous coating of the
compressed mﬁﬁﬁ‘&"BhE_&\F GPCG 1. 11 Example 3-1: 50 mg tablets Formula Raw materials Unit
(rug) % Nalbuphine/HCI 51,60 20,55 Avicel0 ph 200 (microcrystalline cellulose) (granulation carrier)

119,35 475 Py Sh 2200 ArRsE.Sh0 22 S NRIRERILEERLA 125 0.0 Fiavouring

The compositions and methods to prepare 9 types of formulations (Example 1,

Example 2, Example 3, Example 4, Example 5, Example 6, Example 7, Example 8, and
Example 9) are described beiow:

Example 1: 30 mg tablets

Formula

Raw materials Unit (mg) %

Nalbuphine/HCI 30.00 4.69
Povidone {(PVP) 242.01 37.80
Mannitol (granulation carrier) 349.49 54.58
Crospovidone 12.81 2.00
Anhydrous colloidal silica - 0.64 0.10
Sodium stearylfumarate 3.20 0.50
Talc 2.14 0.33
TOTAL 640.29 100.00

This formulation was obtained following the protocol below:
- weighing of raw materials (scales);
- mixing nalbuphine, purified water and povidone (helix agitator);
- solubiliiing and complexing the mixture (GPCG3 fluidized bed, Wiirster and peristaltic
pump) ; o
- coating mannitol with the mixture and drying the coated mannitol to obtain granules;
- screening the granules (mesh size 800um diameter, oscillating screen, mesh of 630,
500 and 400 um);
- lubricating the granules by adding talc (Erweka mixer and 8L cubic vessel);
- mixing and lubricating the granules with mannitol, povidone, crospovidone, anhydrous
colloidal silica, sodium stearylfumarate (Erweka mixer and 8 L cubic vessel);
- obtaining tablets from the mixture (SVIAC RP2080 rotary press, 13 mm dies).



Sepifilm IR 777 1,08 0,44 TOTAL 251,09 100,00 This formulation was obtained following the protocol
given below: weighing the raw materials (scales); omogenizing on a cubic mixer (8 L), 5 minutes at
150rpm (Nalbuphine, AvicelC), lactose, PVP CL and flavouring agent) ; lubricating the mixture with
magnesium stearate for 1 minute at 150 rpm; compressing the mixture on Korsch (G009, diameter 9);
preparing tHexgsaMe2niRime Wwhiessepifiim IR 777, purified water and flavouring agent on a magnetic
plate; - aqueous coating of the compressed mixture on LAF GPCG 1. 12 Example 4:10 mg pellets
Formula Raw materials Unit (mg) % Nalbuphingidigl:£0.00 1.99 Taste masking agent 146.72 29.20
PEG 400 139.71 27.80 Sucralose (sweetener)

Raw materials Unit (mg) %
Nalbuphine/HCI 30.00 18.65
Talc 4.47 2.70
Anhydrous colioidal silica 0.74 0.45
Avicel PH 200 (granulation carrier) 23.17 14.00
Tablettose 80 {granulation carrier) 79.44. 48.00
Povidone 7.45 4.50
Magnesium stearate 0.74 0.45
Sepifiim LP014 14.89 9.00
Crospovidone 3.72 2.25
96° Alcohol Surfin Pharma / /

Purified water ! /

TOTAL 320.15 100.00

This formulation was obtained following the protocol below:
- weighing the raw materials (scales);
- mixing the nalbuphine, talc and Tablettose® and Avicel®:
- obtaining a binder solution by mixing povidone and purified water;
- spraying the binder solution on the first mixture to obtain a granulate;
- drying the obtained granulate in an air fluidized bed;
- lubrication by adding magnesium stearate and anhydrous colioidal silica;
XL, homogenization and incorporation to the granulate
- direct compression of the mixiure;
- Preparation of the film-coating suspension: Sepifiim® LP014 and alcohol;
- Film coating and then drying.



