
NEW PHOSPHORYLATION SITE OF MITOGEN-ACTIVATED PROTEIN
KINASES, MODIFIED PROTEINS AND APPLICATIONS FIELD OF
THE INVENTION The invention relates to a new
phosphorylation site of mitogen-activated protein
kinases (MAPK), to the modified MAPKs in said
phosphorylation site and to their applications
BACKGROUND OF THE INVENTION Mitogen-Activated Protein
Kinases (MAPK) The term MAPK includes three kinase
cascades, ERK, JNK and p38 and their respective
isoforms [Pearson G , et al , 2001, "Mitogen-activated
protein (MAP) kinase pathways Regulation and
Physiological Functions", Endocpne Reviews 22(2)
153-183] The cellular effects mediated by these
kinases are numerous and cover the whole life cycle of
a cell growth, division, differentiation, motility,
osmotic responses, response to stress, inflammation,
cancer, etc The detection of a certain extracellular
stimulus is transmitted to a first kinase, called
MAPKKK the targets of which are the serines and
threonines of another kinase, MAPKK This
phosphorylation determines MAPKK activation by
phosphorylating sepne and threonine residues in a
limited T-Xaa-Y tnad or three-ammo acid motif (in
which T is threonine, Y is tyrosine and Xaa is a
residue of an amino acid such as, for example,
aspartic acid, glutamic acid, glutamine, glycine or
proline) called activation segment, carrying the final
target of this tpmodular cascade MAPK is the effector
kinase in charge of phosphorylating several
substrates, such as transcpption factors, other
kinases, structural elements etc , in sepne and
threonine P38 Protein p38 MAPK, or p38, is an enzyme
belonging to the family of sepne/threonine kinases and
it plays an important role in the cellular response to
external stress signals, such as ultraviolet light,
osmotic shock, heat, etc For this reason, this protein
is also known as stress-activated protein kinase or
SAPK p38 carries out its regulating role by
controlling gene expression through phosphorylation
and activation oftranscpption factors, of other
kinases and also by regulating the stability of
important messenger RNA There are four p38 isoforms
diffepng in their distribution in different tissues
and in their sensitivity to different p38 inhibitors,
although the most studied and therefore, the best
known one is the alpha isoform, the activation of
which has been observed in many cellular types (both
in hematopoietic and non-hematopoietic tissue) after
treatment with a suitable stimulus However, in spite
of these differences, all p38 isoforms have an
activation domain formed by 12 ammo acids which
contains the activation segment Thr- Gly-Tyr
phosphorylated by MKK6/MKK3, enzymes of the kinase
family found upstream p38 in the cell signaling
cascade p38 is an essential regulator of cell
functions that mediates the production of cytokines
and other molecules responsible for the development of
inflammatory processes and takes part in different
physiological situations induced by cellular stress,
as in the case of some cardiopathies and inflammatory
phenomena, and in cell cycle control Throughout
several years, the involvement of p38 in the
development or evolution of different diseases has
been analyzed The importance of p38 activation in
establishing and developing cardiac failure has
already been established A constitutive activation
after aortic constpction has been observed in
expenmental models in mice and in a model in
hypertensive rats with high salt diets In humans, p38
is activated in hearts affected by heart failure
following advanced coronary disease The regulation of
p38 activation seems to be essential in the
development of heart pathology since several groups
have observed a reduction in p38 activity in end-stage
heart failure in human and rat myocardium By using p38
MAPK inhibitors, the involvement of p38 MAPK in other
pathologies diffepng from heart diseases, such as
inflammatory, pulmonary or neuronal diseases have also
been descpbed in the state of the art All these
pathologies are characterized in that they have active
p38, i e , with the phosphorylated Thrl80 and Tyrl82
residues On the other hand, it has been observed in
cells derived from cancer patients that both
chemotherapy and radiotherapy produce a p38 activation
that seems to be responsible for the signal inducing
the death of tumor cells The most wide-spread strategy
in the treatment of the different diseases
charactepzed by the presence of active p38 consists of
the pharmacological inhibition of its activity or of
the inhibition of its activation, as mentioned in WO
2005/032551 , WO 2004/021988, EP1534282 or CA2497448,
combined with other therapeutic agentsGRKs G
protein-coupled receptors (GPCR) mediate the actions
of different messengers carrying out an essential role
in cardiovascular system or immune system functions In
addition to interacting with heterotpmepc G proteins,
activated GPCRs interact with G protein-coupled
receptor kinases (GRKs) and with modulating proteins
called arrestms Based on structural similarities, the
7 members of the GRK family (GRK1-7) have been
classified in 4 subfamilies, GRKl, GRK2/3, GRK4/5/6
and GRK7, where GRK2/3 and GRK5/6 have a ubiquitous
distribution in the organism However, the mechanism
that alters GPCR signaling and contpbutes to the
tpggepng and/or progression of these pathologies is
not known These proteins play an essential role in the
rapid modulation of the intracellular functionality
and dynamics of receptors after activation by hgands
in addition to allowing the recruitment and regulation
of other cell proteins, starting new signaling routes,
therefore, they are both essential modulators and
components of GPCR-mediated signal transduction The
levels and functionality of several GRKs are altered
in pathological situations such as congestive heart
failure, cardiac hypertrophy, hypertension or
inflammatory processes such as rheumatoid arthritis On
the other hand, the important role of SAPKs in the
development of cardiomyopathies and heart failure is
known and it is also known that the selective GPCR
activation promotes chronic activation of these
kinases in the heart muscle, this step being essential
in the development of heart failure from ventpcular
hypertrophy BRIEF DESCRIPTION OF THE FIGURES Figure 1
shows that GRK2 directly phosphorylates p38 in vitro
Figure IA shows that p38 is phosphorylated by GRK2
Recombinant GRK2 purified by the Baculovirus system
(50 nM) was incubated with 50 nM of recombinant p38
(GST-p38) in p38 phosphorylation buffer (25 tnM Hepes,
pH 7 5, 10 mM magnesium acetate, 50 mM ATP, 2000-3000
cpm/pmol [g-32p]ATP) in a final volume of 40 ml for 30
minutes at 3O0C, with or without hepapn (50 ng/ml) for
the purpose of inhibiting GRK2 activity Kinase
autophosphorylation controls were earned out in the
same conditions The reaction was stopped by adding SDS
loading buffer, the proteins were separated in an 8%
SDSpolyacrylamide gel and developed by autoradiography
Figure IB shows that GRK2directly phosphorylates p38
and does not promote its autophosphorylation The
phosphorylation reactions were earned out as indicated
in relation to Figure IA Heparin and SB203580
compounds, GRK2 and p38 inhibitors respectively, were
used at ten times the IC50 concentration so as to
assure the complete inhibition of the respective
kinases, that is, at 1 5 mM for heparin and at 0 5 mM
for SB203580 The substrates used were MBP (14 mg per
point) for p38 and casein (7 5 mg per point) The
reaction was stopped by adding SDS loading buffer, the
proteins were separated in a 10% SDS-polyacrylamide
gel and detected by autoradiography Figure 1C shows
that GRK2 does not phosphorylate p38 in its activation
segment The phosphorylation reactions were started in
the absence of radioactive ATP in the conditions
previously descpbed 40 ng of MKK6CAM (MKK6/MKK3,
Upstate) were used to phosphorylate GST-p38 in vitro
The antibodies used for the detection after
electrophoretic separation recognize, in the case of
larger proteins, GR.K2 and GST-p38 (anti-PF2 antibody,
polyclonal serum, generated in the inventors'
laboratory, with antibodies against the GST-PF2 fusion
protein, in which PF2 is a C-terminal fragment of
GRK2) The phosphospecific antibody of T180/Y182 used
to detect the p38 activation state is of Cell
Signaling Figure ID shows the dependence on time of
p38 phosphorylation by GRK2 The phosphorylation was
left to be earned out in the same conditions as those
descnbed previously, except for the incubation time,
which as indicated, ranged from 0 to 90 minutes The
mobility of both proteins (GRK2 79 6 kDa, GST-p38 68
kDa) is shown by arrows The data obtained for the
excised bands of the gels after quantifying by
Cerenkov are shown on the right-hand side Figure I E
shows the phosphorylation kinetic parameters In view
of the data of section D, 15 minutes of reaction were
considered to be the time penod for determining
phosphorylation kinetic constants in initial speed
conditions The phosphorylation reactions were earned
out as has already been described keeping the GRK2
concentration fixed (25nM) and changing the p38
concentration from 12 5 to 400 nm The reaction was
stopped by adding SDS loading buffer, the proteins
were resolved in an 8% SDS-polyacrylamide gel,
detected by autoradiography and quantified by Cerenkov
The graph was made with the Kaleidagraph program,
provide with an algonthm capable of deducing kinetic
parameters the Michaehs- Menten constant (Km=79 56 nM)
and maximum speed (Smax=0 9 nmol of PO 3 incorporated
per mg GRK2 'minute ') Figure 2 shows that GRK2 and
p38 are dependently associated to the b2-adrenergic (
2-AR) receptor stimulation Figure 2A HEK 293 cells
were transiently transfected withpCDNA3 GRK2,
pBC12BI-b2-AR and pCDNA3-Flag-p38a ( l mg of each DNA
per p60) vectors 48 hours after the transfection and
after a 2 hour serum starvation, the cells were
stimulated with the adrenergic agonist isoproterenol
(ISO, 10 mM) for 5 or 10 minutes or they were not
stimulated (0 mm ISO) Likewise, cells without
overexpressed b2-AR receptor were stimulated with 0 5
M NaCl for 15 minutes The cells were solubihzed in a
buffer suitable for immunoprecipitation with the M2
anti-Flag antibody bound to agarose 



and after taking ahquots of these lysates (10%) for
overexpression control (lysate panels) the immune
complexes were incubated overnight at 40C The
immunoprecipitated proteins (Ip anti-Flag) were
resuspended in an electrophoresis breaking buffer and
the bound proteins were resolved in a 10%
SDS-polyacrylamide gel After electrotransference, the
proteins were detected with anti-p38 and with the
antibody against GRK2, anti-PF2 (upper and lower
panel, respectively) The negative immunoprecipitation
controls (Cneg) in the absence of Flag-p38a and of
stimulation with 10 mM isoproterenol are also included
in the figure In the lysate panels, GRK2, in the upper
part, and the p38 activation state, in the lower part,
were detected by means of the anti-phospho-p38
antibody (see Table 1) Figure 2B In approaches
identical to those descpbed in 2A, the overexpressed
proteins were immunoprecipitated with the antibody
against GRK2 anti-PF2 and the coimmunoprecrpitation of
the latter was detected with anti-p38 in each
stimulation point ( 0 and 5 minutes of isoproterenol,
left upper panel) The Flag-p38 expression controls
(upper part) and GRK2 expression controls (lower part)
and the total immunoprecipitated GRK2 (lower left
panel) are shown in adjacent panels The association
between both proteins is again detected, stimulated 5
minutes after exposure to 10 mM isoproterenol Figure
2C This time, only the vectors encoding b2-AR and
Flag-p38a were introduced in HEK293 cells for the
purpose of assupng that endogenous GRK2 was
co-immunoprecipitated in a total amount lower than p38
(0 5 mg of DNA) The maximum association between
Flagp38 a and GRK2 is produced 5 minutes after
treatment with 10 mM isoproterenol (see upper and
lower left panels) The right-hand panels confirm GRK2
expression (upper part, anti- PF2) and p38 expression
(lower part, anti-p38) in the cellular lysates Figure
2D In experiments identical to those descnbed in
section A, the ability of the catalytically inactive
GRK2-K220R mutant to co-immunoprecipitate with
Flag-p38 was tested The two upper panels show,
respectively, the co-immunoprecipitation of the two
GRK2 isoforms and the total immunoprecipitated p38 The
two lysate panels show GRK2 and GRK2- K220R
overexpression (upper part, anti-PF2) as well as the
Flag-p38 activation state ineach point (lower part,
anti-phospho-p38) As described in A, non-nspecific
immunoprecipitation controls (Cneg) of the M2
anti-Flag-agarose antibody were carried out Figure 3
shows how GRK2 is capable of reducing p38 activation
by MKK6 CAM Figure 3A: HEK 293 cells, normally seeded
in multiwell plates with 6 or 12 wells (M6 or M12),
were transiently transfected with pCDNA3-Flag-p38 a,
PCDNA3-MKK6C AM and with increasing amounts of the
pCDNA3-GRK2 vector In this experiment, M6 plates were
used and the DNA amounts introduced were 100 ng of
Flag-p38, 100 ng of MKK6C AM and 0 to 1 mg of GRK2 In
all points, the total amount of DNA was completed with
pCEFL-EGFP and with empty pCDNA3 instead of
pCDNA3-MKK6 CAM, in the case of the control (CTRL)
After 48 hours, the cells were harvested by lysing
them in M2 buffer The upper panel shows the
overexpressed GRK2 dose The p38 activation state was
evaluated with anti-phospho-p38, of Cell Signaling,
and after giving off the antibodies of the first
immunodetection, it was detected with total anti-p38,
of the same company Note that very slightly exposed
autoradiographies are show in order to avoid low
resolution saturations of the development Figure 3B:
Two mass-cultures of EBNA 293 cells stably transfected
with pCDNA3-GRK2 and therefore overexpressing two
different GRK2 levels were transfected with Flag-p38
and MKK6 CAM The Flag-p38 activation state was
determined in the same way as in A Furthermore, the
correct MKK6 CAM expression was assured with the anti-
MKK6/SKK3 antibody of Upstate Biotechnology In Figure
4, the expenments show that GRK2 reduces the catalytic
activity of p38 Figure 4A: HEK 293 cells, seeded in
p60, were transiently transfected with 0 5 mg of
pCDNA3-Flag-p38 a, 0 5 mg of pCDNA3-MKK6 CAM (or 0 5
mg of empty pCDNA3 in the control, CTRL), and with 1
or 2 mg of the pCDNA3-GRK2 (+) vector, carrying out
each point m duplicate The controls were earned out in
a parallel way, substituting the pCDNA3-GRK2 mg with
pCEFL-EGFP (-) The total DNA amount was completed with
empty pCDNA3 After 48 hours, the cells were lysed,
lysate ahquots were taken and Flagp38 was
immunoprecipitated from them The panels in A show the
GRK2 (anti-PF2) and the MKK cAM (anti-MKK6)
overexpression and the Flag-p38 (anti-phospho-p38)
activation Figure 4B: The immunoprecipitates were
washed three times with 15 ml of M2 buffer and two
times with 15 ml of phosphorylation buffer without ATP
(15mM NaF, 25 mM Hepes pH 7 5 and 1OmM magnesium
acetate) In the last washing step, the agaroseimmune
complexes were resuspended in 1 ml of buffer and 10%
of each point wasseparated to control the
immunoprecipitation of Flag-p38 (panel inserted in the
graph of section B) Kinase-assays were earned out with
immunoprecipitated Flag-p38, using APRTPGGRR peptide
(initially provided by CalbioChem and subsequently
synthesized by the Servicio de Quimica de Protei'nas
(Protein Chemistry Service) of the CBMSO) as a
substrate The reactions were earned out in a final
volume of 25 ml, in a phosphorylation buffer formed by
25 mM Hepes pH 7 5, 10 mM magnesium acetate, 15 mM
NaF, 50 mM ATP and 500-1000 cpm/pmol [g-32P] ATP and 2
mM of the peptide substrate When (+SB) is specified,
SB203580 was added to the in vitro reaction at a final
concentration of 0 5 mM The phosphorylation was left
to take place for 30 minutes at 3O0C, after which it
was stopped by adding 15 ml of 30% TCA The proteins
were precipitated by centnfugation (25 000 xg, 15
minutes, 4C) and the supernatant containing the
phosphorylated peptide was recovered from each
reaction Square ( 1 cm x 1 cm) Whatman P81 paper
cut-outs were impregnated with the peptide in solution
They were left to dry, were abundantly washed with 75
mM phosphoric acid and the radioactivity incorporated
by the adsorbed peptide was quantified by Cerenkov The
activity levels are referred to peptide substrate
phosphorylation by Flag-38 in the absence of MKK6 CAM
(CTRL) Figure 5 shows that the reduction of GRK2
levels allows greater p38 activation by MKK6 CAM in
situ Figure 5A HEK 293 cells, seeded in M6 plates,
were transiently transfected with 150 ng of
pCDNA3-Flag-p38 a, 50 ng of pCDNA3-MKK6 CAM, and with
increasing amounts of the pCEFL-GRK2 antisense (AS)
vector 0 5 mg to 2 mg or the same amounts of
pCEFL-EGFP as a control (C) In all the points, the
total DNA amount was completed with the empty pCEFL
vector The cells were lysated and the immunodetection
of the total amount of GRK2 (upper panel, anti-PF2),
p38 activation (intermediate panel, anti-phospho-p38)
and total p38 (lower panel, anti-p38N) was earned out
in each point The data from the 2 mg (of GFP and
Antisense) point of a representative expenment are
shown in the graph The p38 activation levels in each
of the two conditions refer to their respective
controls without MKK6 CAM Figure 5B: The basal p38
activation is modulated by the amount of GRK2 M6
plates of HEK 293 cells were transiently transfected
with 100 ng of pCDNA3-Flag-p38 a, and with 0 5 mg to 2
mg of pCEFL-GRK2 antisense or of pCEFL-EGFP The total
DNA amount in each point was completed with pCEFL The
total amount of GRK2 (anti-PF2, upper panel), the p38
activation state (intermediate panel, antiphospho-
p38, autoradiography overexposed dunng the
chemiluminescent developing) and total p38 (lower
panel, anti-p38) were evaluated by electrotransference
andimmunodetection in these conditions. The mean
values (+ SEM) of data from three independent studies
are shown in the graph of the lower part of the Figure
in duplicate. The two-sided Student's t-test statistic
with *p<0.005 was applied to determine significance.
Figure 6 shows that only p38, with its integral
structural determinants, is a GRK2 substrate. Figure
6A: Proteins fused to GST (black rectangle in the
protein schemes) were purified from bacteria
transformed with the plasmids pGEX2T- p38a,
pGEX4T-Mxi2 and pGEX4T-Mxi2 D17: p38a, Mxi2 and
Mxi2D17. The Mxil isoforms used as C-terminal
truncated mutants for trying to limit the GRK2
phosphorylation site. Recombinant GRK2 (200 nM) was
incubated with 0.5 mg of each fusion protein, in
phosphorylation buffer (25 mM Hepes pH 7.5, 10 mM
magnesium acetate, 50 mM ATP, 2000-3000 cpm/pmol [g-
32P]ATP) for 30 minutes to 300C. Heparin (150 nM) was
included as a specific GRK2 inhibitor. The reactions
were stopped by adding SDS breaking buffer. The
samples were resolved in 8% SDS-PAGE. For the purpose
of assuring the inclusion of identical amounts of
protein, they were first visualized in the gel by
Coomassie Brilliant Blue (CBB) staining. Then the gel
was dried and the radioactivity incorporated to the
proteins (32P) was detected. Figure 6B: The truncated
GST-280-360p38 protein, corresponding to the last 80
p38a amino acids, was generated by means of the
Invitrogen Gateway system. Phosphorylation assays were
carried out with Mxi2D17 as a p38 N-terminal, 280-360
p38 as C-terminal and with whole p38a in the same
conditions as described in section A. The
phosphorylation was detected by autoradiography (32P)
and controls of the amount of protein used in the
assays were carried out concomitantly by Western blot
with the anti- GST antibody. The presence of the
GST-280-360p38 protein, which is not phosphorylated,
is clearly observed. STD, mobility of standard
molecular weight proteins. Figure 7 shows that GRK2
phosphorylates p38 in a single residue. Figure 7A: p38
phosphorylation by GRK2 was analyzed in
two-dimensional electrophoresis and it was left to
take place in the same conditions as described
previously. The reaction was stopped by adding an
isoelectrofocusing loading buffer. The first
electrophoretic dimension had an ampholyte gradient
from pH 3 to 10.The second dimension was resolved by
means of an 8% polyacrylamide gel. The mobility of
both proteins (GRK2 79.6 kDa; GST-p38 68 kDa) is
indicated by arrows. Figure 7B: The samples from a
non-radioactive phosphorylation assay were run in a
gel intended for proteomic sequencing. The gel was
stained in order to visualize the bands, and the one
corresponding to GST-p38 was excised from the gel and
subjected to tryptic digestion. The resulting peptides
were analyzed by MALDI-TOF. Anenlargement of the area
of the obtained mass spectrum is shown in which the
phosphorylated peptide (mass corresponding to 1,945
330), present only in the sample from phosphorylation
by GRK2, was detected Figure 8 shows that GRK2
phosphorylates p38 in a single residue With the data
obtained in MALDI-TOF (Broker Autoflex model), a
tryptic peptide, a candidate for carrying
phosphorylation, was identified LTDDHVQFLIYQILR In
order to vepfy these 



