Phar maceuti cal Preparation Containing Pl asninogen Activa- ANOLTY iy
invention relates topharmaceutical prepara- tions containing plgar nogen
activators or derivatives of same as the active substances and to rel ated
*phar#aceutical forms of administration in the formof |yophilisates or in-

jection and infusion solutions, respectively. The human tissue
pl asm nogen activator (t-PA) is of imense therapeutic inportance in
di ssolving blood clots, e.g., in cardiac infarctions. t-PA causes

di ssolving of - blood clots by activation of plasm nogen to plasmn. Plas-
mn, in turn, dissolves fibrin which-i$-the major conponent of the protein
matrix of clotted bl ood. Natural t-PA is conposed of nmultiple
functional do- mains F, E, K1, K2, and P. Domain P involves the prote-
olytically active centre causing cl eavage of plasm nogen to plasmn. The
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particul ar,~ of or varrous t- muterns 1 n eukaryotic and prokaryotic
cells is tﬁéﬁdy known. Here, in contrast to natural t-PA t-PA derivatives
are synt hesised from prokaryotes in non-glycosylised form

The invention relates to pharmaceutical prepara-
tions containing plasmincgen activators or derivatives of
same as the active substances and to related pharmaceutical
forms of administration in the form of lyophilisates or in-
jection and infusion solutions, respectively.

The human tissue plasminogen activator (t-PA) is of
immense therapeutic importance in disscolving blood clots,
e.g., in cardiac infarctions. t-PA causes dissolving of
blood clots by activation of plasminogen to plasmin. Plas-
min, in turn, dissolves fibrin which is the major component
of the protein matrix of clotted blood.

Natural t-PA is composed of multiple functional do-
mains F, E, KL, K2, and P. Domain P involves the prote-
olytically active centre causing cleavage of plasminogen to
plasmin. The preparation of plasminogen activators (PA) by
genetic engineering, in particular, of t-PA or various t-PA
muteins in eukaryotic and. prokaryotic cells is already
known. Here, in contrast to natural t-Pa, t-PA derivatives
are synthesised from prokaryotes in non-glycosylised form.

In the meaning of the invention,'in principle, such
derivatives of t-PA, particularly those prepared by recom-
bination, are possible as the plasminogen activators, which
essentially comprise those protein regions of natural pro-

tein that are responsible for the fibrinolysis of the
thrombi. Here, such t-PA derivatives may alsc be used which
have deletions or substitutions of single or multiple amino
acids in the t-PA sequence.
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In the nmeaning of the invention, in principle, such derivatives of t-PA
particularly those prepared by recom bination, are possible as the

pl asmi nogen activators, which eSsentially conprise those protein regions of
natural pro- tein that are responsible for the fibrinolysis of the thronbi.
Here, Such t-PA derivatives may al so be used which have del eti ons or
substitutions of single or nmultiple-agi no acids in the t-PA sequence.

- 2- According to the invention, the follow ng plasm no- gen
activators may be enpl oyed, for exanple: t-PA (e.g., Alteplase), LY 210825
(K2P avail able from™"Syrian hanster” cell lines, Crc. 1990, 82,

930-940); [err]FE3x and AFEl x (K1K2P, Blood 1988, 71, 216-219); [err] FEK1
(K2P from C127 nmoudecerding Yo e dinmentiorPhdithendeillovdog, plesniap=209) ;

E- 6010 (Ja@enaarc%ivéto%%gnag‘?’bepemﬁigi'édt, - %rvaé}!:a%\%il% «( TRLPAID [ cLigenost .
1989, 62, %} 5é§;' K2P_and K2P %T ronb, beﬂb%t. 329,,62, g. % 3§;
MB-1018 (FREKSPIASR} onbY 2488250 EKeP 188allgble (Trem 3] Sykiop haRSERTY. 1989,
3, A1031, .ekllstlhmds, 409%tr. feso]l 82, ciesoubad) on ARENS, ahd WFELR);
K1K2P ( Thr es, , 33:41) ;. EK ' (JnBis O] %:eve 198 63,
1599- 1602) ?ﬂE‘f‘?\E s EIoRR %$Q§1'P273(’V\02§§;%i§£5) ;AFE%l- PRKERY (AE gll,ngl 0od
1992, 79, metSeleéYlsand.Mlekdilowésal . Phdrnerobsol®®0, Thépnhes~20992, 12,
212-221). kDgR2h- iF£4 Hyeed hose m nggen .actdat,or s._ahe ' whi ch
contain the cr?élglie%yd?r%n K2 ggf tﬁg’t-%Adaln _/'or%t é sgrg?‘;ép‘h?ot ease
domai n (" PTRrOmMby Hagmost sk, @he RaP4@anpRFr pnand-K2P (Fhrombpa
mutein "r-RAemelescr Lbgd, | B2EP . 382)174EM01%0/ O8ERDR, Thromb. Hae-

most. 1989, 62, p. 543); FK2P (FASEB J. 1989, 3, Al031, ab-

stract 4791); Alx (Circulation 1988, 4, 1II-15); XlK2Pp

(Thromb. Res, 1988, 50, 33~41); FK1K2P (J. Biol. Chemn.

. 1988, 263, 1599-1602); TNK wvarlant of t~PA (WO 9©3/24835);

bat-PA (Witt et al., Blood 1992, 79, 1213-1217, and Mullot

et al., Arterioscler. Thrombos. 1992; 12, 212-221). In par-

ticular, those plasminogen activators are poasible which

contain the oringle 2 domain ("K2") of the t-PA and/ocr the

serine protease domain ("P"), In this respect, one may

exemplify the XK2P type t~PA mutein "“r-°PA" described in EP

0 382 174 (WO 90/09437).

More specifically, the present invention relatas to
K2P, K1K2P, FK1K2P, and FK2K2P type plasminogen activators
as described in the follewing printings: Protein Engineer-
ing 5(1), 93=100 (1992); DE-0S-39 23 339.1; Circ. 1990, &2,
930-940; J. Cardiovasc. Pharmacol. 1990, 16, 197-203; Blood’
1988, 71, 216-219; J. Biol. Chem. 1988, 263, 1599-1602;
Thronb. Haemost. 19289, 62, p. 543. In particular, recombi~
nant X2P type piasminogen activators are employed as de-
scribed in EP-A~0 382 174 and in Protein Engineering Vol.
5(1), p. 93-100 (1982). Further t-PA muteins of this type
are described in the following patent applications: US
4,970,159, EP-A-0 196 920, EP-A=0 207 589, AU 61804/86, EP-
A-0 231 624, EP-A-0 289 508, JP 63133988, EP-A-0 234 051,



More specifically, the present invention relates to K2P, K1K2P, FK1K2P, and
FK2K2P type pl asm nogen activators ‘as described in the follow ng printings:
Protei n Engineer- ing 5(1), 93-100 (1992); DE-0OS-39 23 339.1; Circ. 1990,

+ 82,+930-940; a. Cardiovasc. Pharmacol. 1990, 16, 197-203; Blood 1988, 71,
216-219; J. Biol. Chem 1988, 263, 1599-1602; Thronb. Haenost. 1989, 62, p.
543. In particular, reconbi- nant K2R type plasm nogen activators are

- enpl oyed as de- scribed in EP-A-0 382 174 and in Protein Engi neering Vol.
5(1), p. 93-100 (1992) Further t-PA nuteins of this type are described in

the follo a t I|c 6 92 P- A-0 207
589, AU 6 53796 E%E %51’ gzg 2@ 2% ssla'?’go%%:@% 3988QEPE§-_ 0 234
051, 0 297 066, EP—A—O 302 456, EP-A-(3379 BBROA-0 263 172, EP-A-0 241
208 EP-A-0 292 009, EP-A- O 297 066, EP-A-0 302 456 EP.A 0 379 890.