18.54 3.69 Caramel flavouring 12.84 2.56 Neusilin UFL2 (granulation carrier) 107.00 21.29 Povidone
K30 (PVP) 32.61 6.49 Sepifilm LP014 32.60 6.49 Talc 2.50 0.50 TOTAL 502.52 100.00 This
formulation was obtained following the protocol given below: weighing the raw materials (scales);
dispersing PEG 400, nalbuphine, sucralosetaste masking agent, caramel flavouring in ethanol
(agitator); - FXprapleatintP(metatdels peristaltic pump) Neusilin UFL2 with this mixture, calibration
(oscillating rotor) and drying (fluidized bed dryer, top spraying); - adding PVP 30 and purified water
and granulating the mixture obtained (fluidized gﬁ'fﬂﬂil%r, top spraying vessel); calibrating the pellets
(oscillating rotor and 800 pm mesh); adding Sepifiim LP104 and water to coat the particles and drying

HAH A ool -mrramt-Hatar-- MO retar vaccal liihriaotin ~ $ls tad H 1 H H
(fluidized-bed-granutator,-WOrster-vessel:—tubricating-the-coated-particles-with-tale-{eubie-mixer). 13

Exampld8¥spiateriaisiets Unit (mg) %
Nalbuphine/HCI 10.00 11.86
g\:i;;sllj(?; S&Zggrig;)cmcrystailine cellulose) 15.54 18.43
Talc 1.54 1.83
st aacose | sas
Magnesium stearate 0.39 0.46
Aerosil® 200 (silica) 0.39 0.46
PVP K30 3.85 4.56
Sepifilm LP014 (coating) 7.70 9.13
TOTAL 84.70 100.00

This formulation was obtained following the protocol given below:
- weighing the raw materials (scales);
- homogenizing on a cubic mixer (8 L), 5 minutes at 150rpm, (Nalbuphine, Avicel®
PH200, talc, Aerosil® 200, Tabletiose® 80 and PVP K30);
- lubricating the mixture with magnesium stearate for 1 minute at 150rpm;
- compressing the mixture on Korsch equipment (G009, diameter 9);
- preparing the coating solution with Sepifilm LP014 and purified water on a magnetic
plate;
- aqueous coating of the compressed mixture on LAF GPCG 1.



Formula Raw materials Unit (mg) % Nalbuphine 30.00 20.31 PVP K30 9.83 6.65 Polyplasdone XL
3.52 2.38 Avicel(r) PH200 1.19 1.76 Tablettose(r) ﬁ% 91.85 62.16 Aerosil(r) 200 0.14 0.10 Magnesium
stearate 0.71 0.48 Talc 2.83 1.92 Sepifilm LP014 7.11 4.81 Purified water

Example 3-1: 50 mg tablets

Formula
Raw materials Unit (mg) %
Nalbuphine/HC} 51,60 20,55
g o rroeatie | ttoss
PVP CL 12,50 4,98
{ actose 55,30 22,02
Magnesium stearate 1,25 0,50
Flavouring agent 10,01 3,98
Sepifitm IR 777 1,08 0,44
TOTAL 251,09 100,00

This formulation was obtained foliowing the protocol given below:
- weighing the raw materials (scales);
- homogenizing on a cubic mixer (8 L), 5 minutes at 150rpm (Nalbuphine, Avicel®,
lactose, PVP CL and flavouring agent) ;
- lubricating the mixture with magnesium stearate for 1 minute at 150 rpm:;
- compressing the mixture on Korsch (G009, diamster 9);
- preparing the coating mixture with Sepifilm IR 777, purified water and flavouring agent
on a magnetic plate;

- aqueous coating of the compressed mixiure on LAF GPCG 1.



