WO 96/ 14084 %’@S )
PCT/ SE95/ 01228 A storage stable water solution for infusion 7
containing a thronbin inhibitor Field of the invention 5 The

pr esentworséamsdon rel ates to a new i nproved storage stabl SCTREINOA] s
formul ation for infusion of thronbin idhibitors, especially of the peptidic
thrombin inhibitors HOOC-CH err] - (R) Cha-Pi c-Nag and HOOC-CH err] - (R) Cgl
-Aze- Pab, respectively, to a process for the preparation of said
formulation and to a 10 nethod for treatnent by admnistration of said
fornmul ati ons. Background of the invention Thronmbin i nhibitors
are expegisesrage sisbRi witdrisvbullon ¥6r irlfudion ¢bfitaiaing atheembin Inhibitor
characteri sed by hypercoagul ati on. Their therapeutic use will be
facilitated if stable fornmulations are available, i.e. fornmulations
havi ng .IP hel f - | Ef when stored at roomtenperature. In WO
93/ 1115?@?%—1&&%,—@ wat er solution for parenteral admnistration is 20
di sckosed, said fornulation is an acetate buffer-solution of

HOOC-CH err] - (R) Cha- Pic-Nag x 2HBr for parenteral use of pH 3-7,

whi ch i <The phresent irevepition relates tonh ingw im provett: starage stable infyavenausabl e f or

I njections directly into th u . body, . This . .solution also includes
addi t i vdormydation f%ro'ax?uﬂpem?aﬂmngﬁvb"guwam eSPRIMHY: of the P%tbﬁlfi on. 25

The acti : ?@W _'((Rité‘ X5z Mc ' SRich -Age-

: PCT/SEQAf}gg?)é%g'?? [ .é une Bi?él n g?\%'t yegag‘?o 'S e¥%?g in this
docunentpdls yespeetively, 36 lalroesssifor ik preparationstsaid forbilation andnielay a wat er
solution of an active conpound and sodium chl oride, which is adjusted with

30 1faomethosifoz-teeatprent byadmirgstration of said formulations.

Background of the invention

Thrombin inhibitors are expected to be effective drugs in a number of diseases
15 characterised by hypercoagulation. Their therapeutic use will be facilitated if
stable formulations are available, i.e. formulations having a long shelf-life when

stored at room-temperature.

In WO 93/111528, Example P1, a water solution fox; parenteral administration is
20 disclosed, said formulation is an acetate buffer-solution of HOOC-CHj»-(R)Cha-
Pic-Nag x 2HBr for parenteral use of pH 3-7, which is within the physiologically
acceptable pH range suitable for injections directly into the human body. This
solution also includes additives such as sodium chloride to get an isotonic
solution.
25
The active compound HOOC-CHj-(R)-Cgl-Aze-Pab is disclosed in
PCT/SE94 /00535, filed 2 June 1994 and not yet published. Example P2 in this
document describes a solution for parenteral administration, namely a water
solution of an active compound and sodium chloride, which is adjusted with

30 NaOH to pH 3-9, preferably 5-7.
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stability of peptides is generally a problemin the pharnaceuti cal
i ndust ry. woeen4o8har maceuti cal fornul ati ons, especially w t PCGI/SES§/01228
concentration of peptides, often | o@se activity during storage. 5
Each peptide is different wth regard to pharnacol ogi cal properties. \Wen
prepari ng a pharnmaceutical forrnulation of a specific peptide, consi derat i on

popti de_ but hEFEPIRBF pepBdes fugehertiyadonieat i eheBhelmatmtonl inqusty.
I ndustri al pRRARGE&¢A Sg:?ﬁl’am especial Wi’ﬁ{‘éw&h@:ﬂg&@gfg?ﬁﬂﬁégg for

t he hospital staff an ety for the p tient 10 e resu ese
aspect s ar eftandopsecaktivity| durimge storage.i ng di f f er ent formul ati ons and
each peptide often has a unique solution regarding stability. It is

vveI | known that peptides general |y are nore susceptible to degradation in

cnexped eatyh PeBbaRTR ERAAERRFRar BihhinR Rt nrtPrbln RN L b <

HOOC- CH| erﬁ}eﬁdﬂn@%ﬂxﬁlaceuhcalmﬂm%%m %@ﬁ&}gg@ﬁh@gkoﬂﬂeﬂﬁbﬁm r

storage stability is inproved in acidic aqueo sol utions

Di scl osur enof onlycbé mlmutaihezpharmacolﬂgxdquppetﬁestdfethppephde butwadse otheri s a
storage stabl e conc rat ed ter, solutjo for intraveneous i nfusion
of an-act | SPEH BT CRASEIETER SHEt P g st maRufachure, easy and

HOOC- CH[ er ¢dnve e d
having a pH lr‘ n r;tlerét srtﬁgé@kﬁu Xa?%ﬁ]ﬁg)fo ﬁ’b@xmgtﬂﬁa s%{kﬁtﬁﬁ%zgﬁgle{ﬁ%)%ﬁ

requi ri¥ spkhbe aesudtoofithese aspedts arsn red’mtable whér testingediifféarenbom

t enper at ur e.. between %\5 30[err‘%C preferably between 18-28 err
tentativel @@E}rlépppeand eac ¢fehas amreq\m@rmgmregﬁmngfs resent
i nvention, which is a concentrated 30 water solution of a thrombin

inhibitor, is adjusted with a physiologically ~acceptabl e organic or
i nor gani ¢ Rds twelbkRbwmatha¥ peptides geaérallyraghére sifscéptibletoafegradation in an

acidic or basic environment than in a neutral solution. However, unexpectedly it
15 has been found that for the peptidic thrombin inhibitors HOOC-CHj»-(R)-Cha-Pic-
Nag and HOOC-CHj-(R)Cgl-Aze-Pab their storage stability is improved in acidic

aqueous solutions.