The substantial influence of the sugar proportion on solubility and
aggr egati on of pr@?€|ﬁ§55§a@ﬁéﬂﬁ1ﬁﬂﬁﬁqﬁqqﬁ ok t the . SHUSE RYARATEAER (1988),

8832- 8?37)9:1 F\:%[B.lbi]hﬂ}ﬁsaﬂﬁerh figisREtiand of anBthﬂESf:.%SOkhbaﬁ faofh » a
non- cosyl a re asn1 e I conp@si tion
2P has aPEHBE BRET APy Hi00rc Rl LBt (G R AReotyrad e TRuBA 1
derivati vésg fbﬂ!emxwlegmiﬁ@da il @Pﬂ%ﬁ58g9§@os§ham,edeplggsmmogm-
aCt'VatorEIl?lr-!BQ %édor fact So‘é‘?xbton#iaéﬁlﬁo%%ﬂ gfafcta%%e&sﬁblafo&s&%

conventi ona sat1.0n pr ot ei ns as 50.-nmmol es/ |
of Na C|tFQFE°§FFB°n552RnBﬁ§&@ Poshieddrddy ﬁ@Pﬁ@F<ﬁ°%ﬂ¥}%PrYo¢@§PCal NaCl

sol uti-on. ghipweye laté'&lt*ﬁ.@td@ﬁl’@étﬁréeh,ermeléxézﬂﬂe%%@ & 9qllef, e hon~
pIasn1nogeT ggé& a e p&gsggn %gneactlvatcrs such as r-PA dissolve
only to a slight extent in buffers conventionally used for
the solubilisation of proteins, such as 50 mmoles/l of Na
citrate pH 6, 50 mmales/l1 of phosphate buffer or physi-
ological NaCl solution. However, utilisation as a'therapeu-
tic agent requires plasminogen activators to be present at
gsufficiently high concentrations, preferably, at a concen-

tration of up to 10 mg/ml.

Increasing the solubility of t~PA from prokaryotes
by neutral or slightly alkaline arginine formulations is
known from EP-A-0 217 37%. However, this procedure suffers
from the drawback that good solubility of t-PA from
prokaryotes can only be achleved with very high arginine
concantrations.

Further galenic formulations of plasminogen activa-
tors or thelr derivatives are known frem WO 90/01333, WO
89/050347, WO 90/08557, EP 0 297 284, EP 0 156 169, and EP
0 228 862.

Thus, WO 90/01333 (Invitron) describes the combina-
tion of lysine, histidine, arginine with citrate for t-PA
and derivatives from bacteria. Citrate is used at
5 mmoles/l, lysine, histidine, arginine at 150 mmoles/l at
pH 6. Furthermore, albumin is added.
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sufficiently high concentrations, preferably, at a concen- tration of up to
10 ng/ m . ' I ncreasing the solubility of t-PA from prokaryotes by
neutral or slightly alkaline arginine formulations is known fromEP-A-0 217
379.. However, this procedure suffers fromthe drawback that good solubility
of t-PA from prokaryotes can only be achieved with very high arginine
concentrati ons. Furt her gal-eni ¢ formul ati ons of plasm nogen
activa- tors or their derivatives are known from WO 90/ 01333, WD 89/ 050347,
WO 90/ 08557, EP 0 297 294, EP 0 156 169, and EP 0 228 862. Thus,
WD 90/ 01333 (I nvi tgQn) Li,bes I Ngsz . L f si.neas. hi.stidi ne,
arginine with citrggeaﬁgﬁ%?3ﬁz aﬁ%n%&%%$5a3%$%%él f%nrh%aé%§$ﬁgé%aéﬁtrate
is used of Bywdinise/ |(20-pHnomohesyili pad arigiraitee @O-BHOMMIBLELA) at pH
6. Furthergergy gLpumi n i s added. : -4-

WO 89/ 050347 (I nvitron) describes the conbination of arginine (20-200

nmol es/1) and citrate (20-80 mmol es/ 1) at pH 5-8. . WD 90/ 08557
(CGenetics InstitutRy ¢lo208HSES(Gerdnine Metidmte) diealbseseawcbhbiari ous

o vor o, BfifDeR%of! Shbfeihlfe HH Vditodd Uddli A8 dh 28" RiblEa-

I m dazol e, )
ine, arginine, proline, betaine, choline, imidazole, tryp-

tophan, citrate, optionally with addition of glutamic acid,
aspartic acid and succinic acid.

EP 0 297 294 (Behring) discloses the combination of
at least two amino acids such as lysine, ornithine, ar-
ginine, tranexamic acid and other additives at pH 5-10.

EP 0 156 169 (Asahl) describes ornithine and/or ly-
sine, optionally with addition of citrate, glycine or phos-
phate, and EP 0 228 862 (Genentech) discloses a fcrmulation
containing arginine with or without chloride and with or
without detergent. '

Likewise, alternative formulations of r-PA in the
presence of lysine and lysine analogues, respectively, in
solutions buffered with citric acid are described in EP
0 458 950 (Boehringer Mannheim), However, more recent
examinations demonstrate that the solubility of r-PA in
these formulations as well, is not as vet completely suffi-
cient. It has been determined that in fact, the solubility
may be improved by incoreéasing the citrate concentration:
however, such formulations are not or only in part toler-
ated by the veins, Moreover, the high salt concentrations
and the low glass temperature (Tg') associated therewith
result in the necessity to carry out the lyophilisation of
these formulations at temperatures below =-45° and -50°C.
Technically, these temperatures are realizable often only
at a wvery high expenditure, and they regquire complex
control and wmonitoring elements in order to control and



tophan, ecitrate, Optionally with addition of glutamc acid, aspartic acid

and succinic aci d. . EP 0 297 294 (Behring) discloses the
conbi nation of at |east two am no acids such as |lysine, ornithine, ar-
‘gi ni ne, tranexam c acid and ot her additives at pH 5-10. EP 0 156

169 (Asahi) describes ornithine and/or. ly- sine, optionally with addition
of citrate, glycine or phos- phate, .agd-EP 0 228 862 (Genentech) discl oses
a formulation containing arginine with or without chloride and with or

wi t hout detergent. _ Li kevvi se, alternative fornulations of r-PAin

t he presen ysi and e an res ti I ons
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the high salt_concentrations.and the |Low_glass t rature (T1g')
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| yophi | | saguananteed as avdrking dtempesastirecoPesladul es¢Hatow -45[err] C and
-50[err] C. Technically, these tenperatures are real i'zable often only at a

very high expenditure, and they require conplex control and nonitoring
el ements in order The cobieek a%dthe invention is to provide formula-

ticns of plasminogen activators and their derivatives which
are well tolerated by the veins, contain the active sub-
stance at sufficiently high concentrations and ensure good
solubility of the active substance, with the intention of
maintaining stability of the PA in the lyophilisate over a
prolonged period of time. In addition, the invention is
aimed to develop formulations which can be lyophilised re-
liably on an industrial production scale as well, with the
intention of ensuring a well reproducible product guality
of the lyophilisates. |

The object of the invention is attained by a phar-
maceutical preparation containing a plasminogen activator,
with the preparation containing at least one sugar and
tranexamic acid as pharméceutical additives. In lyophilised
form, the preparation is stable on storage over a prolonged
period of time. Likewise, the agueous injection szsolution
prepared by reconstitution meets this criterion of improved
storag-e stability. In particular, this is the case when the
PH value of the solution is acijusted to a value of between
5.5-6,5. As further additives, the pharmaceutical prepara-
tions may contain conventional buffer substances or sur-
face-active materials (anionic, catienic or neutral surfac-~
tants). '

As an example of the plasminogen activators (PA)
possible within the meaning of the invention, the plasmino-



measure the optinum conditions for | yophi li sation. Mreover, this

I nvol ves a relatiively high expenditure of energy. Furthernore, for

i ndustrial production there are often used rather old |yophilisation

pl ants, which [ack the requisite conplex neasuring and control technol ogy,
and where, consequently, as a rule, there can only be guaranteed a working
temperature of about -45[err]C. - g - The object of the inventionis to
provi de formula- tions of plasm nogen activators and their derivatives
which are well tolerated by the veins, contain the active sub- stance at
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the invent@niidertd i 10 hidschtPRY noRRgeybbspl ati®pasai] on containing a
pl asm nogen activator, with the preparation containing at |east one sugar

and tranexam c acid as pharnmaceutical additives. In |yophilised form the
preparation is staid eswyaist otlegefarrarlatipnal offigélepdnventdbnt prefeki-kew se,
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when the praxalerlantly h%a@,@mmm |1sr%mqko§eed mal tosgalare bicheseeane
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the plasmi%%e are emplcyéd. The sugar concentration in the agqueous
injection solution is preferaﬁly 40~100 mg/ml, with between
50-70 mg/ml being preferred. '

As buffer substances, the pharmaceutical prepara-
tions may contain conventional substances possible for such
purposes and representing salts of strong acids with weak
bases or of weak aclds with strong bases. As exanmples,
there may be mentioned: alkali salts of phosphoric acid,
tartaric acid, malic acid and the like. Amine acids are
also possible. Preferably, the preparations according to
the invention contain phosphate buffer. In particular, the
concentration of phosphate buffer in the agueous solution
ready for injection is 650-300 mmoles/l, preferably 80—
220 mmeles/1 .and, particularly preferred, 130-170 mmoles/lL.
As a phosphate buffer, disodium or dipotassium hydrogen
phosphate is preferably used, which is adjusted to the re-
spective pH value using phosphoric acid.

