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Pharmaceutical Pre~aration Containing Plasmi_noqen Activa­

to;i;:s 

The invention relates to phal:'lllaceutical prepara""'.' 

tions containing plasminogen 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 dissolving blood clots, 

e.g., in cardiac infarctions. t-PA causes dissolving of 

blood clots by activation of plasroinogen 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. oo:main P involves the prote­

olytically active centre causing cle.avage 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 oells is already 

known. Here, in contrast to natural t-PA, t-PA de~ivatives 

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 also be used which 

have deletions or substitutions of single or multiple amino 

acids in the t-PA sequence. 
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According to the invention, the following plasmino­
qen activators may be employed, for example: t-PA (e.g., 

.Alteplase) , LY 210826 (K2P available from "Syrian hamster" 

.cell lines, Circ. 1990, 82, 930-940); AFE3x and bFElx 

(RlK2P, Blood 1988,. 71, 216-219); AFEKl (K2P from C127 

mouse cells, J, Cardiovasc. Pharmacol. 1990, 16, 197~209}; 

E-GOlO (Jap. circ. J. 1989, 53, p. 918); t~PA variants 

(Thromb. Haemost. 1989, 62, p. 542) 1 ~2P and D-K2P (Thromb. 
Haemost. · 1989, 62, p. 393) ; MB-1018 (FK2K2P, 'l'hronili. Hae-

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

stract 4791); Alx (circulation 1988, 4, II-15); KlK2P 
(Thromb. Res. 1988, 50, 33-41); FKlK2P (J. Biol. Chem. 
1988, 263, 1599-1602); TNK variant oft-PA (WO 93/24635)1 

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

et al., Arte~ioscler. Thrombos. 1992, 12, 212-221). In par­

ticular, those plasminogen_ activators are possible which 

contain the orinqle 2 domain (ttK.2 11 ) of the t-PA and/or the 
serine protease. domain ( "P") . In this respect, one may 
exemplify the. K2P type t-PA mutein 11 r-PA" clescribed in EP 
0 ~82 174 (WO 90/09437). 

More specifically, the present invention relates to 

K2P, KlK2P, FK1~2P, and FK2K2P type plasminogen activators 
as described in the following printings: Protain En9ineer­
ing S{l), 93-100 (1992); DE-OS-39 23 339.1; Circ. 1990, 82, 
930-940; J. cardiovasc. Pharmacol. 1990, 16, 197-203; Blooa· 

l9SB, 71, 216-219; J. Biol. Chem. 19SS, 2G3, 1599-1602: 

Thromb. Haemost. 19a9·, 62, p. 543. In particular, recombi­
nant K2l? type plasminogen activators are employed as de­

scribed in EP-A-0 382 174 and in Protein Engineering Vol. 
5(1}, p. 93-100 (1992). Further t-PA muteins of this type 
are described in the followinq patent applications: US 
4,970,159, EP-A-0 196 920, EP-A-0 207 589, AU 61804/86 1 EP­

A-0 231 624 I EP-A-0 289 sos I JP 63133988, EP-A-0 234 051, 
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EP-A-0 263 172, EP-~·0 241 2oa, EP-A-0 292 009, 

0 297 066, EP-A-0 302 456, EP-A-0 379 890. 

EP-A-

The substantial influence of the sugar proportion 
on solubility and aggregation of proteins is known from 

prior art (J. Biol. Chem. 263 (1988), 8832-8837}. Thus, it 

has been determined in EP-B-458 950 that, e.g., a non­

qlycosylated recombinant plasminogen activator of domain 
composition K2P has a substantially poorer solubility than 

glycosylated t-PA derivatives,· for example. As. a rule, non­

qlycosylated plasminogen act.ivators 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 mmoles/l of phosphate buffer or physi­
ological NaCl solution. Howeve.r, .utilisation as a therapeu­

tic agent requires plasminoqen activators to be present at 

sufficiently 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 3 7 9. Ho.wever, this procedure suffers 

from the dra~back that good solubility of t-PA from 

Pl:'Okaryotes can only be achieved with very high arginine 

concentrations. 