Disclosure of the invention

20
The scope of the present invention fs a storage stable concentrated, water solution
for intraveneous infusion of an active thrombin inhibitor having the formula
HOOC-CHz-Y
wherein Y is (R)-Cha-Pic-Nag or (R)-Cgl-Aze-Pab and having a pH in the range
25  from 1.0 to 2.5, which solution does not require special storage conditions but can
be stored at room temperature, i.e. between 15-30°C, preferably between 18-28°C,
tentatively 25°C.

Thus, the stable water solution of the present invention, which is a concentrated
30  water solution of a thrombin inhibitor, is adjusted with a physiologically

acceptable organic or inorganic acid, preferably an inorganic mineral acid such as
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hydrochl ori c acid, hydrobrom c acid etc., for obtaining the d??}.{srg?y The
hydro WOA14084c acid is nost particular]y preferred. The 23 i s
a straight forward one wi t hout any sthbi | i si ng additives. In an
acidic solution the solubility of the two different drugs, respectlvely,

i ncreases and a nore concentrated solution can be produced, which neans

t hat galracmsmauue lﬁrd’i‘@ibﬂinﬁ& QcRPeit, 6r BBAGhfgthe disi . The hydro
It is of inpOrtance that 't phar maceutical’ fornulation is easy to handle
and to 10 dhkoric adidiie st pastidulashynpteferred. Thetfathylationiisch steaighd forwdrd n
cont ai ners ntended for parenteral use, such as plastic or glass

cont aj ner s, oBeyvithou} any stabilisip ibyesr prefilled syringes, and be added
to infusion bags or bottles i.e. the storage stable concentrated

wat er solution nust be diluted before the adm ni strati on to the

patientss 1%nan acidit s8Hftidn BHsolubiligvegeitwediffarent Afu elip not
requi re additives such as buffer salts, isotonic sa s or co-sol vents

for stabili u;cremm a mmc@mcentreted sejugion can b@pmdtmdvrwua gneamnthatn

preservati Ves. ' reven r obi,ol o growth. The
sol ution is>3A N&?"t*%‘"ﬁés gﬁsysgq {]ﬂr‘% qagrbq H%‘gvenous i nfusi on 20
such as physiol ogical saline or other electrol ytes, glucose, mannitol,
dextran etc. or a conbination thereof, and parenterally adm nistered.

The sol ut i olt ismf m@omhmlcéahmﬁmiphaztanWQbfdmh«hphi islieasy o bahdle and to

' o b Fowﬂﬁcf%s orl(n@bgq@?s 5@?@?‘?3@%@@1 be pravided lesfaaltemez% or in
the| r base xﬁéﬁ%ed for ?rengrﬂ?}sgt éq’& Qg Fia?ﬁc% §§}tco' @%{lﬁQHé)%;}h‘%dL per| ods.

st abl e enoug per ure orage

A comrer ci ahmipoudesdr ﬁféﬂlléiis yrin esefxﬂm@hudba\te iRfusidObageoP bbtthe iad, thé
| east two years at the end of |ch peri od 30 at | east 95% of the active

conpound sheterags siableconcentrated miter e@h&m&st befdiluted bgfaredhat i on
products shefiinAfatidhto' iha'patiénts.

15
An additional improvement is that the solutions do not require additives such as
buffer salts, isotonic salts or co-solvents for stability reasons. However, the stable
solution may also contain preservatives, i.e. in order to prevent microbiological
growth. The solution is aimed to be added to a solution for intravenous infusion
20 such as physiological saline or other electrolytes, glucose, mannitol, dextran etc. or

a combination thereof, and parenterally administered.

The solution may be manufactured with the active peptidic thrombin inhibitors
HOOC-CH3-(R)-Cha-Pic-Nag and HOOC-CH»3-(R)Cgl-Aze-Pab, respectively, as

25 commonly used salts or in their base form.

The solution of the present invention will be stable enough to permit room

temperature storage for extended periods. A commercial product should

preferably have an storage period of at least two years, at the end of which period
30 atleast95% of the active compound should remain, that is the total amount of

degradation products should be less than 5%.
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preferred concentrations of HOOC-CH err]-(R)-Cha- Plc Nag nay vary wthin
“broad rang %{%Wn 0.001-200 nmg/ M, preferably 0.1-100 ng/ nPCTI8ESE01228
parti cul ar@ red 10-100 ng/m . The prgeferred concentrati ons of HOOC
5 CH2- (R) Cgl - Aze-Pab may vary within broad ranges between 0.001-300 ng/m,
preferably 0.1-200 ng/ M, nore particularly preferred 1-100 ng/m .