As solubiliser, the preparations according to the
invention contain tranexamic acid (TES). The concentration
of tranexamic acid in the aqueous solution ready for injec-
tion is preferred ¢to be 1-50 mmoles/l, preferably &-
12 mmeoles/l. Particularly advantagecus is the use of a con-



- 6- gen activator K2P (EM 06. 022) described in nore detail in the

Eur opean patent "applikcation EP-A-0 382 174 was used. It consists of the
cringle 2 (K2) and the protease donmain (P) of human t-PA and, due to its
rexpression in Escherichia coli cells, is present in non-glycosylated form
As sugar, the fornulations of the invention prefer- ably contain nono- or
di sacchari des. As the disacchari des, part i cularly saccharose, trehal ose,
mal t ose or | actose are possible. In particular, the nonosacchari des are

gal act ose or correspondi ng am no sugars such as, e.g., gal actosam ne.
Preferably, the non-reducing sugars sacchar,ose nd trehar |ose are: 4
enpl oyed. CERETafden cohcearft MRAIAE/iIn ¢ Fr Yiinj EEEPEHRABLY uti ot i s
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2] o o eyl OB A, RRRSABANIERACR plasni- A
nogen actlvators since, due to the. possibility of increas-
ing the concentration of the plasminogen activator in the
solutions used, the amount of water to be used in the pro-
duction process may be reduced significantly and, on the
whole, a production is achieved which is energy-saving and
more cost effective. In particulai:, the lyophilisation pe-
rieds in the production process are reduced. '

As surfactants, non-ionic, anionic or cationic sur-
factants, preferably, however, non-ionic surfactants such
as Tween 80 or Tween 20 may be used. The surfactant concen-
tration is 0.005-0.1% (w/v) and preferably 0.01%,

A pH value of between 5.5-6.5 is suitable for a
pharmaceuntical preparation in aqueous form according to the
invention; a pH value of 5.8-6.2 is preferred.

The preparations of the invention contain the ac-
tive substance at a concentration of up to 10 mg/ml, pref-
erably of 3-5 mg/ml.

The pharmaceutical preparations according to the_
invention are employed as injection or infusion solutions.
This can be done by providing a solution ready for injec-
tion, which has the composition according to the invention.
However, the pharmaceutical preparations may also be pro-



invention contain tranexam c acid (TES), The concentration of tranexamc
acid in the aqueous solution ready for injec- tionis preferred to be 1-50
mmol es/|, preferably 8- 12 mmoles/|. Particularly advantageous is the use
of a‘con- - , -7 centration of 10

mmol es/|. Surprisingly, tranexaric acid has been found to increase the
solubility of plasm nogen activators,gparticularly of non-glycosyl ated

pl asm nogen activators in an aqueous medi um For instance, in the case of
t he pl asm nogen activator derivative r-PA solubility was increased at

| east by g,f or_ of, 1. L th.r i ol wtion free of tranexam c

aci d. Thea"fla%tcdt)rl_'l} o?h? hg"%% 8—f g‘li’{&gﬁélﬁ'%é?ggﬁel%?%?elagﬁl f%reghgé%c?r% om 2- 3.
Thi s ef f ecttitalfedeusiing psrageaknaysoagents hon sdlutsbupe ¢F.9he Widpara-
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since, due to the possibility of “increas- ing the concentration of the
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in the pranvdineivan RHGRES SopElomEl I1edMeed cohgaihi Caliiayitdatialonddie whol e,
a product%pn.is achieved which is energ&-saxing d nore os%.effe%%ive. In
part s cul artohik THOHRTER aPeeh 58 7 By bRteal o ghBEROR Rk s80. Sty o
reduced. NacCl. As surfactants, non-ionic, anionic or cationic sur-
factants, preferably, however, non-ionic surfactants such as Tween 80 or

Tween 20 may be used.  The surfactant concen- tration is 0.005-0.1% (w v)
and preferably 0. Bibgwise, the AngpnEirneisf digesbed So5tHes RECGRFT abl e

for a phayracRghheattFaRAr &l | PRatHacdauents f piBhassei ghNtditdiifing

i nvention; .a %H val ue of , .%—6.2 is preferr.ed. .
plasminogen activators or derivatives of same having a pH
value of from 5.5 to 6.5 and their use in manufacturing the

pharmacentical preparations according te the invention.

In addition, the invention is directed to the use
of a specified mixture of pharmaceutical adjuvants consist-
ing of the group sugar and tranexamic acid for the long-
term stabilisation of plasminogen activaters. In par-
ticular, in order to achieve good storage stability, a com-
bination of the adjuvants sugar, phosphate buffer, tranex-
amic acid, and surfactant is especially advantageous.

Examinations on stability show that the prepara-
tions according to the invention are stable as solutions
for at least 30 days at 4°C. The stability of the active
substance in the lycphilisates according to the invention -
is between two and five years at 4°C. Of particularly advan-
tageous influence is the fact that the drug preparations
have excellent stability even at increased thermal stress,
which makes them largely insensitive to temperature fluc-
tuations which, in particular, may occcour in warmer climatie
regions of the earth, and all the more so when the cald
chain is interrupted. Due to the often long shipping routes
involved in pharmaceutical forms of administration from the
drug manufacturer down to the consumer in the various coun-~
tries, unintended exposure of the preparations to



The preparations of the invention contain the ac- tive substance at a
concentration of up to 10 ng/m, pref- erably of 3-5 ng/n. The
pharmaceuti cal preparations according to the invention are enployed as
'injeetion or infusion solutions. This can be done by providing a solution
ready for injec- tion, which has the conposition according to the
1 nvention. However, the phar maceutlc% preparations may also be pro-
vided in the.formof |yophilisates ese are then recon- stituted usi ng
per se known agents or solutions (e.g., with water) suitable for
Injections. As the injection nedium water is preferably enp ed for the
prepar at i cHEMRRTAtHEY nftueteatiqns chPEBEibhYl ISVaay ¥Bht & nPEﬁiwéWF‘ilonal
i SO- toni Opé@lﬂ.hdl BeS Hiifd), aéaﬁnahys:ieol aﬁcn@ae@pnmamatgwe ofrikeC to
Li kew se, the| tlonc,:j‘Ts1 ect%dtotg_ﬁgrocess g{l g%%turln
phar maceut?%%* B]aﬁs(ﬁ PG BlRdsiPRBgen™attPvETr BT S or “UeF1 vat i ves
of sane hawemﬂf.na phievalceest fobntiiefagentdc tmektiait usesthonalplé act uri ng
t he phar I ar My e ijwen In

p cﬁb’é 2 PLER 35146& recfeqx&ql 19 kg-fbe idy Ehﬁ nistration

addi ti on, | nVention i 0 the use of a sp Ied mxture of
phar naceutawrﬁi}fﬂMt@le:oww@‘nthmgam l#@%ﬁlﬁu@%ﬁ}‘g@r‘t% %9 aFesdani c

acid for tfendORure fluctuations. It has been possible to
- demonstrate in preliminary examinations on stability that
in the preparations, even when exposed to a temperature of
35°C over a time period of 30 days, no significant
impairment regarding the stability of the protein could be
detected. Therefore, the preparations must be assumed to
have a stability of from two to five years when stored
properly at refrigerator temperature.