indications, the sample was resolved by HPLC-ESI-IT
(Thermo-Finmgan Deca-XP model), working in SIM (single
ion monitoring) mode so that the analyzer only
fragmented the candidate peptide A series (called bn
or y" n, according to the course of the fragmentation)
was assigned to the recognizable peptide masses A mass
corresponding to the Db sepes (in the orange disk)
indicating phosphorylation in the threonine present in
the analyzed peptide is seen in the lower spectrum,
from the phosphorylated sample Likewise, the total
mass of the peptide (inside the yellow oval) was
identified in both cases The miniature window inserted
in the right-hand side of the Figure shows the
information about differential elution in the HPLC
column of the same peptide from the phosphorylated
sample and the control Given its greater hydrophiha,
the phosphorylated peptide is eluted a few tenths of a
second before Figure 9 shows that p38 T123A and T123D
mutants are not phosphorylated by GRK2 in vitro Figure
9A: p38T123A and p38T123D proteins, fused to GST, were
made by directed mutagenesis in the prokaryotic
expression plasmids pGEX2T The ability of the
recombinant GST-p38T123A and GST-p38T123D proteins to
be GRK2 substrates in comparison to the wild GST-p38WT
protein and at the final concentrations indicated in
the Figure was assayed The upper panels represent the
obtained phosphorylation (32P) and the lower panels
show, by anti-p38N WB, the amount of recombinant
protein used in the assays Figure 9B: Representative
scheme of p38a in which the functional characteristics
are highlighted, such as the kinase domain extension,
the location within the same of the TGY activation
segment and of the LTDD sequence hypothetically
regulated by GRK2 The CD motif, initially involved in
regulating substrate and activator association, is
also highlighted Figure 10 shows that threonine 123 is
a highly conserved residue, located on the outer
surface of the docking groove for p38 activators and
substrates The multiple alignments that appear were
made by the ClustalX program (http //www-igbmc
ustrasbg fr/BioInfo/ClustalX/ ) by Dr Perdiguero The
dashes introduce gaps for adjustingthe alignment The
identical residues among all isoforms are highlighted
in red wpting on a yellow background, blue and green
backgrounds indicate conservative substitutions,
according to large or small distribution,
respectively, between the aligned proteins
Nonconserved amino acids are left on white background
The consensus is indicated at the foot of each
multiple alignment and by means of red ellipses, the
threonine 123 area is highlighted, pointed out
additionally in the sequence comparison in the lower
part with an arrow Figure 11 shows that the p38T123D
mutant is not activated by MKK6 CAM and lacks kinase
activity on ATF2 in vitro Figure HA: Phosphorylation
assays (25 mM Hepes pH 7 5, 10 mM magnesium acetate,
15 mM NaF, ATP 50 mM and 1000-2000 cpm/pmol
[Y-32P]ATP) were earned out in vitro with the fusion
proteins GST-p38WT, GSTp38T123A and GST-p38T123D (150
nM) as recombinant MKK6 CAM (40 ng) phosphorylation
substrates (Upstate Biotechnology) The reactions were
earned out at 300C for 30 minutes and the proteins
were separarated in 8% SDS-PAGE gels The amount of p38
in each point was visualized by Coomassie Blue
staining Then the radioactivity in each p38 isoform
was determined The autoradiography (32P) shows a
representative expenment of three independent assays,
earned out in duplicate Figure HB: In these same
assays, the ability of MKK6CAM-activated GST-p38WT,
GST-p38T123A and GSTp38T123D to phosphorylate 2 mg of
GST-ATF2 is evaluated The representative
autoradiography (3 P) of the total GST-ATF2 control
(Coomassie Blue) is attached Figure 12 shows that p38
threonine 123 is necessary for its correct catalytic
activity on the MEF2A substrate Figure 12A: In vitro
phosphorylations are carried out with the fusion
proteins indicated in the Figure, in the presence (+)
or absence (-) of recombinant MKK6 CAM (40 ng) and 2
mg of GST-MEF2A The assay was left to take place for
30 minutes The proteins were separated in 8% SDS-PAGE,
stained with CBB and the incorporated radioactivity
(32P) was detected. Panels of a representative
expenment of the three assays earned out independently
are provided Figure 12B: The baseline activity of the
three p38 fusion proteins in the absence of the MKK6
CAM activator was evaluated in the previously descnbed
conditions A representative autoradiography after a
long exposure is shown Figure 13 shows that the p38
T123D mutant is less activated by MKK6 CAM in situ
than wild p38 In overexpression expenments analogous
to those descnbed previously, HEK293 cells, seeded in
M6 and always in duplicate, were transfected with 150
ng ofpCDNA3-Flag-p38 a WT, or pCDNA3-Flag-p38 a T123D
and 50 ng of pCDNA3- MKK6C AM (or empty pCDNA3) p38
activation with the anti-phospho-p38 antibody was
evaluated For each of the two isoforms, the activation
by MKK6C AMw a s in reference to the baseline
situation, obtaining a certain activation level 100%
activation was established as the p38a WT activation
in each expepment Data ( SEM) of three independent
expepments are shown A two-sided Student' s-t test was
earned out and *p<0 0001 was obtained The right-hand
side panels (Western blot) illustrate one of the
expepments Figure 14 shows that the p38 T123D mutant
does not bind substrates, and it does not associate to
or become phosphorylated by MKK6 Purified GST-p38 and
its Tl 23 mutants (300 nM) were incubated in the
presence of purified MKK6 (3 nM) or His-tagged
MAPKAPK2 (MK2, 20 nM) in a pull down assay with GST as
a negative control Sedimented proteins were developed
by Western Blot using anti-MKK6, anti-Histidine (for
His-MK2) or anti-GST (for total amounts of GST-p38s)
antibodies In all panels, results are representative
of three independent expepments performed in duplicate
Figure 15 shows how GRK2 reduces the p38-dependent
differentiation of fibroblasts to adipocytes 3T3L1
lines stably transfected with pCDNA3-GRK2 and
pCDNA3-GRK2K220R were made GRK2 (anti-GRK2) expression
controls obtained in cell lines, compared to 3T3L1
levels, are included The cells were subjected to a
standard differentiation treatment and on day 15 of
the latter, the cells were fixed with formalin and
stained with Oil Red, a lipophilic colopng which binds
to the fats accumulated by the adipocytes The cells
with adipocyte phenotype (in red) were counted under
microscope in a total of 25 fields Representative
photographs of two independent expepments are shown in
duplicate A photo of the 3T3L1 cells, free of
stimulation with insulin dupng the differentiation
process (control), is also included The graph reflects
the adipocyte count ( SEM) in these experiments A
two-sided Student's-t test was earned out for each
stable line with respect to the 3T3L1 cells and *p<0
0001 was obtained p38 dependence controls were carried
out in parallel by means of pharmacological treatment
with 10 mM of SB203580 Figure 16 represents
recognition by the anti-phospho-Thrl23 antibody of p38
immunoprecipitated from human cells in culture and the
in vitro phosphorylation of p38 by GRK2 Figure 16A
HEK293 cells were transfected with expression vectors
for mouse Flagp38alpha and GRK2 or its inactive mutant
(GRK2-K220R) The cells were cultured for 16 hours
without serum before lysing Flag-p38 was
immunoprecipitated (IPP) by means of ananti flag (M2)
antibody and, after electrophoresis and transference,
the phosphorylated protein was detected at Thrl23 by
means of Western Blot (WB) with a specific antibody
purified in affinity columns (P-p38-T123, dilution 1
200) The same membrane was developed with total
anti-p38 (p38) and another membrane corresponding to
the proteins contained in the cell extracts before
immunoprecipitation (lysates) with an anti-GRK2 436-
689(GRK2) Figure 16B: S GST-p38 (50 nM) was incubated
alone, with pupfied GRK2 ( 150 nM) or with 40 ng of
constitutively active MKK6 CAM in phosphorylation
buffer in the presence of non-radioactively labeled
ATP for 30 minutes at 300C The upper panel was
developed with a polyclonal antibody against Thrl23 of
p38 in phosphorylated form The intermediate panel was
incubated with the phosphospecific antibody of the
Thrl80/Tyrl82 residues of p38 (Anti-Pp38) and an
antibody against total p38 was used in the lower
development Figure 17 shows that an anti-phospho
antibody recognizes p38 phosphorylated by GRK2 at
threonine 123 since the Tl 23A mutant of p38 is not
recognized in this conditions GST p38wt and
GST-p38T123A (70 nM) were incubated alone with pup
fied GRK2 (25 nM) or with recombinant MKK6CAM (2 ng),
where indicated, heparin (100 ng/ml), a specific GRK2
inhibitor, was added Phosphorylation of GSTp38
proteins was analyzed by Western Blot with
anti-phosphoT123 and total GST-p38 with anti-GST Data
are representative of 3 independent experiments Figure
18 shows the p38 activation levels and TNF secretion
levels in response to lipopolysacchapde of macrophages
extracted from partially GRK2-def cient mice Peptoneal
microphages from wild type C57BL/6 (+/+) or GRK2
hemizygous (+/-) mice After subjecting them to the
absence of stimulation for 2 hours, bactepal
lipopolysaccha pde (LPS 0 5 mg/ml) was added to the
culture medium for 16 hours The production of
inflammatory cytokines (TNFa) was quantified by means
of a commercial ELISA kit (Amersham Biotrak) To
confirm the dependence of this process on p38
activity, SB203580 (30 mM) was used for 30 minutes
before adding LPS The means +SD of 10 mice processed
in 4 independent experiments are shown The data
corresponds to TNFa secretion depved from 106 cells
per well of M24 * p<0 005 (according to the Student's
t-test) DETAILED DESCRIPTION OF THE INVENTION In one
aspect, the invention relates to an MAPK protein,
occasionally identified in this descpption as "MAPK
protein of the invention", selected froma) an MAPK
protein comprising a phosphorylated residue in a
phosphorylation site that is different from the
phosphorylation site or sites present in the
activation segment of said MAPK protein, or a fragment
of said protein comprising said phosphorylated
residue, wherein said different phosphorylation site
is the threonine residue in position 123 (Thrl23) of
mouse p38, a lsoform, or a residue of a positionally
equivalent amino acid susceptible of phosphorylation
in another MAPK protein as it is 



defined by multiple alignment of amino acid sequences,
and the phosphorylation at said different
phosphorylation site prevents the activation of said
MAPK protein and also its activity towards its
substrates, and b) an MAPK protein comprising a
negative charge or a bulky residue in a
phosphorylation site, or at the area surrounding said
phosphorylation site, that is different from the
phosphorylation site or sites present in the
activation segment of said MAPK protein, or a fragment
of said protein compnsing said phosphorylated residue,
wherein said different phosphorylation site is the
threonine residue in position 123 (Thrl23) of mouse
p38, a lsoform, or a residue of a positionally
equivalent ammo acid susceptible of phosphorylation in
another MAPK protein as it is defined by multiple
alignment of amino acid sequences, and the
introduction of a negative charge or a bulky residue
at said phosphorylation site, or at the area
surrounding said phosphorylation site, prevents the
activation of said MAPK protein and also its activity
towards its substrates As it is used herein, the term
"positionally equivalent" refers to the position of an
amino acid of a MAPK protein which, by multiple
alignment of amino acid sequences of MAPK proteins,
corresponds to Thrl23 of mouse p38, a isoform The term
"MAPK protein" includes the ERK, JNK and p38 protein
kinases, as well as their respective lsoforms, of any
species Information on said kinases and their
functions as well as on their cellular effects can be
found in the review carried out by Pearson et al
[Pearson G , et al , 2001, "Mitogen-activated protein
(MAP) kinase pathways Regulation and Physiological
Functions", Endocpne Reviews 22(2) 153-183]
Information on the amino acid sequences of said MAPK
proteins can be found in suitable databases known
bythe persons skilled in the art (e g , Swissprot,
NCBI, etc ) MAPK kinases are widely distpbuted among
the different species and their primary structure is
widely conserved among the different members of the
different families (ERK JNK and p38) MAPK proteins are
charactepzed, inter aha, by the existence of an
activation segment comprising at least one residue
susceptible of being phosphorylated by the suitable
kinase In a particular embodiment, said activation
segment comppses the amino acid triad of formula (I)
Thr-Xaa-Tyr (I) where Thr is threonine, Tyr is
tyrosine, and Xaa is the residue of an amino acid In a
particular embodiment, Xaa is the residue of an amino
acid selected from aspartic acid, glutamic acid,
glutamine, glycine and proline In the particular case
of mammal p38, a isoform, the activation segment
comppses the amino acid tpad of formula (I) in
positions 180-182 of its amino acid sequence In
another particular embodiment, said activation segment
comppses the amino acid triad of formula (II)
Ser-Glu-Gly (II) where Ser is senne, GIu is glutamic
acid, and GIy is glycine In an embodiment of this
invention, the MAPK protein of the invention is
selected from the ERK, JNK and p38 kinases By way of
illustration, in a particular embodiment, said MAPK
protein of the invention is a p38 p38 kinase is widely
distpbuted among the different species and its ppmary
structure is widely conserved (Figure 10) In a
particular embodiment, said p38 is mammal p38, for
example of a human, rodent, etc , in any of
itsisoforms (a, b, g, or d) In a specific embodiment,
said p38 is the a isoform of mouse p38 (Mus musculus)
the amino acid sequence of which is shown in SEQ ID NO
1 (GenBank, Access number P478 11) The inventors have
surprisingly found that the phosphorylation of an MAPK
protein in a site susceptible of phosphorylation that
is different from the phosphorylation site or sites
present in the activation segment of said MAPK protein
is able to inhibit the activation of said MAPK
protein, which activation, as is known, occurs through
phosphorylation of the residues susceptible of
phosphorylation (e g , threonine or tyrosine) present
in said activation segment, for example specifically
in said amino acid triad to which reference has
previously been made In fact, studies carried out by
the inventors have clearly shown that the
phosphorylation of a threonine residue in position 123
(Thrl23) of mouse p38, a isoform, prevents the
phosphorylation of the threonine and tyrosine residues
present in positions 180 and 182, respectively, of the
amino acid triad of formula (I) present in the
activation segment of said p38 As a result, p38 cannot
be activated, and therefore it cannot carry out its
function in the signal transduction cascade, which may
be particularly useful in the treatment of those
diseases in which the activation of said MAPK in the
cell signaling cascade is involved The skilled person
in the art will understand that, not only
phosphorylation at said new phosphorylation site, but
also the introduction of a negative charge or a bulky
residue at said new phosphorylation site, or at the
area surrounding said site, may also cause the effect
of preventing the activation of an MAPK protein and
its activity towards its substrates Therefore, the
invention teaches the existence of a new
phosphorylation site present in an MAPK protein,
wherein said phosphorylation site is different from
the phosphorylation site or sites present in the
activation segment of said MAPK protein, such as
Thrl23 of mouse p38, a isoform, or a residue of a
positionally equivalent amino acid susceptible of
phosphorylation in another MAPK protein as it is
defined by multiple alignment of amino acid sequences,
and it furthermore has the particularity that once it
is phosphorylated, it is able to inhibit activation of
said MAPK protein The specific location of said
different phosphorylation site may vary depending on
the MAPK protein in question (ERK, JNK or p38), the
isoform and the animal species, although neither its
function of preventing the activation of the MAPK
protein in questionafter its phosphorylation (or after
introducing a negative charge or a bulky residue in
said phosphorylation site or at the area surrounding
said site) nor its positional equivalence or
correspondence will vary MAPK proteins containing said
phosphorylation site with the previously mentioned
positional and functionality characteristics are
included within the scope of the present invention
Therefore, the MAPK protein of the invention not only
includes the phosphorylated mouse p38 protein, a
lsoform, at Thrl23 but also its orthologous proteins,
i e proteins which, coming from a common ancestral
gene, carry out the same function in the different
species, as well as their isoforms and the other
kinases (ERK and JNK) included in the group of MAPK
proteins, irregardless of if the phosphorylation site
is at said location (Thrl23) or at another different
position and the phosphorylated amino acid is an amino
acid that is different from threonine Additionally,
the MAPK protein of the invention also includes a
modified MAPK protein having a negative charge or a
bulky residue at the new phosphorylation site or at
the area surrounding said site, e g , a modified mouse
p38 protein, a isoform, containing a negative charge
or a bulky residue at Thrl23, or at the area
surrounding said site, but also its orthologous
proteins, as well as their isoforms and the other
kinases (ERK and JNK) included in the group of MAPK
proteins, irregardless of if the negative charge or
bulky residue is at said location (Thrl23) or at
another different position and the modified ammo acid
is an amino acid that is different from threonine
Illustrative, non limitative examples of negative
charges which may be introduced into said new
phosphorylation site, or at the area surrounding said
site, according to the invention, will be evident for
the skilled person in the art, for example, any
molecule or compound capable of providing a negative
charge, e g , a peptide carrying a phosphate group,
said peptide being capable of binding to said
phosphorylation site, or to the surrounding area
thereof, and mimicking the effect of the
phosphorylation at that site Illustrative, non
limitative examples of bulky residues which may be
introduced into said new phosphorylation site, or at
the area surrounding said site, according to the
invention, will be evident for the skilled person in
the art, for example, any molecule, e g , peptide or a
low molecular weight compound, capable of binding to
said phosphorylation site, or to the surrounding area
thereof, and mimicking the effect of the
phosphorylation at that site, although the inventors
do not want to be joined by any theory, it is believed
that said bulky residue may cause a conformational
change in the MAPK protein which prevents the
activation of said MAPK protein and also its activity
towards its substrates As it is used herein, the
expression at the area surrounding the(new)
phosphorylation site" means a region around the
phosphorylation site wherein a modification introduced
therein by means of a negative charge or a bulky
residue prevents the activation of said MAPK protein
and also its activity towards its substrates Suitable
assays for determining the effect of preventing or
inhibiting the activation of an MAPK protein and its
activity towards its substrates can be found in the
accompanying Example, thus, said information can be
used by the skilled person in the art in order to
identify said "area surrounding the phosphorylation
site" In a particular embodiment, the MAPK protein of
the invention is a fragment of an MAPK protein
comprising a phosphorylated residue in a
phosphorylation site that is different from the
phosphorylation site or sites present in the
activation segment of said MAPK protein, wherein, as
previously mentioned, said different phosphorylation
site is Thrl23 of mouse p38, a lsoform, or a residue
of a positionally equivalent amino acid susceptible of
phosphorylation in another MAPK protein as it is
defined by multiple alignment of amino acid sequences,
and the phosphorylation at said different 