This invention also relates to a process for the prepartion of a storage
stabl e wat er sol ution, which conprises dissolving in water the active

thrombin in | 1.
HOOC- CH err ?h?ﬁ’%f?"%g - Pa %Ep%é% Wﬁﬂ‘&%ﬁﬁz‘?ﬁaﬁ Rey; ¥?‘3’f“’t‘ tﬁ%

obt ai ned SO|bkbhﬁrrahF@§fbétﬁeér00 Bomoomgﬁm,bﬂmeféxrawwﬁwmm /ml, #aéke OF tO a
specific desired va 0, 1. . Suitable volunes when

usi ng arrpoull@@’hcvhi‘l)épmfeévﬂl Hytdo mgdn@l Mekﬂe@ﬁeﬂ@mwonsqw 15

G or 1] - or) otarCRT e Bt BlahP by, Wik B el it UG M et

wat er at rOC}h’ﬂeferabl)I eITPEOGRng T/ nl , more %amml ¢ préferred 1-160%%7111161' net hods
used in the 'exanpl €s bel ow ility assay A stability

i ndi cati ng net hod using reversed- phase | i qui d chromat ography in an 25
i on-pair nodg and UV-detect i at 210 and,238 nm was,.devel oped
G err] - (R P AnueRELr afsd Triates to b Proceen fOr theproRaTtival o 9’@8&#“"‘9 Water

standard sol é&ﬁ, ed,
in nobi eﬁg Ia'g'& #‘L gﬂsﬁaigo lﬁ%w%@éﬁ&% to a concent raﬁ on of

about 0.102 EHOQC@HW(RFCWE’&&-NWHOO@CHQLMWHW | rebpedtizalyyi
nmobi | e phase unti | a stabl e baseline was obtai ned. The standard and
sanpl e wer e ddipsiing the,pHsof themphtained solution from 1.0 to 2.5, preferably from 1.5 to

2.0, or to a specific desired value, e.g. 1.0, 1.5, 2.0, 2.5. Suitable volumes when

using ampoules, vials or syringes are 0.1-100 ml, preferably 1-10 ml.

15  The two active thrombin inhibitors, HOOC-CH:-(R)Cha-Pic-Nag and HOOC-
CHj2-(R)Cgl-Aze-Pab, respectively, are both possible to dissolve in water at room

temperature.

Examples
20

Analytical methods used in the examples below

Stability assay

A stability indicating method using reversed-phase liquid chromatography in an
25 ion-pair mode and UV-detection at 210 and 238 nm was developed for HOOC-
CHj-(R)Cha-Pic-Nag and HOOC-CH»3-(R)Cgl -Aze-Pab, respectively.

A standard solution of thrombin inhibitors, 0.018-0.022 mg/mL was prepared, in
mobile phase. The sample solution was diluted to a concentration of about 0.02
30 mg/ml with mobile phase. The column was equilibrated with mobile phase until

a stable baseline was obtained. The standard and sample were injected at suitable
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intervals. The retention tinme for the actlve t hrombi n i nh%&%@
HOOC- CHMQ 96/14084  (R) Cha- Pi c- Nag and HOOG- CH2- (R) Cgl - - (T A
and 12 m nutes for t he met hods, répectlvely The pH of
the solutions was neasured potentionetrically w thout pr| or dilution

using a Radionmeter PHM Reference pH neter with a glass el ectrode (GK2401C

el ect ! OCitervalls. The reTQﬁnéth?éf\fd}QhS%@HPé %oHBIH%h%l?ox@LIIIOéSC@HRl' mt in

any way t I nventi1 on. Thi's exanpl e presefits the
results m)mhaaPB:t-bIlagl artd/H@(Dd\,Chlz-(ZBCgt sA£2-Bab ar@aboat £ andnl2 minutesdoat e
buf f er 38\ uti (F)hpci:ont ai ni ng. t he hydrobrom de salt of HOOC- CH2- ( R) Cha-

Pi c- Nag ‘heme sadetRacl¥ebht concentrations and having pH 5.0 at the

begi nni ng of the study. 20 (i) HOOC-CH err]-(R) Cha-Pic-Nag x 2HBr buffer
solution (0.04 ng/m), pH 5 Conposi tion:

HOOCSCH2- ( R) Cha- Pi c- Nag x 2HBr 0.04 ng 25 Sodi um hydr oxi de
1 Mto pH5 g.s. Acetate buffer 0.05 M (incl. NaCl, 9
my/m) pHo 1

PCT/ SE9SrRd %%'? of the' D1%¥ots Was measured potentiometrically without prior dilution
using a Radiometer PHM Reference pH meter with a glass electrode (GK2401C
electrode).

10

The following examples illustrate but do not limit in any way the invention.
Example 1

15 This example presents the results from a stability study at 25°C of a prior known
acetate buffer solution containing the hydrobromide salt of HOOC-CH:-(R)Cha-
Pic-Nag
in two different concentrations and having pH 5.0 at the beginning of the study.

20 (i) HOOC-CH:-(R)Cha-Pic-Nag x 2HBr buffer solution (0.04 mg/ml),

pH>5

Composition:

HOOC-CH>-(R)Cha-Pic-Nag x 2HBr 0.04 mg
25 Sodium hydroxide 1 M to pH 5 q.s.