/1 TOTAL 147.75 100.00 This formulation was obtained following the protocol below: weighing the
raw materials (scales); mixing the nalbuphine, talg and Tablettose(r) (granulation carrier); obtaining a
binder solution by mixing purified water with PVP K30; spraying the binder solution on the first mixture
to obtain a granulate; drying the obtained granulate in an air fluidized bed; mixing Avicel(r), Aerosil(r)
and PolyplaB¥ameix4: A8rmsyealigtEon and incorporation to the granulate; lubrication by adding
magnesium stearate and anhydrous colloidal silica; direct compression of the mixture; preparation of
the film-coating suspension: Sepifiim(r) LP014 gﬂﬂ%ﬁlfled water; Film coating and then drying. 14
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Nalbuphine/HC 1.99
Taste masking agent - 146.72 29.20
PEG 400 139.71 27.80
Sucralose (sweetener) 18.54 3.69
Caramel flavouring 12.84 2.56
Neusilin UFL2 (granulation carrier) 107.00 21.29
Povidone K30 (PVP) 32.61 6.49
Sepifilm LP014 32.60 6.49
Talc 2.50 0.50

502.52 100.00

TOTAL

This formulation was obtained following the protocol given below:

- weighing the raw materials (scales);

- dispersing PEG 400, nalbuphine, sucralose, taste masking agent, caramel flavouring

in ethanol {(agitator);

- impregnating {mixer and peristaltic pump) Neusilin UFL2 with this mixture, calibration

(osciltating rotor) and drying (fluidized bed dryer, top spraying);

- adding PVP 30 and purified water and granulating the mixture obtained (fluidized bed

dryer, top spraying vessel);

- calibrating the peliets (oscillating

rotor and 800 um mesh);

- adding Sepifiim LP104 and water to coat the particles and drying (fluidized bed

granulator, Wirster vessel);

- lubricating the coated particles with talc (cubic mixer).



20.659 30.947 Talc 5.880 2.837 1.899 2.844 calcium glycerophosphate 190.522 91.913 61.520 92.157
25% PVP K30 20.398 9.840 6.586 9.867 Polyplasdgne XL 8.130 3.922 2.625 3.932 Avicel ph 200
4.067 1.962 1.313 1.967 Aerosil 200 0.332 0.160 0.107 0.160

Example 5: 3¢ mg tabiets

Formula

Raw materials Unit (mg) %
Nalbuphine 30.00 20.31
PVP K30 9.83 8.65
Polyplasdone XL 3.52 2.38
Avicel® PH200 1.19 1.76
Tablettose® 80 91.85 62.16
Aerosil® 200 0.14 0.10
Magnesium siearate 0.71 0.48
Talc - 2.83 1.92
Sepifilm LP014 7.11 4.81
Purified water / /
TOTAL 147.75 1060.00

This formulation was obtained following the protocol below:
- weighing the raw materials (scales);
- mixing the nalbuphine, talc and Tablettose® (granulation carrier);
- obtaining a binder solution by mixing purified water with PVP K30;
- spraying the binder solution on the first mixture to obtain a granulate;

- drying the obtained granulate in an air fluidized bed,;

¥

mixing Avicel®, Aerosil® and Polyplasdone

XL, homogenization and incorporation o the granuiate;

- lubrication by adding magnesium stearate and anhydrous colloidal silica;

- direct compression of the mixture;

- preparation of the film-coating suspension: Sepifiim® LP014 and purified water;

- Film coating and then drying.



Mg stearate 1.634 0.788 0.528 0.790 Sepifilm LP 014 14.750 7.116 4.763 7.135 Purified water 132.72
- TOTAL 309.690 149.40 100.00 149.80 The amounts of raw materials are very close to those of
the composition of Example 5. Only the granulation carrier was changed in this composition of coated
tablets. The tablets according to the composition above and tablets according to the composition
of Example 5 dExamipia) 6: Campgrativeusfedytotthetdinintedrafionatimediofrtheataklpteddtis7.0C (+/-
0.5C) inaemsdatinem hppagdifiersphgirrudalionledriey means of a piston pump and a sample
collector at 5, 10, 15, 30 and 60 minutes. These samples are then analyzed by HPLC. The dissolution
conditions are the folloRéngicapparafikabidiGR=<F0 Wrtitapnauaiupyodits kraskeis)e speed of rotation: 50
rpm. dissolution medium: HCI 0.1N volume: 500 MI. Test sample: a 30 mg tablet. The disintegration
time for these coated tablets is greater than 8 hours 30 mins.

Coated tablets

o .