phosphorylation site prevents the activation of said
MAPK protein The length of said fragment may vary
within a broad interval, for example between 3 and 30
amino acid residues, typically between 5 and 25 amino
acid residues, preferably between 10 and 20 amino acid
residues Nevertheless, if desired said fragment may
contain a larger number of amino acid residues
Advantageously, said fragment composes an epitope of
an MAPK protein of the invention In a particular
embodiment, said fragment comprises SEQ ID NO 2
corresponding to the epitope QKLpTDDHVQFLIY, where
"pT" represents the phosphorylated Thrl23 residue and
the remaining letter indicate the annotation of the
amino acids based on a single-letter code of mouse p38
kinase, a isoform Said epitope is highly conserved
throughout evolution, therefore said SEQ ID NO 2 can
be considered to be a consensus sequence of said
epitope among the orthologous proteins of p38 of
different species In another particular embodiment,
the MAPK protein of the invention is a fragment of an
MAPK protein comprising a negative charge or a bulky
residue in a phosphorylation site (or at the area
surrounding said site) that is different from the
phosphorylation site or sites present in the
activation segment of said MAPK protein, wherein, as
previously mentioned, said different phosphorylation
site is Thrl23 of mouse p38, a isoform, or a residue
of a positionally equivalent amino acid susceptible of
phosphorylation in another MAPK protein as it is
defined by multiple alignment of amino acid sequences,
and saidmodification (negative charge or bulky
residue) at said different phosphorylation site
prevents the activation of said MAPK protein The
length of said fragment may vary within a broad
interval, for example between 3 and 30 amino acid
residues, typically between 5 and 25 amino acid
residues, preferably between 10 and 20 amino acid
residues Nevertheless, if desired said fragment may
contain a larger number of amino acid residues
Advantageously, said fragment comppses an epitope of
an MAPK protein of the invention A number of
pathologies are known in which the activation of MAPK
is involved By way of a non-limiting illustrative
example, the relationship existing between different
diseases and active p38, i e phosphorylated in the
phosphorylation residues present in the activation
segment, for example in the Thrl Oand Tyrl82 residues
of mammal (mouse) p38, a isoform, is known Therefore,
the fact that the activation of MAPK can be prevented
(preventing phosphorylation in the phosphorylation
sites present in the activation segment of MAPK) by
phosphorylation or introduction of a negative charge
or a bulky residue at said new phosphorylation site or
at the area surrounding the new phosphorylation site
of said MAPKs identified in the present invention (e g
phosphorylation in Thrl23 prevents phosphorylation in
the Thrl80 and Tyrl82 residues of mammal (mouse) p38,
a isoform), and also the fact that phosphorylation or
introduction of a negative charge or a bulky residue
in Thrl23 or at the area surrounding Thrl23 can
prevent the docking and activity of p38 towards its
substrates have important biological implications that
are useful, inter aha, in the diagnosis of a pathology
mediated by an active MAPK, or for determining the psk
or predisposition of a subject of developing said
pathology, or for evaluating or monitoring the effect
of a therapy administered to a subject who has said
pathology, or for analyzing the stage or seventy
and/or the evolution of said pathology, as well as in
the identification of potentially useful compounds for
the treatment of said pathology The MAPK protein of
the invention may play a significant role in this
sense The term "subject" includes any member of an
animal species, including human beings, by way of
illustration, said subject can be a mammal, such as a
human being, a domestic animal, a rodent, etc ,
preferably a man or woman of any age and race The
expression "pathology mediated by an active MAPK" as
it is used herein includes any pathology in which an
active MAPK, i e phosphorylated in the phosphorylation
residues present in the activation segment, is
involved or plays a role Illustrative, non-limiting
examples of said pathology mediated by an active MAPK
include cancer and cardiac, infectious, neuronal,
pulmonary and inflammatory diseases
Illustrativenon-limiting examples of said diseases
include myocardial infarction, hypertrophia,
hypertension, myocarditis, angioplasty-induced
lesions, myocardial dysfunctions, viral or bactepal
infections, neuronal death or death of other cell
types, Alzheimer's disease, psopasis, rheumatoid
arthritis, autoimmune neuritis, Crohn's disease,
cancer (carcinomas, leukemias, lymphomas, sarcomas,
etc ), formation of clots, response to
chemotherapeutic and radiotherapeutic agents, response
to lschemia/reperfusion, etc Therefore, the MAPK
protein of the invention is a protein useful as a
diagnostic marker or as a marker of the predisposition
of a subject of developing a pathology mediated by an
active MAPK, for example cancer or a cardiac,
infectious, nervous, neuronal, pulmonary or
inflammatory disease Given that the presence of an
active MAPK is associated with the abovementioned
pathologies mediated by active MAPKs, the
identification of the MAPK protein of the invention
would be indicative of a lower psk or predisposition
of developing said pathology because the
phosphorylation in the phosphorylation site identified
in the present invention, or the introduction of a
negative charge or a bulky residue in said
phosphorylation site or at the area surrounding said
site, would prevent the activation of said MAPK In a
particular embodiment, said MAPK protein of the
invention is a phosphorylated mammal p38 protein in a
phosphorylation site that is different from the
phosphorylation site or sites present in the
activation segment of said mammal p38, for example a
phosphorylated mammal p38 in Thrl23, or a fragment of
said protein comprising said phosphorylated residue In
a particular embodiment, the invention provides an in
vitro method for analyzing the psk or predisposition
of a subject of developing a pathology mediated by an
active MAPK, comprising a) detecting and/or
quantifying the level of an MAPK protein of the
invention in a biological sample from said subject,
and b) compapng said level with the level of a control
sample, wherein a reduction in said level with respect
to the level of the control sample is indicative of
the psk of the subject of developing said pathology
mediated by an active MAPK Virtually any biological
sample from the subject to be studied can be used, for
example blood, serum, plasma, tissue, etc Said sample
can be obtained by conventional methods The control
sample is a sample from subjects that do not suffer
said pathology mediated by an active MAPK and includes
reference or baseline valuesThe detection and/or
quantification of the level (concentration) of said
MAPK protein of the invention can be determined by
conventional methods known by the persons skilled in
the art, for example by means of immunochemical
methods (see below) The MAPK protein of the invention
can also be used for evaluating or monitoring the
effect of a therapy administered to a subject who has
said pathology mediated by an active MAPK, for
example, cancer or a cardiac, infectious, nervous,
neuronal, pulmonary or inflammatory disease In this
sense, a treatment preventing the activation of MAPK,
for example by phosphorylating in the phosphorylation
site identified in the present invention, or by
introducing a negative charge or a bulky residue in
said phosphorylation site or at the area surrounding
said site, would allow analyzing the effect of a
therapy administered to a subject who has said
pathology and, if it is not effective, modifying the
treatment or designing a customized therapy In a
particular embodiment, said MAPK protein of the
invention is a phosphorylated mammal p38 protein in a
phosphorylation site that is different from the
phosphorylation site or sites present in the
activation segment of said mammal p38, for example, a
phosphorylated mammal p38 in Thrl23, or a fragment of
said protein comprising said phosphorylated residue
The MAPK protein of the invention can also be used for
analyzing the stage or seventy and/or the evolution of
said pathology mediated by an active MAPK, for
example, cancer or a cardiac, infectious, nervous,
neuronal, pulmonary or inflammatory disease In this
sense, the identification of an MAPK protein of the
invention would be indicative of a better evolution of
this type of pathologies In a particular embodiment,
said MAPK protein of the invention is a phosphorylated
mammal p38 protein in a phosphorylation site that is
different from the phosphorylation site or sites
present in the activation segment of said mammal p38,
for example, a phosphorylated mammal p38 in Thrl23, or
a fragment of said protein comppsing said
phosphorylated residue In a particular embodiment, the
invention provides an in vitro method for evaluating
or monitoring the effect of a therapy administered to
a subject who has said pathology mediated by an active
MAPK, or for analyzing the stage or severity and/or
the evolution of said pathology mediated by an active
MAPK, comppsing a) detecting and/or quantifying the
level of an MAPK protein of the invention in a
biological sample from said subject, and b) compapng
said level with the level of a control sample from the
same subjectThe compapson between both levels will be
indicative of the efficacy of the treatment and/or of
the evolution of the pathology To that end, in this
case the control sample is a sample from the subject
before administering the treatment or in periods
subsequent to the administration of the treatment for
analyzing the efficacy thereof and the evolution of
the pathology The detection and/or quantification of
the level (concentration) of said MAPK protein of the
invention can be determined by conventional methods
known by persons skilled in the art, for example by
means of immunochemical methods (see below) The MAPK
protein of the invention can also be used to identify
potentially useful compounds for the treatment of said
pathology mediated by an active MAPK, for example,
cancer or a cardiac, infectious, nervous, neuronal,
pulmonary or inflammatory disease In this sense,
compounds preventing the activation of said MAPK can
be used in the treatment of said cardiac, infectious,
nervous, neuronal, pulmonary or inflammatory diseases,
compounds dephosphorylating the MAPK of the invention
can also be used for the treatment of cancer because
the activation of said MAPKs after subjecting a
subject to 



chemotherapy or radiotherapy produces the signal that
induces the death of tumor cells In a particular
embodiment, said MAPK protein of the invention is a
phosphorylated mammal p38 protein in a phosphorylation
site that is different from the phosphorylation site
or sites present in the activation segment of said
mammal p38, for example, a phosphorylated mammal p38
in Thrl23, or a fragment of said protein comppsing
said phosphorylated residue, or a p38 having a
compound bound to Thr 123 or to the area surrounding
Thrl23 area and imitates the presence of the phosphate
negative charge or bulky residue in Thr 123 or at the
area surrounding the Thr 123 residue In a particular
embodiment, the invention provides an in vitro method
for identifying a potentially useful compound for the
treatment of pathologies mediated by MAPK proteins,
comppsing a) placing the candidate compound in contact
with an MAPK protein, and b) detecting the
phosphorylation of said MAPK protein in a
phosphorylation site different from the
phosphorylation site or sites present in the
activation segment of said MAPK protein, and c)
analyzing if said phosphorylation site (i) is Thrl23
of mouse p38, a lsoform, in the event that the MAPK
protein used was said protein, or a residue of a
positionally equivalent amino acid susceptible of
phosphorylation in another MAPK protein as it
isdefined by multiple alignment of amino acid
sequences, and if (n) the phosphorylation in said
different phosphorylation site prevents the activation
of said MAPK protein, or alternatively, i) placing the
candidate compound (e g , a compound capable of
phosphorylating said MAPK protein or a compound that
mimics the effect of said phosphorylation) in contact
with an MAPK protein, n) detecting the phosphorylation
of said MAPK protein in a phosphorylation site of the
activation segment of said MAPK protein to measure the
effect of the candidate compound on the activation of
the MAPK, or detecting the effect of mimicking said
phosphorylation on said MAPK protein to measure the
effect of the candidate compound on the activation of
the MAPK, in) analyzing the activity of the said MAPK
protein in the presence of the candidate compound
towards its substrates to test the possible inhibition
of the docking and/or activity of the MAPK protein to
its substrates in the presence of a competing
compound, and iv) analyzing if said phosphorylation
site (i) at Thrl23 of mouse p38, a isoform, (in the
event that the MAPK protein used was said protein) is
affected by the candidate compound and if (n) the
phosphorylation in said phosphorylation site prevents
the activation of said MAPK protein The candidate
compound may be, in a particular embodiment, a
compound capable of phosphorylating an MAPK protein (e
g , a kinase, etc ) or a compound that mimics the
effect of said phosphorylation) in contact with an
MAPK protein The competing compound may be, in a
particular embodiment, a compound capable of
phosphorylating an MAPK protein (e g , a kinase, etc )
The phosphorylation of a protein as well as the
determination of the effect of mimicking the
phosphorylation on the MAPK protein can be determined
by any conventional method known by the skilled person
in the art Vapous assays are known for determining the
phosphorylation state of a protein, or the amino acid
residue which is phosphorylated in a certain protein,
such as for example in vitro kinase activity assays
using radioactively labeled ATP, two-dimensional
electrophoresis of the proteins thus phosphorylated
and labeled (which allows analyzing how many ammo acid
residues are phosphorylated in a protein), mass
spectrometry of the previously purified protein the
phosphorylation state of which is to be measured,
directed mutagenesis followed by invitro kinase
activity assay with the purified proteins,
phospho-peptide analysis involving the separation in
two dimensions of a phosphorylated protein after
digestion by trypsin, or the least technically
complicated, Western blot, which contemplates the use
of antibodies against said protein which specifically
recognize the amino acid residue or the epitope of the
protein that is phosphorylated The techniques for
detecting phosphorylated residues in proteins are
widely known by the skilled person in the art and are
included in the state of the art In a particular
embodiment, said MAPK protein is a p38 kinase, such as
a mammal p38, and phosphorylation is earned out in the
Thrl23 residue present in said mammal p38, a isoform
In another aspect, the invention relates to a compound
that is capable of binding to an MAPK protein of the
invention and/or able to detect said MAPK protein of
the invention In a particular embodiment, said
compound is an antibody that is able of binding to
and/or detecting said MAPK protein of the invention As
used in this specification, the term "antibody"
intends to include both chimeric or recombinant
antibodies and monoclonal antibodies and polyclonal
antibodies or proteolytic fragments thereof, such as
fragments, Fab or F(ab')2, etc Furthermore, the DNA
encoding the vapable region of the antibody can be
inserted in other antibodies so as to produce in this
way chimeric antibodies Simple chain antibodies (scFv)
can be polypeptides formed by simple chains having the
characteristic ability of an antibody that binds to an
antigen and comprising a pair of sequences of amino
acids homologous or analogous to the light and heavy
chain variable regions of an immunoglobulin (VH-VL or
scFv bond) The polypeptides analogous to the light and
heavy chain vapable regions of an antibody can bind,
if so desired, through a linker polypeptide Methods
for producing antibodies are well known by persons
skilled in the art and are included in the state of
the art By way of illustration, the antibody proposed
by the invention is an antibody able of binding to
and/or detecting an epitope present in said MAPK
protein of the invention In a particular embodiment,
said MAPK protein of the invention is a phosphorylated
mammal p38 protein in a phosphorylation site that is
different from the phosphorylation site or sites
present in the activation segment of said mammal p38,
for example, a phosphorylated mammal p38 in Thrl23, or
a fragment of said protein comprising said
phosphorylated residue In a specific embodiment, said
antibody is able of binding to an epitope comppsedin a
fragment of the mammal p38 kinase, said fragment
comppsing a phosphorylated Thrl23 residue, or a
positionally equivalent (matching) residue in other
MAPK proteins In another specific embodiment, said
antibody is an antibody able of binding to the epitope
comppsing the amino acid sequence shown in SEQ ID NO
2, an epitope that is highly conserved throughout
evolution, therefore said SEQ ID NO 2 can be
considered to be a consensus sequence of said epitope
among the homologous p38 proteins of the different
species In another particular embodiment, said
compound that is capable of binding to an MAPK protein
of the invention is a compound which binds to said
MAPK protein in the new phosphorylation site
identified by this invention [i e , Thrl23 of mouse
p38, a lsoform, or a residue of a positionally
equivalent amino acid in another MAPK protein as it is
defined by multiple alignment of amino acid
sequences], or at the area surrounding said site, said
compound causing a decreased phosphorylation of the
MAPK protein at the activation segment and thereby
prevents its activation and/or its activity towards
its substrates, for example, a compound which
introduces a negative charge or a bulky residue either
in said phosphorylation site or at the area
surrounding said site Illustrative, non limitative
examples of said compound includes (i) a compound
capable of binding to the docking region of p38 and
able to mimic the introduction of a negative charge (e
g , a phosphate group) in said area, e g , the
introduction of a negative charge or a bulky residue
at Thrl23 (or at the surrounding area) of mouse p38, a
lsoform, or a residue of a positionally equivalent
amino acid in another MAPK protein as it is defined by
multiple alignment of amino acid sequences, and the
association of said compound at said phosphorylation
site Thrl23, or at the area surrounding Thrl23
prevents the activation of said MAPK protein, or (ii)
a compound capable of binding to the docking region of
p38 and able to mimic the introduction of a negative
charge (e g , a phosphate group) in said area, e g ,
the introduction of a negative charge or a bulky
residue at Thrl23 of mouse p38, a isoform, or a
residue of a positionally equivalent amino acid in
another MAPK protein as it is defined by multiple
alignment of amino acid sequences, and the association
of said compound at said phosphorylation site Thrl23
impairs the activity of said MAPK protein towards its
substratesIn another aspect, the invention relates to
the use of said compound able of binding to an MAPK
protein of the invention and/or able to detect said
MAPK protein of the invention for analyzing the psk or
predisposition of a subject of developing a pathology
mediated by an active MAPK, or for evaluating or
monitoring the effect of a therapy administered to a
subject who has said pathology, or for analyzing the
stage or severity and/or the evolution of said
pathology, as well as in the identification of
potentially useful compounds for the treatment of said
pathology. In another aspect, the invention relates to
a vector, hereinafter vector of the invention,
comprising. (i) a nucleic acid sequence encoding a
compound phosphorylating a phosphorylation site that
is different from the phosphorylation site or sites
present in the activation segment of an MAPK protein,
wherein said different phosphorylation site is Thrl23
of the mouse p38, a isoform, or a residue of a
positionally equivalent amino acid susceptible of
phosphorylation in another MAPK protein as it is
defined by multiple alignment of amino acid sequences,
and the phosphorylation m said 



different phosphorylation site prevents the activation
of said MAPK protein; or (ii) a nucleic acid sequence
encoding a compound preventing the phosphorylation of
a phosphorylation site that is different from the
phosphorylation site or sites present in the
activation segment of an MAPK protein, or (iii) a
compound phosphorylating a phosphorylation site that
is different from the phosphorylation site or sites
present in the activation segment of an MAPK protein,
wherein said different phosphorylation site is Thrl23
of the mouse p38, a isoform, or a residue of a
positionally equivalent amino acid susceptible of
phosphorylation in another MAPK protein as it is
defined by multiple alignment of amino acid sequences,
and the phosphorylation in said different
phosphorylation site prevents the activation of said
MAPK protein; or (iv) a compound preventing
phosphorylation in a phosphorylation site that is
different from the phosphorylation site or sites
present in the activation segment of an MAPK
protein.In a particular embodiment, said MAPK protein
is a mammal p38 kinase and the phosphorylation takes
place in a phosphorylation site that is different from
the phosphorylation site or sites present in the
activation segment of said mammal p38, for example, in
Thrl23 of a mammal p38 The vector of the invention can
be a viral vector or a non-viral vector, which are
well known by persons skilled in the art and can be
used in therapy, for example, in gene therapy In a
particular embodiment, the vector of the invention
comprises a nucleic acid sequence encoding a compound
phosphorylating a phosphorylation site that is
different from the phosphorylation site or sites
present in the activation segment of an MAPK protein,
wherein said different phosphorylation site is Thrl23
of mouse p38, a isoform, or a residue of a
positionally equivalent amino acid susceptible of
phosphorylation in another MAPK protein as it is
defined by multiple alignment of amino acid sequences,
and the phosphorylation in said different
phosphorylation site prevents the activation of said
MAPK protein, or a compound phosphorylating said
phosphorylation site that is different from the
phosphorylation site or sites present in the
activation segment of an MAPK protein, wherein said
different phosphorylation site is Thrl23 of mouse p38,
a isoform, or a residue of a positionally equivalent
amino acid susceptible of phosphorylation in another
MAPK protein as it is defined by multiple alignment of
amino acid sequences, and the phosphorylation in said
different phosphorylation site prevents the activation
of said MAPK protein The phosphorylation in said
different phosphorylation site produces the inhibition
of the activity of said MAPK protein, therefore said
vector of the invention can be useful for the
treatment of pathologies mediated by active MAPKs In
another particular embodiment, the vector of the
invention comprises a nucleic acid sequence encoding a
compound preventing the phosphorylation of a
phosphorylation site that is different from the
phosphorylation site or sites present in the
activation segment of an MAPK protein or a compound
preventing the phosphorylation of said phosphorylation
site that is different from the phosphorylation site
or sites present in the activation segment of an MAPK
protein, such as for example a kinase inhibitor such
as the GRK2 kinase inhibitor or a phosphatase
dephosphorylating said phosphorylation site Since the
phosphorylation of said phosphorylation site is
prevented, the activation of the MAPK protein can be
promoted, which can be particularly interesting for
treating cancer when the existence of active MAPK
proteins after subjecting the subject to radiotherapy
orchemotherapy leads to the death of tumor cells.
Therefore, in this case, the vector of the invention
can be useful for the treatment of pathologies
mediated by active MAPKs, particularly cancer. In a
specific embodiment of the vector of the invention,
the compound phosphorylating a phosphorylation site
that is different from the phosphorylation site or
sites present in the activation segment of an MAPK
protein is a kinase, or a functionally active fragment
thereof able to carry out the characteristic function
of said kinase, for example, the GRK2 kinase or a
functionally active fragment thereof, which, as is
shown by this invention, phosphorylates the Thrl23
residue present in mammal p38, such as mouse p38,
isoform a. In another aspect, the invention relates to
a pharmaceutical composition comprising a
therapeutically effective amount of (i) a compound
phosphorylating a phosphorylation site that is
different from the phosphorylation site or sites
present in the activation segment of an MAPK protein,
wherein said different phosphorylation site is Thrl 23
of mouse p38, a isoform, or a residue of a
positionally equivalent amino acid susceptible of
phosphorylation in another MAPK protein as it is
defined by multiple alignment of amino acid sequences,
and the phosphorylation in said different
phosphorylation site prevents the activation of said
MAPK protein; or (ii) a compound mimicking the
phosphorylation at a phosphorylation site that is
different from the phosphorylation site or sites
present in the activation segment of an MAPK protein,
wherein said different phosphorylation site is Thrl23
of mouse p38, a isoform, or a residue of a
positionally equivalent amino acid susceptible of
phosphorylation in another MAPK protein as it is
defined by multiple alignment of amino acid sequences,
and the phosphorylation in said different
phosphorylation site prevents the activation of said
MAPK protein; or (ill) a compound preventing
phosphorylation in a phosphorylation site that is
different from the phosphorylation site or sites
present in the activation segment of an MAPK protein;
or (iv) a vector of the invention; or (v) a compound
capable of binding to a MAPK protein of the invention
which binds to said MAPK protein in the new
phosphorylation site identified by thisinvention, or
at the area surrounding said site, said compound
causing a decreased phosphorylation of the MAPK
protein at the activation segment and thereby prevents
its activation and/or its activity towards its
substrates, for example, a compound which introduces a
negative charge or a bulky residue either in said
phosphorylation site or at the area surrounding said
site, or (vi) a compound capable of binding to the
docking region of p38 and able to mimic the
introduction of a negative charge (e g , a phosphate
group) in said area, e g , the introduction of a
negative charge or a bulky residue at Thrl 23 (or at
the surrounding area) of mouse p38, a isoform, or a
residue of a positionally equivalent amino acid in
another MAPK protein as it is defined by multiple
alignment of amino acid sequences, and the association
of said compound at said phosphorylation site Thrl 23,
or at the area surrounding Thrl 23 prevents the
activation of said MAPK protein, or (vii) a compound
capable of binding to the docking region of p38 and
able to mimic the introduction of a negative charge (e
g , a phosphate group) in said area, e g , the
introduction of a negative charge or a bulky residue
at Thrl 23 of mouse p38, a isoform, or a residue of a
positionally equivalent amino acid in another MAPK
protein as it is defined by multiple alignment of
amino acid sequences, and the association of said
compound at said phosphorylation site Thrl 23 impairs
the activity of said MAPK protein towards its
substrates, together with, optionally, a
pharmaceutically acceptable carrier In a particular
embodiment, said MAPK protein is a mammal p38 kinase
and the phosphorylation takes place in a
phosphorylation site that is different from the
phosphorylation site or sites present in the
activation segment of said mammal p38, for example, in
the Thrl 23 of a mammal p38 In a particular
embodiment, the pharmaceutical composition of the
invention compp ses a compound phosphorylating a
phosphorylation site that is different from the
phosphorylation site or sites present in the
activation segment of an MAPK protein, such as a
kinase, or a functionally active fragment thereof able
to carry out the charactenstic function of said
kinase, for example, the GRK2 kinase or a functionally
active fragment thereof Said kinase phosphorylates
Thrl23 of a mammal p38In another particular
embodiment, the pharmaceutical composition of the
invention comprises a compound preventing
phosphorylation in a phosphorylation site that is
different from the phosphorylation site or sites
present in the activation segment of an MAPK protein.
In another particular embodiment, the pharmaceutical
composition of the invention comprises a vector of the
invention. For their administration in the prevention
and/or treatment of a pathology mediated by an active
MAPK, the active compounds (including the vectors) are
formulated in a suitable pharmaceutical composition,
in a therapeutically effective amount, together with
one or more pharmaceutically acceptable carriers,
adjuvants or excipients. Examples of pharmaceutical
compositions including any solid (e.g. tablets,
capsules, granules, etc.) or liquid (e.g. solutions,
suspensions, emulsions, etc.) composition for their
administration by any suitable administration method,
for example, oral, subcutaneous, intraperitoneal,
intravenous, etc., typically administered orally due
to the generally chronic character of the disease to
be treated.. In a particular embodiment, said
pharmaceutical compositions can be in an orally
administered solid or liquid pharmaceutical form.
Illustrative examples of orally 