Acetate buffer 0.05 M (incl. NaCl, 9 mg/ml) to1lml



6 - Stability Ti me pH Tenperature Degr adati on

(nont hs) ([err] O (area % of active
conpound) 0 5. 25 3 25
0. 73 WO 96/14084 . 25 141  Polseswips
5. 4 25 5. 80 @i) HOOC-CH err]- (R) Cha- Pi c- Nag
X 2HBr buffer solution (9 ng/m), 5 Conposi tion:
HOOC-CH err] - (R) Cha- Pi c-Nag x 2HBr 9 ny Sodi um hydroxide 1 M
to pH 5 Stabili g.s. Acetate buffer 0.05 M (incl. Nad,
9mg/ m ) i % 10 Stability Ti ne pH___Tenperature
Degradati on  Time( m)ntiaﬂ) Temperature ([errmgradaﬁon (area % of active
conpound) 0 5.0 25 6, 5.2 25
1.70 (months) 5.3 (°C) 25 (area % of active gg VO
96/ 14084 PCT/ SE95/ 01228
compound) _
0 5.0 25 -
3 5.0 25 0.73
6 - 25 1.41
14 54 25 5.80

(ii) HOOC-CH(R)Cha-Pic-Nag x 2HBr buffer solution (9 mg/ml),

pHS
5
Composition:
HOOC-CH:-(R)Cha-Pic-Nag x 2HBr 9 mg
Sodium hydroxide 1 M to pH 5 q.s.
Acetate buffer 0.05 M (incl. NaCl, 9mg/ml) tolml
10
Stability
Time pH Temperature Degradation
(months) : (° O (area % of active
compound)
0 5.0 25 -
6 52 25 1.70
14 53 25 3.68




7 Concl usi on This storage study indicates that storage at room
tenperature, 25[err]C, for 2 years w Il not be accept abI e dependi ng on
the | arge anmount of degradation of the active conpouky 6:5’02 8

Exanpl WQ96/14084  Thj s exanpl e presents.jhe results froma sta flty st udy
at 25[err]C of HOOC-CH err] - (R CHa-Pic-Nag as a free base in the sane
concentration as Exanple 1 (ii) above, 10 and starting at a pH about 5. The
pur pose of this study was to conpare the stability of

HOOC- CHicridluéiBnCha- Pi c-Nag as a free base and as a salt thereof.
HOOC-CH err] - (R) Cha- Pi c-Nag buffer solution (9 ng/m), pH S5 15

Conposi fl'lonstorage study tmatéi-ﬂmtrs}ér(ag)aﬁtaeﬁh'ctdw:atutec 26°Gafor 2 years9 ny

drochl ori c cet at buffer 0. 05
W( i ncl W ha@ %@ Rﬁbﬂe depsnéu}g on the lgggmmpgvt of degrad% erﬁq tive
Tenper aty {er Degr adati on (mont hs) ([err] O
(area %o acut Ive conpound)

0O 5 25 - 3 5.0
25 0. 85 6 5.1 25
1.70  Example2 15 5.3 25 4.31

This example presents the results from a stability study at 25°C of HOOC-CH»-

(R)Cha-Pic-Nag as a free base in the same concentration as Example 1 (ii) above,
10  and starting at a pH about 5. The purpose of this study was to compare the

stability of HOOC-CH2-(R)Cha-Pic-Nag as a free base and as a salt thereof.

HOOC-CH,-(R)Cha-Pic-Nag buffer solution (9 mg/ml), pH 5

15 Composition:
HOOC-CH:-(R)Cha-Pic-Nag as free base 9mg
Hydrochloric acid 1 M to pH 5 q.s.
Acetate buffer 0.05 M (incl. NaCl, 9mg/ml) to1ml

20  Stability
Time PH Temperature Degradation
(months) ' (° Q) (area % of active
compound)
0 4.9 25 -
3 5.0 25 0.85
6 5.1 25 1.70
15 53 25 4.31




WO 96/ 14084
PCT/ SE95/ 01228 Concl usi on This study shows that there is no big
di fferenc%v é&age stability at room tenperature, 25 ecrisEss/re2sisi ng
HOOC- CH[err?Qf § a-Pic-Nag as a salt or gs a free base (cf. Exanple
1). Exampl e 3 This exanpl e presents the result froma
st abi I Ity study at 25[err]C of buffer solutions of
HOOC-CH err] - (R) Cha-Pic-Nag at different pHs between 3 to 9. 10 (1)
HOOC- CH| er h)&iha—Plc Nag buffer solutions (9 nmg/m) at

free base This stydyshpvs Biat theids o i differsas 1n o ppeaeg R ot roSim
9.s. emp@&%@ 958! b hsﬂgﬁd@@-eﬁr@@ﬂam& NI%g 45 h salf &k ds d'free base

Nag as

Stability erature Degr adati on
(nmonths)  (cf. Example1). ([err] C) (ar ea % of active

conpound) 0 3.0 25 4.0

5.0 3 3 3.6 : 25 0.75

4.2 0.78 5.0

0.85 Example 3 3.8 25 1. 30

11 ‘71 0 This ewg%e/ ?LTS%TS thereddit from a stability study at 25°E of buffer solutions

PCT/ SE95/ 042 BEOOC-CH»~(R)Cha-Pic-Nag at different pHs between 3 to 9.