Raw materials 9 mg b mg obtained
Nalbuphine 63.978 30.865 20.659 30.947
Tale 5.880 2.837 1.899 2.844
calcium giycerophosphate 190.522 91.913 61.520 92.157
25% PVP K30 20.398 9.840 6.586 9.867
Polyplasdone XL 8.130 3.922 2.625 3.932
Avicel ph 200 4.067 1.962 1.313 1.967
‘Aerosil 200 0.332 0.160 0.107 0.160
Mg stearate 1.634 0.788 0.528 0.780
Sepifilm LP 014 14,750 7.116 4,763 7.135

Purified water 132.72 - - -

TOTAL 309.690 149.40 100.00 149.80

The amounts of raw materials are very close fo those of the composition of Example
5. Only the granulation carrier was changed in this composition of coated tabiets.
The tablets according to the composition above and tablets according to the
composition of Example 5 are tested.
They are subject to constant stirring in @ medium maintained at 37.0°C (+/- 0.5°C}in a
dissolution apparatus. Samples are taken, by means of a piston pump and a sample collector
at 5, 10, 15, 30 and 60 minutes. These samples are then analyzed by HPLC.

The dissolution conditions are the following:

apparatus 1 USP<711> (apparatus with baskets)
- speed of rotation; 50 rpm.

- dissolution medium: HCI 0.1N

- volume: 500 M.

- Test sample: a 30 mg tablet.

The disintegration time for these coaled tablets is greater than 8 hours 30 mins.



15 The disintegration time under the same operating conditions for Example 5 is located between
5 and 8 minutes. Example 7: Study of dissolution nwnedla with different pH. The operating conditions
are identical with those used for the previous comparative study. During this study, several media
with different pH were tested: HCI 0.1N, at pH 1.2, 4.5 and 6.8 (Fig. 1). It is seen that the pH and
the nature of thbariginiagtatios practicdly the infinenseeonitigecdiziotumscopofile mé thésfarcatddtion.
Example, 8is2 il 0f the, farmnulations The increase in bioavailability of the formulations is
estimated in relation to the dissolution of the pharmaceutical form. An immediate release form is a
form in which the quantity of released substance is at least 75% in forty-five minutes (" Guidance for
industry, dissolBamtdstihd@aidmnofatiaielntiendn salitidwithgaifmnst J¥#R7, FDA,CDER ). The

dissolution pr \1'%5 ?jelilgg f@{@é}%ﬁg@g}f}a H%g,ﬁ g%ﬁn%gr% %b&gg&sdpr#ﬁon pé\%%surements

this purpose, sso utlon equipment equippe ersis use farmulations are su%Jected to
constantsﬁfﬂyatmn at 50 rpm in a vessel containing 500 ml purified water and held at 37C.

Samples are takgihgttaredaieymisestdimesisonthareand HrenstP kiarpabzed With allisaviolet
detectlogr gtezgﬁvg\ég@n th of 285 nm. Formulation of Example 1 Time (min) 5 15 30 45 ok dissolution

Nalbuphiné ormulation of Example 3 Time (min) 5 15
it is seen that the pH and the nature of the medium have practically no influence on

the dissolution profile of the formulation,

Example 8: Solubility of the formulations

The increase in bioavailability of the formulations is estimated in relation fo the
dissolution of the pharmaceutical form.

An immediate release form is a form in which the quantity of released substance is at
least 756% in forty-five minutes {« Guidance for industry, dissolution testing of immediate
release solid dosage forms 1997, FDA,CDER »). The dissolution profiles of the different
formulations are obtained by dissolution measurements.

For this purpose, dissolution equipment equipped with impellers is used. The
formulations are subjected fo constant agitation at 50 rpm in a vessel containing 500 ml
purified water and held at 37°C.