administered pharmaceutical forms include, tablets,
capsules, granules, solutions, suspensions etc., and
can contain conventional excipients, such as binders,
diluents, disintegrating agents, lubricating and
wetting agents etc., and can be prepared by
conventional methods. The pharmaceutical compositions
can also be adapted for their parenteral
administration in the form of , for example, sterile,
lyophilized solutions, suspensions or products in the
suitable dosage form; in this case, said
pharmaceutical compositions will include the suitable
excipients such as buffers, surfactants, etc. In any
case, the excipients will be chosen according to the
selected pharmaceutical administration form. A review
of the different pharmaceutical administration forms
and their preparation can be found in the book
"Tratado of Farmacia Galenica", of C. Fauli i Trillo,
10th Edition, 1993, Luzan 5, S.A. de Ediciones.
Generally, the therapeutically effective amount (or
vector) to be administered will depend, among other
factors, on the subject to be treated, on the severity
of the pathology suffered by said subject, on the
chosen administration form, etc. For this reason, the
doses mentioned in this invention must only be
considered as guidelines for the person skilled in the
art, and the doses must be adjusted according to the
aforementioned variables.Nevertheless, the
pharmaceutical composition of the invention can be
administered one or more times a day, for example, 1,2
3 or 4 times a day, in a typical total daily amount
comprised between 25 and 75 mg/kg/day The
pharmaceutical composition of the invention can be
used together with other additional drugs useful in
the prevention and/or treatment of said pathologies
mediated by active MAPKs for providing a combination
therapy Said additional drugs can form part of the
same pharmaceutical composition or alternately, they
can be provided in the form of a separate composition
for its simultaneous or non-simultaneous
administration with the pharmaceutical composition
provided by this invention In another aspect, the
invention relates to the use of (i) a compound
phosphorylating a phosphorylation site that is
different from the phosphorylation site or sites
present in the activation segment of an MAPK protein,
wherein said different phosphorylation site is Thrl23
of mouse p38, a lsoform, or a residue of a
positionally equivalent amino acid susceptible of
phosphorylation in another MAPK protein as it is
defined by multiple alignment of amino acid sequences,
and the phosphorylation in said different
phosphorylation site prevents the activation of said
MAPK protein, or (ii) a compound mimicking the
phosphorylation at a phosphorylation site that is
different from the phosphorylation site or sites
present in the activation segment of an MAPK protein,
wherein said different phosphorylation site is Thrl23
of mouse p38, a lsoform, or a residue of a
positionally equivalent amino acid susceptible of
phosphorylation in another MAPK protein as it is
defined by multiple alignment of amino acid sequences,
and the phosphorylation in said different
phosphorylation site prevents the activation of said
MAPK protein, or (in) a compound preventing
phosphorylation in a phosphorylation site that is
different from the phosphorylation site or sites
present in the activation segment of an MAPK protein,
or (iv) a vector of the invention, or (v) a compound
capable of binding to a MAPK protein of the invention
which binds to said MAPK protein in the new
phosphorylation site identified by this invention, or
at the area surrounding said site, said compound
causing adecreased phosphorylation of the MAPK protein
at the activation segment and thereby prevents its
activation and/or its activity towards its substrates,
for example, a compound which introduces a negative
charge or a bulky residue either in said
phosphorylation site or at the area surrounding said
site; or (vi) a compound capable of binding to the
docking region of p38 and able to mimic the
introduction of a negative charge (e.g., a phosphate
group) in said area, e.g., the introduction of a
negative charge or a bulky residue at Thrl23 (or at
the surrounding area) of mouse p38, a isoform, or a
residue of a positionally equivalent amino acid in
another MAPK protein as it is defined by multiple
alignment of amino acid sequences, and the association
of said compound at said phosphorylation site Thrl23,
or at the area surrounding Thrl23 prevents the
activation of said MAPK protein; or (vii) a compound
capable of binding to the docking region of p38 and
able to mimic the introduction of a negative charge
(e.g., a phosphate group) in said area, e.g., the
introduction of a negative charge or a bulky residue
at Thrl23 of mouse p38, a isoform, or a residue of a
positionally equivalent amino acid in another MAPK
protein as it is defined by multiple alignment of
amino acid sequences, and the association of said
compound at said phosphorylation site Thrl23 impairs
the activity of said MAPK protein towards its
substrates, in the manufacture of a pharmaceutical
composition for the treatment of a pathology mediated
by active MAPKs In a particular embodiment, said MAPK
protein is a mammal p38 kinase and the phosphorylation
takes place in a phosphorylation site that is
different from the phosphorylation site or sites
present in the activation segment of said mammal p38,
for example, in Thrl23 of a mammal p38. In a
particular embodiment, said compound phosphorylating a
phosphorylation site that is different from the
phosphorylation site or sites present in the
activation segment of an MAPK protein, is a kinase, or
a functionally active fragment thereof able to carry
out the characteristic function of said kinase, for
example, the GRK2 kinase or a functionally active
fragment thereof, which phosphorylates Thrl23 of
mammal (mouse) p38, a isoform.In another aspect, the
invention relates to a kit comppsing an MAPK protein
of the invention, or a compound able of binding to
and/or detectimg said MAPK protein of the invention,
as is previously mentioned In a particular embodiment,
the kit provided by this invention can be used in the
diagnosis of a pathology mediated by an active MAPK,
or for determining the risk or predisposition of a
subject of developing said pathology, or for
evaluating or monitopng the effect of a therapy
administered to a subject who has said pathology, or
for analyzing the stage or seventy and/or the
evolution of said pathology, as well as in the
identification of potentially useful compounds for the
treatment of said pathology In a specific embodiment,
said MAPK protein is a phosphorylated mammal p38
kinase in Thrl23 of a mammal p38, isoform a In another
aspect, the invention relates to method for the
treatment of a pathology mediated by an active MAPK
comppsing the administration of a pharmaceutical
composition provided by this invention to a subject in
need of treatment The following example illustrates
the invention and does not intend to limit the scope
thereof EXAMPLE Phosphorylation of the Thrl23 of p38
protein by the GRK2 enzyme I. MATERIALS AND METHODS
Products All the reagents and products used are
analytical grade Sodium, calcium, ammonium, manganese
and magnesium chlondes, sodium and potassium
phosphates, sodium carbonates, sodium hydroxide,
sodium acetate, sucrose, urea, Tps, formaldehyde,
paraformaldehyde, glycine, glacial acetic acid,
hydrochloric acid, ethanol, ethanol, butanol and
glycerol were supplied by Merck ATP (adenosine
tpphosphate), sodium fluoride, deoxychohc acid, EDTA
(ethylenediaminetetraacetic acid), EGTA (ethylene
glycol bis (2- aminoethylene
ether)-N-N-N'-N'-tetraacetic acid), b-mercaptoethanol,
DTT (dithiothreitol), heparin, sodium orthovanadate,
DMSO (dimethylsulphoxide), Ponceau red, HEPES
(N-(2-hydroxyethyl)p f erazine-N'-2-ethanesulphonic
acid), Nonidet P-40,Tpton x-100, Tween-20, aprotinin,
trypsin inhibitor, sodium azide, Protein A-Sepharose,
were supplied by Sigma PMSF (phenyl -methyl-sulphonyl
fluoride), benzamidine, reduced glutathione, BSA
(bovine serum albumin) and ampicillin and kanamycin
antibiotics as well as IPTG
(lsopropyl-beta-D-thiogalactopyranoside) were obtained
from Roche TEMED
(N,N,N,N-tetramethylethylenediarnine), SDS (sodium
dodecyl sulphate), ammonium persulphate, bromophenol
blue, Coomassie blue, prestained protein standards
with a known molecular weight, nitrocellulose paper
and Bradford reagent were provided by Bio- Rad
Folin-Ciocalteau reagent was obtained from Panreac,
TCA (trichloroacetic acid) from Carlo-Erba The
radioactive [g- P] ATP isotope was provided by
Amersham Biosciences and the methionine-cysteine
metabolic marking mixture [35S] was supplied by New
England Nuclear Constructs and plasniids used The
following plasmids have been used in this
specification GRKs -The rat pCMV-GRK3 construct was
given by Dr S Cotecchia, from Lausanne University,
Switzerland -The bovine pCDNA3-GRK2, bovine
pCDNA3-GRK2-K220R and pCDNA3- GRK5 constructs were
given by the laboratory of Dr J L Benovic from Thomas
Jefferson University in Philadelphia, U S A -The
pCEFL-DNAc antisense construct of GRK2 was sent by Dr
C Shayo P 38 MAPK Module -The constitutively active
mutant pCDNA3-MKK6b(E) (pCDNA3-MKK6 b (GIu) 



MKK6S207E/T21 1E has been provided by Dr J M Redondo,
from the Centro of Biologia Molecular Severe Ochoa
(Severo Ochoa Molecular Biology Centre) (Madrid), who
likewise provided the mouse pCDNA3-Flag-p38a construct
and the pGEX2T- p38a prokaryotic expression vector
-The pGEX4T-Mxi2 and pGEX4T-Mxi2D17 vectors, intended
for the productionof fusion proteins with GST, were
donated by Dr P Crespo and Dr V Sanz, of the
University of Cantabpa Others -The empty pCDNA3 vector
is from Invitrogen -The plasmid pCEFL-EGFP was
provided by Dr C Murga (Centro of Biologia Molecular
Severo Ochoa) -The pBC12BI-p2-AR construct was given
by Dr A Ruiz-Gmez (Centro of Biologia Molecular Severo
Ochoa) -The Raf-1YY34O/341DD mutant was provided by
Doctor A S Dhillon, Beatson Institute for Cancer
Research, Glasgow, U K - pTrcHisB was obtained from
Invitrogen Cell Cultures Established cell lines
Several established cell lines have been used HEK293
cells (human embryonic kidney) were obtained from
Invitrogen, COS-7 cells (green monkey kidney cells)
and Sf9 {bpodoptera frug yerd) cells were obtained
from ATCC (American Type Culture Collection) The
HEK293 and COS-7 cells were grown in monolayers on
individual P-100, P-60 (Falcon) plates or multiwell
M6, M12 or M24 (Falcon, Costar) plates in Dulbecco's
Modified Eagle Medium (DMEM) supplemented with 2 mM
glutamine, 10% fetal calf serum and a mixture of
antibiotics (50 mg/ml gentamicin, 0 01% streptomycin
and 0 063% penicillin G) Likewise, two mass-cultures
stably expressing GRK2, generated from EBNA (derived
from HEK and transfected with a plasmid encoding the
EBNA antigen) cells and from the neomycin-resistant
pCDNA3-GRK2 vector, were used, therefore they were
cultured in the presence of 200 mg/ml geneticin
(neomycin G418, Calbiochem) The preadipocytic cell
line 3T3-L1, obtained from the ATCC, as well as the
stablelines generated from it, were maintained in DMEM
medium, supplemented with glutamine and antibiotics
with 10% new born calf serum (NCS). 750 mg/ml
geneticin was added to the populations stably
transfected with pCDNA3-GRK2 and with pCDNA3-K220R The
conditions of differentiation into adipocytes are
detailed below All these cell types were incubated at
37C in a moistened atmosphere with 5-7% of CO2 The Sf9
cells were grown in suspension at a density of 3x1 05
cells/ml with stirring at 150 rpm, or in monolayer on
P-100 or P-1 50 plates in Grace's medium (Gibco)
supplemented with fetal calf serum and gentamicin (50
mg/ml) at 27C without a CO atmosphere Ppmary cultures
of murine pacrophages were obtained and maintained
using standard protocols. Essentially, 3 month-old
C57BL/6 GRK2 +/+ and +/- mice, kindly donated by Dr.
Marc Caron (Duke University, North Carolina) were
intraperitoneally injected with sodium thioghcolate
(ImI) Four days later, peritoneal macrophages were
isolated by a 15 ml intrapeptoneal wash with PBS One
million cells were seeded per well on an Ml 2 plate,
allowed to adhere in RPMI medium supplemented with 0
5% FCS and washed extensively. The resulting
macrophages were estimulated for 16 hours at 37C in a
humidified chamber with the detailed concentrations of
LPS from E CoIi (Sigma) in RPMI 0.5% FCS.
Transfections The transient transfections of HEK293
and COS-7 cells were performed in P-100 P-60 plates at
a confluence between 70 and 80% by the
Lipofectamine/PLUS method, (Invitrogen). Although
alternative transfection protocols were used with
reagents such as Fugene (Roche), JetPei (Poly
Transfection) or Escort-II (Sigma), the most used
process was the lipofectamine process. In summary, a
day before the transfection, 1 5 x 106 cells (HEK293)
were plated by P-60 or a number of cells correlatively
proportional to the surface of the plate used From
this point onwards, the protocols refer to a P-60
plate The following day, a mixture (1) of highly pure
plasmidic DNA (isolated in affinity columns supplied
by Quiagen and resuspended in steple MiIhQ water) (3-5
mg in the case of P-60), PLUS reagent (8 ml for P-60)
and OPTIMEM (Gibco, BRL), (250. ml for P-60)
wasprepared which was incubated for 15 minutes at room
temperature In each experiment, the necessary amount
of empty vector (generally, pCDNA3) was added so as to
keep the total amount of DNA per plate constant In a
parallel way and in another tube, lipofectamine (12 ml
for P-60) is mixed (2) with OPTIMEM (250 ml for P-60)
and is also incubated After 15 minutes, (1) and (2)
are mixed in equal proportions, and the prepared
mixture is incubated for another 15 minutes and it is
finally poured on the plates (final reaction mixture 0
5 ml for P-60), which has previously been covered with
OPTIMEM (2 ml per P-60) The cells are incubated at 37C
for 3 hours in the transfection medium, after which
the transfection medium is removed and substituted by
DMEM medium supplemented with 10% serum The following
day, the medium is replaced with fresh medium and the
cells are left to recover, at least for 24 hours
before processing the culture for the expepment
Generally, the treatments, collection and lysis of the
cells occurred 48 hours after transfection GRK2 and
P38MAPK In the GRK2 and Flag-p38a association
experiments, a 1 1 1 ratio of GRK2 (or GRK2-K220R),
Flag-p38a, and -adrenergic receptor was used
(generally 1 mg of each per p60) In the overexpression
assays of increasing doses of GRK2, HEK293 cells,
normally seeded in 6 or 12 (M6 or M12) multiwell
plates, were transfected with pCDNA3-Flagp38 a,
pCDNA3-MKK6c AM, and with increasing amounts of the
pCDNA3-GRK2 vector (shown in the Figures) Generally,
100 ng of Flag-p38a, 100 ng of MKK6 CAM, and 0 to 1 mg
of GRK2 were used for an M6 In all the points, the
total amount of DNA was completed with pCEFL-EGFP and
with empty pCDNA3, in substitution of pCDNA3- MKK cAM,
i the case of control points In the GRK2 antisense DNA
transfections in M6 multiwell plates, the amounts of
DNA used were somewhat different 150 ng of
pCDNA3-Flag-p38 a, 50 ng of pCDNA3- MKKO CAM, and, 0 5
mg to 2 mg of the pCEFL GRK2 antisense (AS) vector or
the same amounts of pCEFL-EGFP In all the points, the
total amount of DNA was completed with the empty pCEFL
vector In analogous overexpression assays, the cells
in M6 were transiently transfected, and always in
duplicate, with 150 ng of pCDNA3-Flag-p38 a WT, or
pCDNA3-Flag-p38 aT123D and 50 ng of pCDNA3-MKK6 CAM,
(or empty pCDNA3) The transient expression of the
different proteins was confirmed by analyzing the cell
lysates (approximately 10% of the total volume of the
cell lysate) by immunodetection after electrophoresis
(Western blot), with specific antibodies as specified
in each case Cell treatments The stimulation
treatments of transiently transfected cells were
earned out in all cases 48 hours after transfection
After stimulating with different agents, the cells
were washed in cold phosphate buffer saline (PBS) and
collected with the help of a scrapper The lysis buffer
in which they are collected depends on the specific
immunoprecipitation that is to be earned out (see
immunoprecipitation section) The stimulation of HEK293
cells with 10 mM isoproterenol (Sigma) was carried out
at 37C in culture medium without serum In these
expenments, the cells were maintained without serum
(serum-starved) for about 2 hours before stimulation
for the purpose of minimizing the stimuli from
compounds present in the serum The stimulation with 0
5 M NaCl (Merck) was earned out for 15 minutes in a
cell incubator Adipocyte Differentiation The cell
culture was earned out with 10% DMEM medium of NCS
serum However, the entire differentiation process
which is described below must be performed in depleted
AXC serum (ion exchange resin) by means of successive
adsorptions of fetal calf serum on an anion exchange
resin and on active carbon AXC serum was provided by
the kitchen service of the Instituto of
Investigaciones Biomedicas (Biomedical Research
Institute) The cells are grown until their confluence
and are plated (5 x 105 in P-100) in DMEM-1 0% AXC
medium, supplemented with 4 mM of biotin (Sigma) The
following day, the medium is replaced with fresh
medium The cells are grown another three days, until
confluence is reached again, that day is called day
"0" On day 0 of differentiation, the cells are
cultured in a medium containing 0 5 mM dexamethasone
(Sigma), 0 5 mM 3- isobutyl-1-methylxanthine (IMBX, of
Sigma) and 1 mM insulin (Sigma) and in which theywill
remain for another three days On day 3, the medium of
this adipogenesis initiating treatment is replaced by
DMEM- 10% AXC, supplemented with 4 mM biotin and 1 mM
insulin, in which the remaining differentiation will
take place, the medium being replaced every three days
From day 6 to day 15, the adipogenesis was analyzed by
staining with Oil Red, a red colopng of lipophilic
constitution which binds to the drops of fat
accumulated by the adipocytes in their cytoplasm To
that end, the cells are fixed with formalin (3 7%
formaldehyde) for 5 minutes and washed with cold PBS
They are incubated with a previously filtered 60 40
(v/v) Oil Red (dissolved in 0 2% isopropanol w/v) and
water solution They are abundantly washed with PBS and
the cells are visualized under an optical microscope
The cells are counted in a total of 25 fields per each
expepmental plate Mutant generation Point mutants Most
mutants were generated by means of the Stratagene
QuickChange directed 