10 (i) HOOC-CH~(R)Cha-Pic-Nag buffer solutions (9 mg/ml) at
different pHs

Composition:
HOOC-CHz-(R)Cha-Pic-Nag as free base 9mg
15 Hydrochloric acid (1 M) to pH q.s.
Acetate buffer 0.05 M (incl. NaCl, 9 mg/ml) to1lml
Stability
Time pH Temperature Degradation
(months) ¢ QO (area % of active
compound)
0 3.0 25 -
4.0 -
5.0 -
3 3.6 25 0.75
. 4.2 0.78
5.0 0.85
6 3.8 25 1.30
44 1.48
5.1 1.70




9 i) HOOC-CH err]-(R)Cha-Pic-Nag x 2 HO buffer solutions (1ng/m)

at different pHs Conposition: 5 HOOC-CH err]-(R)Cha-Pic-Nag x 2
HC 1 ny Buf fer sol ution* to 1
m WwOo96/14084 pH 4, 5 and 6 acetate buffer, for pH 8 ph(}’%ﬁfgs’oﬁzﬁ;f er
for pH 9 car bonate buffer) 10 Tt abi | ty Ti me

Tenper at ure Degr adati on (nont hs) ([err] O

(area % of active conpound)

3 5

3 ifh H___I;Q@L_J;_oc)cx’maa-mc-rvm HCI bhffer solutions (] mg/ml)

2.4 at different pHs8 10. 8

9 12. 2 Concl usion 15 This study shows
that the degr adation of HOOC-CH err]-(R) Cha- Pi c- Nag decreases at | ower
pH, |ndep¢ndentl§%of base or salt form Example 4 20 This exanple
presents RPS ¥ froma stability study at 25[err]C of HOOC-CHerr] -

(R Ch& Pi HO®BA-CHI(RYCRAFENaY x 2FICENt rati ORSmgt PH about 1.5, nanely from
1.5 -to 1.6. '

Buffer solution* to1lml

* (for pH 4, 5 and 6 acetate buffer, for pH 8 phosphate buffer, for pH 9

carbonate buffer)
10
- Stability
Time pPH Temperature Degradation
(months) (&) {area % of active
compound)
3 4 25 : 1.1
5 25 1.3
6 25 24
8 25 10.8
9 25 12.2
Conclusion

15  This study shows that the degradation of HOOC-CH:-(R)Cha-Pic-Nag

decreases at lower pH, independently of base or salt form.
Example 4
20 This example presents the result from a stability study at 25°C of HOOC-CHz-

(R)Cha-Pic-Nag in two different concentrations at pH about 1.5, namely from 1.5
to 1.6.
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10 HOOC- CH2- (R) Cha- Pi c- Nag water solution (0.4 ng/nb), pH 1.5
Conposi tion: 5 HOOC-CH err]-(R) Cha-Pic-Nag as free base

Hydr ochl orW® 264140841 M to pH 1.5 g.s. Wat er PCTISEQS"%Z%J
to1lmnm 10 Stability Ti me 1BH Tenperature

Degr adati on (m)nt hs) ([err] O (area % of active

conpound) 1.5 25

5 3
g 27 HOOCECHg gR]Cﬂa-@lc-Na; watet solution (0 4 mg/ml), &}55.5 12

HOOCCH[err] (R) Cha- Pi c- Nag wat er solutlon(66 nmg/ M), pH 1.5 15

Conposi tion; HOOC-CH err] - (R) Cha- Pi c-Nag as free base 66 ny
Hydr ochl or i €oBasitiony t o pH 1.5 q.s. Wt er
tolm 20

5 HOOC-CHz-(R)Cha-Pic-Nag as free base 0.4 mg

Hydrochloric acid 1 M to pH 1.5 q.s.
Water to 1 ml
10  Stability
Time pPH  Temperature Degradation
(months) (o) (area % of active
compound)
0 1.5 25 -
3 1.5 25 0.27
6 1.6 25 0.58
12 1.6 25 136

(ii ) HOOC-CH.-(R)Cha-Pic-Nag water solution (66 mg/ml), pH 1.5

15 Composition:

HOOC-CHz-(R)Cha-Pic-Nag as free base 66 mg
Hydrochloric acid 1 M to pH 1.5 q.s.
Water to 1 ml

20
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Stabilit

y

(mont hs)wo 96714084
conpound)

25
0. 65
Concl usi

12
This study shows that the degradation of

“gt;a,brh

pH Tenperature
([err]Q (area % of active
0 1.6 11 25
6 1.6
1.8 25

11
Degr adat i on
PCT/SE95/01228
3 1.6
25
1.40

HOOC- CH )Cha Pi c- Nag decreases 5 at thi s | ow pH Exanpl e 5
Thi s exgnmp TESEN terTresal roma &b+ staeiyqat 25[ err] C of
HOOC- CH2- R) Chai’H eanﬁrﬂllWBe differ 'cd(f;'i{oéht ratifons at pH 2.0. The
pur posq Wnidnthah S st udypei¢y t 0 corrp al datijon of different pH
in the r%efr%mlOtoZS‘Q arlﬁg,f?‘éfma h{Exanple 4 (i).
(1) HOOC-CH[err] (R) Cha- Pi c- Nag wat er squbmpbu(tﬂlM m/m), pH2 15
ConpOSI e INa'a'alia N nrr'l /D\ Cha-DPic- Kjag_as_f_;_‘:e base 0.4 ny
Hydrochlorlcoamd (151\/9 to pI152 g.sr-

3 1.6 25 0.31

6 1.6 25 0.65

12 1.8 25 1.40

Conclusion

This study shows that the degradation of HOOC-CH,-(R)Cha-Pic-Nag decreases
5  at this low pH.