Samples are taken at predetermined times, for 1 hour and then HPLC analyzed with
ultraviolet detection at a wavelength of 285 nm. '

Formulation of Example 1

Time (min) 5 15 30 45

%

dissolution Nalbuphine 84 96 97 97

Formulation of Exampie 3

Time (min) 5 15 30

%

dissolution Nalbuphine 84 93 . 96




30 % dissolution Nalbuphine 84 93 96 16 Formulation of Example 4 Time (min) 5 10 15 % dissolution
Nalbuph ne 97 99 98 As shown by the results of thgse experiments, the different formulations
presented were specifically developed to obtain very fast dissolution times, conforming to the
definition. Example 9: Pharmacokinetic study An open Phase | trial, two arms, was conducted with the
following formulations: oral formulatioheshEsatigneof E3ammletdblets) intravenous form (1V) of

nalbup

hine admini
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As shown by the results of these experiments, the different formulations presented were

specifically developed to obtain very fast dissolution times, conforming to the definition.

Example 9: Pharmacokinetic study

An open Phase | trial, two arms, was conducted with the following formulations:
- oral formulation of Example 1 {30 mg tablets)

- intravenous form (IV) of nalbuphine administered orally

A trial was conducted comprising the administration of a single dose to 8 fasting,

healthy maie volunteers (4 volunteers per arm). Different parameters were measured: Tmax

(time after which the maximum quantity of formulation is dissolved), Cmax (maximum

quantity of dissolved formulation) and AUC (concentration/time, area under curve). The
following results were obtained:

Table 1: Tmax based on mean values

Formulation

Tmax (h)

30 mg solid oral form of Example 1

1.25

30 mg oral solution (for comparison) IV form
administered per os

0.75

It is ascertained that Tmax is slightly time-shifted for the solid oral form according to the

invention compared with the liquid solution of nalbuphine.

Table 2: Pharmacokinetic parameters, arithmetic mean value

Formulation Cmax Tmax AUCt AUCInf
(ng/mL) {h) (hg/mL*h) (ng/mL*h)
30 mg solid oral form of 7.91 1.21 30.93 38.08
Example 1 '
30 mg oral solution (for 9.34 0.71 33.06 39.07
comparison) |V form




1.25 30 mg oral solution (for comparison) IV form administered per os 0.75 It is ascertained that Tmax
is slightly time-shifted for the solid oral form accordiag to the invention compared with the liquid
solution of nalbuphine. Table 2: Pharmacokinetic parameters, arithmetic mean value Formulation
Cmax (ng/mL) Tmax (h) AUCt (ng/mL"h) AUCinf (ng/mL*h) 30 mg solid oral form of Example 1 7.91
1.21 30.93 38.08 3gMiBrasdsietion (for comparisbn) IV form 9.34 0.71 33/06 39.07 17|administered
per os It is ascertained that, aside from the slight difference for Tmax, the pharmacokinetic parameters

are compagaklsftdhesaliddoradss thednvsatignandialr theoralsaiution abie 3nRelativgic

Bioavailability (based on dose-pormaljzed, arithmetic mean value) ]
parameters are comparable for the solid form of the invention and for the oral solution.

Table 3: Relative Bioavailability (based on dose-normalized, arithmetic mean value)

Formulation Cmax ratio | AUCt ratio AUCInf
ratio
30 mg solid oral form of Example 1 / 0.85 0.94 0.97
30 mg oral solution (for comparison)

Tabie 4. Pharmacokinetic parameters, geometric mean value

Formulation Cmax AUCt (ng/mL*h) AUCInf
{hg/mL) {ng/mi*h}
30 mg solid oral form of 6.72 26.22 31.80
Exampie 1
30 mg oral solution (for 8.63 2072 34.47
comparison)

Table 5: Relative bioavailability (based on dose-normalized geometric mean value)

Formulation Cmax ratio AUCt ratio | AUCinf ratio

30 mg solid oral form of Example 1 / 0.78 0.88 0.92

30 mg oral solution (for comparison)

These data indicate that the tested oral form shows bioavailability close to that observed for
the 1V form administered orally; a slight difference is observed for Tmax but the release

obtained is very rapid and this is not detrimental to the desired therapeutic effect.
Example 10: Comparative study versus reference orai solution
The data from the preceding study were compared with data given in the

bibliography. Based on the linearity of the administered dose, the following values are

obtained:



Formulation Cmax ratio AUCt ratio AUCinf ratio 30 mg solid oral form of Example 1 / 30 mg oral
solution (for comparison) 0.85 0.94 0.97 Table 4: Pharmacokinetic parameters, geometric mean value
Formulation Cmax (ng/mL) AUCt (ng/mL*h) AUCinf (ng/mL*h) 30 mg solid oral form of Example 1 6.72
26.22 31.80 30 mg oral solution (for comparison) 8.63 29.72 34.47 Table 5: Relative bioavailability
(based on dose-normalized geometric mean value) Formulation Cmax ratio

Table 6: Pharmacokinetic parameters (arithmetic means —

dose normalized to 30 mg)

Formulation Cmax AUCH AUCInf
(ng/mL) (ng/mL*h) {ng/mL*h)
30 mg solid oral form 7 .91 30.93 38.08
of Example 1
30 mg oral solution of nalbuphine 6.88 30.93 34.25

Tabie 7: Relative bioavailability (based on arithmetic mean value -

dose normalized to 30 mg)

Formulation

Cmax ratio

AUCHt ratio

AUCInf ratio

30 mg solid oral form of Example 1/
30 mg oral solution (for comparison)

1.15

1.00

1.11

Table 8: Pharmacokinetic parameters (geometric mean values —

dose normalized to 30mg)

Formulation Cmax AUCt (ng/mL*h) AUCINnf
(ng/mL.) {ng/mL*h)
30 mg Solid oral form of 6.72 26.22 31.80
Example 1
30 mg Oral solution of 6.24 28.15 31.57
nalbuphine

Table 9: Relative bioavailability (based on geometric mean value

normalized to a dose of 30 mg)

30 mg solid oral form of Example 1

30 mg oral solution (for comparison)

/ 1.08

0.93

1.01

On reasoning with geometric mean values, the bicavailability stated for the oral soiution of

nalbuphine is comparable with that observed for the solid form.




AUCt ratio AUCInf ratio 30 mg solid oral form of Example 1 / 30 mg oral solution (for comparison) 0.78
0.88 0.92 These data indicate that the tested oral fgrm shows bioavailability close to that observed for
the IV form administered orally; a slight difference is observed for Tmax but the release obtained is
very rapid and this is not detrimental to the desired therapeutic effect. Example 10: Comparative study
versus reference oral solution The data from the preceding study were compared with data given

in the bibliograghyniphsed o0 dhingavidysaldye aduiistaradaencetbsligisyving values are obtained:

18 Table 6: Pharmacokinetic parameters (arithmetic means - dose normalized to 30 mg) Formulation
Cmax (ng/mL) AUCt (ng/mL*h) AUCinf (ng/mL*h) 30 mg solid oral form of Example 1 7 .91 30.93
38.08 30 mg oraksoutibphabadlbiudlinis. 858Q03:34. 2&s conducted on the oral formulation of

Example 2 (30 mg tablets).

This study was completed by administering a single dose of 30 mg of nalbuphine to
12 male healthy volunteers with empty stomachs. Different parameters were measured:
Tmax (time after which the maximum gquantity of formulation is dissolved), Cmax (maximum
quantity of dissolved formulation) and AUC (area located under the concentration versus
time curve).

The observed data were compared with the data obtained during the study of

example 9 for the intravenous form (IV) of nalbuphine administered orally.

Formulation Cmax Tmax AUCInf
(ng/mL) (ng/mL) (ng/mL*h)
30 mg oral solid form
of Example 2 12.2 2.63 38.1
30 mg oral liguid form (as a
comparison) 9.3 3.11 _ 39.1

Here also, the observed values are similar. It is noted that the values of Cmax and of

AUC are close to each other. Tmax is shorter for the formulation according fo example 2.



Table 7: Relative bioavailability (based on arithmetic mean value - dose normalized to 30 mg)
Formulation Cmax ratio AUCt ratio AUCinf ratio 30xmg solid oral form of Example 1/ 30 mg oral
solution (for comparison) 1.151 .00 1.11 Table 8: Pharmacokinetic parameters (geometric mean
values - dose normalized to 30mg) Formulation Cmax (ng/mL) AUCt (ng/mL"h) AUCinf (ng/mL*h) 30
mg Solid oral form of Example 1 6.72 26.22 31.80 30 mg Oral solution of nalbuphine 6.24 28.15 31.57
Table 9: Relative bioavailability (based on georagisigigean value

1. immediate release, oral pharmaceutical formulation comprising nalbuphine or a
pharmaceuticaily acceptable salt thereof, and at least one hydrophilic granulation carrier, one
hydrophilic binder and one lubricant.