mutagenesis protocol In summary, the anti-parallel
mutagenic oligonucleotides- which are indicated below
for each particular mutant- with which the polymerase
chain reaction (PCR) was earned out in a thermal
cycler (Applied Biosystems Gene Amp(r) 9700), were
made by using thermostable Pfu as the polymerase The
integrally amplified vectors were digested with Dpnl
to remove mould or parenteral DNA and the digestion
product was transformed into competing bactepa, from
which the mutation incorporation could be checked by
sequencing in the SIDI (Servicio Interdepartamental of
Investigacion, Interdepartmental Research Service)
with specific ppming oligonucleotides for each type of
plasmid (Sp6, T7, T3, or the specific ones for
sequencing cloned proteins in pGEX vectors) p38T123A
-oligonucleotide FWD 5 GTG AAG TGC CAG AAG CTG GCC GAC
GAC CAC GTT CAG 3 (SEQ ID NO 3) -oligonucleotide REV 5
CTG AAC GTG GTC GTC GGC CAG CTT CTG GCA CTT CAC 3 (SEQ
ID NO 4)The mutagenic PCR products were sequenced with
the priming nucleotides SP6 and T7 lining the ORF
(open reading frame) of p38 in pCDNA3 or with the
specific nucleotides for sequencing the Amersham pGEX
plasmid series. p38T123D -oligonucleotide FWD: 5' GTG
AAG TGC CAG AAG CTG GAC GAC GAC CAC GTT CAG 3' (SEQ ID
NO: 5) -oligonucleotide REV: 5' CTG AAC GTG GTC GTC
GTC CAG CTT CTG GCA CTT CAC 3' (SEQ ID NO: 6)
Truncated mutants The truncated protein
GST-280-360p38, corresponding to the last 80 amino
acids of p38a was generated using the Invitrogen
Gateway system. This polyvalent cloning method by
recombinases allows the expression of the protein or
the protein fragment of interest in a large number of
plasmids for eukaryotic and prokaryotic hosts and with
several epitopes. Firstly, it was necessary to design
the oligonucleotides allowing the incorporation of the
attB sequences, target of the recombinases, lining the
ORF region of p38a that is desired to be translated.
They are called GTW, from Gateway. The oligonucleotide
GTWFWD was made such that the first amino acid of p38
to be translated (Ala 281, underlined in the
nucleotide sequence) was in phase with the attBl
sequence. The oligonucleotide GTW-REV incorporates the
termination codon of the translation (also
underlined). The plasmid pGEX2T-p38 a was used as a
mould in PCR. -oligonucleotide GTW-FWD: 5' GGG GAC AAG
TTT GTA CAA AAA AGC AGG CTT CGC TGT CGA CCT ACT GGA
GAA GAT G 3' (SEQ ID NO: 7) -oligonucleotide GTW-REV:
5'GGG GAC CAC TTT GTA CAA GAA AGC TGG GTC TCA GGA CTC
CAT TTC TTC TTG GTC 3' (SEQ ID NO: 8) The cloning of
the 240 bp PCR product into the pDONOR(tm)201 vector
was earned out by means of the BP-clonase reaction
(for at least one hour at 250C) consisting of the
recombination, mediated by the attB sequences, of the
PCR product with the pDONOR vector. The reaction was
stopped by adding Proteinase-K 10 minutes at 37C. The
DNA, product of the recombination, is used to
transform DH5a bacterias, selected with
kanamycin.Subsequently, the intended plasmid was
chosen: pDEST15 assuring the prokaryotic expression of
the protein cloned in it, as fusion, in phase from the
recombination sequences to GST. (The C-terminal
fragment of p38 was also introduced in the eukaryotic
expression plasmid pDEST27, but said results have been
omitted). The LR-clonase reaction was carried out by
using the entry clone (pDONOR-280-360p38) and the
vector: linearized pDEST15 , and incubating with the
enzymatic LR-clonase mixture for 1 hour at 25C. The
reaction was stopped by incubating the sample with
Proteinase-K 20 minutes at 37C and, after the relevant
checking by sequencing with attB oligonucleotides, the
obtained DNA was used to transform BL21 bacteria, from
which the GST-280-360 p38 construct was purified. DNA
subclonings For the expression and purification of
MAPKAPK2 (MK2) with a C-terminal histidine tag, the
plasmid pFtx5-MK2 DNl, deleted in proline-rich
N-terminus region for more stable expression, was
obtained from Dr. Phil Cohen (University of Dundee,
Scotland, UK) and used as a template in a PCR reaction
using the primers: 5' GGG GCC ATG GTC AAG TCC GGC C 3'
(SEQ ID NO: 9) and 5' CCCC CTC GAG GTG GGC CAG AGC CGC
AGC 3' (SEQ ID NO: 10). The product was subcloned
Ncol-Xhol (in bold) in the pTrcHis2B vector
(Invitrogen). Purified recombinant proteins and
polypeptides Activated MEKK6/MEKK3 was provided by
Upstate. The purification of GRK2 was carried out by
Dr. A. Ruiz-Gmez from Sf9 cells infected with GRK2
constructs in baculovirus. Rhodopsin was purified from
bovine retinas according to conventional methods. A
preparation is thus obtained in which rhodopsin is
more than 90% of the protein (evidenced by Coomassie
Blue STAINING). Fusion proteins GST-p38, GST-ATF2,
GST-MEF2A, GST-Mxi2, GST-Mxi D17 and GST-280-360p38,
GST-p38T123A and p38T123D were pupfied according to
conventional methods that are briefly described: said
constructs are transformed into E. coli bacteria and
their expression is induced with IPTG. The bacteria
are sedimented and lysed in 10 mM Tris-HCl pH 8, 1%
TritonX-100, 2 mg/ml lysozyme and proteaseinhibitors,
after which the bactepal lysate is sonicated and
clarified It is loaded into the
glutathion-Sepharose4B(r) (AmershamBiosciences) column
and it is passed for a minimum of 3 hours, the column
is washed with PBS and afterwards, the proteins are
eluted with 50 mM Tps-HCl pH 8, 5 mM reduced
glutathion (Sigma) The pupty and the concentration of
proteins obtained are checked in denaturing
polyacrylamide-SDS gels The origin of the plasmids
encoding these proteins is specified in the previous
section or, if they are generated by the inventors,
they are assigned where approppate The specific p38
substrates such as MBP (myelin basic protein) or
PHAS-I (Phosphorylated, Heat and Acid Stable-regulated
by Insulin) were obtained from SIGMA and from
Stratagene, respectively The APRTPGGRC peptide,
described as a specific substrate of MAPKs used in
phosphorylation reactions with the p38 kinase, was
synthesized by the Servicio Protemica (Proteomic
Service) of CBMSO It was dissolved to a final
concentration of 0 5 mM in Tps 20 mM at pH 7 6 Protein
determination was carried out by the Bradford method
or by the method of Lowry et al using bovine serum
albumin as a standard for constructing the standard
line Electrophoresis SDS-polyacrylamide gel
electrophoresis Unidimensional gels SDS-polyacrylamide
gels were used according to the method described by
Laemmh the arcrylamide-bisacrylamide percentages of
which ranged between 7 and 12% according to the
resolution required by the expepment The following
proteins were used as molecular weight standards
myosin (200 kDa), b-galactosidase ( 1 16 25 kDa),
phosphorylase B (97 4 kDa), bovine serum albumin (66 2
kDa), ovoalbumin (45 kDa), carbonic anhydrase (31
kDa), soy trypsin inhibitor (21 kDa) and lysozyme (14
kDa) (Rainbow Markers, of Bio-Rad) In several cases,
the gels were stained with Coomassie blue After the
proteins were resolved, the gel can be subjected to
autoradiography if the proteins are marked with
[g-32P]ATP, or a fluorography if the proteins are
marked with [35S]-methionine In both cases, a fixing
step is required in methanol acetic acid (50 10) for
20 minutes In metabolic markings, the signal was
frequently amplified by incubating for20 minutes with
Amplify (Amersham), and then the gel was dped and
exposed to an Agfa Curix RP2 X-ray film of 100 NIF.
Two-dimensional gels With the purpose of analyzing the
number of substrate residues of phosphorylation by
GRK2 in p38, both proteins were incubated in reaction
conditions that are specified below. The resulting
phosphoproteins were resolved in two-dimensional gels.
The isoelectric focusing or first electrophoretic
dimension was made by using a resolutive mixture of
ampholytes (Bio-Rad), with a final pH range of 3-10,
in a 4% acrylamide-bisacrylamide gel with 8 M urea.
Occasionally, the first dimension was alternately
carried out using the pre-assembled stpps of Biorad
(IPG Stnps, with a pH range of 3-10). The second
dimension was earned out in an 8% gel SDS-PAGE, and
the phosphoproteins were detected by autoradiography
TAE-agarose gel electrophoresis of nucleic acids The
separation of DNA fragments was earned out in 0.8-1%
horizontal agarose gels. The electrophoresis buffer
used was TAE (40 mM Tris-acetic acid, 2 mM EDTA) and
the charging buffer of the samples was 50% glycerol,
0.4% bromophenol blue and 0.4% xylene blue. The
molecular weight standards were the fragments of
enzymatic digestion with HindIIl of the phagocytes and
F29 (supplied by the fermentation service of the
Centro de Biologia Molecular (Molecular Biology
Centre)). Proteomic Sequencing The determination of
the location of the post-translational modification of
interest was earned out by the Servicio de Protemica
del Nodo UAM (Umversidad Autnoma of Madnd) (UAM Node
Proteomic Service) of the Cardiovascular Network,
included within the Servicio de Protemica del Centro
de Biologia Molecular "Severo Ochoa"
(http://www.cbm.uam.es/mkfactory.
esdomain/webs/CBMSO/plt_Servicio_Pagina.aspx?Id
Servicio=29&IdObjeto=l 18). 



The samples are electrophoretically separated
(SDS-PAGE 8%) and the gel is stained. The bands to be
analyzed are excised form the polyacrylamide gel and
subjected to tryptic digestion (trypsin of
Promega).The mixture of tryptic peptides was analyzed
by MALDI-TOF (Matrix-Assisted Laser
Desorphon/Ionization- Time Of Flight, Autoflex model
of Broker) As a summary, the peptide species are
adsorbed by crystallization to a matrix, after which
they are unbound in a protonated from by the incidence
of short pulses from a laser This method of sample
ionization is coupled to an analyzer of time of flight
Effectively, the mono-loaded peptides acquire a
kinetic energy proportional to their mass, and "fly"
through a vacuum tube until they impact the detector A
small aliquot (0 5 ml) of the supernatant of the
digestion was directly analyzed in a mass spectrometer
of the MALDI-TOF type, autoflex model of Bruker,
equipped with a reflector, using DHB
(2,5-dihydroxybenzoic acid) as a matpx and an
Anchor-Chip surface (Bruker) as a sample holder The
spectrum obtained finally corresponds to the peptides
separated according to the mass-charge ratio (m/z) The
fragmentation spectra of GST-p38 and of
GRK2-phosphorylated GST-p38 were compared and a
candidate peptide was found To vepfy this indication,
the samples were subjected to another type of
spectrometpc analysis which allows obtaining
fragmentation spectra (MS/MS) of individual peptides
ElectroSpray/Mass Spectrometry- Ionic Tramp ES/MS-IT,
Deca-XP model of Thermo-Finnigan, San Jose,
California, USA) Before the ionization and because the
latter can be earned out in a capillary, i e with
liquid samples, the candidate peptide (previously
"suspected" by MALDI-TOF) was separated by means of
RP-HPLC (reversedphase high pressure liquid
chromatography) A column with a internal diameter of
180 mm (0 18 mm x 150 mm BioBasic 18 RP column of
Thermo-Keystone) was used at a flow of 1 5 ml/m in
micro-spray mode with a "metal needle kit" interface
(Thermo-Finnigan), with a gradient of 5% to 60% of
solvent B for the elution (90 minutes) of the peptides
The chromatography is coupled to the ionic tramp mass
spectrometer In this fragmentation process, the
samples are subjected to an intense electpc field, as
a result of which charged drops are generated which,
after solvent evaporation, end up emitting ions
corresponding to the peptides of the sample mixture
These can be multiprotonated, preferable in the
Nterminal end and in the residues of histidine,
arginine and lysine The ionic tramp analyzer generates
a three-dimensional electric field which allows
separating the ions from ionization by electrospray
Thus, a fragmentation spectrum or MS/MS spectrum is
finally obtained which, when working in "SIM" mode
(single ion monitoring), is limited to the
fragmentation spectrum of the candidate peptide The
samples are analyzed in high sensitivity mode or "SIM"
mode, monitopng the following m/z 937 5 1 and 977 5 1
Aftertheoretically predicting the fragmentation series
of the "supposedly" phosphorylated peptide, several
fepnents of the series b and y" are assigned to the
obtained spectrum Immuno-protocols Table I shows the
ppmary antibodies used Immunodetection after
electrophoresis ("Immunoblot or Western blot") The
samples for analysis (purified proteins, lysates or
sub-cell fractions, etc ) are resolved in
SDS-polyacrylamide gels together with commercial
molecular weight standards (Bio-Rad) The proteins thus
separated are transferred to a nitrocellulose filter
(Bio-Rad Transblot) by liquid transference in
carbonate buffer (3 mM Na2CC>3,10 mM NaHCO , 20%
methanol pH approximately 10) for 75 minutes (at 50 V
in the case of 12 x 14 cm gels using a Bio-Rad
Trans-Blot Cell or at 30 V for 120 minutes) After
staining the nitrocellulose membrane with Ponceau red,
it was incubated overnight at 4C in TBS medium (10 mM
Tps-HCl pH 7 5, 150 mM NaCl) supplemented with 5%
skimmed milk powder (Mohco) at 5% or BSA at 5% , with
the aim of blocking the possible unspecific binding
sites After rejecting the blocking medium, the
membrane is put into contact with the corresponding
antibody, diluted (Table I) in 1% TBS-BSA Before
incubating with the second antibody (rabbit
antiimmunoglobulin bound to peroxidase, when the first
body is polyclonal and mouse antiimmunoglobulin for
monoclonal bodies, both of Nordic Immunology) diluted
1 50,000, the membrane is washed three times (3 x 10
minutes) with con TBS-Tween 20 to 0 15% Finally, for
the developing, a chemoluminiscent method is used in
which the peroxidase catalyzes the oxidation of the
luminol substrate in the presence of H2O (ECL,
Amersham) The quantification was earned out by laser
densitometry of the exposed films (Molecular Dynamics
300A Computing Densitometer) The polyclonal
Anti-phospho-Thrl23p38 serum was generated in rabbits
by Pacific Immunology using the peptide QKL pT
DDHVQFLIYC from mupne p38a as immunogen and
subsequently purified by two serial passages through
peptide and anti-phospho peptide affinity columns The
anti-His antibody was purchased from Sigma
Determination of the activity ofp38 and of ERK The
determination of the degree of activity of transfected
p38 and of transfectedERK caused by different
activating stimuli was earned out by an
immunodetection method Specific antibodies reacting
only with the phosphorylated and active of these
kinases form (anti-phospho p38 and anti-phosphoERKs
respectively (see description in Table I) The HEK293
cells, generally subjected to starvation (medium
without serum) of a variable duration 2 hours in the
case of p38 and all night in the case of ERK, were
stimulated and, after processing the lysate cells, the
immunodetection of the phosphoproteins was carried out
with the phospho-specific antibodies of the activation
segments of both proteins After developing this first
immunodetection, the immune complexes were released
with the buffer 2% SDS, 100 mM b-mercaptoethanol, 62 5
Mm TpsHCl, pH 6 7 and the re-incubation of the
membranes with the total anti-p38 or anti- ERK
antibodies was carried out The quantification of the
bands was earned out in a laser densitometer In all
the cases, the values obtained for the bands detected
with the antiphospho- protein antibody were normalized
in relation to the total amount of p38 or ERK
expressed in the cells In this way, the increase in
stimulation of the different kinases with respect to
the baseline conditions is represented In some cases,
however, given the risk of the first developing
interfenng in the second one, the activation was
evaluated by means of the densitometry of two
different membranes, developed separately, one with
the phosphospecific antibody and the other with the
antibody against total protein lmmunoprecipitation The
total samples or cell lysates that will be subjected
to lmmunoprecipitation are diluted in different
buffers supplemented with protease inhibitors (STI
Soybean Trypsin Inhibitor) and benzamidine 100 mg/ml,
PMSF 200 mg/ml and aprotimne 10 m/ml) The buffers
vaned according to the antibody used in each case, as
specified below In all the cases, after allowing the
lysis to take place for a minimum of 1 hour at 4C,
with stirnng, the samples were centnfuged (24000 xg)
and ahquots were taken (approximately 10%) to confirm
the expression of specific proteins BSA (500 mg per
p60) and the corresponding amount of antibody for each
case were added to the remaining sample All the
immunoprecipitations were carried out at 40C all
through the night On the following day, 30 ml of 50%
protein A-Sepharose (Sigma) or the protein G-Sepharose
(Zymed) was added according to whether the antibody
was polyclonal or monoclonal, respectively, and it was
incubated at 4C for 90 minutes more This step was
omitted when the antibodies werecovalently bound to
the resins, in which case 5-10 ml of "lmmuno-resin"
was added The immune complexes were collected by
centpfugation and after rejecting the supernatant,
they were washed 3-5 times (800 xg, 5 minutes)
withlO-15 ml of washing buffer When the destination of
the immunoprecipitates was phosphorylation reaction,
these were washed two more times (2 x 10-15 ml) with
the incubation buffer of the same, without ATP The
immunoprecipitated proteins were resuspended in
electrophoresis breaking buffer and generally, they
were boiled for 5 minutes for later loading the
complete sample in an SDS-polyacrylamide gel of a
suitable percentage RIPA (radioimmunoprecipitation
assay) buffer This solubilization buffer was widely
used, especially in the immunoprecipitation of GRKs
300 mM NaCl, 20 mM Tps-HCl pH 7 5, 2% Nonidet P-40, 1%
deoxycohc acid and 0 2% SDS "M2 anti-flag"
Immunoprecipitation buffer For immunoprecipitations
with the M2 anti-flag antibody, the cells were
collected in 10 mM sodium phosphate buffer pH 7 4
(prepared from parent solutions of 0 1 M NaHPO4 and
NaH2PO4), 150 mM NaCl and 1% n-dodecyl- b-D-maldoside
After lysis, it was completed to 300 ml (per p60
plate) with the saline buffer formed by 20 mM Tns-HCl,
150 mM NaCl and protease inhibitors Finally, the
immunoprecipitates were washed in the buffer formed by
50 mM Tns-HCl pH 7 5, 20 mM MgCl2, 1% Tpton X-100, 1
mM EDTA, 1mM MgCl2, 15 mM NaF, 20 mM Pyrophosphate
Pull-down experiments The proteins GST, GST-p38wt,
GST-p38T123A and GST-p38T123D were bactepally
expressed and isolated using Gluthatione-Sepharose 4B
(GE-Amersham) following standard procedures (Murga, C
et al High affinity binding of beta-adrenergic
receptor kinase to microsomal membranes Modulation of
the activity of bound kinase by heterotpmepc G protein
activation J Biol Chem 271, 985-994 (1996))
His-MAPKAPK2 was purified using Probond resin
(Invitrogen) following manufacturer ' s indications
MKKcAM was purchased from Upstate Biotech The amount
of proteins detailed in the legend to each figure were
incubated in binding buffer (25 mM Tps pH 7 5, 0 25 M
NaCl,10 mM MgCl2, 5 mM NaF and 0 5% BSA) for 30 mm at
300C with constant shaking ATP (50 mM) was added for
MAPKAPK2 pull downs Precipitates were washed three
times (10ml) with the same buffer containing 0 5%
Tpton XlOO Precipitated complexes were resolved by
SDS-PAGE and developed by Western Blot Phosphorylation
assays Phosphorylation in vitro of recombinantproteins