Further galenic formulations of plasminoqen activa­

tors or their derivatives are known from WO 90/01333 1 WO 

89/050347, WO 90/08557, ~p 0 297 294, EP 0 156 169, and EP 

0 228 862. 

Thus, WO 90/01333 (!nvitron) 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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WO 89/050347 (Invitron) describes the combination 

of arginine (20-200 mmoles/l) and citrate (20•SO mmoles/l) 

at pH 5-8. 

WO 90/08557 (Genetics Institute) discloses a combi­

nation of creatinine with various additives such as histid­

ine, arginine, proline, betaine, choline, imidazole, tryp­

tophan, citrate, optionally with addition of qlutamic acid, 

aspartic acid and succinic acid. 

EP o 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 o 156 169 (Asahi) describes ornithine and/or ly­

sine, optionally with addition of citrate, qlycine or phos­

phate, and EP O 228 862 {Genentech) discloses a formulation 

conta.ininq arginfne with or without chloride and with or 

without deterqent. 

Likewise, alternative formulations of r-PA in the 

presence of lysine and lysine analo9ues, respectively, in 

solutions buffered with citric acid are described in EP 

o 458 950 (Boehringer Mannheim). However, more recent 

examinations demonstrate that the solubility of r-PA in 

these formulations as well, is not as yet completely suffi­

cient. It has been determined that in fact, the solubility 

may be improved by increasing 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 qlass temperature (Tq') associated therewith 

result in the necessity to carry out the lyophilisation of 

tI?-ese formulations at temperatures below -:-45°C and -50 • c. 
Technically, these temperatures are 

at a very hiqh expenditure, and 

control and monitoring elements in 

realizable often only 

they requi~e complex 

order to control and 
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measure the optimum conditions for lyophilisation. 
Moreover, this involves a relatively high expenditure of 
energy. FUrtherm.ore, for industrial production there are 

often used rather old lyophilisation plants, which lack the 
requisite complex measurinq and control technology, and 

where, consequently, as a rule, there can only be 

guaranteed a working temperature of about -~5 6 C. 

The object of the invention is to provide formula­
tions 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 ~A in the lyophilisate over a 
prolonged period of time. In addition, the invention is 
aimed to develop formulations which can ~e lyophilised re­
liably on an industrial production scale as well, with the 
intention of ensuring a well reproducible product quality 
of the lyophilisates. 

The object of the invention is attained by a phar­

maceutical preparation containing a plasminoqen activator, 
with the preparation containing at least one sugar and 
t:t'ane.xa:mic acid as pharmaceutical additives. In lyophi°lised 
form, the preparation is stable on storage over a prolonqed 
period of time. Likewise, the aqueous injection solution 
prepared by reconstitution meets this criterion of improved 
storage stability. In particular, this is the case when the 
pH value of the solution is adjusted to a value of between 

5.S-6.5. As further additives, the pharmaceutical prepara­

tions may contain conventional buffer substances or sur­
face-active materials {anionic, cationic O:t' neutral surfac­
tants). 

As an example of the plastn.ino9en activators (PA) 
possible within the meaning of the invention, the plasmino-
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gen activator K2P (BM 06. 022) described in more detail in 
the European patent application EP-A-0 382 174 was used. It 
consists of the cringle 2 (K2) and the protease domain (P) 
of human t-PA and, due to its expression in Escherichia 

£Q.J.1 cells, is present in non-glyoosylated form. 