2, Formuiation according to claim 1, characterized in that it only contains nalbuphine
or one of the pharmaceutically acceptable salts thereof, preferably nalbuphine hydrochloride

as an active ingredient.

3. The pharmaceutical formulation according to claim 1 or 2, wherein the hydrophilic
granulation carrier is selected from the group comprising mannitol, polyvinyl pyrrolidone or a
derivative thereof, a polyol, lactose, a cellulose derivative, polyethylene glycol or a derivalive

thereof and a silica derivative.

4. The pharmaceutical formulation according o any of claims 1 fo 3, wherein the

hydrophilic granulation carrier is lactose.

5. The pharmaceutical formulation according to any of claims 1 to 4, whersin the
hydrophilic binder is selected from the group comprising polyvinyl pyrrolidone or a derivative
thereof, a polyol, lactose, a cellulose derivative, polyethylene glycol or a derivalive thereof,

gums and carbomers.

6. The pharmaceutical formulation according to any of claims 1 to 5, wherein the

hydrophilic binder is polyvinylpyrrolidone.

7. The pharmaceutical formulation according o any of claims 1 to 6, wherein the
lubricant is selected from the group comprising silicon dioxide, magnesium stearate,

anhydrous colioidal silica, sodium stearyl fumarate and talcum.

8. The pharmaceutical formulation according to any of claims 1 to 7, wherein it
comprises at least 45% by weight of hydrophilic granulation carrier, preferably from 45 fo
70% by weight, and still more preferably from 55 io 65% by weight of granuilation carrier,

relative to the total weight of the formulation.



normalized to a dose of 30 mg) 30 mg solid oral form of Example 1/ 30 mg oral solution (for
comparison) 1.08 0.93 1.01 19 Example 11 : Comparative study versus oral reference solution A
second phase | study, with a single arm, was conducted on the oral formulation of Example 2 (30 mg
tablets). This study was completed by administering a single dose of 30 mg of nalbuphine to 12

male healthy vl RNRiRes stomaeptonifesRstiisatanfite R viddnthadtir8d wheisit (fime after
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ormulation AUC (area Jocate e concentration versus.time curve). .The pbserve
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of nalbufshinelatéministered orally. Formulation Cmax (ng/mL) Tmax (ng/mL) AUCinf (ng/mL*h) 30 mg
oral solid form of Example 2 12.2 2.63 38.1 30 mg oral liquid form (as a comparison) 9.3 3.11 39.1
Here also, the ghserved values are similar. It is noted that the values of Cmax and of AUC are close to

each other. Tmak id ¥ GHREFRGCAYE R IATRHEH AL C5RAIN S xampRl s'eisps 1 to 9. wherein it

comprises less than 10% by weight of ubricant, preferably from 0.9 to 7% by weight, and still
more preferably from 2 to 3% by weight of lubricant, relative to the total weight of the

formulation.

11. The pharmaceutical formulation according to any of claims 1 to 10, wherein it
comprises less than 30% by weight of nalbuphine, preferably from 4 to 30% by weight of
nalbuphine, and still more preferably from 18 to 22% by weight of nalbuphine, relative to the

total weight of the formulation.

12. The pharmaceutical formulation according to any of claims 1 to 11, wherein it
further comprises:
- at least one disintegrating agent; and optionally

- at least one excipient,

13. The phammaceutical formulation according to any of claims 1 1o 11, wherein it
comprises:

- from 4 to 30% by weight of nalbuphine;

- from 45 to 70% by weight of lactose;

- from 2 to 10% by weight of PVP; and

- from 0.9 to 7% by weight of at least one lubricant.

14. The pharmaceutical formulation according to any of claims 1 to 13, wherein it is in

solid form.

