WD 01/ 28558 PC T/ SE00/ 01992 FORMULATI ON OF SUBSTI TUTED BENZI M DAZOLES
Field of the invention s The present invention relates to a stable liquid
formul ation conprising an acid labile substituted benzign comgeund
such as awf)’rub’lzgﬁs punp inhibitor, i.e. a H+, K - ATPasePi@rll‘l 'l%'ggrz. The

| i quid product can be stored refrigerated or stored at room tenperature
for several nonths w thout significant degradation. The invention provides
a stable liquid formulation of the H+, K+-ATPase inhibitor in a water free.
or alnost water io free solvent. Such a stable liquid fornulation is i.a.
sui tabl e ~1705 j al admnistration or as a
concent ra@@gpﬁgﬁ%ﬁ&féﬁ%?g@g |gfr§wgfmgﬁégpfﬁtg|§on for parenteral

adm nistration. Further, the present invention also refers to the

manuf acture of such stable liquid i.a. parenteral fornulations, and their
use in nedidd abthe iIVeRtigN or ound of the i.nvention and prior art The
susceptibility for chem cal degradation of the proton punp inhibitors poses
special problenms in the pharmaceutical fornulation of solutions for

par ent er alThagrdseit siveationoelateShea stdelg liguid foromlatibn témaprsing amecpllabilé nhi bitors

in liquid _sol.utians is , e . react | ts very high
at | ow pH?Sbgflﬁ"ges. e_fﬁ’én ‘%"lr%_‘gtegﬁg’gﬁﬁp‘%@ﬁ‘ﬁ*h%% qr%@ésﬁ@%émi‘g Tog’\?v%é(&)mglfl ity in water
and a_hi gherpasOinkiBiths. THe liGuill BEcTuct2ah BE sterell Yefieratebr sidted afiBem hand,

al kaline salts of the proton punp inhibitors generally have a higher

sol ubi | i t yemperatereder ssyrralanonshiewithaut significany degradatians The inyenton Rrevdes 2 25 At
present ppag%ﬁf&foﬁﬁdlmmwﬂwﬁ,%AﬁuQ Febdifior R Patk derlafhicst (rafer
parenteral "admnistration are fornulated as dry -preparations for ex

t enmpore r §eessierdt Sucha stabledigaidefomhidationds i/£ Bhitableles adeadypo-esascditionrfer ar e
obtained by |yophiljsation of sterile filtered solutions.. The chem cal

i nst abi | i PyeRferal pAmIBISERUAT T 3RA CPRASPIAtE Bir & fsmaere RIERSTANER T 8 SUPYPR 5t i on of
t hese ﬁg g%‘ggig&ggﬁﬂﬁlglswlﬁﬂ-@m&hg SFEéa%EQ%Q.%R gl%g redert M/ fhe nidnutbRrSsfTe ti e

as an e Ity of the active conpound is requested for
such stable liquid i.a. parenteral formulations, and their use in medicine.

1s  Background of the invention and prior art

The susceptibility for chemical degradation of the proton pump inhibitors poses special
problems in the pharmaceutical formulation of solutions for parenteral administration. The
degradation of the proton pump inhibitors in liquid solutions is pH-dependent; the rate of

20 reaction is very high at low pH values.

The proton pump inhibitors have a low solubility in water and a higher solubility in less
polar solvents. On the other hand, alkaline salts of the proton pump inhibitors generally
have a higher solubility in water and a lower solubility in less polar solvents.

25
At present pharmaceutical formulations of proton pump inhibitors for parenteral
administration are formulated as dry preparations for ex tempore reconstitution in a sterile
solvent. The dry preparations are obtained by lyophilisation of sterile filtered solutions.
The chemical instability of the proton pump inhibitors precludes heat sterilisation of these

30  compounds.



parenteral admnistration, the stability of the fornulations nust be

mai nt ai ned and the forrrul ations should have suitable storage stability.
Furt her suWCHb428§58eqU| renents are easy handling and i neX§a7sEpa 992

manuf acturing. 5 Proton punp inhibitors are for instance conpounds known
under the generic nanes oneprazole, |ansoprazole, pantoprazole,
rabeprazol e, | em noprazol e and esoneprazol e. Oreprazole and

t herapeutically acceptable salts thereof are described in EP-Al-0005129.
EP- Al- 124495 describes certain salts of onmeprazole and EP-Al- 174726,

EP- Al - 16628hug,@t tedaGBtit @S d gnhaneed dolubidityeaf thmdtiaﬂsmm@néiseeqtpm &pwr azol e

and rabeprazole re ecti di re ed t of the
singl e enafPiBifE fm%ﬁ?éﬁ? élﬁ ﬁt%gq’%lpé&'SﬁorBW@W%’H}l i°f 8?&“?%{1’ aé eptible to
degradat i O%ﬁﬂlﬁﬂﬁfn@ KNGl KiVe isilitadlel stirfpe3 08l Wukthér suimﬂ!é RquikdeenisQird &8y
stability problens, intravenous formulations of the H+, K+-ATPase 1s