As suqar, the formulations of the invention prefer­
ably contain mono- or disaccharides. As the disaccharides, 
particularly saccharose, trehalose, maltose or lactose are 
possible. In particular, the monosaccharides are 9alactose 
or corresponding amino sugars such as, e.g., galactosamine. 
P:referably, the non-reducing sugars saccharose and treha~ 

lose are employed. The sugar concentration in the aqueous . . 
injection solution is preferably 40-100 mq/ml, with between 
50-70 mq/ml beinq 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 acids with strong bases. As examples, 
there may be mentioned: alkali salts of phosphoric acid, 
tartaric acid, malic acid and the like. Amino acids are 
also possible. Preferably, the prepaz:ations according to 
the invention contain phosphate buffer. In particular, the 
concentration of phosphate buffer in the aqueous sC?lution 

ready for injection is 50-300 tnmoles/1, preferably 80-
220 mmoles/l .and, particularly preferred, 130-170 mmoles/l. 

As a phosphate buff er, di sodium or dipotassium hydrogen 
phosphate is preferably used, which is adjusted to the re­

spective pH value using phosphoric acid. 

As solubiliser, the pre:&_>arations acco:r:din9 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 nunoles/1, preferably s-
12 mmoles/1. Particularly advantageous is the use of a con-
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centration of 10 mtnole.s/l. Surprisingly, tranexamic acid 

has baen found to increase the solubility o~ plasminoge.n 

activators, particularly of non-glycosylated plasminogen 

activators in an aqueous medium. For instance,_ in the case 

of the plasminogen activator derivative r-PA, solubility 

was increased at least by a factor of 1.5 with respect to a 

solution free of tranexamic acid. The factor for the solu­

bility increase preferably ranges from 2-3.. This effect, 

above all, is advantageous within the scope of the prepara­

tion of lyophilised phannaceutical preparations of plasmi­

noqen activators 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 particular, the lyophilisation pe­

riods in the production process are reduced. 

As surfactants, non-ionic, anionic or cationic sur­

factants, preferably, however, non-ionic surfactants such 

as Tween so or Tween 20 may be used. The surfactant concen­

tration is o.oos-0.1% (w/v) and preferably 0.01%. 

A pH value of between 5. 5-6. 5 is suitable for a 

pharmaceutical preparation in aqueous form according to the 

invention1 a pH value of 5.8~6.2 is preferred. 

The preparations of the invention contain the ac­

tive subatance at a concentration of up to 10 mq/ml, pref­

erably of 3-5 mg/mlw 

The pharmaceutica.l p:reparations according to the 

invention are employed as injection or infusion solutions. 

This oan 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-
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vided in the form of lyophilisates. ~hese are then recon­
stitute.d using ~ ~ known agents or solutions (e.g. 1 with 
water} suitable for injections. As the injection medium, 
water is preferably employed. for the preparations of the 
invention, which optionally may contain conventional iso­
tonic additives such as a physiological concentration of 
NaCl. 

Likewise, the invention is directed to the process 
of manufaoturin~ a pharmaceutical preparation containing 
plasminogen activators or derivatives of same having a pH 
value of from s.s to 6.5 and their use in manufacturing the 
phar.rnaoeutical preparations according to the invention. 

In addition, the invention is directed to the. use 
of a specified mixture of pharmaoeuti.cal ad.juvants consist­
ing of the qroup sugar and tranexamic acid for the long­
term stabilisation of plasminoqen activators. 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 advantaqeous. 

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 lyophilisates 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 the:t'lttal stress, 
which makes them largely insensitive to temperature fluc­
tuations which, in particular, may oocur in warmer climatic 
regions of the earth, and all the more so when the cold 
chain is interrupted. oue to the often long shippinq 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 
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temperature fluctuations, possibly even over a prolonged 

period of time, cannot be excluded, which give rise to 

activity loss of the protein and thus, in the extreme case, 

render the success of therapeutic treatment questionable . 

. However, the pharmaceutical forms of administration 

acco:rd.inq to the invention a·re larqely insensitive to such 

temperature fluctuations. It has been possible to 

demonstrate in pre~iminary examinations on stability that 
in the preparations, even whien exposed to 

35°C over a time period of 30 days, 
impairment regarding the stability of the 

a temperature of 
no siqnif icant 

protein could be 

detected. Therefore, the preparations must be as·sumad to 

have a stability of from two to five years when stored 

properly at refrigerator temperature. 

