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TOLERANCE OF 
4-(4-(2-PYRROLYCARBONYL)-1-PIPERAZINYL)-3- 
TRFLUOROMETHYL-BENZOYLGUANDINE IN 

INTRAVENOUS ADMINISTRATION 

RELATED APPLICATIONS 

0001. This application is a Divisional of U.S. application 
Ser. No. 10/237,918, filed Sep. 9, 2002, which claims the 
benefit of U.S. Provisional Application Ser. No. 60/323,477, 
filed on Sep. 19, 2001. 

FIELD OF THE INVENTION 

0002 The invention relates to formulations of 4-(4-(2- 
pyrrolylcarbonyl)-1-piperazinyl)-3-trifluoromethyl-ben 
Zoylguanidine, or one of the pharmacologically acceptable 
acid addition Salts thereof, as the active ingredient which 
improve the local tolerance, i.e. the tolerance at the injection 
or infusion Site, of the active ingredient when administered 
intravenously. The formulations according to the invention 
include the mixing and complexing of the active ingredient 
with cyclodextrins, particularly with hydroxypropyl-3-cy 
clodextrin (HPBCD), the mixing and complexing of the 
active ingredient with cyclodextrins and hydroxy acids, the 
enveloping of the active ingredient in polymer coils, e.g. in 
poloxamer, polyvinylpyrrolidone or polySorbate, as well as 
the incorporation of the active ingredient in mixed micelles 
comprising a phospholipid and a bile Salt. 

BACKGROUND OF THE INVENTION 

0003 Compounds of general formula (I): 

F O 

F NH2 

F N ={ 
NH2 

O s 
O 

(I) 

wherein 

0004 R may denote C-C-alkyl, 

0005 heteroaryl which is unsubstituted or mono- or 
polysubstituted with a branched or unbranched 
C-C-alkyl group, a cycloalkyl group, a branched or 
unbranched C-C-alkoxy group, an NH2-group or a 
primary or Secondary amino group, a trifluoromethyl 
group, a cyano or nitro group or halogen, 

0006 aryl which is unsubstituted or mono- or polysub 
stituted with a branched or unbranched C-C-alkyl 
group, a branched or unbranched C-C-alkoxy 
group, a NH2-group or a primary or Secondary amino 
group of a trifluoromethyl group, a hydroxy, cyano or 
nitro group or halogen or with a 5- or 6-membered 
heteroaryl group which may contain one, two, three, 
four or five heteroatoms Selected from among nitrogen, 
oxygen or Sulphur, which may be identical or different, 
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0007 alkylaryl which is unsubstituted or mono- or 
polySubstituted in the aryland/or alkyl partial Structure 
with a branched or unbranched C-C-alkyl group, a 
branched or unbranched C-C-alkoxy group, an 
NH2-group or a primary or Secondary amino group of 
a trifluoromethyl group of a cyano or nitro group or 
halogen, 

0008 optionally in the form of the individual tautomers 
or possibly enantiomers and the mixtures thereof as well as 
in the form of the free bases or the corresponding acid 
addition Salts with pharmacologically acceptable acids, are 
known from published German Application DE 19843 489. 
This publication also describes, in particular, the compound 
4-(4-(2-pyrrolylcarbonyl)-1-piperazinyl)-3-trifluoromethyl 
benzoylguanidine methaneSulphonate, namely 