I nhibitors lan@unssauénne}pmuemqﬂuiah@nmarm of a dry povvder that is to be
dissolved in a liquid just before use. For instance, WD 94/02141 descri bes

an injecti of an ant.i.ul cerati en2| md und, .such as

onepr azol ecyq‘i‘ﬂ%"“’m’é lb'g’ﬁs %rg?r%orrnlysgaéjg a°“?%985 Z‘?”‘”&d‘“g?r}g%u%e{‘b“%a’%eﬁ is 20

di ssol ved |dmephyslb,dhﬁ@pmblegahtop&zgale,shbdpea‘zelé,elem&fbpraﬂsle ahd/ egahiepiassiel pr oduct
is prepared_froma strong al kaline solution of sodiumsalt_of oneprazol e,
o U hy ar QRTREo SR LHCo KGR s Ber el g S<6FTIed 3 BB TOS LD, £ 356
143- Al desqip.Req 244bs dak&ibe@bdr@inS@ltdiéf d?:{}tpi-"a%ﬂa lkhd EPO\ 124996 IEF N1 866287

benzi m dazole 25 and at | east one of hanol, propyl ene glycol and

pol yet hyd erfad §B216B747rare digeat¢d,te lanseprazolen nanttmruoiervend r@t@emds respestivelpr
preferably o 93/%7’59?@#::&9&1 eﬁ}ﬁ“ﬁ?sflc@r?aggl kal | omepr 1eous sol ution of

t he conpound,” “diI'SS0 ano TERE" OF yet hyl ene gl ycol.
If a lyophilised material is used an acidic substance Is also added to the

sol vent . ampl Tabl e 356143- Al e 5) conprisin
ol yet hyl erFEotgR ph ibikjiots are Arsgprblego desmpstion BisHBBURO A 0 POt 55
PC_T/ SEOO/019E%If PuSEP 124b)ﬂ'?yg]?rc€l§|6:r b{ﬁs fc’cl)lrsfcl)rpnsu ncedfﬁslee +%4amﬁ,e 13,

I nj ect abl e "M e
15 inhibitors are usually made in the form of a dry powder that is to be dissolved in a liquid

just before use.

For instance, WO 94/02141 describes an injection of an antiulcerative benzimidazole
compound, such as omeprazole. The injection comprises a lyophilised product, which is

20  dissolved in physiological saline just before use. The lyophilised product is prepared from
a strong alkaline solution of sodium salt of omeprazole, sodium hydroxide and water,

whereafter the solution is lyophilised.

EP 356 143-A1 describes an injectable solution comprising a substituted benzimidazole

25 and at least one of ethanol, propylene glycol and polyethylene glycol. The active
compound is either used as such, or preferably as a lyophilised material of an alkaline
aqueous solution of the compound, dissolved in the ethanol, propylene or polyethylene
glycol. If a lyophilised material is used an acidic substance is also added to the solvent. The
examples in Table 2 (EP 356143-A1, page 5) comprising polyethylene glycol have a water

30  content of about 50%.



by di ssolving oneprazole sodiumsalt in sterilised water, followed by
filtration and |Iyophilisation to give a |yophilised nmaterial. The prepared
mat eri al iwotoesssgli ssolved in a 5 sterile-filtered m xedPEHSEIDIIB Of

pol yet hyl ene gl ycol 400 for injection, sodium dihydrogenphosphate and
sterilised water. The previously descri bed parenteral dosage formns
reconmend a freeze dried product, which nmakes the manufacture of _
i ntravenous products expensive. The present invention 10 provides a stable
liquid formul ati on which can be used as a ready-to-use solution for
parenteral administration or a concentrate for ex tenpore preparation of a
sol uti on f &P 12pa9& deseribés fardnstanice tseatxampleni3t fnjsstablessolwgions whibh fre htaingd

processes/ steps .in the nuf.act uri.ng. .1s .Su t L,aventi on The
present i nséﬁgﬁﬂﬁmﬁr"ﬂ\ﬂ’ﬁé € Sodiy, paltn pte [15?38 %agél%ff%\gdob ot tgo\r{f agéi di ¢
suscept i bl ,d5hifisatioh tP@E ailyuphilisédanateridl CThedBepared mpitarial [sulgn dissbivid inar . The
stable liquid fornmulation can be used as a_ready-to-use (iiol ution for

. W¥or e preparation

par ent esal stedlerfitesed mixed pelwion o Pelyethylens glycol 40Q {oF indsction sp
of a soluti i Qhafration. The liquid product can be
stored ref F?’S’glﬁog%xg%g%&%t%g?gaagt%%%;mterrperature for several nonths

w t hout significant degradation. According to one aspect of the present
invention a water free or al nost water-free, 25 polyethyl ene glycol

sol uti on offhapeefbuslidescriped pasdterlidesigt fodins fecbihniénd AfBerdriedpiodidtor of
Formula | below or a sodiumor potassiumsalt of a s&ggl e enanti.onmer of one

of the coMinimaakes wemaevfaaéﬁ.ofmmswéuctWFm Brgssnt pvenlion rding to
anot her asggogidess%PEQfahﬂ a{uxa?ﬁ%%memlﬁ@hged%a}ésag,{-t#usergamagme i nhi bi t or

may be Por In situ 1'n the polyet ene gl ycol ution by adding a

sodi um hydpapehweml adminjstationsir a woivgntrate fod ex @mgotetpreraration of cenkgionder, | . e. the
H+, K+-ATPase inhibitor..s Water that has been adde 41 t he sodi um or

pot assi um BHEBteRH a‘f‘ﬂ’@‘sgﬁqu’\é%H{fﬁ&gﬁm&ﬁlsa?Wo%g% 8égnm &f med by the in
situ formtiahainhse sodiumor potassiumsalt of the active conpound, can
be evaporated by purging the polyethylene glycol solution with nitrogen. It

15 Summary of the invention

The present invention provides a stable liquid formulation of an acidic susceptible H'K -
ATPase inhibitor, such as a proton pump inhibitor. The stable liquid formulation can be
used as a ready-to-use solution for parenteral administration or as a concentrate for ex

20  tempore preparation of a solution for parenteral administration. The liquid product can be
stored refrigerated or stored at room temperature for several months without significant

degradation.