p38 Phosphorylation by GRK2 Recombinant GST-p38 and
GRK2 (both of them equimolar at 25-150 nM, except in
the experiments for calculating kinetic parameters in
which the concentrations are specified) were incubated
in the p38 phosphorylation buffer (25 mm Hepes pH 7 5,
10 mM magnesium acetate, 50 mM ATP, 2000-3000 cpm/pmol
[g-32P] ATP) in a final volume of 40 ml Normally, the
phosphorylation reactions are left to take place for
30 minutes at 300C In the case of two-dimensional
electrophoresis or of the samples intended for
proteomic sequencing, the reaction extends to 1 or 2
hours The compounds hepapn and SB203580 (Calbiochem),
GRK2 and p38 inhibitors respectively, were used at
concentrations ten times the IC50 in order to ensure
the complete inhibition of the respective kinases,
that is, at 1 5 mM for hepapn and at 0 5 mM for the SB
The substrates used were MBP (14 mg per point) or
PHAS-I at a final concentration of 25 ng/ml for p38
and caserne (7 5 mg per point) for GRK2 Sample
processing after stopping the phosphorylation is
identical to the foregoing cases, except when the
protein resolution is earned out in an 8% gel
(SDS-PAGE) Proteins of fusion to GST p38a, Mxi2,
Mxi2D17 and 280-360 p38 (0 5 mg of each of them) were
incubated with recombinant GRK2 (200 nM), in
phosphorylation buffer (25 mM Hepes pH 7 5, 10 mM
magnesium acetate, 50 mM ATP, 2000-3000 cpm/pmol [g
-32P] ATP) for 30 minutes at 3O0C Hepapn (150 nM) was
included as a specific GRK2 inhibitor The reactions
were stopped by adding a breaking buffer with SDS The
samples were resolved with 8% SDS-PAGE With the
purpose of assuring the inclusion of identicalamounts
of protein, they were first visualized in the gel by
Coomassie Blue staining Subsequently, the gel was
dried and the radioactivity incorporated to the
proteins (32P) was detected The precise p38 mutants in
the hypothetical site of phosphorylation by GRK2 (Tl
23) were generated and pupfied as described previously
and subjected to phosphorylation by GRK2 in a p38
phosphorylation buffer (25 mM Hepes pH 7 5, 10 mM
magnesium acetate, 50 mM ATP, 2000-3000 cpm/pmol
[g-32P] ATP) in a final volume of 40 ml The relative
concentration (10-80 nM) of GRK2 and of the p38
isoforms was varied as shown in the drawings p38
Phosphorylation by MKK6 G AM Phosphorylation assays
(25 mM Hepes pH 7 5, 10 mM magnesium acetate, 15 mm
NaF, 50 mM ATP and 1000-2000 cpm/pmol [g -32P]ATP)
were earned out in vitro with the fusion proteins
GST-p38 WT, GST-p38 T 123A and GST-p38 T123D (150 nM)
as phosphorylation substrates of recombinant MKK6 CAM
(40 ng) (Upstate Biotechnology) As in the previous
cases, the reactions were left to take place at 300C
for 30 minutes and the proteins were resolved in 8%
SDS-PAGE gels With the purpose of assupng the
inclusion of identical amounts of protein, they were
visualized in the gel by Coomassie Blue staining
Subsequently, the radioactivity incorporated in each
p38 isoform was determined APRTPGGRR peptide
phosphorylation by p38 HEK293, Flag-p38alpha cells
were immunoprecipitated with M2Anti-Flag-agarose The
immunoprecipitates were washed three times with 10-15
ml of M2 buffer and two times with the same volumes of
phosphorylation balancing buffer (15 mM NaF, 25mM
Hepes pH 7 5 and 10 mM magnesium acetate) In the last
wash, the immune-agarose complexes were resuspended in
1 ml of buffer and 10% of each point was separated
(100 ml) in order to control the immunoprecipitaion of
Flag-p38 Kinase-assays were earned out with the
remaining immunoprecipitated Flag-p38, using the
APRTPGGRR peptide as a substrate The reactions were
carried out in a final volume of 25 ml, in a
phosphorylation buffer formed by 25 mM Hepes pH 7 5,
10 mM magnesium acetate, 15 mM NaF, 50 mM ATP and
500-1000 cpm/pmol [g-32P]ATP and 1-2 mM of the
substrate peptide When it is specified, SB203580 is
added to the in vitro at a final concentration final
of 0 5 mM Thephosphorylation is allowed to take place
for 30 minutes at 3O0C, after which it is stopped by
adding 15 ml of 30% TCA. The proteins are precipitated
by centrifugation (25,000 xg, 15 minutes, 4C) and the
supernatant containing the phosphorylated peptide is
collected from each reaction. Square ( 1 cm x 1 cm)
Whatman P81 paper cut-outs were impregnated with the
peptide in solution. They were left to dry, were
abundantly washed with 75 mM phosphoric acid and the
radioactivity incorporated by the adsorbed peptide was
finally quantified by Cerenkov. The p38 activity on
that peptide refers, in each case, to the baseline (or
background) activity detected in the points
corresponding only to the peptide. Phosphorylation of
the substrates of ATF2 and MEF2A by p38 The ATF2 and
MEF2A forms bound to GST were used to test the
catalytic activity of GST-p38. In most cases, 2 mg of
GST-ATF2 or GST-MEF2A, of own production, were used.
The phosphorylation conditions are the same as set
forth in the foregoing cases. Nevertheless, in other
occasions, relevantly pointed out in the Figures, 0.2
mg of substrate were used and the phosphorylation
reaction was allowed to take pace for 15 minutes only.
Sequence comparisons Alignments ofthep38 orthologues
and isoforms . The multiple alignments occurring were
made with the program ClustalX
(http://www-igbmc.u-strasbg.fr/BioInfo/ClustalX/ ) and
manually adjusted by means of introducing gaps by Dr.
Perdiguero, del Centro Nacional of Investigaciones
Oncolgicas, (National Centre for Oncological
Research), Madrid. Mathematical and Statistical
analysis of the data The experiments were carried out
for a minimum of two times and generally, the points
were carried out in duplicate or triplicate. The data
were expressed as the mean with the standard deviation
of the mean (SEM). The Michaelis-Menten behaviour of
the kinases was assumed for calculating the kinetic
constants of the enzymatic reactions. The graphs were
made with the "Kaleidagraph" program, provided with an
algorithm capable of deducing the kineticparameters
Michaelis-Menten constant (Km) and maximum speed
(Smax=So (nmol of PO4 3 incorporated mg of enzyme
'minute ' ) The statistical analysis was earned out by
means of the "two-sided Student's t-test" (two-tailed)
and n-1 degrees of freedom where the null hypothesis
is that there is no significant difference between the
situation or condition, the statistical significance
of which we wish determine and the baseline or control
situation The value corresponding to the probability
of complying with the null hypothesis (p) obtained in
each case ranged from p<0 001 to p<0 0001, as shown in
the Figures II. RESULTS Functional interrelations
between GRK2 and p38MAPK. p38 is phosphorylated by
GRK2 The inventors have studied the mechanisms
controlling the modulation of the activity of GRK2 and
its expression by MAPK, given the predominant
involvement of GRK2 and its substrate receptors both
in cardiac physiology and in the ethiology of
cardiovascular diseases such as hypertension,
congestive heart failure or angina pectoris, and given
the importance of the p38 MAPK module in the
development of the myocardium and its subsequent
function There is an inverse correlation between the
increased levels of GRK2 and the inactivation of p38
in congestive heart failure Furthermore, the levels of
GRK2 are decreased in inflammatory-type disease such
as for example, rheumatoid arthritis Subsequently, the
inventors decided to study the possible interactions
between GRK2 and p38 The first expepmental approach
was the phosphorylation assays of both proteins Figure
1, panel A, shows that GRK2 phosphorylates p38 In
order to reject the possibility of its being an
autophosphorylation of p38 caused in some way by the
presence of GRK2, hepapn (16 ng/ml), which is widely
used as a GRK2 inhibitor, was included in the
phosphorylation assays having ascertained beforehand
that hepapn des not affect the catalytic activity of
p38 The same panel shows that the catalytic activity
of GRK2 entails a smaller phosphorylation of p38
therefore the activity of the Ser/Thr kinase of GRK2
isdirectly responsible for the radioactive mark
incorporated in GST-p38 These experiments were
completed with negative controls of GST
phosphorylation by GRK2 and by inspecting the binding
area between the GST portion and the ORF of p38 A
recent publication descpbes the autophosphorylation of
p38 stimulated by its interaction with TABl; the
pypdinyhmidazole SB203580, a competitive inhibitor for
the specific ATP of p38, was included in
phosphorylation assays Panel B of Figure 1 shows the
effect of the SB203580 inhibitor in the catalytic
activity of p38 on a generic substrate of the latter
such as MBP (myelin basic protein) Given that the
baseline activity of p38a is trivial, a great
phosphorylation of MBP is not observed and even so,
the inhibition by SB203580 is detected The two
following lanes report that pypdinylimidazole does not
affect the kinase activity of GRK2. Finally, the two
last lanes of the autoradiography show that the
autophosphorylation activity of p38 is increased in
the presence of GRK2 The final conclusion of these
described expepments is that p38 is phosphorylated in
vitro by GRK2 In order to check that phosphorylation
was not taking place in the residues that can be
phosphorylated by the p38-activating kinases (MAPKK)
such as MKK3 and MMK6, the phosphorylation reactions
were carried out in cold conditions (in other words
without sin [g-3 P]-ATP) and the immunodetection was
earned out using the phosphospecific antibody of
Anti-P-p38 (Figure 1, section C) This antibody
recognizes phosphorylate epitopes in the sequence in
the threonine 180 or in the tyrosine 182 of p38 As can
be observed in the lower panel, only the presence of
the recombinant protein MKK6 gives rise to the
recognition of phospho-p38 by the mentioned antibody
In the upper panel, the total proteins were detected
by an anti-GRK2 antibody recognizing the GST (to see
GST-p38). These expenments show that GRK
phosphorylates at p38 in a residue different from the
T180. 



GRK2 phosphorylates p38 quickly and with high affinity
The study of the kinetic parameters of the reaction
shows that these indicate that the reaction takes
place in vivo Figure 1 shows the kinetic
charactenzation of the phosphorylation Initially,
expepments of time course reactions (panel D) are
earned out in which it is shown that the
phosphorylation is detected quickly (after 5 minutes),
estimating an average time of 15 minutes for reaching
50% of the maximum phosphorylation GRK2is an eclectic
kinase capable of phosphorylating several
non-particled substrates such as tubulins, sinucleins
and phosducins The affinity shown by GRK2 for its
substrates is vapable Thus, the Km for sinucleins and
for b-tubuhns, depending on the subtypes of both, is
around 1-2 mM In the case of p38, the value of the
Km=80 nM (see table of Figure 1, panel E) is closer to
that described for other physiological substrates of
GRK2 such as phosducin and the protein similar to
phosducin (PhD and PhLP, Km between 40-100 nM or the
m2-muscapnic receptors The stoichiometry values found
in at least three quantifications by Cerenkov ranged
between 0 4-0 8 mol P,/mol p38, which shows the
existence of a phosphorylation site by GRK2 GRK2 and
p38 interact, depending on the agonist GRK2 interacts
with several proteins involved both in signaling and
cell traffic Thus, GRK2 interacts with Gaq, Gbg , POKa
and g, clathpn, GIT (GRK Interacting protein) and
caveolin, in addition to other molecules, the
interaction of which causes the modulation of its
activity (such as phospholipids, Ca2+-calmoduhna,
kinases, etc ) GRK2 is a modular kinase and its
catalytic activity is restrained by intramolecular
reactions between its different domains Due to this,
in order to observe its ability to associate with p38,
the acquisition of its active conformation was
provoked by means of stimulation with b2AR receptors,
the activation of p38 by these being scarce HEK293
cells, transiently transfected with the plasmids
encoding the b2AR receptor, Flag-p38 and GRK2, were
used After subjecting the cells to a nocturnal
starvation, they were stimulated with the
isoproterenol agonist, at a concentration of 10 mM. In
these conditions, the immunoprecipitation brings a
detection of the GRK2 kinase in the immunoprecipitates
and this effect is increased by stimulation with the
b2AR receptor (Figure 2, panel A) As shown in the
different sections forming Figure 2, the maximum
association is obtained five minutes after exposure to
isoproterenol On the other hand, it is observed that
the association between both kinases is not compulsory
of the stimulation of b2AR, given that they also
coimmunoprecipitate in basal conditions (0 minutes) In
panel A, the unspecific drag controls (Cneg) of the
anti-Flag immunoprecipitation and the verification
that another notable stimulation of p38 (NaCl) does
not tpgger this association are included Finally,
levels of p38 activation in these conditions are shown
These show firstly that p38activation by isoproterenol
is not very strong and secondly; that the activation
is smaller the more it bonds to GRK2 "Reciprocal"
immunoprecipitation assays, i e , in the same cell
system but using anti-GRK2 antibodies to detect p38 in
the immunoprecipitates, were earned out In section B,
it was observed that p38 and GRK2 interact depending
on the agonist (5 minutes of isoproterenol) It was
verified, section C, that by decreasing the
concentration of GRK2, it was still rescued bound to
Flag-p38 An increased binding was again found 5
minutes after stimulation by the b AR agonist. In
section D, the ability of p38 of coimmunoprecipitating
with the catalytically inactive mutant of GRK2, K220R
was examined It can be observed that, at similar
expression levels of GRK2-K220R and of GRK2-WT (see
third panel), the mutant is not only capable of
associating itself to p38 in a greater extent but also
its interaction seems to be independent of the b2AR
stimulus The overexpression of GRK2 reduces the
ability of p38 of being activated by the MKK6 kinase
The interphase between p38 and one of its commonest
activators, MKK6, was tested With the purpose of
limiting and sevepng possible crossed activations, the
constitutively active mutant of this MAPKK, MKK6CAM
was used Figure 3, section A includes the
representative panels of transient transfection
expepments in HEK293 cell , in which increasing doses
of pCDNA3-GRK2 plasmid were overexpressed (always
completing the total amount of DNA with pCDNA3-GFP),
together with Flag-p38 and MKK6CAM It is observed that
the p38 activation dependent on MKK6CAM decreased more
as more amounts of GRK2 were expressed in the cells
The overexpression allows making the evaluation of the
result of the same cells certain. Certainly, since
only the immunodetection of Flag-p38 is taken, the
transfected cells are selected (and therefore
subjected to the effects of GRK2 and MKK6CAM) and the
effects of the rest are ignored On the other hand, the
endogenous p38 was difficult to detect in these cells
in every occasion Cells expressing fixed amounts of
GRK2, two HEK293 populations stably expressing
different amounts of GRK2 were used, the DNAs encoding
Flag-38 and MKK6CAM (or its control) were transiently
introduced into them The results are gatheredin
section B and they show that, in this system, a
decrease in the ability of p38 of being activated by
MKK6CAM is again observed The overexpression of GRK2
reduces the kinase activity of p38 on a p ep tide '
substrate Subsequently, the catalytic activity of a
p38 subjected to both the stimulus of its activator
MKK6CAM and to the stimulus of increasing doses of
GRK2 on an exogenous substrate was tested For this
reason, HEK293 cells were left in medium with serum
for the 0 days required for the optimum expression to
take place; as a consequence of which GRK2 could have
been stimulated by factors present in the serum, such
as LPA etc , the signals of which arise from the GPCRs
The cells were collected and the Flag-p38 kinase
recognized by the monoclonal anti-flag antibody bound
to an agarose resin was immunoprecipitated from them
In each point (always carried out in duplicate) an
aliquot of the 5 immunoprecipitate was reserved for
checking the amount of the same by immunodetection,
(see panel inserted in section B of Figure 4) The
immunoprecipitates, washed repeatedly were then tested
in a phosphorylation reaction on the peptide substrate
APR This peptide, thus called due to the first three
amino acids of its sequence, corresponds to residues
94 to 102 of MBP and has been previously used to test
the activity of MAPK for having the phosphorylation
consensus of these enzymes Section of A includes
lysate controls indicating both the expression level
of GRK2 and the activation state that p38 reached in
those conditions The analysis of section B allows
issuing different conclusions The first is that the
catalytic activity of immunoprecipitated p38 is
correlated, in each point, with its respective
activation state, detected with the anti-phospho p38
antibody in A and it is charactepzed by being dimmed
by the overexpression of GRK2 The second is that
Flagp38 subjected to stimuli preset in serum of the
culture medium also has a catalytic activity that is
insignificant compared to the peptide-substrate APR
Therefore, these levels were taken as a reference for
the graphic quantification It has to be emphasized
finally that the phosphorylation of the APR peptide
was stpctly dependent on p38, given its obvious
inhibition by SB 203580. The reduction ofGRK2 levels
affects the greater activation ofp38 by MKK6 CAMWith
the purpose of assupng the previous results, the
reciprocal experiments were undertaken In other words,
whether GRK2 is negatively affecting p38 activity
Independently of its kinase activity on GPCRs, the
decrease in the GRK2 levels should allow a greater
anti-phospho-p38 signal in the same context, by MKK6
CAM HEK293 cells were used for carrying out transient
transfections of increasing amounts of DNA antisense
(AS) against GRK2 (Figure 5 A, left part) the parallel
control of which are the same amounts of plasmid
encoding GFP (C) The Figure shows the panels of a
representative expepment In the GRK2 levels, a 20-50 %
decrease is obtained on average, according to the DNA
dose used These data corroborate what is inferred from
the earlier GRK2 overexpression expepments, namely
that the smaller amount of GRK2 in the cells, p38 is
capable of suffering a greater activation by MKK6 CAM
A graphic estimation representative of this effect is
attached (Figure 5 A, right part) The levels of
activation of p38 (antiphospho- p38/anti-p38) refer to
the baseline activation in each situation either
greater reduction of GRK2 (AS) or of GFP (C, control)
In these same expepments, the activation of Flag-p38
is assessed in baseline conditions The resting
activity, that is, without MKK6 CAM, of p38a is
usually scarce It can be detected by immunodetection
by leaving long exposures during chemiluminescent
developing (referred to as "overexposure" in Figure 5,
section B) Thus, as can be observed, the profile of
activation of p38, in conditions of
non-co-transfection of MKK6 CAM mimics the profile of
p38 subjected to the activation of this constitutively
active mutant According to the elimination of one of
the vapables, the overexpression of MKK6 CAM having a
beapng on an inconstant activation of p38, the data of
baseline activity of p38 affected b the presence of
greater or smaller levels of total GRK2 are more
quantitative Thus, the data from the quantification of
the activation of Flag-p38a without MKK6 CAM are
represented in the lower part of the Figure Relating
the activation of p38 to the parallel control of GFP
in each point of DNA antisense, a marked tendency is
obtained of p38 being the best substrate of its cell
activators the smaller the presence of GRK2 (Figure 5,
graph of section B) The significance, denoted by means
of an astensk, is therefore referred to the fact that
a value of p<0 05 was obtained in the statistical
t-Student test in each point of DNA antisense compared
to its respective GFP controlThe location of the
phosphorylation site by GRK2 in p38 by means of
truncated construct shows the involvement of tertiary
structural determinants in the p38-GRK2 interaction
Mxi2 is an alternative processing vanant of p38 the
C-terminal of which differs from that of p38a Mxi2 is
a protein that is initially isolated in double hybpd
experiments for interacting with the protein Max From
amino acids 1 to 280, it is identical to p38a but it
has a C-terminal of 17 completely different residues
(see schemes in Figure 6) In addition to Mxi2,
truncated mutant MxiD 17 has been used (corresponding
exactly to a 