Example 5

This example presents the result from a stability study at 25°C of HOOC-CH,-
(R)Cha-Pic-Nag in two different concentrations at pH 2.0. The purpose with this
study is to compare the degradation of different pH in the range from 1.0 to 2.5 by

10

comparing (i) with Example 4 (i).

(i) HOOC-CH,-(R)Cha-Pic-Nag water solution (0.4 mg/ml), pH 2
15

Composition:
HOOC-CH;-(R)Cha-Pic-Nag as free base 0.4 mg
Hydrochloric acid (1 M) to pH 2 q.s.
Water to 1 ml

20




Wat er to 1 nm 20 WO

96/ 14084 PCT/ SE95/ 01228
12 Stability Ti me pH Tenper at ure Degr adat i on
(mont hs) WO 96/14084 ([err] O (area % of active PCT/SE95/01228
corrpound) 0 2.0 2Py 3 2.0 25
0. 46 6 2.0 25 0.91 12
2.2 25 2.05 (1) HOOC- CH err] - (R) Cha- Pi c- Nag
wat er solution (26 nmg/m ), pH 2 5 Conposition:
HOOC- CH[ eStdba(@) Cha- Pi c- Nag as free base 26 ngy Hydrochl oric
aCl d 1 M-t-o—BH \Mbi-ak
to 1 ni (T;n& abi | PH T““P“’H"HWEe JPegradatiope at uje
Degr adat | o (mont hs) ( b (ar¢a % of active
conpound Gnonths) 0 2.(1 0 2@25 F}’f id“"’B 2.1 25
0.45 compound)

0 20 25 -

3 2.0 25 0.46

6 2.0 25 0.91

12 22 25 2.05

(ii) HOOC-CHx(R)Cha-Pic-Nag water solution (26 mg/ml), pH 2

5 Composition:

HOOC-CH2-(R)Cha-Pic-Nag as free base 26 mg
Hydrochloric acid 1 M to pH 2 q.s.
Water to1ml
10  Stability
Time pH Temperature Degradation
(months) (°C) (area % of active
compound)
0 21 25 -
3 2.1 25 0.45
6 2.1 25 0.94
12 2.4 25 1.93




6 2.1 25 0.94 12 2.4

25 1.93 WD 96/ 14084
PCT/ SE9 13pCT/SESS/01228
Concl us%g)jg%ggouThi s study shows that t3§ degradation is decreased at this
| ow pH. Example 6 5 This eXanpl e presents the results froma
stability study at 25[err]C of HOOC-CH err] - (R -Cgl - Aze-Pab as free
base. HOOC-CH err]-(R) - Cgl - Aze-Pab buffer solution (0.04 ng/m), pH
6 10 Coeadhndoni on: HOOC-CH err]-(R)-Cgl - Aze-Pab as free base
0.04 ny . Sodi um hydroxide (1 M to pH 6 . g.s.
Acet at e bUhisstudy showmthat thel degradation ig derreased at thislgwipH. 15
Stability Ti me pH Tenperature Degr adat i on
(mont hs) ([err] O (area % of active
conpound)Example 6 O . 5.9 25 1. 07
5.9 Zg 1.30 3 6.0 25
1.50 5
This example presents the results from a stability study at 25°C of HOOC-CH>-
(R)-Cgl-Aze-Pab as free base.
HOOC-CH-(R)-Cgl-Aze-Pab buffer solution (0.04 mg/ml), pH 6
10
Composition:
HOOC-CH>-(R)-Cgl-Aze-Pab as free base 0.04 mg
Sodium hydroxide (1 M) to pH 6 q.s.
Acetate buffer (0.05 M) (incl. NaCl 9 mg/ml) to 1 ml
15 '
Stability
Time pH Temperature Degradation
(months) O (area % of active
compound)
0 5.9 25 1.07
1 5.9 25 1.30
3 6.0 25 1.50
6 6.0 25 210
20



6 6.0 25 2.10 20

PCT/ SE95/ 01228 WO 96/ 14084 14
Concl usi on This storage study shows that extended sto E95h1296/S at
25[ er r ] Cwiopgs/1idoRds pH 6 formul ati on_gi ves substanti al degradati on.
Exanmple 7 Thi s exanpl e presents thd3result froma stabi lity study at
25[err] C of HOOC-CH err]-(R)- Cgl - Aze-Pab as buffer-solution and as
wat er -sol ution, respectively, at different pHs. 10

HOOC- CH| eg L@oggl-Aze Pab buffer solutions (12.9 ng/m ) at different pHs
Corrp05|t|on (i) HOOC-CH err]-(R) -Cgl - Aze-Pab as a free base

12.9nmy  This stoid‘g@rmﬁy shbwsahatiexteMiéd sturage {penods at 25°C for thi§ pH 615
Acetate buffer 0.05 M(incl. NaCl, 9 ng/m) o] Stability

Ti me forprulatignngiveasubstantial degradmgnadat i on ( nont hs)

([err] O (area % active

conpound) 1 3.7 25 0. 59

51 5 Example 7 0.55 6.2

0.74

This example presents the result from a stability study at 25°C of HOOC-CH2~(R)-
Cgl-Aze-Pab as buffer-solution and as water-solution, respectively, at different
pHs.