Furthermore, the pr~arations according to the in­
vention are advantageous in that the glass temperature 
(Tq') of the frozen solutiQn for the preparation of the 

lyophilisates is relatively high, ranqing between -33°C and 

-40°C so that the :reproducibility of product quality of the 

lyophilisates is ensured with sufficient reliability on the 

production scale as well.. The relatively high glass 

temperature is ad~antaqeous especially because if 
technically induced o:r unforeseen increases in temperature 
occur during the often very lon9 lyophilisation periods, 
the risk of unintended thawing of the frozen solutions is 

less probably involved. In cases where the glass 

temperature is below -40 9 C and that temperature is exceeded 

during the lyophilisation wrocess, which is pa;rticularly 
the case in technical lyophilisation plants, which work at 

temperatures somewhat close to •45 ° c, the undesired 

exceeding of the glass temperature may cause 
disadvantageous chanqes in the frozen solution. 
Sufficiently good product quality is then no longer 

·ensured. Here loss of activity of the protein, and the 
formation of aqgregates, respectively, may occur, in 
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particular, in the. case of protein-containing 
lyophilisates. A further advantaqe in the case of the 

preparations according to the invention, with a glass 

tempe.:ra.ture. of from .;.3 3 6 C to -4 o 0 c, is that the requisite 

expenditure of energy for the lyophilisation process is 

minimised because tbe lyophilisation procedure need not 
necessarily be carried out at temperatures below -50'C. 

In the meaninq of the present invention, relatively 
high glass temperatures can be attained for the frozen 
solutions eapecially when a potassium salt such as 
dipotassium hydroqen phosphate or potassium dihydrogen 
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 mq/ml, preferably 20-30 mg/ml can · be used. The 
increase in qlass temperature can be enhanced by adding 

saocharose. In this connection, sacoharosa is added 

preferably at a concentration of from 60-90 mg/ml, in 

particular, 60-80 mg/ml. The use of a solution containing 
about 26 mq/ml of dipotassium hydrogen phosphate (K2HP04 ~ 

12 H20) 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, S5%•phosphoric acid ~about 

12 mg/ml). The solution further contains about o.5-5 mg/ml, 
preferably 1-2 mq/ml tranexamic 
l.6 m9/ml. Besides this, the 
addition, surfactants auch as 
preferably at a concentration 
particular, about O.l mg/ml. 

acid, in particular, about 
solution may contain, in 

Tween so, which is applied 

of from o. 01-0. 3 mg/tnl, in 

Another advantage of the lyophilisate~ according to 
the invention is that on completion of the lyophilisation 
they exhibit a relatively low residual moisture. The 

residual moisture is, in part4,cular, at values below 5%, 
preferably ranqinq between OaS-4%, in particular, 1-3%. '!'he 
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values for lyophilisates usually are at levels above 6%. 
The low residual moisture contributes to the improved 
storaqe stability of the preparations. P~eparations having 
a higher residual moisture often result in instability of 
the protein, which becomes apparent from the loss of 
biological activity or the formation of aggregates. 

Another advantage of the preparation according to 
the invention is that when producing the lyophilisates, due 
to the increase in solubility of non-glycosylated 
plasminogen activators, in particular, in the case of the 
type K2P, KlK2P or P type muteins, achieved by the addition 
of tranexamic acid, one may start with smaller volumes (for 
example, of about 5 ml per single administration fonn) of 
solutions to be frozen, so that the lyophilisation period 
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 hiqh as compared to the 
aqtieous administration form ready for injection so that 
aqueous solutions of 5 ml can be uaed instead of the 
hitherto conventional solutions of lO ml. 