p38aD80) to determine of any sepne or threonine of the
C-terminal of p38 was the target of phosphorylation of
GRK2 Fusion proteins were obtained by standard methods
pf protein purification and they were tested, their
ability of being a GRK2 substrate being compared to
p38a (Figure 6, section A) With comparable amounts of
p38a, Mxi2 and MxiD17, the last two were not
phosphorylated by GRK2 Furthermore, phosphorylation
traces that can be distinguished in Mxi2 and MxiD17
are fainter than that corresponding to phosphorylation
of p38a in the presence of heparin The Figure also
includes autophosphorylation controls of each of these
kinases In view of these results, the generation and
purification of the 80 last amino acids of the p38a
sequence, fused again to GST This construct was made
by the mutagenesis protocol of QuickChange, and later
by later including the DNA fragment encoding the
GST-280-360 p38a in el polyvalent system of Gateway
Surprisingly, after pupfymg the fusion protein and
testing it against GRK2, no trace whatsoever of
phosphorylation was obtained These results are shown
in section B of Figure 6 These show that with a
greater amount of GST-280-360 p38a than of GST-MxiD17
and of GST-p38a (WB anti-GST, lower panel),
phosphorylation of any of the first two is not
obtained and is obtained with the last It is inferred
from this data that structural determinants present in
the protein p38aWT, and absent in its truncated N- and
C-terminal parts are needed for the recognition and
later phosphorylation by GRK2 GRK2 phosphorylates p38
in a single residueAfter venfying the inadequacy of
the foregoing approaches for determining the
phosphorylated residue by GRK2, the residue was
searched for by proteomic techniques to make certain
that the calculated stoichiometry corresponds to the
only phosphorylation site, the phosphorylation assays
of GRK2 and p38 were resolved by two-dimensional
electrophoreses, the results of which is shown in
section A of Figure 7 In the first electrophoresis,
the change in the isoelectric point of the proteins as
a consequence of incorporating the phosphoryl is taken
advantage of, while in the second, the proteins are
resolved according to their mass, according to a
routine SDS-PAGE Only in the panel corresponding to
the phosphorylation in the presence of GRK2 can an
intense radioactive band corresponding to GST-p38 be
observed. Likewise, in this panel, diffused traces of
32P can be distinguished, indicating the multiple
autophosphorylation of GRK2 In the Servicio de
Protemica del Nodo UAM of the Cardiovascular Network,
included within the Servicio de Protemica of the
Centra de Biologia Molecular Severo Ochoa(http //www
cbm uam ls/mkfactory esdomain/webs/CBMSO/plt Servicio
Pagina as the post-translational modification was
identified By comparing the fragmentation spectra of
GST-p38 and of GST-p38 phosphorylated by GRK2, after
tryptic digestion and MALDl-TOF mass spectrometry, the
existence of a peptide was observed in the
phosphorylated sample, the mass of which could
correspond to that of another peptide, detected in
respective samples, plus 80 Da Effectively, the minor
but exclusive presence of the sample subjected to
phosphorylation by GRK2, of this peptide
post-translationally modified with a phosphate group
(1954 330=1874 326+80) is observed This Figure
(section B of Figure 7) includes the amplification of
the area of the spectrum in which traces of this
putative phosphorylation earner were detected, the
complete Figure being provided in the section of
Matepals and Methods The detailed analysis of the mass
spectrum allowed identifying a candidate peptide,
result of the digestion with trypsin LTDDHVQFLIYQILR
To vepfy this indication, the candidate peptide was
separated by HPLC and a finer spectrometnc analysis
was earned out ElectroSpray /Mass Spectrometry- Ionic
Tramp (IS/MS-IT), isolatedly monitonng the ion
corresponding to the peptide found previously The
results show firstly the information from the high
pressure liquid chromatography as regards the elution
time of the peptide monitored in both samples It was
observed that the peptide from the phosphorylation by
GRK2, left earlier, this is originated by the
foundationof chromatography, which separates peptides
by hydrophobicity, the less polar peptides being more
retained Secondly, the fragmentation spectra of both
peptides and the assignation of sepes to the peptides
obtained are shown This analysis allowed identifying
the threonine of the candidate peptide LTDDHVQFLIYQI
LR as the phosphorylation earner In the Figure 8, the
peaks corresponding to the total mass of the peptide
in its different species in the respective samples are
highlighted in yellow and the 938 3 Da peak
corresponding to the differential species between the
spectrum of the phosphorylated sample and the
nonphosphorylated sample is highlighted in orange The
final conclusion of the spectrometnc and proteomic
approaches was that the phosphorylation of GRK2 on p38
is produced in the threonine 123 of the p38a sequence
The mutation of the threonine 123 of p38a prevents the
GRK2 phosphorylation With the purpose of venfying the
target residue of the phosphorylation by GRK2, two
mutants of p38a in the T l 23 were generated The
mutant p38aT123A represents the p38 form that cannot
be phosphorylated by GRK2 while the mutant p38aT123D,
due to the negative charge of aspartic acid as well as
to the length of the side chain, mimics the
constitutively phosphorylated form of the threonine
123 The fusion proteins GSTp38 aT123A and
GST-p38aT123D were pupfied and subjected to the
phosphorylation by GRK2, always taking the protein
p38aWT as a control (Figure 9, section A) At low and
equimolar concentrations of substrate with respect to
the kinase, it is confirmed that none of the two
mutant is a GRK2 substrate, confirming the identity of
threonine 123 as the substrate of said phosphorylation
Section A of the Figure also includes controls of the
total amount of p38 quantified by immunodetection by
an anti-p38 antibody In B, a scaled representative
scheme of p38a is included (access number to the
database Swiss-Prot Ql 6539, www expasy org), in which
the large kinase domain, including almost the entire
protein, has to be emphasized A small area, called CD,
is located at the end of the protein and it forms the
Common Docking domain for both substrates and
activators of p38 and it has been observed that it
mediates the protein-protein recognitions in the MAPK
family The analysis of the p38 crystal together with
peptides from MKK3 and from MEF2Ahas allowed
correcting and perfecting the descpption of this
docking grooveThe threonine 123 is a residue highly
consented between isoforms and between species Figure
10 shows two alignments of the sequences of different
p38 proteins made by the inventors In the upper panel,
the a isoforms of the p38 (MKl 4 in the database
Swiss- Prot) of different species have been compared
Cyprinus carpw (common carp, MK14A_CYPCA Q90336),
Drosopha melanogaster (fruit fly, MK14A_DROME O62618),
Xenopus laevis (African clawed frog, MK14 XENLA
P47812), Pan troglodytes (chimpanzee, MK14_PANTR
Q95NE7), Cams familiaris (dog, MK14_CANFA 002812),
Homo sapiens (human, MK14_HUMAN Q16539), Mus musculus
(mouse, MKl 4 MOUSE P4781 1) and Rattus norvegicus
(rat, MK14_RAT P7061 8) A simple color code is used to
differentiate the identical amino acids between p38
(yellow) orthologues of very conserved amino acids
identical to the consensus (blue), of very conserved
amino acids equivalent to the consensus (green) The
iemaining non-conserved residues remain in white The
regions in which a greater variability has been
allowed are precisely the ones outside the kinase
domain of p38, among which the C-terminal area is
emphasized, in which the CD domain is located, the
acidic amino acids of this domain allow, thanks to the
establishment of electrostatic interactions with basic
amino acids of substrates, activators and
deactivators, the recognition thereof The location of
the T l 23 in the sequence of all the aligned p38a is
highlighted by means of a red ellipse Not only is the
threonine 123 present in almost all the isoforms but
when it does not appear, a sepne is found which can be
equally phosphorylated in its place Furthermore, the
region lined by the acidic amino acids which is
presumed to form the consensus of phosphorylation by
GRK2 is conserved in all the orthologues Subsequently,
it was studied whether the regulation described by the
inventors could be common to all four preeminent
isoforms of p38, a, b, g , and d For this, the areas
comppsing the residues 120 to 140 of the p38 isoforms
of yeasts HOGl of Candida albicans (Q92207), HOGl of
Saccharomyces cerevisiae (P32485), Styl of
Schizosaccharomyces pombe (Q09892), the g isoforms of
p38 of human, of mouse, of rat and of African frog
(isoforms MK12 in the alignment, P53778, O0891 1,
Q63538, P47812), d isoforms of p38 of human, of
chimpanzee, of mouse and of rat (isoforms MKl 3
015264, Q9N272, Q9Z1B7 and Q9WTY9 respectively in the
alignment), the two isoforms of p38 of drosophila
(MK14_DROME, 062618 and 061443), b isoforms of human
(b2differs from the initially isolated b in that it
lacks the insertion by alternative processing of eight
amino acids present in the latter The b isoform is a
minority and is difficult to isolate therefore, the b
form is normally identified with the b2 vap ant) and
of mouse (MKI l Q15759, Q9WUI1), and finally the a
isoforms (MK14) of Xenopus, of Cyprinus (isoform MK14A
previously included in the compapson and isoform
MK14B, Q9I958) of chimpanzee, of dog, of man, of mouse
and of rat, previously aligned The high conservation
between all of them, even the ones from yeasts, is
stpking With respect to the threonine in question (Tl
23 of p38a human), it can be said that it is found
conserved in vertebrates-even in metazoa- as well as
the surrounding amino acids, in which the acidic
residues D and E are found Thus, even if the alignment
undergoes an interruption at the precise position of
this residue, the d isoforms of p38 are still
conserved The only isoform included in this alignment
that lacks a serine or threonine in a homologous
context is the human p38g The phosphorylation ofp38 by
GRK2 reduces both the catalytic activity ofp38 on its
substrates and the ability of being a MKK6 substrate
Figures 11 and 12 show_ the experiments planned to
determine the functional consequences that the
phosphorylation of GRK2 could have on the T123 of p38
First, it 



was studied whether the phosphorylation of GRK2 on p38
would reduce the activation of the latter by MKK6 CAM
m vitro The results, in duplicate, obtained in the
expepments of phosphorylation of MKK6 CAM onGST-p38
and the mutants GST-p38T123A and GSTp38T123D are shown
I the panels forming A in Figure 11 At similar amounts
of recombinant proteins (Coomassie Blue), GST-p38T123D
is a much worse MKK6 CAM substrate than the other two
p38 (32P) Subsequently, it was studied whether this
decreased ability of GST-p38T123D if phosphorylated by
MKK6 CAM was correlated to a reduction of its
catalytic activity in vitro For this, several
phosphorylation assays were made which, due to the
undetectable baseline activity of GST-p38, required
the inclusion of the activating kinase MKK6C AM In
part B of Figure 11, the ability of GST-p38WT and of
the two mutants GST-p38T123A and GSTp38T123D to
phosphorylate a known p38 substrate such as ATF2,
previously purified as protein of fusion to GST, is
tested Thus, in each phosphorylation reaction,
substrate,MAPK and MAPKK are included A representative
expepment (32P) is shown wherein the points are in
duplicate (Coomassie Blue) Thus, these experiments
show that p38Tal 23D lacks the most minimum catalytic
activity on GST-ATF2 while p38a and p38Tal23A
phosphorylate it analogously It was decide to verify
the data with a more specific p38 substrate, since
ATF2 is also phosphorylated by JNK GST-MEF2A was
purified, due to the fat that it was recently
crystallized together with p38 as well as to the fact
that it is a preferred p38 substrate Figure 12 shows
the assays earned out with this substrate Section A
consolidates the previous deductions, the activity of
p38Tal23D on MEF2A is completely abolished, while the
mutant p38Tal23A conserves the ability to
phosphorylate this substrate It is also observed that
the phosphorylation is accompanied by a correlative
change in the mobility of the GST-MEF2A substrate,
detected by Coomassie Blue staining It is normal for
the hyperphosphorylation of a protein to have a beapng
on the change in its electrophoretic mobility, which
can be observed even in denaturing polyacrylamide and
SDS gels After analyzing the phosphorylation assays as
a whole, it could be further observed that the mutant
p38Tal23A, although it is correctly phosphorylated by
MKK6 CAM, has a reduced kinase activity against the
two substrates that were tested It was decide to
dissect this differential effect between p38Tal23A and
p38aWT slightly more, for which the inventors focused
their attention on their respective baseline activity,
i e in the absence of the activating kinase MKK6 and
against MEF2A (Figure 12, section B) The baseline
activity of p38 could be evaluated in conditions of
sufficient substrate and long exposure and it could be
checked whether respective mutants in the T123 have a
smaller baseline catalytic activity than the wild
kinase p38Tal23A behaved like the middle ground
between p38aWT and p38Tal23D Therefore, the mutant
p38Tal23A, in more restpctive enzymatic conditions (10
times les substrate and 15 minutes of phosphorylation,
panel C of Figure 12), has a grater catalytic
difference with respect to a p38aWT than the initial
experiments showed The p38TJ23D mutant has lower
ability of being activated by MKK6 CAM in situ The
results, which parallelly provide an explanation
consistent with the initial data in HEK293 cells, were
corroborated in this same system First, the expression
pCDNA3- Flag-p38T123D mutant was generated by PCR in
eukaryotes Then, followingexpepmental approaches
analogous to overexpression or reduction of GRK2 in
HEK293, Flag-p38WT and Flag-p38T123D were transfected
together with the activator MKK6C AM The graph in
Figure 13 shows, by comparing the activation of
Flag-p38T123D (versus its baseline activation) with
the activation of Flag-p38WT, a considerable reduction
thereof The activation of p38T123D in cells is less
likely that that of wild kinase Illustrative panels of
the immunodetections provided by these expepments are
also included in this Figure In figure 14, the binding
of substrates (MK2) and activators (MKK6) to p38 or
its mutants in Tl 23 is analyzed by an in vitro
binding assay using purfied proteins As is shown, the
ability of the T123D mutant to associate to MK2 or
MKK6 is severely impaired with respect to the Tl 23A
mutant or the wild type protein GRK2 negatively
regulates differentiation of the preadipocytic 3T3- Ll
line induced by insulin The preadipocytic line 3T3- Ll
was used as a cell model that allowed studying the
regulation of p38 by GRK2 These fibroblasts have the
interesting particularity that when subjected to
certain stimuli, among which insulin stands out, they
acquire an adipocytic phenotype at the end of an
approximately two-week treatment This differentiation
can be easily distinguished by the accumulation of
drops of fat that are stained with a red lipophilic
colonng and which occupy almost the entirety of the
cytoplasm of the 3T3-L1 One of the physiological
functions of p38, other than the most orthodox
response to cell stress, is its role in the
differentiation process In the specific case of 3T3L1
fibroblasts, the involvement of p38 has been
demonstrated, in so far as the differentiation into
adipocytes is blocked by SB203580 and the presence of
MKK6 CAM IS sufficient The transcription factors C/EBP
(CCAAT/enhancer-binding protein) and PPARg (peroxisome
proliferator-activated receptor g), the expression of
which changes over the course of differentiation, seem
subjected to regulation by p38 More specifically,
C/EBP b is supposedly phosphorylated by p38, which in
turn is active only in the initial steps of
differentiation, which would promote the later
expression of PPARg and of the adipocytic markers that
are under its control To investigate the effect that
GRK2 may have on adipocytic differentiation of 3T3L1,
lines were generated that were stably transfected with
plasmids pCDNA3-GRK2and pCDNA3-GRK2K220R providing
resistance to neomycin After the relevant verification
that the GRK2 levels were effectively overexpressed in
both cases in compapson to line 3T3L1 (window inserted
in the graph of Figure 15), differentiation was
triggered according to the standard protocol The 3T3L1
cells, in the absence of lipogenic stimuli, have a
healthy appearance of fibroblasts (photo corresponding
to the control in 3T3L1) clearly converted into an
adipocytic phenotype as shown by the red lipidic drops
and the rounded morphology these cells acquire (photo
+ insulin in 3T3L1) In the case of stable GRK2, the
number of adipocytes per field is visibly less that in
the case of the fibroblasts with endogenous levels of
this kinase And as regards the 3T3L1-K220R cells, the
adipogenic effect is substantially greater than that
of the control cells GRK2 therefore inhibits the
acquisition of the adipocytic morphology mediated by
insulin while K220R stimulates it Furthermore, this
effect is dependent on p38 as the addition of the
pharmacological inhibitor SB203580 reverses the entire
adipogenesis Furthermore, when plates not subjected to
the differentiating treatments were reserved as
internal controls for the experiment, the stable K220R
will expepence much greater spontaneous conversion
into adipocytes than the other cells The count of the
number of adipocytes per field in each one of the
three cell lines is represented in the graph on the
right-hand side Field is understood to be an area
viewed with the optical microscope in each p i 00 or
p60 Normally up to a total of 25 random fields were
counted in each plate The significance of the data was
calculated by means of the Student's t-test (p<0 001)
for paired data (each stable cell line compared with
3T3L1) Data from figure 16 and 17 lead to the
conclusion that a polyclonal antiserum raised against
a peptide of p38 phosphorylated in T123 is able to
recognize the p38 protein in vitro phosphorylated by
GRK2 but not by MKK6 in other residues, and that this
recognition is specific for the Tl 23 residue since
the Tl 23A mutant is not immunodetected by this
antibody Also that overespression of GRK2 can promote
an increase in the immunodetection of this epitope by
this antibody, signal that is decreased when a GRK2
inactive mutant (K220R) is overexpressedTABLE
IDescription SUBSTITUTED PYRR0LIDIN-2-0NES,
PIPERIDIN-2-0NES AND ISOTHIAZOLIDINE-1 1-DIOXIDES,
THEIR USE AS KVl .5 POTASSIUM CHANNEL BLOCKERS AND
PHARMACEUTICAL PREPARATIONS COMPRISING THEM The
invention relates to compounds of the formula I , in
which A, R 1, R2, R3, R4, R5, R6, R7 and n have the
meanings stated below, to their preparation and their
use, in particular in pharmaceuticals. The compounds
of the invention of the formula I have not previously
been described. They act on the so-called Kv1 .5
potassium channel and inhibit a potassium current
which is designated the ultra-rapidly activating
delayed rectifier in the human atrium. In addition,
the compounds also act on other atrium-specific
potassium channels such as the acetylcholine-dependent
potassium channel KACh, and the 2P domain potassium
channel TASK-1 . The compounds are therefore very
particularly suitable as antiarrhythmic active
ingredients, in particular for the treatment and
prophylaxis of atrial arrhythmias, for example atrial
fibrillation (AF) or atrial flutter. Atrial
fibrillation (AF) and atrial flutter are the commonest
sustained cardiac arrhythmias. The incidence increases
with increasing age and frequently leads to fatal
sequelae such as, for example, stroke. AF affects for
example about 3 million Americans and leads to more
than 80 000 strokes each year in the USA. Although
class I and III antiarrhythmics currently in use can
reduce the rate of recurrence of AF, their use is
restricted owing to their potential proarrhythmic side
effects. There is forthis reason a great medical need
for better medicaments for treating atrial arrhythmias
to be developed. It has been shown that so-called
reentry depolarization waves underlie most
supraventricular arrhythmias. Such reentries occur if
the cardiac tissue has a slow conductivity and, at the
same time, very short refractory periods. The increase
in the myocardial refractory period by prolonging the
action potential is an accepted mechanism for
terminating arrhythmias and preventing their
development. The length of the action potential is
substantially determined by the extent of repolarizing
K+ currents which flow out of the cell through the
various K+ channels. Particularly great 