Furthermore, the preparations according to the in-
vention are advantageous in that the glass temperature
(Tg') of the frozen solution for the preparation of the
lyophilisates is relatively high, ranging between -33°C and
-40°C so that the reproducibility of product guality of the
lyophiligates is ensured with sufficient reliability on the
production scale as well., The relatively high glass
temperature is  advantageous  especially  because  if
technically induced or unforeseen increases in temperature
occur during the often wvery long lyophilisation periecds,
the risk of unintended thawing of the frozen solutions is
less probably involved. In cases where the glass
temperature is below -40°C and that temperature is exceeded
during the lyophilisation process, which 1is particularly
the case in technical lyophilisation plants, which work at
temperatures somewhat close to =45°C, the undesired
exceading of the glass temperature may  cause
disadvantageous changes in  the  frozen  solution.
Sufficiently good product quality dis then no Ilonger
"ensured. Here loss of activity of the protein, and the
formation of aggregates, respectively, may ] ocour, in



term stabilisation of -plasm nogen activators. |Ih par- ticular, in
order to achieve good storage stability, a com bination of the adjuvants
sugar, phosphate buffer, tranex- am c acid, and surfactant is especially
‘advant ageous. Exam nations on stability show that the prepara-
tions according to the invention are stable as solutions for at |east 30
days at 4[err]C. The stability of thejgcLive substance in the |yophilisates
according to the invention is between two and five years at 4C. of

particul arly advan- tageous influence is the fact that the drug

preparations . have.excellent stapility even at increased therma ~“stress,

whi ch mke}ﬁ%ﬁ?ﬁl&rrgel y 'Hsens&?ﬁ:’ve G %% npeCat ur PFPHEEINTEERFIHRL I ch,
in parti cullyqphidyisades:. | A wumnsgrer| adrehtagegi ns tife t masear b, tinel al |
the nore s ]y%ﬂk ol 0. LS 4 Nt upt to the.often

shi ppi ng rgaut S |%§P\%edgfgggﬁg?‘#rac%§ut %h; ?gg%gggnédmﬁgfe"gtr%ti%in%?omthe
drug manuf &anResatysen afo Fren cohkifretoi ndPAe, vas dhatcdihe remebsite

uni nt ended expfture &f dri8gy PE@PARBLl ODgophilisation process is

-O- t emperat.ur.e fluctuations 033| bé_lg even, over a pr.ol onged Herl od of
time, canndtHRISES (BRTAUSR 8‘?‘?@8 ZOPRLLIFRELON | BHAFSAHLE oPeEHe Ot ei n
and. t hus, ineddssarifiyebe caseledengeratt Hempeoresrssresf belewapsotce treat nent
. questionable. However, the pharnaceutical fornms of admnistration
according to the invention are largely insensitive to such tenperature
fluctuations. |t Ima¥hepmepnipgsefbthe presepboirventionn pebatiNelyry

exam nati onSighn §lakt! idehpdialurBst r T e Wtoa
t enperature 9? 3 E%:] ge\énver tgu?-faﬁeh%er?i S’%ao%&%%ﬂﬁi?/s?ﬁﬁov@?gni | cant
i npai r ment GFfg (SRPSHLALIYI t ISR t e pPOERFHLWHY BabE such  as

dipotassium hydrogen phosphate or potassium dihydregen
phosphate is used as the phosphate buffer for the solutions
required for lyophilisation. In this regard, in particular,
dipotassium hydrogen phosphate at a concentration of from
20-40 mg/ml, preferably 20-30 mg/ml can ' be used. The
increase in glass temperature can be enhanced by adding
saccharose. In this connection, saccharose is added
preferably at a concentration of f£from 60-90 mg/ml, in
particular, 60-80 mg/ml. The use of a solution containing
about 26 mg/ml of dipotassium hydrogen phosphate (XK HPO, X
12 H,0) and about 70 mg/ml of saccharose is particularly
preferred. The pH value of the solution is adjusted to a
value of 6 using, preferably, 85%-phosphoric acid (about
12 mg/ml). The solution further contains about 0.5-5 mg/ml,
preferably 1-2 mg/ml tranexamic acid, in particular, about
1.6 mg/ml. Besides +this, the solution may contain, in
addition, surfactants such as Tween 80, which iz applied
preferably at a concentration of frem 0.01-0.3 mg/ml, in
particular, about 0.1 mg/ml. '

Another advantage of the lyophilisates according to

- the invention is that on completion of the lyophilisation
they exhibit a relatively 1low residual moisture. The
residual moisture is, in particular, at values below 5%,
preferably ranging between 0.5-4%, in particular, 1-3%. The



detected. Therefore, the preparations nust be assuned to have a stability
of fromtwo to five years when stored properly at refrigerator tenperature.
Furthernore, the preparations according to the in- vention are advantageous
‘in that the glass tenperature (Tg') of the frozen solution for the
preparation of the Iyophilisates is relatively high, rangi ng between
-33[err]C and -40[err]C so that the_reproducibility of product quality of
the | yophilisates is ensured with suffTcient reliability on the production

scale as well. The relatively hi gh gl ass tenperature is advant ageous
especially becau if technically induced or unforeseen increases in
t enper at ur S2GEEFr | hEPRINEL ifatas veFyatiohgargophi | 1evelonapeveods. the

ri sk of unitheenlled theeddgaDf ﬂdi%tﬁ;&@zeaoﬁ@msm@é@ 80| 685 BA

e
i nvol ved S g ass tenperature i s bel.ow - O[er]C and
t hat tenpefg ﬁ?ég %%3§mgéé¥d°5u aF?ngﬁFﬁrngE@ﬁrﬁF& hajdngh i s
parti cul ar py hilghegasres ifuadc hm.teﬁ:luﬂea/(mﬂ’udn sedsudt pinntmst\ablimlﬂtyoblf at
t enper at ur s [e h e ceedi ng
Eﬁe ﬁf@ﬂ@fﬁ e&gt Eh tb%c::omég Sgégr%t?tté ag'f/a&ﬁ]ag e{ (10 ég :

of t he

t he froz@g"f %b?%%l%ﬁFlYiﬁX|Qﬁ<§ﬂﬁ fogﬁéﬁiﬁﬂoﬂﬁc%QQMQg$t95+s then no

| onger ensured. Here |oss of activity of the protein, and the formation of
occur : -

squreaates, e POCLYE TRARERL ok eng prepmestion cosrartiag to
| yophi | i satlkes. imv@mti@mrlsuhhaﬁenhanlpﬁdﬂmcdagethé uw@pmneﬁaaabsonaue
"o 10 48, e N A8kegleet 1S SERaSL PV o= a0 LRI C L0
|y0ph,|,Sé@1@ﬁm¥nq@§33ap§1vators, in partlcular, in the case of the
type K2P, K1K2P or P type muteing, achieved by the addition
of tranexamic acid, one may start with smaller volumes (for
example, of about 5 ml“per single administration form) of
solutions to be frozen, so that the lyophilisation peried
is significantly reduced with respect to solutions hitherto
used for the preparation of lyophilisates (for example, of
about 10 ml per administration form). Preferably, one
starts with solutions containing the active substance at a
concentration about twice as high as compared to the
aqueous administration form ready for injection so that
agueous solutions of 5 ml can be usged instead of the

hitherto conventional solutions of 10 ml.

Examinations on venous tolerance demonstrate very
good tolerance of the preparations according to the inven~
tion. '

Without limiting, the following embodiments are in-
tended to illustrate the invention in more detail.



m ni m sed because the |yophilisation procedure need not necessarily be
carried out at tenperatures below -50[err]C. In the neani ng of
the present invention, relatively high glass tenperatures can be attained
‘for the frozen solutions especially when a potassiumsalt such as

di pot assi um hydr ogen phosphate or potassium di hydrogen phosphate is used as
t he phosphate buffer for the solutigng,required for |yophilisation. In this
regard, in particular, dipotassium hydrogen phosphate at a concentration of
from20-40 ng/mm, preferably 20-30 ng/m can be wused. The increase in
gl ass tenp an be enhanced by addi ng saccharose. In this connection
sacoharoseggghéégeg preferably at a concentration of from60-90 ng/m, in
particular, 60-80 ng/m . The use of a solution containing about 26 ng/m of

0 POt a5o1 U2 gL A0 BRSO Byl i R O ang about 70
ng/ m of saccnaro ' ] T :

i s adj ust edn R RHEL R X Sf &0q 6 gaglohosphoric acid
(about 12 ng/n1) The solutlon further cont ai ns about 0.5-5 mg/ m

preferably 1-2 ng/ni ?nexanlc acid; in_particular, about 1.6 ng/n1
Besi des this, R%o i BR- 0%t W%%n?§3%5t3¢ntﬁd§|PF@ﬁel§uﬁ$%ﬁ¥%wns such

as Tween SﬁraMm:h(cﬁr&ppl el a)rnejmatrlmaﬁfameaeﬁahr ateenagl afiemn -

0.01-0.3 / Anot h ad t
of "the Iyodti 1P, mepRAbE el ¢ BNYted e the RAFERHS CORpRBERON of
t he | yophi W%%Fiq on &ub@pwmtﬂm a th at isasplelsow wese duadnoitstdur etoThe
resi dual ”%L;fé re= '4Smg4 B1Pard %sz”’é aﬁt TUREUGHAARhGWAS Yon )T 81 £1 80! ¥pr angi Ng

between 0 |cular
o 01 Tween 80, and c) Wlth 0.01l% Tween 20.