10  HOOC-CH;-(R)-Cgl-Aze-Pab buffer solutions (12.9 mg/ml) at different pHs

Composition:
(i) HOOC-CHz-(R)-Cgl-Aze-Pab as a free base 12.9mg
Hydrochloric acid 1 M to pH q.s.
15 - Acetate buffer 0.05 M (incl. NaCl, 9 mg/ml) to1ml
Stability
Time pH Temperature Degradation
(months) ¢ O (area % active
compound)
1 3.7 25 0.59
5.1 0.55
6.2 0.74
3 3.5 25 0.51
5.2 0.46
6.3 0.79
6 4.3 25 0.58
5.4 : 0.70
6.3 0.98




3 3.5 25 0.51 5.2
0. 46 6.3 0.79 6
4.3 25 0. 58 5.4
0.70 WO096/14084 6.3 0.98 Pc”smsmzst\D
96/ 14084 15 PCT/ SE95/ 01228
15 (i) HOOC-CH err] - (R) - Cgl - Aze- Pab water solutions (12.9
ng/ M) at different pH 5 Conposition:
HOOC-CH err]-(R) - Cgl - Aze- Pab as free base 12 9 ngy
Hydrochloric acid 1 Mto Wat er
to 1 m (ii)0 SI-KDOG—Cﬂ;—{R)-CgI-AEe-rﬁab water@luhofﬁem aig/ml) at
Degr adat i on H]S ([err] O (area % of active
conpound) -‘l’if—egl‘bl?— 3.5 25 0. 48
5.4 0. 56 6.2
0.70 1 3.5 25 0.52
5.4 5 Composition: 0.69 6.2
0. 66
HOOC-CH:-(R)-Cgl-Aze-Pab as free base 129 mg
Hydrochloric acid 1 M to pH q.s.
Water to1ml
10  Stability
Time PH Temperature Degradation
(months) (° Q) (area % of active
compound)
0 3.5 25 0.48
54 0.56
6.2 0.70
1 3.5 25 0.52
5.4 0.69
6.2 0.66
3 35 25 0.61
54 0.72
6.2 1.00
Conclusion

This study shows that the degradation of HOOC-CH:~(R)-Cgl-Aze-Pab decreases

15 atlower pH, with or without buffer systems.



3 3.5 25 0.61 5.4

0.72 6.2 1.00

Concl usi on This study shows that the degradation of

HOOC- CH er 1 {yd §8)14b84 - Aze- Pab decreases 15 at | ower pH, w th PaT/SEIS/HI228
buffer systens. WO 96/ 14084 16

PCT/ SE95/ 01228 16 Exanpl e
8 This exanple presents the result froma stability study at 50[err]C
of HOOC-CH err]-(R) - Cgl - Aze-Pab as water-solution, at different pHs.

5  HOOC- CH] ExamRBIRB. Cgl - Aze- Pab water solutions (12.0 mg/m) at different

base 12, 0Ty SxamBl presgusibrreit e o Sttty s fusdh S & HEOS TR -

10\t €gl-Aze-Pab as water-solution, at different pHs, to 1 m
Stability Ti me pH Tenperature Maj or degradati on
(weeks) ([err] O pr oduct
% act i d
gar ea ai ! ¥-ﬁ)0C-CI_-§dB!—Cgl-A;e—Pab watersolutions (12.0 mg/ml) at ((:1(1) er%ltj\g g)Hs
0.42 7 0. 44
9 2.41
Composition:
(i) HOOC-CH2-(R)-Cgl-Aze-Pab as a free base 12.0 mg
Hydrochloric acid 1 M or NaOH 1 M to pH q.s.
10 Water tolml
Stability
Time pH Temperature Major degradation
(weeks) (°O product
' (area % active
compound)
0 2 50 0.57
4 0.42
7 0.44
9 241
2 2 50 0.47
4 0.48
7 3.31
9 25.6
4 2 50 0.50
4 0.58
7 6.76
9 33.8




2 2 50 0. 47 4

0. 48 7 3.31

9 25. 6 4 2

050  WO96/14084 4 0. 8 PCT/SE9SU1228

7 6. 76 17 9

33.8 WD 96/ 14084

PCT/ SE95/ 01228 17

Concl usi @gnclusiodhi s study shows that also at el evated tenperature the
degradati on of HOOC- CHerr]-(R-Cgl - Aze- Pab decreases at | ower pH.
5 FThiz|stedy shosiscthat also atElevated dempeniture thadegradatien of FOOC-

t enper at ,,25C,  the gradation Qf the active thronmbin inhibitors
HOOC- m[é;f'ﬁ]ms&c@nélﬂl’da%\é@fsms enple - (R - ogl - Aze- Pab,

respectivily, independently as a free base or as a salt and independently
10 of concentration of active conpound, decreases at | ower pH
Furtgernore, the studies show that water solutions of said thronbin

i nhibitors having a pHin the range from1.0 to 2.5, are nore storage
st abl e dfimaboanclusionenperatur for extended peri ods. WO 96/ 14084
PCT/ SE95/.01228

e studies above show that at room temperature, 25°C, the degradaléon of the
active thrombin inhibitors HOOC-CH:-(R)Cha-Pic-Nag and HOOC-CHz-(R)-Cgl-
Aze-Pab, respectivily, independently as a free base or as a salt and independently

10  of concentration of active compound, decreases at lower pH.

Furthermore, the studies show that water solutions of said thrombin inhibitors
having a pH in the range from 1.0 to 2.5, are more storage stable at room

temperatur for extended periods.