According to one aspect of the present invention a water free or almost water-free,

25 polyethylene glycol solution of 2 sodium or potassium salt of a H' X" -ATPase inhibitor of
Formula I below or a sodium or potassium salt of a single enantiomer of one of the

compounds is provided.



I's by such a procedure possible to renpove practically all the water or to
obtain a water content of a pre-set value. LO Alternatively, the stable
Liquid forYQ%R#8%H may also be filled into capsul es whi cRCTREW/03992 enteric
coated, and used for oral adm nistration. According to a further aspect the
stable liquid formulation may be filleg into a one or two 15 conpartment
syringe to provide a ready-to-use product or ex tenpore preparation product
that will be easy to use for parenteral adnministration. Detail ed
description of the |nVEnt|on 20 Conpounds of interest . for the naovel

stabl e | i qt§oTolstaRaRthgspect HP&PWQ“%QS polssiy salichiithe H 1y e nd TRase &F@’l&” sodi um

X S hers 1 R il A SAPR RO oD Blath B Sty midroniFley s

~RS or Ipotassiulhydroide 2nd the RetivREONpOUNS, i.dRehedi”, K -ATPase inhibitor.

Water that has been added with the sodium or potassium salt of the active compound or

w

that has been formed by the in situ formation of the sodium or potassium salt of the active
compound, can be evaporated by purging the polyethylene glycol solution with nitrogen. It
is by such a procedure possible to remove practically all the water or to obtain a water

content of a pre-set value.

Alternatively, the stable liquid formulation may also be filled into capsules which then are

enteric coated, and used for oral administration.
According to a further aspect the stable liquid formulation may be filled into a one or two

15 compartment syringe to provide a ready-to-use product or ex tempore preparation product

that will be easy to use for parenteral administration.

Detailed description of the invention.

Compounds of interest for the novel stable liquid formulation according to the present

invention are a sodium or potassium salt of compounds with the general formula I

Il
Het1—X—S—Het2 I

25

wherein

Het, is



A~ 1~ ANAIL N RRH HX=-CH- R11 | NOor R12 wherein Nin the
benzi m dazol e noi ety nmeans that one of the ring carbon,atons substituted by
R6- i0 RO opbionmassd y may be exchanged for a nitrogen atonpditddareiosany
substituents; RlL, R2 and R3 are the sane or different and selected from
hydr ogen, al kyl, al koxy optionally sub§tituted by fluorine, alkylthio,

al koxyal koxy, dial kyl am no, piperidino,~ norpholino, hal ogen, phenyl and
phenyl al koxy; is R4 and R5 are the sanme or different and sel ected from
hydrogen, al kyl and aral kyl; R6' is hydrogen, halogen, trifluoronethyl,

al kyl and al koxy; WO 01128558 PCT/ SEO0/ 01992 6 R6-Rq are tﬁh same or
different and sel egted fikom kydrogen; alkyl, alkoxy, halogery hal o- alkoxy,
al kyl car bonyl , al koxyear bopy! - oxazol yl, t;ifluoroalku Y~ atiRacent groups
R6-Rqg formring strud 5 whi ch may be Plurt her subsj ed; s RI0O is
hydrogen or forns an algyfene chain together with R3 2RéR1 and R12 are
the sanme or different and sel ected from hydrogen, H%Bogen or al kyl .
Exanpl es of specifically interesting conpounds are a sodi um or potassium
salt of the io follow ng conmpounds with formula I OCH3 H3C CH3

Hetz iS
Re
Ry /
/
/( Rg or /4 =
N )
H Ro H
5 X=
_(': H— R1 1
Rio * Riz
wherein

N in the benzimidazole moiety means that one of the ring carbon atoms substituted by R-

10 Ry optionally may be exchanged for a nitrogen atom without any substituents;

R}, R; and R; are the same or different and selected from hydrogen, alkyl, alkoxy
optionally substituted by fluorine, alkylthio, alkoxyalkoxy, diallearnino, piperidino,
morpholino, halogen, phenyl and phenylalkoxy;

15

R4 and R; are the same or different and selected from hydrogen, alkyl and aralkyl;

R’ is hydrogen, halogen, trifluoromethyl, alky! and alkoxy;



ON\ OCH3 N C H2-S--< N~ (la)

HOCH2CF3 CH3 O N:CNCH2 SS< N H

OCH3 OCH3 ONOCHF2 N CH2 S--< NI) H 15 WO 01/ 28558 PCT/ SEOQ 01992 7

OCH2 CH2 CHVR 1082858813
CH2 S--{ N/

-ON:a N""CH2 S-< N HCH

6

| NPCHSEIMOE9B) 2 0 N

R¢-Ry are the same or different and selected from hydrogen, alkyl, alkoxy, halogen, halo-

alkoxy, alkylcarbonyl, alkoxycarbonyl, oxazolyl, trifluoroalkyl, or adjacent groups R¢-Rg

form ring structures which may be further substituted,

5 Ryqis hydrogen or forms an alkylene chain together with R; and

R;; and R, are the same or different and selected from hydrogen, halogen or alkyl.