Exposing each of the samples to stress was effected
for 10 s on a Whirl Miwx (Janke & Kunkel, IKA Labortechnik
VF2, maximum rotational speed). Subsequently, the samples
were incubated for 2 minutes at room temperature.

Light scattering of the unstressed and stressed
samples was measured by fluorimetry at 25°C (Ex. 360 nm,
Em.: 360 nm; Ex. bandpath: 3 nm; Em. bandpath. 10 nm; meas~
uring intervals: 10 s over 3 min). In qu 1 the values for
the scattering of the samples are given, each one corrected
by the fluorescence of the bﬁffer.

Result: The present data shows that without addition of
detergents, there is substantial increase in light scatter-
ing of the sample under mechanical stress (Fig. 1). By add-
ing detergents, the inarease can be suppressed to the larg-
est extent. Within the scope of measuring accuracy, no dif-
ference batween Tween 80 and Tween 20 is notable.




val ues for 1yophilisates usually are at |evels above 6% The |ow residual
noi sture contributes-to the inproved storage stability of the preparations.
Preparations having a higher residual noisture often result in instability
-of t-he protein, which becones apparent fromthe | oss of biological activity

or the formation of aggregates. . Anot her advantage of the
~preparation according to the inventigg Ls that when producing the
| yophilisates, due to the increase in solubility of

non- gl ycosyl at ed pl asm nogen activators, in particular, in the case of the
type K2P, Kl K2P or_P_type teins,,achieved hy the addition of trapexamc
acid, one nay stajli:fl Ei-en %ﬂwﬁ‘éﬁa%? %tlfefg(ﬁﬁ’chf%pls&mp Sa8butb s per

si ngl e ad®)nithe apbbaifednrefulds varensummapéstdoz dhe spekhahgs hef :
| yophi | i s@kiv@nNePeEhRdabBrair 5% { biga r i resp sol utions
hitherto use ?grﬂt1 ea%]?%pa?a %on géé%%oagﬂ#ﬁﬁgayeégffgé gg%%r% Fé, of about
10 M per admnistration form. Preferably, one starts with solutions

cont ai ni ngyt he acti velsghﬁ&a@gqq@éamm%@g@; rgiii @g about twice as high as
conpared to the aqueous qﬂ@i&%gﬁ& tion formready for injection so that

aqueous solutions of 5 By I o sed’instead of the hitherto conventi onal
solutions of 10 ml. 50 ng/mExafn swedchmrosen venous tol erance denonstrate

very good tol erance of t Rﬁfiﬁgéﬁ;éﬁEé %Qrding to the inven- tion.
enbodi hent S

Wthout limting, the fol ov\n_ngt1 are in- tended to illustrate
the invention in nore det®l |with 0.01% of Tween 80 -

¢} with 0.01% of Tween 20

B) 150 »M of NapHPO4/H3PO4, PH 6.0
10 mM of TES
50 mg/ml of trehalose
a) without detergent
b) with 0.01% of Tween 80
¢) with 0.01% of Tween 20

C) 150 mM of RzHPQ4/H3FO4, PH 6.0
10 mM of TES
50 mg/ml of saccharose
a) without detergént
b) with 0,.01% of Tween 80
c) with 0.01% of Tween 20

D) 150 mM of KpHPQ4/H3PO4, PH 6.0
10 mM of TES
50 me/ml of trehalose
a) without detergent
b) with 0.01% of Tween 80
¢) with 0.01% of Tween 20



- 12 - Exampl e 1 Cl oudi ng on Mechani cal Stress/Measurenent of Light.
Scatter- ing of Preparations According to the Invention r- PA (BM
06.022) was adjusted to a protein concen- tration (Cprot.) of 6 ng/m
“(ultrafiltration over an Amicon YM 10 nenbrane) and di al ysed agai nst the
buffers as indi- cated. Subsequently, the sanples were adj ust ed to
Cprot. = 4 ng/m and were a) left unghanged, b) filled up with 0.01% Tween

80, and c) with 0.01% Tween 20. Exposi ng each of the sanples to
stress was effected for 10 s on a Wiirl Mx (Janke & Kunkel, |KA
Labortechni k VF2, maxi num rotational speed). Subsequently, the sanples
were incubated for 2 mnutes at roomtenperature. Li ght

scatteri ngBxdmdlee ainstressed and stressed sanpl es was neasured by
fluorimetry at 25[err]C (Ex. 360 nm Em: 360 nm Ex. bandpath: 3 nm Em
bandpat h; 10 nm neas- urlno intervals: 10 s over 3 nln) I n F|g 1 the

val ues f orS%auade: o i of BMh D&l §/fagchas Ae -,*ed by

the fl uormﬁ%ﬁm‘oﬂsh%&sﬁﬂng £ ReeHbt Iﬁaﬁtmaﬁzg?_ﬁ, @:@e Si“_@,ﬁ
wi t hout add- etergents, ere 1s substantial increase in
scatter- iﬂﬂf anpl e under mechani cal stress (Fig. 1). By add |ng
detergents, the increase can be suppressed to the larg- est extent. Wthin

the scope of measylig JEEUT Ak i%a™ Goal REENCEnES! HEEPed "oRR:s Eloged Tveen

20 is notable.
Tween 80) indicated in Table 1, adjusted to

Cprot, = 4 mg/ml, filled wp with Tween 80 to C = 0.01%,
portioned, and sterile filtrated. Each time 9 samples were
frozen at =20 and =~70°C, respectively. On the days as
indicated in the Table all of the samples were thawed
(15 min at 25°C in a water bath) except for the control.
Each time one sample was analysed (Cprot., and amidolytic
activity). The rest of the samples were frozen at -20°C and
-70°C, respectively. After completion of the series the
activity of the non-stressed sample was determined.

) -

Regult: As it is apparent from the data in Table 1, r-PA
may be frozen and thawed at least eight times without loss
of activity.




- 13- In Fig. 1 (nmechanical stressing of sanples A, B, C, D) the
obt ai ned results are:summari sed. The neani ngs of each of the abbreviations
used in Fig. 1 are as foll ows: A) 150 nM of Na[ err] HPO4/ H3PO4;
“pH 6.0 10 mm of TES 50 ng/mM of saccharose

a) w thout detergent b) with 0.01% of Tween 80

c) with 0.01% of Tween 20 B) - 15 150 mM of Na[err] HPO4/ H err] PO4, pH
6.0 10 mM of TES 50 ng/mM of trehal ose

a) WlthOUt det er gent b) with 0.01% of Tween 80

c) with 0.01% of Tween 20 150 nM of K2HPO4/ H3POJ err], pH 6.0
10 mM of Thahle 1 150 mﬁ/ﬁf— Ba2ERRoMeESge PH 6.0 a) . wi t hout
det er gent 1) 5@ @Egl% of Tween 80 c) with
0.01% of Tween 20 D) mVl of  K2HPO4/ H err] P04, pH 6.0
10 nM of TES 5&901"963‘“911 °Bf5?‘?%¢b‘%€e a) without
det er gent ohple b Bwedo®md Tween 80 C wth
0.01% of Tween 20 '
~20°C -70°C
Day Cprot. AA Cprot. AR
[mg/ml] (MU/mi ] [mg/ml] {MU/ml]

0. 4.1 3.1 4.1 3.1

1l 4.5 3.1 4,6 3.0

2 4.6 3.2 4.8 3.1

3 4,3 3.1 4.0 3.0

4 4.8 3.1 4.7 3.1

5 4,1 3.3 4.1 3.2

6 4,2 3.0 4,2 3.1

7 4.1 3.1 4.3 3.2

8 4.0 2.8 4.3 3.1

Cantrol 4.3 3.0 4.3 3.1

Control: Untreated sample measured
AA: Amidolytic activity
Corot.! Protein concentraticn
Example 3

Stability of »-PA ip Solution
Comparisen of Various Formulations at Cprot.. = 4 mg/ml

r-PA (BM 06.022) was concentréted over an Amicon
YM 10 membrane to 5 mg/ml and dialysed against the buffer
(without Tween 80) indicated in Table 2. The dialysates
were adjusted to Cprot, =-4 mg/ml, f£illed up with Tween 80
to C = 0.01%, portioned, and stored at -20°C and 4°C. After
7, 14, 20 and 30 days, anmidolytic activity and protein
concentration of the stressed samples were determined.