15. The pharmaceutical formulation according to claim 14, wherein it is in a form
selected from the group comprising tablets, granules, pellets, micro-granules, capsules and

lozenges.

16. The pharmaceutical formulation according to any of claims 1 to 15, for its use in

the treatment of pain.



CLAIMS 1. Immediate release, oral pharmaceutical formulation comprising nalbuphine or a
pharmaceutically acceptable salt thereof, and at Ie%§t one hydrophilic granulation carrier, one
hydrophilic binder and one lubricant. 2. Formulation according to claim 1, characterized in that it
only contains nalbuphine or one of the pharmaceutically acceptable salts thereof, preferably
nalbuphine hydtéchlagigdarsnancatitat fvrgreldiamt. for us8. Adverghmrivaciirtcid fovhantatigraiacisording to
claim 1 %%geyg{&rg g%mg%uug Rnupatien carrier is selected from the group comprising

mannit polyv 1pyrrolldone or a derivative thereof, a polyol, lactose, a cellulose derivative,
polyethylene gi¥Roll BF RIRAMARRAIGH @'Hf“é‘?ﬂ?% qlidssiaRRRIRg to a”ﬁoﬁ'ﬁé’%amﬁhééuﬁ’ééﬁ
formulatigse acdor diegitaeanyf obtdaimsdictiord, wherein the hydrophilic granulation carrier is lactose.

5. The pharmaceutical formulation according to any of claims 1 to 4, wherein the hydrophilic binder is
selected from the group comprising polyvinyl pyrrolidone or a derivative thereof, a polyol, lactose, a
cellulose derivative, polyethylene glycol or a derivative thereof, gums and carbomers. 6. The
pharmaceutical formulation according to any of claims 1 to 5, wherein the hydrophilic binder is
polyvinylpyrrolidone. 7. The pharmaceutical formulation according to any of claims 1 to 6, wherein
the lubricant is selected from the group comprising silicon dioxide, magnesium stearate, anhydrous
colloidal silica, sodium stearyl fumarate and talcum. 8. The pharmaceutical formulation according
to any of claims 1 to 7, wherein it comprises at least 45% by weight of hydrophilic granulation carrier,
preferably from 45 to 70% by weight, and still more preferably from 55 to 65% by weight of granulation
carrier, relative to the total weight of the formulation. 21 9. The pharmaceutical formulation
according to any of claims 1 to 8, wherein it comprises less than 10% by weight of hydrophilic binder,
preferably from 2 to 10% by weight, and still more preferably from 4 to 8% by weight of binder, relative
to the total weight of the formulation. 10. The pharmaceutical formulation according to any of
claims 1 to 9, wherein it comprises less than 10% by weight of lubricant, preferably from 0.9 to 7% by
weight, and still more preferably from 2 to 3% by weight of lubricant, relative to the total weight of the
formulation. 11. The pharmaceutical formulation according to any of claims 1 to 10, wherein it
comprises less than 30% by weight of nalbuphine, preferably from 4 to 30% by weight of nalbuphine,
and still more preferably from 18 to 22% by weight of nalbuphine, relative to the total weight of the
formulation. 12. The pharmaceutical formulation according to any of claims 1 to 11, wherein it
further comprises: - at least one disintegrating agent; and optionally - at least one excipient. 13.
The pharmaceutical formulation according to any of claims 1 to 11, wherein it comprises: - from 4 to
30% by weight of nalbuphine; - from 45 to 70% by weight of lactose; - from 2 to 10% by weight of PVP;
and - from 0.9 to 7% by weight of at least one lubricant. 14. The pharmaceutical formulation
according to any of claims 1 to 13, wherein it is in solid form. 15. The pharmaceutical formulation
according to claim 14, wherein it is in a form selected from the group comprising tablets, granules,
pellets, micro-granules, capsules and lozenges. 16. The pharmaceutical formulation according to
any of claims 1 to 15, for its use in the treatment of pain. 22 17. The pharmaceutical formulation
- for use according to claim 16, wherein pain is generated by a treatment for opioid addiction. 18.
The pharmaceutical formulation for use according to any of claims 1 to 15, for its use in the treatment
of opioid addiction.