Examples of specifically interesting compounds are a sodium or potassium salt of the

10 following compounds with formula I

15

OCH;,
CHs



HNON\ CH31 S-{ N/ HCH3 --/NI \ S<CH3\NON/ i H OCH3 H3C
CH3 N CH2 5--~ NN OCH3 H WO 01/28558 PCT/ SE00/01992. 8 OCH3 H3C CH3 O
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O SN. CH N(CH3)2 The conpounds may al so be used in the formof a sodium or
potassiumsalt of .a single 5 enantioner. Especially preferred conpounds for
the presenWO0KY8BR | on are a sodiumsalt of oneprazol e oPCEHSE®®IYN salt of
(S)-omeprazole. The stable liquid fornulation is prepared by dissolving a
sodi um or potassiumsalt of a conpoundg with Formula I in polyethylene

gl ycol . Suitable polyethylene glycols are for 10 instance, polyethylene

gl ycol 200, 300 or 400. The nost preferred pol yethyl ene glycol is PEG 400.
There is no need for any addit'8g of water to the PEG sol ution. The
prepared formulation accordi ® present invention is water free or

al nost water free. The HsGrMu i g@Hshoul d conpri se | s than 6 % by wei ght
of water, preferably less tRHan 3% an mor e prefera ess than 2 % by
wei ght of water. !5 Water t < s i um or potassium
salt of the active conpound ofN" t h&HRaS hd byNthe in situ
formation of the sodium or potassiumsalt oN & aCtive conpound, can be
evapor at ed by purging the polyethylene glycgl solution with nitrogen. It

is by such a procedure possible to renove pflactically all the water or to
obtain a water 20 content of a pre-set value. WO 01/28558 PCT/ SEOQ 01992 9
Al ternatively, the conpound ofcﬁprnula | can be used as such added and

di ssol ved together with at |edsf adcﬁaulvalent anount of sodium or

pot assi um hydroxide in poly Mcol . The sodiumsalt or potassium
salt of the active conpound W then[be s fored in situ. It is of vital

i nportance that the fornmulat ntasns t he ve conpound in the form of
a sodiumor potassiumsalt in ordaD 7t 6Chlpt-a stabl e product. to The

wat er solubility of proton punp inhibitor conpgunds is |ow and they are
generally nore soluble in less polar solventsy (5ﬁ§ solubility of proton
punp inhibitors in polyethylene glycol is as expe¥ted in general higher

t han the correspondi ng wat er

The compounds may also be used in the form of a sodium or potassium salt of a single
5 enantiomer. Especially preferred compounds for the present invention are a sodium salt of

omeprazole or a sodium salt of (§)-omeprazole.

The stable liquid formulation is prepared by dissolving a sodium or potassium salt of a
compound with Formula I in polyethylene glycol. Suitable polyethylene glycols are for
10 instance, polyethylene glycol 200, 300 or 400. The most preferred polyethylene glycol is
PEG 400. There is no need for any addition of water to the PEG solution. The prepared
formulation according to present invention is water free or almost water free. The
formulation should comprise less than 6 % by weighi of water, preferably less than 3 %,

and more preferably less than 2 % by weight of water.

Water that has been added with the sodium or potassium salt of the active compound or
that has been formed by the in situ formation of the sodium or potassium salt of the active
compound, can be evaporated by purging the polyethylene glycol solution with nitrogen. It
is by such a procedure possible to remove practically all the water or to obtain a water

20  content of a pre-set value.



solubility. It has now been discovered that a sodium or potassiumsalt of
the active H+, K - ATPase inhibitor surprisingly has a higher solubility in
pol yet hyl em® i2§558| t han the active 1s conpound itsel f. IPCTisSgowthezef ore
possi ble to achieve a high concentration of the conmpound in the

pol yet hyl ene glycol solution wth a sod‘% um or potassiumsalt of the active
conpound. A high concentration is of vital inportance particularly for
parenteral products since the volunme to be administered is generally
small. The injection volune for an intravenous bolus injection should
preferably not exceed 10 mMl and for a subcutaneous 20 injection the volune
shoul d pr ef e&xlehlayivelp)thezamsoaind ofiFormlatienn béiaded hasichaddedaid didsolvddh t he

sodi um or potassiumsalt of the active c ound or that has heen fornmed by
The i o t b GE MDA 5t eSS BUATE PP BORLOE CrACBSHE P SRR T ve

conpound Ca%oggthﬁléﬂ@gfy%l?ﬂhé%bdﬂwﬁit REpdtARiuRPaNF el L Dmpolhd w0l b QN Wi th

nitrogen. It is by such a procedure possible to renpove practically all
the water oformgddmsiii.n a water content of a pre-set val ue. An advant ageous
feature of the stable liquid fornmulation of the invention is that it can be
filtrated sterile by conventional nethods and it is therefore relatively
easy to produisef vital Bfipataacs thet thafoemdleticl coptaing tiest actse@impbahd in thefonibF28558"
PCT/ SE00/ 0199 10 The.stahle |jqui (i]: fornulation may be filled into a one
or two conpdPYHRPF PeipTsiyTyEalt1p orgst Efé“‘é%ﬁaﬂ?-d?ﬁ'- use product or ex tenpore
preparation product that will be easy to use for parenteral

adm ni stration. s The stable liquid formulation may be m xed with for

i nst ance'owa{lbg Weise sqlupilitraf gretesy pusey inhibitorcempeynsls is low andjtheytareosenoi@bn it i s
used as a ¢ I 0 j f . al

adm ni strat ?}%?F%Bgé @JF%@%?%%[ gge %@‘%’%@??gﬁg{bﬁ g@ﬁé@@&?ﬁa | y acceptabl e
exci pi ent t palyethilehe glgedlids expaetedlih génetah higherribdn thetartesponding veatetesi r ed
value. If the stable liquid 10 fornulation is to be filled into one _of the
chanbers of selubility. Bhapnew hesmdiscayaredihat a spdium asphtapsiun satbelthe eetiveH &K/ri nge
will then be filled with a sujtabl e solvent as described above. This

syringe wi | ATPassinkibueurprsmaty s p ighersolubilinginpoivsthylens glvsel than the adlyet in

contrast st Ocompound itself. It is therefore possible to achieve a high concentration of the compound
in the polyethylene glycol solution with a sodium or potassium salt of the active
| compound. A high concentration is of vital importance particularly for parenteral products
since the volume to be administered is generally small. The injection volume for an
intravenous bolus injection should preferably not exceed 10 ml and for a subcutaneous

20  injection the volume should preferably not exceed 1 ml.