O NH2 

1s 

su X CHSOH. N F F 

0009 Because of their activity as inhibitors of the cellular 
Na/H"exchange, compounds of this kind may be used as 
active Substances in pharmaceutical compositions or as 
intermediate products for preparing Such active Substances. 
The compounds according to the invention are effective 
against arrhythmias Such as those which occur in cases of 
hypoxia, for example. They may also be used to treat 
diseases related to ischaemia (Such as cardiac, cerebral, 
gastrointestinal diseases-Such as mesenteric thrombosis/ 
embolism, pulmonary, renal ischaemia, ischaemia of the 
liver, ischaemia of the skeletal musculature). Such diseases 
may be, for example, coronary heart disease, myocardial 
infarction, angina pectoris, Stable angina pectoris, Ventricu 
lar arrhythmias, Subventricular arrhythmias, cardiac insuf 
ficiency-and also to assist bypass operations, to assist open 
heart Surgery, to assist operations which require interruption 
of the blood Supply to the heart and to assist heart trans 
plants-embolism in the pulmonary circulation, acute or 
chronic kidney failure, chronic kidney insufficiency, cerebral 
infarction, reperfusion injury caused by the restoration of 
circulation to areas of the brain after the removal of Vascular 
occlusions and acute and chronic circulatory disorders of the 
brain. The abovementioned compounds may also be used in 
conjunction with thrombolytic agents Such as t-PA, Strep 
tokinase and urokinase. 

0010 When the ischaemic heart is reperfused (e.g. after 
an attack of angina pectoris or a myocardial infarction) there 
may be irreversible damage to cardiomyocytes in the 
affected region. The compounds according to the invention 
have a cardioprotective effect, inter alia, in Such a case. 

0011. The field of ischaemia should also include the 
prevention of damage to transplants (e.g. as a protection for 
the transplanted organ-Such as for example a liver, kidney, 
heart or lung-before, during and after implantation as well 
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as during storage of the transplants), which may occur in 
connection with transplants. The compounds are, moreover, 
drugs with a protective effect during angioplastic Surgical 
procedures on the heart and on peripheral blood vessels. 
0012. In essential hypertension and diabetic nephropathy 
the cellular Sodium proton eXchange is increased. The com 
pounds according to the invention are therefore Suitable as 
inhibitors of this exchange for the preventive treatment of 
these diseases. 

0013 The compounds according to the invention are 
further characterised by a strongly inhibiting effect on the 
proliferation of cells. Therefore, the compounds are useful 
as drugs for treating illnesses in which cell proliferation 
plays a primary or Secondary role and may be used as agents 
against cancers, benign tumours, or for example prostatic 
hypertrophy, atherosclerosis, organ hypertrophies and 
hyperplasias, fibrotic diseases and late complications of 
diabetes. 

0.014) Moreover, compounds of this type are known to be 
capable of favourably influencing the blood levels of the 
Serum lipoproteins. 

0.015 When they are administered parenterally some 
local intolerances occasionally arise. 4-(4-(2-Pyrrolylcarbo 
nyl)-1-piperazinyl)-3-trifluoromethyl-benzoylguanidine 
hydrochloride was found to have a haemolytic activity and 
to be locally poorly tolerated after intravenous administra 
tion. 

0016. The poor tolerance often has completely different 
causes. On the one hand it could be the physical/chemical 
properties of the preparation Such as its pH value, buffer 
capacity, tonicity, which deviate to a greater or lesser extent 
from the physiological conditions at the injection or infusion 
Site and lead to unwanted reactions there, particularly when 
administered over lengthy periods. On the other hand the 
active Substance itself may interact undesirably with the 
morphological Structures at the injection or infusion site. 
0.017. The following procedures for improving tolerance 
are known from Way, S. and Brazeau, G.: “Techniques to 
Reduce Pain and Irritation”, Interpharm Press 1999, p. 215 
ff, p. 247 ff. 

0018 a) diluting the medication with a conventional 
carrier, equivalent to administering it over a longer 
period 

0019 b) administering it through large blood vessels, 
i.e. a central vein instead of a peripheral vein 

0020 c) giving a local anaesthetic or analgesic before 
hand or Simultaneously. 

0021. The principle of these procedures is to reduce the 
actual concentration of the formulation or of the active 
Substance. 

