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IMPROVED STABILITY FOR INJECTION SOLUTIONS 

Field of the invention 

s The present invention relates to solutions of low molecular weight thrombin inhibitors 

stored in primary packages containing rubber components, such as vials, bottles, cartridges 

and prefilled syringes. The invention also relates to the medical use of such stored 

thrombin inhibitor solutions. 

10 Background of the invention 

Solutions for parentheral use of pharmaceutically active substances ar:e nonnally stored in 

primary packages such as, vials, bottles, cartridges or in prefilled syringes. The primary 

packages are sealed by a rubber stopper or plunger. A commonly used rubber material 

ts contains chlorobutyl. Solutions oflow molecular weight thrombin inhibitors stored in 

vials, bottles, cartridges and prefilled syringes sealed by a stopper or plunger containing 

chlorobutyl rubber exhibits increased degradation, leading to shortened time of storage. 

20 

Disclosure of the invention 

It has now surprisingly been found that by using rubber material containing bromobutyl 

instead of chlorobutyl, the stability of the low molecular weight thrombin inhibitors in 

solution can be considerably improved. 

25 The present invention provides a primary package, such as a vial, a bottle, a cartridge or a 

prefilled syringe containing a solution of a low molecular weight thrombin inhibitor for 

parentheral injection, sealed by a rubber stopper or plunger containing bromobutyl rubber 

instead of chlorobutyl rubber. 
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The present invention further provides a medical use of such thrombin inhibitor, or salts of 

such tlrrombin inhibitor, solutions kept in a primary package as mentioned above 

sealed by bromobutyl stoppers or plungers. 

s The present inventi~n further provides an aqueous solution for parenteral administration 

comprising a low molecular weight peptide-based tlrrombin inhibitor or a salt thereof, 

having a pH in the range 3 to 8, preferably a pH about 5 and stored in a primary package, 

such as a vial, a bottle, a cartridge or a prefilled syringe, sealed by a rubber stopper or 

plunger containing bromobutyl. 

10 

Tlrrombin inhibitors referred to in this application are low molecular weight peptide-based 

thrombin inhibitors. The term "low molecular weight peptide-based tlrrombin inhibitors" 

will be well understood by one skilled in the art to include tlrrombin inhibitors with one to 

four peptide linkages, and/or with a molecular weight below 1000, and includes those 

15 described generically and, more preferably, specifically in the review paper by C1aesson in 

Blood Coagul. Fibrin. (1994) 5, 411, as well as those disclosed in US Patent No. 

4,346,078; International Patent Applications WO 97/23499, WO 97/02284, W097/46577, 

WO 98/01422, WO 93/05069, W093111152, WO 95/23609, W095/35309, WO 96/25426, 

WO 94/29336, WO WO 93118060 and WO 95/01168; and European Patent Applications 

20 623 596,648 780,468 231,559 046,641 779, 185 390,526 877,542 525, 195 212, 

362 002,364 344,530 167,293 881,686 642,669 317 and 601459. 

Preferred low molecular weight peptide-based thrombin inhibitors include those known 

collectively as the "gatrans". Particular gatrans which may be mentioned include HOOC-

25 CH2(R)Cha-Pic-Nag-H (known as inogatran; see International Patent Application WO 

93/1 1152 and the list of abbreviations therein) and HOOC-CHr(R)Cgl-Aze-Pab-H (known 

as melagatran; see International Patent Application WO 94/29336 and the list of 

abbreviations therein). 

30 
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The preferred low molecular weight peptide-based thrombin inhibitor to be kept in glass 

vials or syringes is selected from the group consisting of inogatran, (Glycine, N-[2-[2-[[[3-

[ ( aminoimino-methyl)amino J propyl] amino J carbonyl} -1-piperidinylj -1-( cyclohexylmethyl)-

5 2-oxoethyl}-, [2R-[2S}]-). melagatran, (Glycine, N-[2-[2-[[[[4 

(aminoiminomethyl)phenyl} -methyl} amino] carbonyl]-1-azetidiny/j -1-cyclohexyl-2-

oxoethyl}-. [2R-[2Sj}-) and 

10 

compound A, (Glycine, N-[ 1 -cyclohexyl-2-{2-[[[[ 4-[(hydroxyimino)aminomethyl}­

phenyl}methyl]amino }carbonyl}-1 -azetidinylj -2 -oxoethy/} -. ethyl ester, [S-(R *, S*) ]-}. 

In one embodiment of the invention the thrombin inhibitor (preferably melagatran) 

solutions for parenthcral injection is a water solution and are kept in primary packages such 

as vials, bottles, cartridges or prefilled syringes having a rubber stopper or plunger 

1.s containing brornobutyl. 

In another embodiment of the invention; the thrombin inhibitor for parentheral injection is 

in a water solution with an addition ofhydroxy-propyl-~-cyclodextrin (HPPCD). The 

concentration of the thrombin inhibitor is in the range 0.001 -100 mg/ml, preferably 2.5-20 

20 mg/ml. 

25 

30 

Working Example 

Analytical technique 

Liquid Chromatography (LC), for all analysis 

The following equipment and parameters were used at the analysis ofmelagatran in 

solution. 
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