Water that has been added with the sodium or potassium salt of the active compound or

that has been formed by the in situ formation of the sodium or potassium salt of the active

compound can be evaporated by purging the polyethylene glycol solution with nitrogen. It
25 is by such a procedure possible to remove practically all the water or to obtain a water

content of a pre-set value.

An advantageous feature of the stable liquid formulation of the invention is that it can be
filtrated sterile by conventional methods and it is therefore relatively easy to produce a

3  sterile parenteral product aseptically.



earlier proposed arrangenents. For instance, a product according to prior
art, a two conpartnents syringe, would contain the |yophilised

H+, | C+- ATP¥Q81288580ne conpartment is and a sterile wat er PGUSEMOOWA2 | n t he

ot her conpartnent. Such a structural arrangenent would l|ead to a very
expensi ve nmet hod of manufacture conparg@ to the invention provided in this
patent application. The stable liquid forrmulation according to the present

i nvention may conprise suitable 20 pharmaceutically acceptabl e excipients
that can be dissolved in the water free or alnost water free polyethylene
glycol formulation wthout interferring wwth the properties and uses of
the cl ai med Thestakie lianidformulation ay de Hpd intg/a arePrdwp GHMPArtment $EWEBIO t he

i nvention. . ' ' '

For mil at 1 o8N KRB RE B o Nal AR RaHOR o e AW B R BBl wee 1

i ncl udi ng méor pagentzoal administagorgast ri ¢ aci d secretion at the final step of
the acid secretory pathway and thus reduce basal and stinulated gastric
acid seéretion irrespective of stinulus. In a nore general sense, they nay
be used for Tﬁ@stmeﬁqmaif@:ﬂqmﬁnwa?%mﬁd With b2 flstahée atbrdof B edtigfordamRases in
manmal s and man, including WO 01/28558 PCT/ SEQQ/ 01992 11 e.g. reflux
oesophagi t i 8oluiensior injgcgion wheris i Usedsas afwneanirate Jores femnoroBreparption feer and

Zol | i nger - E! L1 : r nt of
ot her gastr |ntt§%¥| ? na‘Flg{r |§é?g%%°2%m?}gal5%s rqr{éggg%?%mlgﬁﬂ%%@gf %/Jpgaﬁerergt S
desi r abl e eexpipiemt tiettwilk norgrol theqioaf the firial sadutiongd e desintd valaatlf the sfabkriqatdor y
drugs (NSA | n_patien i th Non U cer spepsia, and in 5 patjents with
Syt onb: ¢ Ryneldief e B RDetine wieet i e o BB ey REpRRILS b

used for pabineféamber inthesSinyewilRthén §d A1LAWIB Ssuithble RAvdne B Gest¥itied aBouet €

upper gastrointestinal Dbl eeding, pre-and postoperatively to_prevent
aspi rati on dhisguange willthenchegerae {rasy ONSHEX igmPoranIePAratign PRdyYct il e@mastiten
Further, they: ﬁ.ggnLé Ehembdgat | ASHS | as in
the treat neﬁ%hl%?&f—%%?%lo agtnelrrﬁs'_nPlgq&!on’s gngucg%gogggﬁegs el éi&g’é\@g these. 10
Au ][H t glos e cthpdriieenky 9tiage, MR cotinthd Bophifie HMISLATP&selin oneldPhpABimiefit
preferably

15 and a sterile water solution in the other compartment. Such a structural arrangement would

lead to a very expensive method of manufacture compared to the invention provided in this

patent application.

The stable liquid formulation according to the present invention may comprise suitable
20 pharmaceutically acceptable excipients that can be dissolved in the water free or almost
water free polyethylene glycol formulation without interferring with the properties and

uses of the claimed formulation, such as stability and solubility.

Use of the invention.

25
The pharmaceutical substances used in the claimed formulations are useful for inhibiting
gastric acid secretion in mammals including man by controlling gastric acid secretion at the
final step of the acid secretory pathway and thus reduce basal and stimulated gastric acid
secretion irrespective of stimulus. In a more general sense, they may be used for

30 prevention and treatment of gastric-acid related diseases in mammals and man, including



adm ni stered once or twice a day. The doses may be given with a higher
dosi ng frequency depending on the severeness of the disease and the
patient's OAOI28B¥Ns, al so up to 500 ng may be adm nst ermti/sEss/odszy i n
severere cases. Suitable doses for injection and infusion is conprise for

i nstance 5, 10, 15, 20, 30 and 40 ng of {{ he pharmaceutical active conpound.
The formul ations nay al so be used in conbination with other drug
treatments, such as one or nore antibacterial conpounds, a notility

stinul ating Q%umuxadas@gmagsé,@a@ﬂﬁu, QliodRnikis galtHiO GIE, ductiefd ufer mrzdun%teance _
ranitidine. 20 The foll ow ng exanples show the preparation of stable liquid

f or nul at i onsElbsamsyndriong Fertiermergdhenmanbe used fos trepmaniolfethen gasproinestingl ene
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st abl e | i quisterbidalrmtidnflamraatoryinkgs NPAHS), infpiAbdes witH Nob T Addr ®ykpensin,thnd in
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in water or pEd KRHAENRNE ifénkive bare 4RRIBEY, f fAEBRS WA a%QuWF%%ﬂtéﬁﬁa?r
different storage tinmes at roomtenperature (25 C). Fornulations A-D were