0022. The disadvantages of these measures, depending 
on the indication, are that 

0023 a) as a result of the dilution an undesirably large 
Volume is administered, resulting in an undesirably 
high fluid loading of the patient; 

0024 b) the period of administration is extended; 
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0025 c) administration through a central vein requires 
experience and technical equipment which is not 
always available in emergencies, 

0026 d) the use of a local anaesthetic might possibly 
be contraindicated. 

0027. The objective of the present invention is to formu 
late the Sodium-proton exchange inhibitor 4-(4-(2-pyrrolyl 
carbonyl)-1-piperazinyl)-3-trifluoromethyl-benzoylguani 
dine or one of the pharmacologically acceptable acid 
addition Salts thereof in Such a way that, immediately during 
and after intravenous administration, there is no local intol 
erance of the kind observed when aqueous, isotonic Solu 
tions were administered to animals without any measures 
being taken to improve tolerance. The improvement in 
tolerance should not be achieved by any of the conventional 
methods Such as increasing the Volume administered or 
extending the infusion period. The improvement in local 
tolerance is of crucial importance for emergency injections 
of a bolus. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0028 4-(4-(2-pyrrolylcarbonyl)-1-piperazinyl)-3-trifluo 
romethyl-benzoylguanidine is a Sodium proton exchange 
inhibitor with two main indications: 

0029) 1... acute myocardial infarction combined with 
reperfusion therapy 

... patientS in Whom a COrOnar V arter SS 0030) 2. pati in wh y y byp 
operation has to be carried out with a high risk of 
perioperative myocardial necrosis. 

0031. In the following description the term “active sub 
stance', on its own or in combination, always denotes 
4-(4-(2-pyrrolylcarbonyl)-1-piperazinyl)-3-trifluoromethyl 
benzoylguanidine hydrochloride, unless otherwise Stated. 
Both a monohydrate and a hemihydrate of 4-(4-(2-pyrrolyl 
carbonyl)-1-piperazinyl)-3-trifluoromethyl-benzoylguani 
dine hydrochloride may be obtained. For all the experiments 
the hemihydrate was used. The quantitative data used here 
inafter always relate to the free base; i.e. the quantities 
Specified correspond to the theoretical amount of free base, 
whereas in reality a correspondingly larger amount of hemi 
hydrate was added. In each case glucose was used to render 
the Solution isotonic. The isotonic nature of the Solutions 
was checked in each case by lowering the freezing point. In 
in-vitro haemolysis tests in each case the Solution to be 
tested was mixed with citrated human blood in the ratio 1:1 
and kept at 37 C. during the incubation period. 
0032 For both types of indications an intravenous form 
for a one-time administration is required, in the former case 
a bolus injection, as this is an emergency indication, and in 
the latter case a Solution for infusion during a coronary 
artery bypass operation. The intravenous preparation con 
tains the active substance in doses of 150 mg/person -600 
mg/person. The Volumes to be administered are in the range 
from 15 ml -250 ml. The active Substance concentrations are 
thus between 0.6 mg/ml and 40 mg/ml. 
0033. The haemolytic activity and local intolerance of 
aqueous, isotonic active Substance Solutions without any 
measures to improve tolerance increases with the concen 
tration of the active Substance. In an in vitro haemolysis test 
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with an incubation period of two hours the following find 
ings are observed: 

active substance concentration (mg/ml) degree of haemolysis (%) 

0.5 O 
1.O 1. 
1.5 4 

0034. In an in vitro haemolysis test with an incubation 
period of 45 minutes the following findings are observed: 

active substance concentration (mg/ml) degree of haemolysis (%) 

1.5 O 
1.O.O 1OO 

0035) Even a concentration of 0.75 mg/ml proved to be 
poorly tolerated in a trial on rats (30 minutes infusion into 
the caudal vein). 
0.036 An improvement in tolerance according to the 
invention can be achieved by the addition of a cyclodextrin, 
particularly a pharmacologically acceptable Substituted 
B-cyclodextrin such as HPBCD, to form a mixture or com 
plex thereof with the 4-(4-(2-pyrrolylcarbonyl)-1-piperazi 
nyl)-3-trifluoromethyl-benzoylguanidine, or one of the phar 
macologically acceptable acid addition Salts thereof. 