Examinations on venous tolerance demonstrate very 
good tolerance of the preparations accordinq to the inven­
tion. 

Without limiting, the following embodiments are in· 
tended to illustrate the invention in more detail. 
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Example 1 

Clouding on Mechanical Stress/Measurement of Light Scattex­
ing of :pre,garations According to the Invention 

r-PA (BM 06.022) was adjusted to a protein concen­
tration CCprot.) of 6 mg/ml (ultrafiltration over an Amicon· 
YM 10 :meltlb~ane) and dialy~ed against the buffers as indi­
cated. Subsequently, the samples were adjusted to 
Cprot. = 4 mg/ml and were a) left unchanged, b) filled up 
with 0.01% Tween 80, and c) with 0.01% Tween 20. 

Exposing each of the samples to stress was effected 
for 10 s on a Whirl Mi~ (Janke & Kunkel, IKA Laborteohnik 
VF2, ma~i'ltl.U!n 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 run; Ex. bandpath: 3 nm: Em. bandpath: 10 nm; meas­
uring intervals: 10 s over 3 ~in). In Fig. l the values for 
the scattering of the samples are qiven, each one corrected 

' by the fluorescence of the buffer. 

Result: The present data shows that without addition of 
deterqents, there is sUbstantial increase in liqht scatter­
ing of the sample under mechanical stress (Fig. l). By add­
ing detergents, the increase can be suppressed to the larq­
est extent. Within the scope of measuring accuracy, no dif~ 
feranoe between Tween 80 and TWean 20 is notable. 
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In Fig. l (mechanical st~essing of samples A, B, c, 
D) the obtained results are summarised. The meanings of 

each of the abbreviations used in Fig. l are as follows: 

A) 

B) 

C) 

D) 

10 mM of TES 

50 mg/ml of saccharose 
a) without detergent 
b) with 0.01% of Tween 80 

C} with 0.01% of 'l'ween 20 

150 mM Of Na2HP04/H3P04, pH 6.0 

10 mM of TES 

50 mg/ml of trehalose 
a) without detergent 
b) with 0.01% of '!'ween ao 
c) with Q.01% of TWeen 20 

10 mM of TES 

50 mg/ml of sacoharose 
a) without detergent 
b) with 0.01% of TWeen 80 

o) with 0.01% of Tween 20 

150 mM of K2HP04/H3P04, pH 6.0 

10 mM of TES 
50 mq/ml of trehalose 

a) without detergent 

b) with 0.01% of Tween so 
c) with 0.01% of Tween 20 
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Example 2 

Storage of r-PA {BM 06. 022) in TESL.sag,cha:rose-containing: 

Formulations According to the Invention//Multiple Free~ 

and...Tha:wing 

r-PA was dialysed aqainst the buffer (without 

Tween SO) indicated in Table l, adjusted to 

Cprot. = 4 m9/ml, filled up with Tween BO to C = 0.01%, 

portioned, and sterile filtrated. Each time 9 samples were 

frozen at -20 and -7o0c, respectively. on the days as 
indicated in the '!'able 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). 'l'he rest of the samples were frozen at -2o•c and 

-70"C, respectively. After completion of the series the 

activity of the non-stressed sample was determined. 

~esult: As it is apparent from the data in Table l 1 r-.PA 

may be frozen and thawed at least eight times without loss 

of activity. 
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Table. 1 

Day 

- 15 ... 

150 niM of Na2HP04/H3P04, pH 6.0 

10 mM of TES 

50 mg/ml of sacoharose 

0.01% of Tween BO 

-20°c 

Cprot. AA Cprot. 