prepar ed by biteding) prerdgyd pertqPerasivels taprayanhaspisatisimod gastec a0id anskip praventianthe

gl ycol 400 h ' | Ut i ¥ ' [0, I enove
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then al so ahdeehtmettofifelidobadtarinfebtions and diseazess related s theseby di ssol vi ng
oneprazole (non salt form in polyethylene glycol and then purging the
solutionjgMth nitrogen in order to renove any water that had been added

with the actj ygit §R8BOHEGrotdosuip RhibAsy, For WREank EPEIREHg RyprefeiabBOl Vi Ng

onepr azol e sodi um nonohydrate in water. to . . . )
administered once or twice a day. The doses may be given with a higher dosing frequency
depending on the severeness of the disease and the patient’s conditions, also up to 500 mg
may be adminstered per day in severere cases. Suitable doses for injection and infusion

1s  comprise for instance 5, 10, 15, 20, 30 and 40 mg of the pharmaceutical active compound.

The formulations may also be used in combination with other drug treatments, such as one
or more antibacterial compounds, a motility stimulating drug, an antacid and/or a Hj-

blocker, such as for instance ranitidine.

20
The following examples show the preparation of stable liquid formulations comprising the
sodium salt of omeprazole and polyetylene glycol 400. These formulations were compared
with other formulations, and the results show the enhanced stability and solubility of the
claimed stable liquid formulations.

25

Examples
EXAMPLE 1:

Stable liquid formulation of omeprazole.



Aliquots of 0.5 m of each of the solutions were filled in 3 m glass vials
and sealed with rubber stoppers. Fornmulation B was seal ed under dry air
and all ofwobm2ssssher fornul ati ons were seal ed under nit POYYSERO/OTYIR
appearance of the solutions were determned after - different storage tines.
t5 As shown in Table 1, the polyethyleng glycol solutions containing
omeprazol e sodium (formulations A-D) rénai ned cl ear and col ourl ess or

al nost col ourless during the studied storage period. This shows that the
stability of omeprazol e sodiumwas very good in the polyethylene glycol

sol uti ons. Eguidifoanilatiensief ameprezoleomsodintreorseprazoltiis seico or pdyainderzlycol

precipitati was fornmed within,the studied starage period. Thi ws t hat
Phe st abi | | 80 BFre novraqd pialyen 1T oEbarom Sfae RLeg ryBoh 'Spesmtis 125 L.
(formul ati opofRlulifehs RODwerdhep @ byl diSolviigAdthdprdzy1eQbdiRMBREAEPIBesRdI UM i N
the water solution (formulation F) was poor. It can al so be concl uded that

t he pol yet hpblretbylghs glytol 460 and therspuiging therselutionsovith ritraganrin ovdes toromovensi ti ve

to oxygen in the h ace (.for ation B) nor, to I t er . cont ent
25 (1 ormil abroiee Poe BRtae )& anik ot 18 Sy D o Uil '
vi CCC 3 0 £dddd2 %avater. Fdrmblation E wis Prefared 6 diSsolvihg 6meprazolé Gion aleforhifin [ N h
Ch>Co0047LCQ =~0 . . oy s .
polyethylene glycol and then purging the solution with nitrogen in order to remove any
water that had been added with the active compound. Formulation F was prepared by

dissolving omeprazole sodium monohydrate in water.

Aliquots of 0.5 m! of each of the solutions were filled in 3 ml glass vials and sealed with
rubber stoppers. Formulation B was sealed under dry air and all of the other formulations
were sealed under nitrogen. The appearance of the solutions were determined after
different storage times.

15
As shown in Table 1, the polyethylene glycol solutions containing omeprazole sodium
(formulations A-D) remained clear and colourless or almost colourless during the studied
storage period. This shows that the stability of omeprazole sodium was very good in the
polyethylene glycol solutions. Formulations E and F were intensely discoloured and

20  precipitation was formed within the studied storage period. This shows that the stability of
omeprazole in the polyethylene glycol solution (formulation E) was poor and that the
stability of omeprazole sodium in the water solution (formulation F) was poor.
It can also be concluded that the polyethylene glycol solutions with omeprazole sodium
was not sensitive to oxygen in the head space (formulation B) nor to a small water content

25 (formulation C).
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Il N[~ vl WD 01/ 28558 PCT/ SEOQ 01992 15 EXAMPLE 2: Sol ubility of
onepr azol e and oneprazol e sodiumin pol yethylene glycol, 5 The solubility of

omepr azol e W@ A284¥n- i oni sed speci es) has been deternmi ned RGF/SEAPPAVXi matel y

0.1 g/l in water and approximately 100 g/l in dichloromethane at room
tenperature (22 C). This means that thejgolubility of onmeprazole is nuch
better in dichloronethane, a less 10 polar solvent, than in water.
Oreprazol e sodiumon the other hand is freely soluble in water and only
slightly soluble in dichloronethane and this, again, is due to the |large
differences in polarity of the different solvents. Oreprazole sodiumis
ioni sed and ggatvipf pfore nuch nore soluble in water conpared with
oneprazol e and the opposite is applicable in the | ess polar solvent 15

di chl or onet helebilithef sro¢pribzdi¢ and erheprargle sodidre i polyethplené glicded speci es) has
been determned to approximately 20 g/1 in pol yethylene glycol 400. This
nmeans that the solubility is much better in polyethylene glycol, a less

pol ar sol yenthe dofiititydf BimkgsthzoleheATRAGMAFA sPectafhdd Bedndeter@filell 50l UDI € i n
pol yet hyl ene gl ycol 400, which is unexpected and contradictory to what was

expect ed. Thappraximetslythbg/l ineater@nd appreximately 199]s(lan fighleramethapeafropm  nmuch
hi gher for ogEpLa ol &,s iumthan for oneprazole. The high solubility of