0037. In an in vitro haemolysis test with an incubation 
period of 45 minutes no haemolysis is observed on 1% 
aqueous isotonic active Substance Solutions containing 10% 
HPBCD: 

active substance (mg/ml) HPBCD (mg/ml) degree of haemolysis (%) 

0.038. These solutions proved to be locally well-tolerated 
in a study on rabbits (bolus and 8 minutes infusion). 
0039. In the second step the appropriate ratio of HPBCD 
to active Substance was determined from the local tolerance 
in dogs. A weight ratio of 10:1 (HPBCD to active substance) 
proved to be suitable both in the form of a bolus (active 
Substance concentration 10 mg/ml) and also in an infusion 
(active Substance concentration between 1.5 mg/ml and 3 
mg/ml). This corresponds to a molar ratio of about 3:1 
Further tests showed that even a ratio of HPBCD to active 
Substance of 6.67:1 is not haemolytic at an active Substance 
concentration of 9 mg/ml. 

0040 Another embodiment of the invention relates to 
improving the degree of tolerance by mixing and complex 
ing 4-(4-(2-pyrrolylcarbonyl)-1-piperazinyl)-3-trifluorom 
ethyl-benzoylguanidine, or one of the pharmacologically 
acceptable acid addition Salts thereof, with a cyclodextrin, 
particularly a pharmacologically acceptable Substituted 
B-cyclodextrin such as HPBCD, and a hydroxy acid. 
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0041. The amount of cyclodextrin required to improve 
the tolerance of 4-(4-(2-pyrrolylcarbonyl)-1-piperazinyl)-3- 
trifluoromethyl-benzoylguanidine can be reduced by the 
formation of a ternary complex consisting of 4-(4-(2-pyrro 
lylcarbonyl)-1-piperazinyl)-3-trifluoromethyl-ben 
Zoylguanidine, the appropriate cyclodextrin and hydroxy 
acid. Hydroxy acids which may be used include for example 
malic acid, acetic acid, lactic acid, tartaric acid and citric 
acid. Preferably, citric acid is used. 

0042 A further object of the invention is the improve 
ment of tolerance by enveloping 4-(4-(2-pyrrolylcarbonyl)- 
1-piperazinyl)-3-trifluoromethyl-benzoylguanidine, or one 
of the pharmacologically acceptable acid addition Salts 
thereof, in polymer coils, e.g. in a poloxamer, polyvinylpyr 
rolidone or polySorbate. 
0043. The enveloping of 4-(4-(2-pyrrolylcarbonyl)-1- 
piperazinyl)-3-trifluoromethyl-benzoyl-guanidine, or one of 
the pharmacologically acceptable acid addition Salts thereof, 
in a polymer, e.g. Poloxamer 188, leads to a reduction in the 
haemolytic activity and the poor tolerance of 4-(4-(2-pyr 
rolylcarbonyl)-1-piperazinyl)-3-trifluoromethyl-ben 
Zoylguanidine. In an in Vitro haemolysis test with an incu 
bation period of 45 minutes the following findings are 
observed on 1% acqueous isotonic active Substance Solutions 
containing different amounts of Poloxamer 188: 

active substance Poloxamer 
(mg/ml) 188 (mg/ml) degree of haemolysis (%) 

1O O 99 
1O 1OO 4 
1O 2OO O 

0044 An aqueous isotonic Solution containing 1.5 mg/ml 
of 4-(4-(2-pyrrolylcarbonyl)-1-pipera-zinyl)-3-trifluorom 
ethyl-benzoylguanidine and 100 mg/ml of Poloxamer 188 
proved to be better tolerated in a study on rats (30 minutes 
infusion into the caudal vein) than an aqueous isotonic 
Solution containing 1.5 mg/ml of 4-(4-(2-pyrrolylcarbonyl)- 
1-pipera-Zinyl)-3-trifluoromethyl-benzoylguanidine without 
a tolerance-enhancing excipient. 