CLAI M5 1. A storage stable concentrated water solution for infusion
having a pHin the range from 1.0 to 2.5 and containing an active
thronbin inhibitor having the 5 formula

HOOC- CH| er wio 96/1408¢ Wherein Y is (R) -Cha-Pic-Nag or (R)-Cgl PEESEEN12285

salt or as a free base t her eof . 10182. The solution according to
claiml1 wherein the thronmbin inhibitor is

HOOC-CH err] - (R) - Cha- Pi c-Nag as the free base. 3. The solution
according t llajdn 1 the thronmbin inhibitor is

HOOC- CH[err?I"m%gl -Aze-Pab as the free base. 15 4. The sol ution
according to claim1l wherein the pHis froml1l.5 to 2.0. 5. The

sol ution according to any one of the clains 1, 2 or 4 wherein the
concent r at i hn Aktorage stabldcondeintrated watepsolutiohdorirefasionItalving a?pH impther .

20 6. The solution according to any one of the clainms 1, 3 or 4
wher ei n t herange fremnb e 2ex ansh contairingan agtivertbrembiminibier having theon
0.001 t S(Z)égiﬂmlm. 7. The solution according to any one of the
claims I, 2,4 70or 5 consisting of the 25 active conpound
HOOC-CH err] - (R) - Cha- Pi c- Nag, water 6&;3 bRIORGani ¢ m ner al aci d.
8. The sol ution according to any of ?ﬁe C 'dlggwi 3, 4 or 6 consisting of

the aCtiVe u hored b PROUIIRIODS- RS <O ASE TR as 13 RTor A3k Aol HAQE 9N ©
PCT/ SE95/ 01%_8eof.

10 2. The solution according to claim 1 wherein the thrombin inhibitor is

HOOC-CH2-(R)-Cha-Pic-Nag as the free base.

3. The solution according to claim 1 the thrombin inhibitor is
HOOC-CHz- (R)-Cgl-Aze-Pab as the free base.

15
4. The solution according to claim 1 wherein the pH is from 1.5 to 2.0.
5. The solution according to any one of the claims 1, 2 or 4 wherein the
concentration of active thrombin inhibitor is between 0.001 to 200 mg/ml.
20

6. The solution according to any one of the claims 1, 3 or 4 wherein the

concentration of active thrombin inhibitor is between 0.001 to 300 mg/ml.

7. The solution according to any one of the claims 1, 2, 4 or 5 consisting of the
25 active compound HOOC-CH:z-(R)-Cha-Pic-Nag, water and an inorganic mineral

acid.

8. The solution according to any of the claims 1, 3, 4 or 6 consisting of the active

compound HOOC-CH,;-Cgl-Aze-Pab, water and an inorganic mineral acid.

R

30



19 9. The solution according to clains 7 or 8, wherein the

i norganic mneral acid is hydr ochl ori c aci d. 10. The solution
according to any one of claims 1-9, in which after storaggcs 2§ OOM

t enper NP} " at | east two years at Jeast 95% of the actlveE%%or%sound
remai ns. 11. A process for prepdring a storage stabil concentrated
wat er sol ution according to any one of the preceeding clains 1-10

whi ch conprises dissolving 10 the active thronbin inhibitor in water,

adj usti9g The éolatidal dtcbrlinBHolchaihtis7 bABI® herein the Pnédrgahi®mineral acid & A
process according to claim1l1l, wherein hydrochloric acid is used to adjust
pH. 15 hydroddoritiaeidsf a storage stabl e concentrated water sol ution
according to any one of clainms 1-10 for inhibition of thronbin.

14. A method for the treatnent of a patient in need of a thronmbin inhibitor
by 20 1807l SliBbhWecbRIhG{EARYUne SBeIhMFio0Th WHicR hREAYGraLER! ©
concentrated water - soPution according to"any one of clal -10.

15. A neddmdeinperatuabifor af legstctwmpearsat léusd 5% nofi theiaetive cohgpouryd t he

formul a . HOOC-CH err]-Y 25

wher ei nFeMAMS( ) - Cha- Pi c- Nag or (R)-Cgl-Aze-Pab, as a salt or as a free
base t hereof, conprising dissolving said thronbin inhibitor in water
and adjusting the obtai ned solution with a physiol ogically acceptable

Oor gani C1Dr A pRo&Rsifér prephrinf a storage bladildditentratdd waterksobutién?. 5.
according to any one of the preceeding claims 1-10 which comprises dissolving

10  the active thrombin inhibitor in water, adjusting of the solution pH to the range
1.0 to 2.5.

12. A process according to claim 11, wherein hydrochloric acid is used to adjust
pH.

.15
13. Use of a storage stable concentrated water solution according to any one of
claims 1-10 for inhibition of thrombin.

14. A method for the treatment of a patient in need of a thrombin inhibitor by
20 administration intravenously by infusion the storage stable concentrated water-

solution according to any one of claims 1-10.

15. A method for stabilizing an active thrombin inhibitor having the formula
HOOC-CH2-Y
25 wherein Y is (R)-Cha-Pic-Nag or (R)-Cgl-Aze-Pab, as a salt or as a free base
thereof, comprising dissolving said thrombin inhibitor in water and adjusting the

obtained solution with a physiologically acceptable organic or inorganic acid for

obtaining a pH from 1.0 to 2.5.

L