€ erature (Z.< . . .
oneprazol e sodrum i n“polyethyl ene glycol is very favourable regarding the
formul ati on 25 aspects of a parenteral pharnmaceutical product. WO 01/ 28558

PCT/ SEQ0/ 0199 16 dai A at f | most .. wat , . St abl
T 200 01988 e Bl b i R s S8 01

10 polar solvent, than in water.
Omeprazole sodium on the other hand is freely soluble in water and only slightly soluble in
dichloromethane and this, again, is due to the large differences in polarity of the different
solvents. Omeprazole sodium is ionised and is therefore much more soluble in water
compared with omeprazole and the opposite is applicable in the less polar solvent

15 dichloromethane.

The solubility of omeprazole (the non-ionised species) has been determined to
approximately 20 g/l in polyethylene glycol 400. This means that the solubility is much
better in polyethylene glycol, a less polar solvent, than in water.

20
Omeprazole sodium is freely soluble in polyethylene glycol 400, which is unexpected and
contradictory to what was expected. This means that the solubility in polyethylene glycol is
much higher for omeprazole sodium than for omeprazole. The high solubility of
omeprazole sodium in polyethylene glycol is very favourable regarding the formulation

25 aspects of a parenteral pharmaceutical product.



gl ycol and a sodium or potassiumsalt of a H+, K+-ATPase inhibitor, and
optionally s pharnmaceutically acceptable excipients that are soluble in
the fornul XO®/8S58. A stable |liquid fornul ati on accor di nGPGTSESHEN 1
wherein the sodiumor potassiumsalt of the H+, K+-ATPase inhibitor is a
sodi um or potassiumsalt of a conpound y¢th the general formula I, or a
sodi um or potassiumsalt of the single enantionmer thereof 0 I

Het 1--X-S-Het2 | 14 wherein Hetl is R2R R&A RR3I NRS | or NRs 1s Het2
isRERT NN~S 1, / _/~ Reo NN I RRH HXI'IIIT 111111 11111
11111 11 11 1%l2ipp 01/ 28558 PCT/ SE00/ 01992

1. A water free or almost water free, stable liquid formulation comprising polyethylene
glycol and a sodium or potassium salt of a H', K" -ATPase inhibitor, and optionally
5 pharmaceutically acceptable excipients that are soluble in the formulation.
2. A stable liquid formulation according to claim 1, wherein the sodium or potassium salt
of the H+, K *-ATPase inhibitor is a sodium or potassium salt of a compound with the

general formula I, or a sodium or potassium salt of the single enantiomer thereof

]
Hety—X—S—Het, I

10

wherein
Hetl is

R, ||?4

R R N
AN 3 ~
or Rs
=
N RS
15
Hetz iS
Re R
7
i/
4 Rsg or /4 —

H R H

X =

I



17 -CH R> > NOor Rlz wherein Nin the benzim dazol e noi ety neans that
one of the ring carbon atons substituted by R6- s R9 optionally nay be
exchanged V%ng&ﬁFtrogen atom wi t hout any substituents; RET/SE®O42 R3 are
the sanme or different and sel ected from hydrogen, alkyl, alkoxy optionally
substituted by fluorine, alkylthio, alkgxyal koxy, dial kyl am no, piperidino,
nmor phol i no, hal ogen, phenyl and phenyl al koxy; ID R4 and R5 are the sane or
different and sel ected from hydrogen, alkyl and aral kyl; R6' is hydrogen, -
hal ogen, trifluoronethyl, alkyl and al koxy; R6-R9 are the sanme or different
and sel ected from hydeegen, al kyl, al koxy, hal ogen, hal g31i s al koxy,

al kyl car bonyl, al koxycdr bonyl , oxazolx%, trifluoroa or adj acent groups
R6-R9 formring strucfaees which may be further su gd, R10 is
hydrogen or forms an al kyl ene chain together wth _R3agd 20 R 1 and Re
are the sanme or different and selected from hydrogen, hal ogen or al kyl. 3.
A stabl e | i oMbesif Or mul ati on according to any of clains | - 2, wherein the
sodiumor potassiumsalt of the H+, K{-ATPase inhibitor is the sodium or
potassiumsalt of a conmpound with any of the follow ng formulas, or the

T 11 e Rl e B oA R A B s e B o

H3C CHs 9 Eg optionally may be exchanged for a nitrogen atom without any substituents;

R}, R, and R; are the same or different and selected from hydrogen, alkyl, alkoxy

optionally substituted by fluorine, alkylthio, alkoxyalkoxy, dialkylamino, piperidino,
morpholino, halogen, phenyl and phenylalkoxy;

R4 and R are the same or different and selected from hydrogen, alkyl and aralkyl;

R¢’ is hydrogen, halogen, trifluoromethyl, alkyl and alkoxy;
R¢-Rg are the same or different and selected from hydrogen, alkyl, alkoxy, halogen, halo-

15 alkoxy, alkylcarbonyl, alkoxycarbonyl, oxazolyl, trifluoroalkyl, or adjacent groups Rg-Rg

form ring structures which may be further substituted;