0045 Another example of a tolerance-enhancing poly 
mer is polyvinylpyrrolidone 17 PF (PVP 17 PF). In an in 
vitro haemolysis test with an incubation period of 45 min 
utes a degree of haemolysis of only 17% is observed on an 
aqueous isotonic Solution containing 10 mg/ml of 4-(4-(2- 
pyrrolylcarbonyl)-1-piperazinyl)-3-trifluoromethyl-ben 
Zoylguanidine and 100 mg/ml of PVP 17 PF. 

0046 Yet another embodiment of the invention relates to 
the improvement in tolerance achieved by incorporating 
4-(4-(2-pyrrolylcarbonyl)-1-piperazinyl)-3-trifluoromethyl 
benzoylguanidine, or one of the pharmacologically accept 
able acid addition Salts thereof, in mixed micelles compris 
ing a phospholipid and a bile Salt. 
0047 One phospholipid might be, for example, a Soya 
lecithin with a high proportion of phosphatidylcholine. 
Examples of suitable bile salts are the sodium salts of cholic 
acid and glycocholic acid. In in vitro haemolysis tests with 
an incubation period of 45 minutes the following findings 
are observed on 1% aqueous isotonic active Substance 
Solutions containing different amounts of phospholipid and 
Sodium cholate: 
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active substance phospholipid sodium cho 
(mg/ml) (mg/ml) late (mg/ml) degree of haemolysis (%) 

1O 150 1OO O 
1O 75 50 7 

0.048. These solutions proved to be locally well-tolerated 
in a study of rabbits (bolus and 8 minutes infusion). 
0049. If sodium cholate is replaced by sodium glycocho 
late, the following findings are observed on the following 
aqueous isotonic Solutions in in Vitro haemolysis tests: 

sodium 
active substance phospholipid glycocholate 

(mg/ml) (mg/ml) (mg/ml) degree of haemolysis (%) 

1O 60 36 7 
1O 60 32 2 

0050. The following Examples are intended to illustrate 
the invention without restricting it. 

EXAMPLES OF FORMULATIONS 

0051. As the active substance is prone to hydrolysis, only 
anhydrous formulations are stable. Therefore, lyophilisates 
have been developed, which have to be reconstituted before 
Sc. 

0.052 Composition of the lyophilisate 

name of ingredient mg per injection vial function 

4-(4-(2-pyrrolylcarbonyl)- 150 active substance 
1-piperazinyl)-3- 
trifluoromethyl-benzoyl 
guanidine hydrochloride 
(calculated as free base) 
HPBCD 1SOO improvement in local 

tolerance of the active 
substance 

0.053 Reconstitution solution for a volume to be admin 
istered of 50 ml (infusion): 

0054 5% aqueous glucose solution 

0.055 Reconstitution solution for a volume to be admin 
istered of 15 ml (bolus): 

0.056 3.3% acqueous glucose Solution C 9. 

0057 Composition of the lyophilisate 

name of ingredient mg per injection vial function 

4-(4-(2-pyrrolylcarbonyl)- 150 active substance 
1-piperazinyl)-3- 
trifluoromethyl-benzoyl 
guanidine hydrochloride 
(calculated as free base) 
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-continued 

name of ingredient mg per injection vial function 

soya lecithin 2250 improvement in local 
tolerance of the active 
substance 

sodium cholate 1SOO 

0058 Reconstitution solution for a volume to be admin 
istered of 50 ml (infusion): 

0059 4% aqueous glucose solution 
0060 Reconstitution solution for a volume to be admin 
istered of 15 ml (bolus): 