-70°C 

AA 

[mg/ml] [MU/ml] (mg'/l\\l] [MU/ml] 

o. 4 .. l 3.1 4.1 3.1 

1 4.5 3.1 4.6 3.0 

2 4.6 3.2 4.S 3.1 

3 4.3 3.1 4.0 3.0 

4 4.S 3.1 4.1 3.1 

5 4.l 3.3 4 .1. J.2 

6 4.2 3.0 4.2 3.l 

7 4.l 3.l 4.3 3-2 
~ 

8 4.0 2.9 4. :3 3.1 

Control 4.3 3.0 4.3 3.l 

Control: Untreated sample measured 

AA: ~midolytic activity 
Corot.: Protein concentration - . 

Example 3 

Stabilit~ of r-PA in Solution 

Comparison of Various Formulations at Cprot. = 4 mg/ml 

v 

r-PA (BM 06.oi2) was concentrated over an Am.icon 

YM lo membrane to 5 mg/ml and dialysed against the buff er 

(without Tween 80) indicated in Table 2. The dialysates 
w~re adjusted to Cprot. = -4 mg/ml, filled up with 'I'ween SO 

to c = 0.01%, portioned, and stored at -·20°c and 4°C. After 

7 , 14 , 2 O and 3 0 days, amidolytic activity and protein 
concentration of the stressed samples were determined. 

··---··· --



-------------------~·e·~·-··!ll>-•;!J!::·-"·=~·; ~~ .............. =m:>..,,,.. _____ ~~------· --------· 

- 16 -

Result: The samples stored at -20°c and 4°C remain unchanged 
over 30 days. 

:!!able 2 

Day 

0 

7 

14 

20 

30 

150 mM of Na2HP04/H3P04, pH 6.0 

10 mM of TES 

SO mq/ml of trehalose 
0.01% of Tween so 

-20°c 

Cprot. AA Cprot. 

+4°C 

AA 

[mg/tul] [MU/ml] [mgLmlJ [MU/ml] 

3.9 2.1 

3.9 2.3 3.97 2.4 

3.9 2.3 3.98 2.4 

3.9 2.3 3.9 2.4 

3.9 2.3 3.9 2.4 

AA: Amidolytio activity Cprot.: Protein concentration 

Exa:mple 4 

Stability of r-PA in Solution 
Comparison of Various Formulations at Cprot. ~ 6 mg/ml 

~-PA (BM 06.022) was dialysed overnight against the 

buffers indicated below and adjusted to Cprot. = 6 mg/ml by 

concentrating over an Andean YM 10 membrane. The samples 
were filled into portions of l m.l and stored for 30 days at 
-20°c and 4°c: After 1, 2, 5, 9, 15 and 29 days amidolytic 
activity and protein level were determined each time. 
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Table 3 200 lt1M of Na2HP04/H3P04, pH 6.0 
10 mM of TES 

Day 

0 

l 

2 

5 
9 

15 
29 

50 mq/ml of saccharose 
0.01% of Tween so 

... 20°c 

Cprot. AA Cp~ot. 
[ltl.9'/l'l\l] [MU/ml] [mg/ml] 

6.0 3 .. 3 6.0 
5.7 3.3 5.7 
5.8 3. 3 . 5.9 
5.9 3.2 6.0 
6.0 3.3 5.9 

5.8 3.5 5.9 
5.9 3.6 5.9 

+4°C 
AA 

rMU/mlJ 
3.3 
3.6 
3.4 
'.3. 6 

3.7 

3.5 
3.8 

AA: Amidolytic activity Cprot.; Protein concentration 

Tab.l.e 4 

Day 

0 

l 

2 

5 

9 

15 
29 

150 ll'IM of Na2HP04/H3P04, pH 6,0 
10 :mM of TES 

50 m9/Inl of saccharose 
0.01% of Tween 80 

-20°c 

Cprot. AA Cprot. 