R;g is hydrogen or forms an alkylene chain together with R; and

20  Rj; and R,, are the same or different and selected from hydrogen, halogen or alkyl.

3. A stable liquid formulation according to any of claims 1 - 2, wherein the sodium or
potassium salt of the H', K'-ATPase inhibitor is the sodium or potassium salt of a

compound with any of the following formulas, or the sodium or potassium salt of the

25 single enantiomer thereof

W
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NON CH3 S</ H CH3\N CH3- NON/ H OCH3 HBCCH3 11 1 N CH2--S-<
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A stable liquid fornulation according to any of clains | - 3, wherein the
conpound is a sodiumsalt. 19

CHj
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s 5. Astable liquid formulation according to any of clains 1-3, wherein
the conmpound is a potassiumsalt. 6. A stable liquid forrmul ation according
to any of WPIASSE_4 wherein the compound is sel ected fPENSEW®IWAN salt of
(S)-oneprazol e and sodium salt of omeprazole. 7. A stable liquid

formul ation according to any of clainssj - 6, wherein the polyethylene 10
glycol is selected from pol yet hyl ene gl ycol 200, 300 and 400. 8. A stable
liquid formul ati on according to claim7, wherein the polyethylene glycol is
pol yet hyl.ene gl ycol 400. 9. A stable liquid fornulation according to any of
clainms 1 - 8, wherein the water cgpgean the solution is |l ess than 6% by
wei ght, and preferably | ess than weil\ght. is 10. A stable liquid
formul ati on according to claim i he water content is less than 2
% by weight. 11. A process for reparation gy _stable liquid

formul ati on conprising pol yet hy gl y&ol and di um or potassium salt
of a H+, K+-ATPase inhibitor, and opti@hal®y paceut i cal |y accept abl e
exci pients, wherein the sodiumor potassiumsalt pf the 20 H+, K+-ATPase

i nhibitor and pol yethyl ene glycol are m xed, and Qgijgnal ly excipients

that are soluble are added, whereafter the solutioh ionally is purged
with nitrogen to obtain a water content of a pre-set val ue.
X1111111111111011 ~~~~~ 11 ill MS WO 01/ 28558 PCT/ SEGDO 01992 21 12. A

process for the preparation of a stable liquid fornulation conprising

pol yet hyl en®t Aystatieliquid formulagan aspoudingto may of alaims 4 -3, wherginthe camponnPEse

i nhi bitor, an&dﬂm&ﬂ’ﬂa' |y pharmaceutically acceptabl e excipients, wherein

t he H+, K+- ATPase I nhibitor, sodium or potassium hydroxide and

pol yet hy$ en® @\ steli¢ liquie forimulation acvdrding th amadfl caimx ¢43pimaariein the tdapound & S0l ubl e
are added, whereafter 1{ he solution optionally is purged with nitrogen to
obtain a wat eP°EERIRR of a pre-set value. 13. A process according to claim

10 or 11, chapaiwé iiqed fdrmulafiah adcbRinY 10 aBPSf ERAP 1 1458ertifl $he compound is
selected from sodium salt of (§)-omeprazole and sodium salt of omeprazole.
7. A stable liquid formulation according to any of claims 1 - 6, wherein the polyethylene
10 glycol is selected from polyethylene glycol 200, 300 and 400.
8. A stable liquid formulation according to claim 7, wherein the polyethylene glycol is
polyethylene glycol 400. |
9. A stable liquid formulation according to any of claims 1 - 8, wherein the water content
of the solution is less than 6% by weight, and preferably less than 3% by weight.
15 10. A stable liquid formulation according to claim 9, wherein the water content is less than
2 % by weight.
11. A process for the preparation of a stable liquid formulation comprising polyethylene
glycol and a sodium or potassium salt of a H', K’ -ATPase inhibitor, and optionally
pharmaceutically acceptable excipients, wherein the sodium or potassium salt of the

20 H+, K'-ATPase inhibitor and polyethylene glycol are mixed, and optionally excipients

that are soluble are added, whereafter the solution optionally is purged with nitrogen to

obtain a water content of a pre-set value.

g



additional step that the liquid fornulation is sterile filtered. 14. The
use of a stable liquid forrmulation according to claim1 in nedicine. 10 15.
The use of wephiedspy! ene gl ycol and sodi um or potassi um sactisedooteskt, K
-ATPase inhibitor in the manufacture of a stable |liquid fornulation
according to any of claims 1 - 10 to be used in the treatment of gastro
interstinal diseases. 16. A nethod for 4lreati ng gastroi ntestinal diseases
wherein a stable liquid forrmulation according to any of clains 1-10 is

adm ni stered_to a subject in the . [
M S 12. A process tJor t%e preparation o eaesgab}eW%L%Otfomujla%t%%lc%mlpll'iéiL,«lr E)Ali'eltﬁylllclmgf JIthit)

glycol and a sodium or potassium salt of a H*, K™-ATPase inhibitor, and optionally

pharmaceutically acceptable excipients, wherein the H+, K'-ATPase inhibitor, sodium

or potassium hydroxide and polyethylene glycol are mixed, and optionally excipients
5 that are soluble are added, whereafter the solution optionally is purged with nitrogen to
obtain a water content of a pre-set value.
13. A process according to claim 10 or 11, characterized in that the process comprises the
additional step that the liquid formulation is sterile filtered.

14. The use of a stable liquid formulation according to claim 1 in medicine.
10 15. The use of polyethylene glycol and sodium or potassium salt of a H+, K -ATPase

inhibitor in the manufacture of a stable liquid formulation according to any of claims 1
— 10 to be used in the treatment of gastro interstinal diseases.
16. A method for treating gastrointestinal diseases wherein a stable liquid formulation

according to any of claims 1 — 10 is administered to a subject in the need thereof.

—
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