0061 2% aqueous glucose solution 
0062 Composition of the lyophilisate 

name of ingredient mg per injection vial function 

4-(4-(2-pyrrolylcarbonyl)- 150 active substance 
1-piperazinyl)-3- 
trifluoromethyl-benzoyl 
guanidine hydrochloride 
(calculated as free base) 
soya lecithin 900 improvement in local 

tolerance of the active 
substance 

sodium glycocholate 540 

0063 Reconstitution solution for a volume to be admin 
istered of 15 ml (bolus): 

0064 3.3% aqueous glucose solution 

We claim: 
1. A pharmaceutical composition comprising 4-(4-(2- 

pyrrolylcarbonyl)-1-piperazinyl)-3-trifluoromethyl-ben 
Zoylguanidine, or one of the pharmacologically acceptable 
acid addition Salts thereof, enveloped in a pharmaceutically 
acceptable polymer. 

2. A pharmaceutical composition according to claim 1, 
wherein the polymer is a poloxamer, polyvinylpyrrollidone 
or polySorbate. 

3. A pharmaceutical composition according to claim 1, 
wherein the polymer is Poloxamer 188 or PVP 17 PF. 

4. A pharmaceutical composition according to claim 1, 
wherein the polymer improves the local tolerance of 4-(4- 
(2-pyrrolylcarbonyl)-1-piperazinyl)-3-trifluoromethyl-ben 
Zoylguanidine or one of the pharmacologically acceptable 
acid addition Salts thereof. 

5. A pharmaceutical composition according to claim 1, in 
a form Suitable for intravenous administration. 

6. A pharmaceutical composition according to claim 5, 
wherein the 4-(4-(2-pyrrolylcarbonyl)-1-piperazinyl)-3-trif 
luoromethyl-benzoylguanidine, or one of the pharmacologi 
cally acceptable acid addition Salts thereof, is present in a 
concentration of between 0.6 mg/ml and 40 mg/ml. 

7. A method for treating acute myocardial infarction in a 
patient, comprising administering to a patient in need 
thereof a therapeutically effective amount of a pharmaceu 
tical composition according to claim 1. 
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8. A method for treating perioperative myocardial necro 
sis in a patient undergoing a coronary artery bypass opera 
tion, comprising administering to Said patient a pharmaceu 
tical composition according to claim 1. 

9. A pharmaceutical composition comprising 4-(4-(2- 
pyrrolylcarbonyl)-1-piperazinyl)-3-trifluoromethyl-ben 
Zoylguanidine, or one of the pharmacologically acceptable 
acid addition Salts thereof, incorporated in mixed micelles 
comprising a phospholipid and a bile Salt. 

10. A pharmaceutical composition according to claim 9, 
wherein the phospholipid is Soya lecithin and the bile Salt is 
a Sodium Salt of cholic acid or glycocholic acid. 

11. A pharmaceutical composition according to claim 9, 
wherein the phospholipid and bile salt improve the local 
tolerance of 4-(4-(2-pyrrolylcarbonyl)-1-piperazinyl)-3-trif 
luoromethyl-benzoylguanidine or one of the pharmacologi 
cally acceptable acid addition Salts thereof. 
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12. A pharmaceutical composition according to claim 9, in 
a form Suitable for intravenous administration. 

13. A pharmaceutical composition according to claim 12, 
wherein the 4-(4-(2-pyrrolylcarbonyl)-1-piperazinyl)-3-trif 
luoromethyl-benzoylguanidine, or one of the pharmacologi 
cally acceptable acid addition Salts thereof, is present in a 
concentration of between 0.6 mg/ml and 40 mg/ml. 

14. A method for treating acute myocardial infarction in 
a patient, comprising administering to a patient in need 
thereof a therapeutically effective amount of a pharmaceu 
tical composition according to claim 9. 

15. A method for treating perioperative myocardial necro 
sis in a patient undergoing a coronary artery bypass opera 
tion, comprising administering to Said patient a pharmaceu 
tical composition according to claim 9. 

k k k k k 