- 14 -

Exanple 2 Storage of r-PA (BM06. 022) in

TES/ Sacchar ose- Cont ai*ni ng Fornul ati ons According to the Invention//Miltiple

Freezing and Thaw ng
‘(wi t hout Tween 80)
4 mg/ m

r- PA was di al ysed agai nst the buffer

i ndi cat ed in Tabl e 1, adj ust ed

to Cprot

filled up with Tween 80 to C = 0.01% portioned, and sterile
f iltrated. Each tinme 9 sanples were frozen at -20 and -70[err]C,
days as indiealéd- in the Table all of the

respectively. On the
sanples were thawed (15 mn at 25[err]Cin a water bath) except for the
and am dol ytic

control.

Each tinme one sanple was anal ysed

activity). R’é&elltesmhef shipleanptesededie fIzeanat 4°@0t@md {x° ma-nwder r]C
conpletlon of the series the activity of the

respectlveI§
non- st ress&Y®

data in Table 1,

wi t hout

88¥8s det er ni ned.
r-PA may be frozen and thawed at

088K 3CUIVITY. 150 my of NagHPOs/H3PO4, PH 6.0

Res

10 mM of TES
50 mg/ml of trehalose
0.01% of Tween 80

(Cprot.

ult: As it

i s apparent fromthe

~20°C +4°C
Day Cprot. AA Cprot. AA
[mg/ml] [MU/ml] [mg/ml ] (MU/ml]
3.9 2.1
3.9 2.3 3,97 .
14 3.9 2.3 3.98 .
20 3.9 2.3 3.9 :
30 3.8 2.3 3.9 .

AA: Amidolytic activity Cprot,: Protein concentration

Example 4

Stability of »r-PA in Solution

Comparison of Various Formulations at Cprot.-=.6 mg/ml

| east eight tines

r-PA (BM 06.022) was dialysed overnight against the
buffers indicated below and adjusted to Cprot.
concentrating over an Amicon ¥M 10 membrane.
were filled into portions of 1 ml and stored for 30 days at

-20°C and 4°C, After 1,
activity and protein level were determined each time.

2, 5 9,

= 6 mg/ml by
The samples

158 and 29 days amidolytic



- 15 - Table 1 150 mM of Na[err]HPO4/ H3PQ err], pH 6.0
10 mM of TES - . 50 ng/ M of saccharose 0. 01%
of Tween 80 -20[err]C -70[err]C
y: Cpr ot . AA Cpr ot . AA [mg/ m ]

[ MJ i ] [mg/ m ] 0 4.1 3.1 4.1 3.1
1 3.1 4.6_ 79 - 3.0 2 4.6
3.2 4.8 3.1 3 4.3 3.1 4.0
3.0 4 4.8 3.1 4.7 3.1 5
4.1 Tah R 3 4. 1200 mM oF RagHpos/HfPO4, pH 602 3.0
4.2 5T 7 o m flfmsz “/33% R A 3.2
8 4.0 2.9 50 1 Control 4.3
3.0 4.3 3.1 “@Vm%oﬁfrﬁ?ccQ?EQQEued sanpl e measur ed AA
Ami dol ytic activity Cfr-&L%: ofpfweenndRoncentrati on  Exanple 3
Stability of r-PA in- Solution Conparison of Various Formnmul ati ons at
Cerr]= 4 ng/m r-PAzbayIOG 022)] was conggq&rated over an Am con
YM 10 nenbranv—rﬁ—ﬁ my JCanu orgtysetagannstthebgf rer s twttput  Tween
80) i ndicated P¥rabl g 2Pre dial Xﬁ% es wer ustjed to°Cerf] = 4
mg/ M, filled upwith [méEE/mLJ [MU/m]l ] [mg/ml ] [(MU/ml]

0 6.0 3.3 6.0 3.3

1 5.7 3.3 5.7 3.6

2 - 5.8 3.3 5.9 3.4

5 5.9 3.2 6.0 3.6

Q 6.0 3.3 5.9 3.7

15 5"8 3'5 5.9 3.5

28 5,9 3.6 5.9 3.8

AA: Amidolytic activity Cprot,: Protein concentration

Table 4 150 mM of NasHPQgz/HaPQ4, PH 6.0
10 mM of TES
50 mg/ml of saccharose
0.01% of Tween 80

~20°C ~70°C

Day Corot. AA Cprot. AA
[ng/mi] | [Mu/ml] | (mg/ml] | (Mu/m1]
0 5.9 3.5 5.9 3.5
1 5.5 3.5 5.6 3.4
2 5.6 3.4 5.5 3.5
5 6.0 3.5 6.2 3.6
9 6.0 3.3 é.0 3.3
15 6.0 3.6 5.9 3.1
29 5,9 3.5 6.0 3.6

AA: Amidolftic activity Cprot,: Protein concentration

Resgult: The Tables indicate that the'éctive substance BM
06.022 in the formulations mentioned is stable for at least
29 days at -20°C and 4°.



to C = 0.01% portioned, and stored at -20[err]C and 4[err]C. After 7, 14,
20 and 30 days, amdolytic activity and protein concentration of the-

stressed sanpl es were deterni ned. Result: The sanpl es stored
‘at -20[err] C and 4[err]C remai n unchanged over 30 days. Table 2

150 nmM of Na2HPO[err]/H3P04, pH 6.0 10 mM of TES

50 ng/ M of trehal ose 0, 01% of Tween 80

-20[err]C +4[err] C - 1y Cpr ot . AA Cpr ot .
AA [my/mi]  [MJm]  [ng/ni] [MJ ] 0

3.9 2.1 7 3.9 - 2.3 3.97 2.4

14 §.9 . 2.3 3.98 2.4 20 3.9

2.3 Exagple 5 5 4 | 30 3.9 2.3 3.9

2.4 AA: Ami dolytic activity CJerr].: Protein concentration Exanpl e
4

Solubility of »~PA in the Formulations of the Invention

¥»-PA (BM 06.022) was concentrated to 6 mg/ml over
¥YM 10 and dialysed against the buffer indicated below. The
dialysates in turn were concentrated over an Amicon ¥M 10
membrane until oclouding occurred. Following centrifugation
of the samples, the supernatants were stored for five days
at 4°c. Amidolytic activity and Cprot, were determined at
the beginning and the end of storage.

Table 5 150 mM of NajHPQ4/H3PO4, PH 6.0
10 mM of TES
50 mg/ml of saccharose
0.01% of Tween 80

pay Cprot. | AA
[mg/ml] (MU/ml]

10.2 . 4,8

10.2 . 4.9

AA: Aamidolytic activity Cprot.: Protein concentration

Result: The solubility of r-PA is about 10 mg/ml. At
maximum protein concentration the sample may be stored at
least for up to 5 days at 4°C without change in amidelytic
activity. |



Stability of r-PA in Solution Conparison of Various Fornul ati ons at

=6 ng/m ' r-PA (BM 06. 022) was di al ysed overni ght against the
buffers indicated bel ow and adjusted to Cprot. = 6 ng/m by concentrating
-over -an Am con YM 10 nmenbrane. The sanples were filled into portions of 1
m and stored for 30 days at -20[err]C and 4[err]C "After 1, 2, 5, 9, 15
and 29 days am dolytic activity and protein | evel were determ ned each

tine. =~ 12 17 - Table 3 200 M of
Na2HPO4/ H3P04, pH 6.0 10 mM of TES 50 mg/ m of
sacchar ose 0.01% of Tween 80 -20[err]C

+4[err]C Example € [err] -
Preparation af ;iggid Administration Forms

The following administration forms were prepared as
solutions prior to lyophilisation:

Composition of the solutions prior to lyophilisatian

Solution A:

BM 06.022 4 mg/ml
NasHPO4-1.2H0 53.72 mg/ml
H3PQ4 85% 11.3 mg/ml
Tranexamic acid 1.6 mg/ml
Saccharose | 50 mg/ml
Tween 80, pH 6 0.1 mg/ml
Solution B:
BM 06,022 4 mg/ml
KoHFO4 26.2 mg/ml
HaPOy4 85% 11.6 mg/ml
Tranexamic acid . 1.6 mg/ml
Saccharose 70 mg/ml

Tweeh 80, pH 6 0.1 myg/ml
Preparation of the Lyophilisates:

Following sterile filtration, aligquots of each 5§ ml
are filled into 20 ml glass vials. The lyophilisation is
conducted as follows: The filled glass vials are placed in
a freeze drier and frogen for 10 hours at temperatures of
from -40 to =-30°C plate temperature and atmospheric pres-~
sure. Subsequently, a vacuum value of p = 0,01 to 1 mbar is
applied to the chamber. Thereafter, the plate temperature
is adjusted so that at any time the product temperature
will be reliably below the respective glass transition



AA: Am dolytic activity Cferr]: Protein concentration Table 4 150
mM of Na2HPO4/ H3P04, pH 6.0 ‘ 10 mM of TES 50 ng/
of saccharose . 0.01% of Tween 80 [err] AA:
-Amidol ytic activity CJerr]: Protein concentration Result: The Tables

I ndicate that the active substance BM 06.022 in the fornul ati ons nmenti oned
Is stable for at |east 29 days at -20£8r£]C:and 4l err] C

temperature. Once the total amount of ice has sublimed off,
the plate temperaturé is rajsed to a value of 20~40°C and
subsequently, an afterdrying is carried out in a vacuum.
The residual moisture wias determined according to
conventional methods (determination according te the method
of Karl PFischer) and is 6% for solution 'A, and 3% for
solution B. Storage of the lyophilisates for examinations
on stability is conducted at @ temperatures of 4°C
(refrigerator temperature), 20°C (room temperature) and 35°
C. Stability of the lyophilisates after a storage period of
four to twelve weeks 1s met at the indicated temperatures
as it is apparent from the analytical examinations
regarding amidolytic activity and protein concentration.

Reconstitution of the lyophilisates for application:

The lyophilisates are filled up to 10 ml with water
for injections. This corresponds to a dilution by a factor
of two in relation to the original volume of the solution
prior to lyophilisatien,

Example 7

Test on Venous Tolerance of the Formulations of the Inven-

tion

Two real solutions and two placeho solutions having
the compositions listed in Table 6 were prepared and admin-
istered intravenously to rabbits. An application amount of
0,5 ni/animal was used; five animals were used for each of
the four test solutions. | '



Example S Solubility of

agai nst the buffer

pH 6.0 10 mM of TES 50 ng/mM of saccharose
0. 01% of Thaeye &0 CompositionDay Real andCFamckebo SoluticAA

[mg/ M ] [MJ ] O0a 4.8

5 10. 2 4.9 AA: Anldolytlc activity C(ferr]:

Protei n cdnc@sddatiodntiorssul t

"+ concentrated over an Am con YM 10 nenbrane unti
Fol |l owi ng centrifugation of the sanples;
five days at 4[err]C. Am dol ytic act?@lty and Cerr] were determ ned at the

begi nning and the end of storage.

Tabl e 5

The solubility of

r-PA in the Fornul ations of the Invention
r- PA (BM 06.022) was concentrated to 6 ng/m over YM 10 and di al ysed
i ndi cated bel ow. The dialysates in turn were
cl oudi ng occurred. .

t he supernatants were stored for

150 nmM of Na2HP04/ H3P04,

r-PA is about 10 ng/m .

At HBX|nun1prote|n concentration the sanple may be stored at | east for
‘to 5 daygat—ferritwttout——chanmye-TTTanidot actT vt
Test No. 93/123& Test No. 93/1294
BY 06.022 10 MU 10 MU
Dipotassium hydrogen 131.0 mg 131.0 mg
phosphate
Phosphoric acid 85% 58 mg 58 mg
Tranexamlic acid 8.0 mg 8.0 myg
Saccharose 250.,0 mng 350.0 mg
Polysorbate 80 0.5 mg 0.5 wmyg
Water p.i. qg.8. 10.0 ml g.s. 10.0 ml
pH 6.0 6.0
Osmolarity 320 nosmoles 351 mPsmoles

2. Plazebo Solutions

Test No. 9371291 | Test No. 93/1293
Dipotassium hydrogen 131.0 ng 131.0 mg
phosphate
Phosphoric acid 85% 58 mg 58 mg
Tranexamic acid 8.0 mg 8.0 mg
Saccharose 250.0 mg 350.0 mg
Polysorbate 80 Q.5 myg 0.5 mg
Water p.i. g.s. 10.0 ml gd.8, 10,0 ml
PH 6.0 6,0
Qsmolarity 322 mOsmoles 343 mOsmoles

Besult: The animals' reactions on injection and the his-
tological findings demonstrate that all of the employed
test solutions are well tolerated.



- 19 - "Exanple 6 Preparation of Liquid Adm nistration Forns
The followi ng adimnistration forns were prepared as solutions prior to

| yophi |i sati on: Composition of the solutions prior to |yophilisation

-Sol ution A . BM 06. 022 4 mg/ m

Na2HPO4, 12H err] 0 53.72 mg/ m _ H3P04 85%

11.3 m$heetHasBeenRep1aced Tranexani c acid 1.6 ng/m

Sacchar 50 ng/ m Tween 80, pH 6 0.1

ng/n1 BM 06. 022 4 ng/ m .
6.2 - 22 - H3P04 85% 11.6

ng/n1 Tranexan1c aci d 1.6 ng/m

Sacchar ose 70 mg/ m Tween 80, pH 6 0.1

ng/ m Preparation of the Lyophilisates: Foll owi ng sterile

filtration, aliquots of each 5 mM are filled into 20 m glass vials. The
| yophilisation is conducted as follows: The filled glass vials are placed
in a freeze drier and frozen for (1@ aoury gt tenperatures of from-40 to
-50[err]C plate tenperature and atnospheric pres- sure. Subsequently, a

vacuum value of p = 0.01 to 1 nbar is _
1. A pharmaceutical preparation, containing a

plasminogen activator, a sugar and tranexamic acid.

2. The preparation acecording to ¢laim 1, charac~
terised in that the sugar is a disaccharide.

3. The preparation according to claim 2, charac-
terised in that the sugar is saccharose or trehalose.

4. The preparation according to one of claims 1-3,
characterised in that it contains in addition a buffer
substance, said buffer substance being a potassium salt
of phosphoric acid, in particular, dipetassium hydrogen
vhosphate. | '

5. The preparation according to one of claims 1-4,
characterised in that the preparation is in the form of
a frozen solution.

6. The preparation according to one of c¢laims 1-5,
characterised in that it containg 40-100 mg/ml of
sugar, preferably 50-70 mg/ml.

7. The preparation according to one of claims 1-6,
characterised in that it contains 50-300 mmoles/l of
phosphate buffer, preferably 80-=220 mmoles/l.

8. The preparation according to one of claims 1-7,
characterised in that it contains 1-50 mmoles/l of
tranexamic acid, preferably 8-12 mmoles/l.

Hllllll l!llll lllll Hl!l I ]




apphied_to the chanmber. Thereafter, the plate tenperature is adjusted so
that at any tine “The—pr oduct terrperat ure will be reliably below the
r espdti Shé@ HagBQSS, ., L ansi tion - 20 -

; terrper 8 total anount of ice has sublimed off, the plate
terrpe g @'m[' ed to a value of 20-40[err]C and subsequently, an
afterdr led out in a vacuum The residual noisture was

det erm ned according to conventional nethods (determ nation according to

the nmethod of Karl Fischer) and is 6% for solution A and 3% for solution

" B. Storage of the |yophilisates for eXx@m—nations on stability is

conducted at tenperatures of 4[err]C (refrigerator tenperature),

20[err] C (roomtenperature) and 35[err] C. Stability of the |yophilisates

after a storgge period 19fe ;S?c‘éfpatﬁttl%l &@:c%ﬁkﬁ | 8o "Bhedbrl BEakfdi gaged
tenperatures as it is apparent from the anal yiPcal exam natians regafding

ani dol ytic act i ShazA 15186t dith Witc dit Fzﬁ’ﬂ'tél’rns OREE8RSt 1¥ uPF oRUEEAERe

| yophi | i sat es fan@ppnefaranly 0.01%. The |yophilisates are filled up to
10 M with water for injections. This corresponds to a dilution by a factor
of two in relation to the original volume of the solution prior to

| yophi | i sat i & Exanfite preppastion wosoudimy| teapme of chaifsrimPati ons

of the Inven- tdiyacterised in that it contains a K2P type recombi-
' nant plasminogen activator, preferably BM 06.022.