... 70°c 

AA 
[mq/mlJ [MU/ml] rmq/ml] rMU/ml J 

5.9 3.5 5.9 3.5 

5.5 3,,5 5,6 3.4 

5.6 3.4 5.5 J.5 
6.0 3.5 6.2 3.6 
6.0 3.3 6.0 3.3 

6.0 3.6 5.9 3.l 
5.9 3.5 6.0 3.6 

AA: Amidolytic activity Cprot.: Protein concentration 

Result: The Tables indicate that the · active substance BM 
06.022 in the formulations mentioned is stable.for at least 
29 days at -20°c and 4°c. 
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Example 5 

Solubility of r-PA in the Fonu.ulations of the Invention 

r-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 Alnicon YM 10 

membrane until cloudinq 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 

oay 

Q 

5 

150 mM of Na2HP04/H3P04, pH 6.0 

10 mM of TES 

50 mg/ml of saccharose 
0.01% of Tween ao 

Cprot. 
[mg/ml1 

10.2 

10. 2 . 

AA 
[MU/ml] 

4.8 
4.9 

AA: Amidolytic activity Cprot.: Protein concentration 

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

activity. 
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Example 6 

Preparation of Liquid Administration Fol:'lns 

The following administration fot'ltls were prepared as 
solutions prior to lyophilisation: 

Composition of the solutions prior to lyophilisation 

Solution A: 

Solution B: 

BM 06.02.2 

Na2HP04·12H20 

H3P04 85% 

'I'ranexamic acid 

Saccharose 

Tween so, pH 6 

BM 06.022 

K2HP04 

H3P04 85% 
Tranexamic acid 

Saccharose 
Tween sot pH 6 

Preparation of the Lyophilisates: 

4 mg/ml 
53.72 mg/ml 
11.3 mg/ml 

;i_. 6 mg/ml 

50 mg/ml 

0.1 mg/ml 

4 ntg/ml 
26. 2 mg/ml 

11. 6 mg/ml 
l.6 mg/ml 

70 mg/ml 
0.1 mg/ml 

Following sterile filtration, aliquots of each 5 ml 
are filled into 20 ml glass via.ls. The lyophilisation is 
conducted as follows: The filled slass vials are placed in 
a freeze drier and frozen for 10 hours at temperatures of 

from -40 to -50°C plate teiuperature and atmospheric pres-­
sure. Subsequently, a vacuum value of p = 0.01 to l ltlbar 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 
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temperature. Once the total amount of ice has sublimed off, 
the plate temperature is raised to a value of 20 ... 40°C and 
subsequently, an afterdrying is ca:rried out in a vacuum. 
The residual moisture was determined according to 
conventional methods (determination according·to the method 
of Karl Fischer} 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 

(refriqerator temperature), 20°c (room temperature) and 35° 
C. Stability of the lyophilisates after a stora9e period of 
~our to twelve .weeks is met at the indicated temperatures 
as it is apparent from the analytical examinations 

reqarding amidolytic activity and protein concentration. 

Reconstitution of the lyophilisates f?r application: 

The lyophilisatas· 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 lyophilisation. 

Example 7 

Tast on Venous Tolerance of the F~rm.ulations of the Invan­
tion 

Two real solutions and two placebo solutions having 
the compositions listed in Table 6 w:ere prepared and adm-in­
istered intravenously to rabbits. An application amount of 
o.5 ml/animal was usedr five ani~als were used fo~ each of 
the four test solutions. 
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l'Able 6: Composition of Real and Placebo solutions 

" 
l .. Real Solutions 

Test No. 93/1292 Test No. 93/1294 

BM 06.0.22 10 MO 10 MO' 