11, The preparation according to one of claims 1-9,
characterised in that it contains t-PA or its deriva-~
tives at a concentration of up to 10 mg/ml.

12. The preparation according to one of claims 1-4
or 9-11, characterised in that the pharnaceutical
. administration form is a lyophilisate. '

13, The preparation acoording to one of olaims 1-4
or 6-11, characterised in that the administration form -
is an aqueocus solution and the pH value of the secolution
is 5,5-6.5.

14. A process for preparing a pharmaceutical prepa-
ration according te one of claims 1-13, characterised
in that the plasminogen activator together with the
sugar and tranevamic acid is converted to a suitable
pharmaceutical administration form.

18, . A process for ©preparing a lyophilised
pharmaceutical preparation according te claim 12,
characterised in that an agueous solution containing a
plasminogen activator, sugar, and tranexamic acid is
prepared, the solution is frozen, the temperature of
the frozen solution is adjusted to a value below the
glass temperature, preferably between -40°C and =-50°C,
and the frozen solution is lyophilised in a vacuunm.
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Two real solutions and two pl acebo sol utions having the conpositions |isted
in Table 6 were -prepared _and adm n- istered intravenously to rabbits. An

appl i cat ren—anount of 0.5 nml/ani nal was used; fi've aninmals were used for

seach of the four J egdenBéplatadi ons. - 21 -
Table 6: THERNERoaut oW Real and Pl acebo Sol utions 1. Real Solutions
Test No. 93/ \ 93/ 1294 BM 06. 022 10 \J
10 MJ Di pot en 131.0 ny 131.0 nmg phosphate
Phosphoric acid 85% 58 ny 58 ng Tranexam c acid

8.0 ny 8.0 ng Saccarose 34 - 250.0 ng
350.0 ng Pol ysorbate 80 0.5 ngy 0.5 ng Water p.i
g.s. 10.0 m g.s. 10.0mM pH 6.0 '
6.0 Osnolarity 320 nsnol es., 351 _nCs es 2. Pl acebo
Sol utions - The prodess RETORENG 95818 ool nochampdbes

ised in that in lyophilisation, one starts with solu-
tions containing the active substance at a concentra-
tion which is up to three times as high as conpared to
ready-to-use agueous injection or infusion solutions.

17. ' Use of a combination of pharmaceutical adju-
vants consisting of the gfoup sugar, phosphate buffer,
tranexamic acid, and surfactant for producing pharma-
ceutical administration forms containing a plasminogen
activator which are stable on storage.

18, The use according to claim 17 for manufacturing
adninistration forme having a storage stability of at
least two years. '

19, Use of tranexamic acid to increase the solubil-
ity of plasminogen activators.

A



Di pot assi um hydr ogen 131..0 ny ' 131. 0 mg phosphat e Phosphoric

acid 85% . 58 ny 58 ng Tranexam c acid 8.0 ny
8.0 ng Saccharose - 250.0 ngy _ 350.0 nmg Pol ysorbate 80
Q. 5.y 0.5 ng Water p.i. g.s. 10.0 m g.s.
10.0 mM PH 6.0 6.0 Gsnol arity

322 nmOsnol es 343 nmOsnol es Result: The animals' reactions on

injection and the his- tological findings denonstrate that all- of the
~enpl oyed test solutions are well tolerated.

-22- CLAIMS 1. A pharmaceutical prgparation, containing a
pl asm nogen activator, a sugar, tranexam c acid, surfactant, dipotassium
hydr ogen phosphate buffer, all in the formof a frozen solution
characterised in that it contains 40-100 ng/m of sugar, preferably
saccharose or trehal ose, and preferably 50-70 ng/m . 2. The preparation
according to claiml1l characterised in that it contains 50-300 mol es/| of
di pot assi um hydrogen phosphate buffer, preferably 80-220 mmol es/|. 3.
The preparation according to claim1 characterised in that

ABSTRACT

Phammaceutical Preparation Containing Plasminogen Activators

The invention relates to pharmaceutical prepara-
tions containing plasminogen activators, sugars and tranex-
amic acid, in the form of a lyophilisate or an injection
or infusion selution. In particular, the preparations con-
tain a sugayr, phosphate buffer; tranexamic acid as well as
a surfactant and the liguid solutions preferably have a pH
value of 5.5-6.5,. '



. . . . n%(?a:(aaﬁy S"“
It contains 1-50 mmol es/1 of tranexam c acid, preferably 8-12 es/1.

4. -TFhe preparation according to claiml characterised in that it contains
0.005-0-1%of—surfactant; preferably 0.01% 5. The preparation according
to clai mm [ in that the plasm nogen activator is a K2P
type W !mmmumrnogen activator, preferably BM 06. 022. 6. The
preparatidn ‘acéortling t*o claim1l to,5 _characterised in that it contains
t-PA or its derivatives at a concentration of up to 10 ng/m .

-23 - 7. The preparation according to claim 1 to Caim 6
charac;gggﬁgg in that the plasm nogen activator, sugar, surfactant,
di pot as%i ydr ogen phosphate buffer and tranexam c acid is |yophilised by

freezing the solution in a vacuum the tenperature of the frozen solution
is adjusted to

val ue bel o t he gl ass tenperature, preferably, between
L40[err]C arft PBOFERFFECIFR] RIGRICALIGR’( UM 02phaPlASBARPEST
adm ni sje@idbd, or @) sigaPH vahHex&hiéh@ S, ut s@Prastan®; 6 d3potassium
hydrogen phosphate buffer, all in the form of a frozen solution
characterised in that it contains 40-100 mg/ml of sugar,

preferably saccharose or trehalose, and preferably 50-70 mg/ml.

2. The preparation according to claim 1 characterised in that
it contains 50-300 mmoles/l of dipotassium hydrogen phosphate
buffer, preferably 80-220 mmoles/l.

3. The preparation accofding to claim 1 characterised in that
it contains 1-50 mmoles/1l of tranexamic acid, preferably 8-12

mmoles/1.

4. The preparation according to claim 1 characterised in that

it contains 0.005-0.1% of surfactant, preferably 0.01%.

5. The preparation according to claim 1 characterised in that
the plasminogen activator is a K2P type recombinant

plasminogen activator, preferably BM 06.022.

6. The preparation according to claim 1 to 5 characterised in
that it contains t-PA or its derivatives at a concentration of up

to 10 mg/ml.




8. _The process according.to claim?7, characterised in that in

|y0phl|lsa%+ﬁﬂ‘ “one Stﬂiwﬁ wth solutlons containing the active substance

at a conce ‘“n “E up.to three tines as high as conpared to
ready-t o- u ctlon or infusion solutions. 9. Use of a

conbi nat i on *of ph rmaceuti cal adjuvants consisting of sugar, dipotassium
hydr ogen phosphate buffer, tramexam c acid and surfactant for producing
phar maceut i cal admini stration forns gontaining a plasm nogen acti vat or
whi ch are stable on storage, having“a storage stability of at |east two
years. 10. Use of tranexamc acid to increase the solubility of

pl asm nogen acti vat ors.

7. The preparation according to claim 1 to Claim 6
characterised in that the plasminogen activator, sugar,
surfactant, dipotassium hydrogen phosphate buffer and tranexamic
acid is lyophilised by freezing the solution in a vacuum, the
temperature of the frozen solution is adjusted to a value below

the glass temperature, preferably between -40°C and -50°C, for

convertion to a suitable pharmaceutical administration form, the

pH value of the solution is 5.5-6.5.

8. The process according to claim 7, characterised in that in
lyophilisation, one starté with solutions containing the active
substance at a concentration which is up to three times as high
as compared to ready-to-use aqueous injection or infusion

solutions.

9. Use of a combination of pharmaceutical adjuvants consisting
of sugar, dipotassium hydrogen phosphate buffer, tranexamic acid
and surfactant for producing pharmaceutical administration forms
containing a plasminogen activator which are stable on storage,

having a storage stability of at least two years.

10. Use of tranexamic acid to increase the solubility of

plasminogen activators.
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