Dipotassium hydrogen 131.0 mg 131 .. o· mq 

phosphate 
Phosphoric acid 85% 5S mg 58 mg 

Tranexamio acid 8.0':rng a.o mer 

Saccharose 250.0 mg 350.0 mg 

l?olysorbate 80 0 .. 5 mg o.6 mg 
Water p.i. q.s. 10.0 ml q. s. 10.0 ml 

pH 6.0 6.0 

Osmolarity 320 mosmoles 351 mosinoles 

2. Placel:io Solutions 

Te.st No. 93/1291 Test No. 93/1293 

Dipotassium hydrogen 131.0 mg 131. o mg 

phosphate 

Phosphoric acid 85% 58 mg ss mq 

Tranexamio acid s. 0 :mg B.O mg 

Sacoharose 250.0 mq 350.0 mq 

Polysorbate 90 0. 5 ra.q o.5 mq 

Water p.i. q.s. 10.0 ml q.s .. lO.O ml 

PH 6.0 i 6.0 

Osmolarity 322 mosmoles 343 mOsmoles 

Result: The animals I reactions on injection and the his­
toloqical findings demonstrate that all of the employed 
test solutions are well tolerated. 
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CL A I MS: 

A pharmaceutical preparatio·n, containing a 
plasminogen activator, a sugar and tranexamic acid. 

The. preparation according to claitn l 1 charac­
terised in that the sugar is a disaccharide. 

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

4. The preparation according to one of claims l-3, 
characterised in that it contains in addition a buffer 
substance, said buffer substance being a potassium salt 
of phosphoric acid, in particular, dipotasaium hydrogen 
phosphate. 

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 p~eparation according to one of claims l-5, 
oharaote~ised in that it contains 40-100 mg/ml of 
suqar, preferably 50-70 mq/ml. 

7. The preparation according to one of claims l-6, 
characterised in that it contains 50-300 :m:moles/1 of 
phosphate buffer, preferably ao-220 wnoles/l. 

s. The preparation accordinq to one of claims 1-7, 
characterised in that it contains l"50 mmoles/l of 
tranexamio acid, preferably 8-12 ?!\lt\oles/1. 

----·----------

I llllll/ ll/11/ 1111//llll l//lll 
* C L M S * 
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9. The preparation according to one of claims 1-8, 
characterised in that it contains o.oos-0.1% of s~rfac­
tant, preferably 0.01%. 

10. The preparation according to one of claims 1-9, 
characterised in that it contains a K2P type recombi­
nant plasminogen activator, preferably BM 06.022. 

ll. The preparation according to one o·f claims 1 ... 9, 
characterised in that it contains t-PA or its' deriva­
tives at a concentration of up to 10 mq/ml. 

12. The preparation according to one of claims l-4 
or 9-11., characterised in that the pharmaceutioal 

administration form is a lyophilisate. 

13. The preparation aooording to one of claims l•4 
or 6-11, characterised in that the administration form 
is an aqueous solution and the pH value of the solution 
is 5.5-6.S. 

14. A process for preparinq a pharmaceutical prepa-

15. 

ration according to one of. claims l-13, characterised 

in that the plasminogen activator together with the 

sugar and tranexamic acid is converted to a suitable 
pharmaceutical administration form. 

A process for 
pha:ttnaceutical preparation 

preparinq 
according 

a 

to 
lyophilised 
claim 12, 

characterised in that an aqueous solution containing a 

plasminoqen activator, su9ar, and tranexamic acid. is 
prepared, the solution is frozen, the temperature of 

the frozen solution is adjusted to a value below the 
qlass temperature, preferably between -40°C and -so•c, 

________ and the frozen solution is lyophilised in a vacuum. 

11111111 111111 11111 lllJI II 1111 
* C L M S * 

THIS SHEET HAS BEEN 
REPLACED 
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16. The t>rocess according to claim 15, character-

ised in that in lyophili.sation, one starts with solu­
tions contai.ninq the active substance at a concentra­
tion which is up to three times as high as compared to 
ready-to-use aqueous injection or infUsion solutions. 

17. Use of a combination of pharmaceutical adj u-

vants consisting of the group sugar, pnosphate buffer, 
tranexamic acid, and surfactant for producing pharma­

ceutical a.d!ninistration fonns containing a plasminogen 

activator which are stable on storaqe. 

18. The use according t.o claim 17 for manufacturinq 

19. 

administration forms having a storage stability of at 

least two years. 

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

·····-·· ----·------·- - -·- -···-·· --
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