importance is ascribed in this connection to the
so-called delayed rectifier IK which consists of 3
different components: IKn IKs and IKu r . Most known
class III antiarrhythmics (for example dofetilide or
d-sotalol) block predominantly or exclusively the
rapidly activating potassium channel IKr which has
been detected both in cells of the human ventricle and
in the atrium. However, it has emerged that these
compounds have an increased proarrhythmic risk when
heart rates are low or normal, and the arrhythmias
which have been observed are in particular those
referred to as torsades de pointes. Besides this high
risk, which is fatal in some cases, when the rate is
low, the efficacy of IK1- blockers has been found to
decline under the conditions of tachycardia, which is
just when the effect is required ("negative
use-dependence"). The "particularly rapidly"
activating and very slowly inactivating component of
the delayed rectifier IKu r (= ultra-rapidly
activating delayed rectifier), which corresponds to
the Kv1 .5 channel, is of particularly great
importance for the duration of repolarization in the
human atrium. Inhibition of the IKu r potassium
outward current thus represents, by comparison with
inhibition of IKr or IKs , a particularly effective
method for prolonging the atrial action potential and
thus for terminating or preventing atriul arrhythmias.
Mathematical models of the human action potential
suggest that the positive effect of a blockade of the
IKu r ought to be particularly pronounced precisely
under thepathological conditions of chronic atrial
fibrillation (M. Courtemanche, R. J. Ramirez, S.
Nattel, Cardiovascular Research 1999, 42, 477-489:
"Ionic targets for drug therapy and atrial
fibrillation-induced electrical remodeling: insights
from a mathematical model"). In contrast to IKr and
IKs , which also occur in the human ventricle, IKu r
plays a significant role in the human atrium, but not
in the ventricle. For this reason, if the IKu r
current is inhibited, the risk of a proarrhythmic
effect on the ventricle is precluded from the outset,
in contrast to blockade of IKr or IKs (Z. Wang et al,
Circ. Res. 73, 1993, 1061 - 1076: "Sustained
Depolarisation-lnduced Outward Current in Human Atrial
Myocytes"; G.-R. Li et al, Circ. Res. 78, 1996, 689 -
696: "Evidence for Two Components of Delayed Rectifier
K+ -Current in Human Ventricular Myocytes"; G. J. Amos
et al, J. Physiol. 491 , 1996, 3 1 - 50: "Differences
between outward currents of human atrial and
subepicardial ventricular myocytes"). Antiarrhythmics
which act by atrium-selective blockade of the IKu r
current or Kv1 .5 channel have not, however, been
available on the market to date. Although a blocking
effect on the Kv1 .5 channel has been described for
numerous active pharmaceutical ingredients (for
example quinidine, bupivacaine or propafenone), the
Kv1 .5 blockade in each of these cases represents only
a side effect in addition to other main effects of the
substances. A number of patent applications in recent
years have described various substances as Kv1 .5
channel blockers. A compilation and detailed
discussion of these substances has recently been
published (J. Brendel, S. Peukert; Curr. Med. Chem. -
Cardiovascular & Hematological Agents, 2003, I ,
273-287; "Blockers of the Kv1 .5 Channel for the
Treatment of Atrial Arrhythmias"). However, all Kv1 .5
blockers disclosed to date and described therein have
entirely different types of structures than the
compounds of the invention in this application. In
addition, no clinical data on the effect and
tolerability in humans have been disclosed to date for
any of the compounds disclosed to date. Since
experience has shown that only a small proportion of
active ingredients successfully overcome all the
clinical hurdles from preclinical research to the
medicament, there continues to be a need for novel,
promising substances.It has now been found,
surprisingly, that the compounds of the invention of
the formula I and/or their pharmaceutically acceptable
salts are potent blockers of the human Kv1 .5 channel.
In addition, the compounds of the formula I and/or
their pharmaceutically acceptable salts also act on
the acetylcholine-activated potassium channel KACh and
on the TASK-1 channel, which likewise predominantly
occur in the atrium (Krapivinsky G., Gordon E.A.,
Wickman K., Velimirovic B., Krapivinsky L., Clapham
D.E.: "The Gprotein- gated atrial K+ channel lKACh is
a heteromultimer of two inwardly rectivying K+
-channel proteins", Nature 374 (1995) 135-141; Liu,
W., Saint, D.A.: "Heterogeneous expression of
tandem-pore K+ channel genes in adult and embryonic
rat heart quantified by real-time polymerase chain
reaction", Clin. Exp. Pharmacol. Physiol. 3 1 (2004)
174-178; Jones S.A., Morton, MJ. , Hunter M., Boyett
M.R.: "Expression of TASK-1 , a pH-sensitive twin-pore
domain K+ channel, in rat myocytes", Am. J. Physiol.
283 (2002) H181-H185). Because of this combined effect
on a plurality of atrium-specific potassium channels,
the compounds of the formula I and/or their
pharmaceutically acceptable salts can therefore be
used as novel antiarrhythmics with a particularly
advantageous safety profile. The compounds are
suitable in particular for the treatment of
supraventricular arrhythmias, for example atrial
fibrillation or atrial flutter. The compounds of the
formula I and/or pharmaceutically acceptable salts
thereof can also be employed for the treatment and
prevention of diseases where the atriumspecific
potassium channels, for example the Kv1 .5, the KACh
and/or the TASK-1 , are only partially inhibited, for
example by using a lower dosage. The compounds of the
formula I and/or their pharmaceutically acceptable
salts can be employed to produce medicaments with a K+
channel-blocking effect for the therapy and
prophylaxis of K+ channel-mediated diseases. The
compounds of the formula Iand/or their
pharmaceutically acceptable salts can further be used
for the therapy or prophylaxis of cardiac arrhythmias
which can be abolished by prolonging the action
potential. The compounds of the formula I and/or their
pharmaceutically acceptable salts can be employed for
terminating existent atrial fibrillation or flutter to
restore the sinus rhythm (cardioversion). In addition,
the substances reduce the susceptibility to the
development of new fibrillation events (maintenance of
sinus rhythm, prophylaxis). It has further been
observed that the substances are effective for
preventing lifethreatening ventricular arrhythmias
(ventricular fibrillation) and are able to protect
from sudden heart death without, however,
simultaneously bringing about an unwanted prolongation
of the so-called QT interval. The compounds of the
formula I and/or their pharmaceutically acceptable
salts can be employed for producing a medicament for
the therapy or prophylaxis of reentry arrythmias, of
supraventricular arrhythmias, atrial fibrillation
and/or atrial flutter. The compounds of the formula I
and/or their pharmaceutically acceptable salts are
further suitable for producing a medicament for the
therapy or prophylaxis of heart failure, in particular
of diastolic heart failure and for increasing atrial
contractility. The compounds of the formula I and/or
pharmaceutically acceptable salts thereof inhibit TASK
potassium channels, for example the subtypes TASK-1
and TASK-3, in particular the subtype TASK-1 . Because
of the TASK-inhibitory properties, the compounds of
the formula I and/or their pharmaceutically acceptable
salts are suitable for the prevention and treatment of
diseases caused by activation or by an activated
TASK-1 , and of diseases caused secondarily by the
TASK-1-related damage. Because of the effect of the
substances on the TASK channel, the compounds of the
formula I and/or their pharmaceutically acceptable
salts are also suitable for producing a medicament for
the therapy or prophylaxis of respiratory disorders,
especially sleep apnoeas, neurodegenerative disorders
and cancers, for example sleep-related respiratory
disorders, central and obstructive sleep apnoeas,
Cheyne-Stoke'sbreathing, snoring, impaired central
respiratory drive, sudden infant death, postoperative
hypoxia and apnoea, muscle-related respiratory
disorders, respiratory disorders following long-term
ventilation, respiratory disorders associated with
altitude adaptation, acute and chronic pulmonary
disorders with hypoxia and hypercapnia,
neurodegenerative disorders, dementia, Alzheimer's
disease, Parkinson's disease, Huntington's disease,
cancers, breast cancer, lung cancer, colon cancer and
prostate cancer. The present invention relates to
compounds of the formula I in which the meanings are:
A C, S or S=O; n 0, 1, 2 or 3; R 1 phenyl, pyridyl,
thienyl, naphthyl, quinolinyl, pyrimidinyl or
pyrazinyl, where each of these aryl radicals is
unsubstituted or substituted by 1, 2 or 3 substituents
selected from the group consisting of F, Cl, Br, I ,
CN, alkoxy having 1, 2 , 3 or 4 C atoms, OCF3 ,
methylsulfonyl, CF3 , alkyl having 1, 2, 3 or 4 C
atoms, dimethylamino, sulfamoyl, acetyl, and
methylsulfonylamino; or R 1 cycloalkyl having 3, 4, 5,
6 or 7 C atoms; R2 phenyl, pyridyl, thienyl, naphthyl,
quinolinyl, pyrimidinyl or pyrazinyl, where each of
these aryl radicals is unsubstituted or substituted by
1, 2 or 3 substituents selected from the group
consisting of F, Cl, Br, I, CN, COOMe, CONH2, alkoxy
having 1, 2 , 3 or 4 C atoms, OCF3 ,
OH,methylsulfonyl, CF3 , alkyl having 1, 2 , 3 or 4 C
atoms, dimethylamino, sulfamoyl, acetyl, and
methylsulfonylamino; R3 CpH2 p -R8; p 0, 1, 2 , 3 , 4
or 5; R8 CH3 , CH F, CHF , CF3 , cycloalkyl having 3,
4, 5, 6 or 7 C atoms, CCH, CC-CH3 , alkoxy having 1, 2
, 3 or 4 C atoms, phenyl or pyridyl, where phenyl and
pyridyl are unsubstituted or substituted by 1, 2 or 3
substituents selected from the group consisting of F,
Cl, Br 



I, CF3 , OCF3 , CN, COOMe, CONH2 , COMe, OH, alkyl
having 1, 2, 3 or 4 C atoms, alkoxy having 1, 2 , 3 or
4 C atoms, dimethylamino, sulfamoyl, methylsulfonyl
and methylsulfonylamino; R4 hydrogen or alkyl having
1, 2 or 3 C atoms; R5 hydrogen or alkyl having 1, 2 or
3 C atoms; R6 and R7 independently of one another
hydrogen, F or alkyl having 1, 2, or 3 C atoms; and
the pharmaceutically acceptable salts and
trifluoroacetates thereof. Compounds of the formula I
preferred in one embodiment are those in which the
meanings are: A C, S or S=O; n 0, 1, 2 or 3; R1
phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-thienyl,
3-thienyl, 1-naphthyl, 2- naphthyl, 2-quinolinyl,
3-quinolinyl, 4-quinolinyl, 5-quinolinyl,
6-quinolinyl, 7- quinolinyl, 8-quinolinyl,
2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl,
2-pyrazinyl, 3-pyridazinyl or 4-pyridazinyl, where
each of these aryl radicals is unsubstituted or
substituted by 1, 2 or 3 substituents selected from
the group consisting of F, Cl, Br, I, CN, alkoxy
having 1, 2, 3 or 4 C atoms, OCF3 , methylsulfonyl,
CF3 , alkyl having 1, 2 , 3 or 4 C atoms,
dimethylamino, sulfamoyl, acetyl, and
methylsulfonylamino;or R 1 cyclohexyl; R2 phenyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, 2-thienyl, 3-thienyl,
1-naphthyl, 2- naphthyl, 2-quinolinyl, 3-quinolinyl,
4-quinolinyl, 5-quinolinyl, 6-quinolinyl, 7-
quinolinyl, 8-quinolinyl, 2-pyrimidinyl,
4-pyrimidinyl, 5-pyrimidinyl, 2-pyrazinyl,
3-pyridazinyl or 4-pyridazinyl, where each of these
aryl radicals is unsubstituted or substituted by 1, 2
or 3 substituents selected from the group consisting
of F, Cl, Br, I, CN, COOMe, CONH2, alkoxy having 1, 2,
3 or 4 C atoms, OCF3 , OH, methylsulfonyl, CF3 , alkyl
having 1, 2, 3 or 4 C atoms, dimethylamino, sulfamoyl,
acetyl, and methylsulfonylamino; R3 CpH2 p-R8; p 0, 1,
2 , 3, 4 or 5 ; R8 CH3 , CH2 F, CHF2, CF3 , cycloalkyl
having 3, 4 , 5, 6 or 7 C atoms, CCH, CC-CH3 , alkoxy
having 1, 2, 3 or 4 C atoms, phenyl or 2- pyridyl,
where phenyl and 2-pyridyl are unsubstituted or
substituted by 1, 2 or 3 substituents selected from
the group consisting of F, Cl, Br, I, CF3 , OCF3 , CN,
COOMe, CONH , COMe, OH, alkyl having 1, 2, 3 or 4 C
atoms, alkoxy having 1, 2, 3 or 4 C atoms,
dimethylamino, sulfamoyl, methylsulfonyl and
methylsulfonylamino; R4 hydrogen or alkyl having 1, 2
or 3 C atoms; R5 hydrogen or alkyl having 1, 2 or 3 C
atoms; R6 and R7 independently of one another
hydrogen, F or alkyl having 1, 2 , or 3 C atoms; and
the pharmaceutically acceptable salts and
trifluoroacetates thereof. Particularly preferred
compounds of the formula I are those in which A is C
or S=O; n is O, 1, 2 or 3;R1 is phenyl, 2-pyridyl,
3-pyridyl, 4-pyridyl, 2-thienyl, 3-thienyl,
1-naphthyl, 2- naphthyl, 2-quinolinyl, 3-quinolinyl,
4-quinolinyl, 5-quinolinyl, 6-quinolinyl, 7-
quinolinyl or 8-quinolinyl, where each of these aryl
radicals is unsubstituted or substituted by 1 or 2
substituents selected from the group consisting of F,
Cl, Br, I , CN, alkoxy having 1, 2, 3 or 4 C atoms,
OCF3 , methylsulfonyl, CF3 and alkyl having 1, 2 , 3
or 4 C atoms; or R1 is cyclohexyl; R2 is phenyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, 2-thienyl, 3-thienyl,
1-naphthyl, 2- naphthyl, 2-quinolinyl, 3-quinolinyl,
4-quinolinyl, 5-quinolinyl, 6-quinolinyl, 7-
quinolinyl or 8-quinolinyl, where each of these aryl
radicals is unsubstituted or substituted by 1 or 2
substituents selected from the group consisting of Cl,
Br, I , CN, CF3 , alkyl having 1, 2 , 3 or 4 C atoms;
R3 is CpH2p-R8; p is 0 , 1, 2 , 3 or 4; R8 is CH3 ,
CH2 F, CHF2 , CF3 , cycloalkyl having 3, 4 , 5 or 6 C
atoms, CCH, CC-CH3 , alkoxy having 1, 2, 3 or 4 C
atoms, phenyl or 2- pyridyl, where phenyl and
2-pyridyl are unsubstituted or substituted by 1 or 2
substituents selected from the group consisting of F,
Cl, Br, I , CF3 , OCF3 , CN, COOMe, CONH2 , COMe, OH,
alkyl having 1, 2, 3 or 4 C atoms and alkoxy having 1,
2, 3 or 4 C atoms; R4 is hydrogen or alkyl having 1, 2
or 3 C atoms; R5 is hydrogen or alkyl having 1, 2 or 3
C atoms; R6 and R7 are independently of one another
hydrogen, F or alkyl having 1, 2 , or 3 C atoms; and
the pharmaceutically acceptable salts and
trifluoroacetates thereof.One embodiment describes
compounds of the formula I in which A is defined as C
or SO, for example as C. A further embodiment
describes compounds of the formula I in which n is 1
or 2. A further embodiment describes compounds of the
formula I in which R1 is phenyl, 2- pyridyl,
3-pyridyl, 4-pyridyl, 2-thienyl, 3-thienyl,
1-naphthyl, 2-naphthyl, 2-quinolinyl, 3- quinolinyl,
4-quinolinyl, 5-quinolinyl, 6-quinolinyl,
7-quinolinyl, 8-quinolinyl, 2- pyrimidinyl,
4-pyrimidinyl, 5-pyrimidinyl, 2-pyrazinyl,
3-pyridazinyl, 4-pyridazinyl or cyclohexyl, preferably
phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-thienyl,
3-thienyl, 1- naphthyl, 2-naphthyl, 2-quinolinyl,
3-quinolinyl, 4-quinolinyl, 5-quinolinyl,
6-quinolinyl, 7- quinolinyl, 8-quinolinyl or
cyclohexyl, for example phenyl, 3-pyridyl, 4-pyridyl,
1- naphthyl, 8-quinolinyl or cyclohexyl, where each of
the aryl radicals, for example . phenyl, is
unsubstituted or substituted by 1, 2 or 3 substituents
selected from the group consisting of F, Cl, Br, I,
CN, alkoxy having 1, 2, 3 or 4 C atoms, OCF3 ,
methylsulfonyl, CF3 , alkyl having 1, 2 , 3 or 4 C
atoms, dimethylamino, sulfamoyl, acetyl, and
methylsulfonylamino, preferably F, Cl, Br, I , CN,
alkoxy having 1, 2, 3 or 4 C atoms, OCF3 ,
methylsulfonyl, CF3 and alkyl having 1, 2, 3 or 4 C
atoms; R1 is defined for example as phenyl, 3-pyridyl,
4-pyridyl, 1-naphthyl, 8-quinolinyl or cyclohexyl,
where phenyl is unsubstituted or substituted by 1 or 2
substituents selected from the group of F, Cl methoxy,
OCF3 , methylsulfonyl or CF3 . A further embodiment
describes compounds of the formula I in which R2 is
phenyl, 2- pyridyl, 3-pyridyl, 4-pyridyl, 2-thienyl,
3-thienyl, 1-naphthyl, 2-naphthyl, 2-quinolinyl, 3-
quinolinyl, 4-quinolinyl, 5-quinolinyl, 6-quinolinyl,
7-quinolinyl, 8-quinolinyl, 2- pyrimidinyl,
4-pyrimidinyl, 5-pyrimidinyl, 2-pyrazinyl,
3-pyridazinyl or 4-pyridazinyl, preferably phenyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, 2-thienyl, 3-thienyl,
1-naphthyl, 2- naphthyl, 2-quinolinyl, 3-quinolinyl,
4-quinolinyl, 5-quinolinyl, 6-quinolinyl, 7-quinolinyl
or 8-quinolinyl, for example phenyl, 2-pyridyl,
3-pyridyl, 2-thienyl or 8-quinolinyl, where each of
these aryl radicals is unsubstituted or substituted by
1, 2 or 3 substituents selected from the group
consisting of F, Cl, Br, I , CN, COOMe, CONH2, alkoxy
having1, 2 , 3 or 4 C atoms, OCF3 , OH,
methylsulfonyl, CF3 , alkyl having 1, 2, 3 or 4 C
atoms, dimethylamino, sulfamoyl, acetyl, and
methylsulfonylamino, preferably F, Cl, Br, I , CN, CF3
, alkyl having 1, 2 , 3 or 4 C atoms; R1 is for
example defined as phenyl, 2-pyridyl, 3-pyridyl,
2-thienyl or 8-quinolinyl, where phenyl and 2-thienyl
are unsubstituted or substituted by 1 or 2, preferably
1, substituents selected from the group of F and
methyl. One embodiment describes compounds of the
formula I in which R3 is Cp H2 p -R8, where p is 0 ,
1, 2, 3 or 4 , for example 0, 1, 2 or 3, and R8 is CH3
, CH2 F, CHF2 , CF3 , cycloalkyl having 3, 4 , 5 or 6
C atoms, C CH, CC-CH 3 , alkoxy having 1, 2 , 3 or 4 C
atoms, phenyl or 2-pyridyl, for example CH3 , CH2 F,
CF3 , cyclopropyl, CCH, CC-Cf-13, phenyl or 2-pyridyl,
where phenyl and 2-pyridyl, for example phenyl, are
unsubstituted or substituted by 1 or 2 substituents
selected from the group consisting of F, Cl, Br, I ,
CF3 , OCF3 , CN, COOMe, CONH2 , COMe, OH, alkyl having
1, 2 , 3 or 4 C atoms, alkoxy having 1, 2 , 3 or 4 C
atoms, dimethylamino, sulfamoyl, methylsulfonyl and
methylsulfonylamino, preferably F, Cl, Br, I, CF3 ,
OCF3 , CN, COOMe, CONH , COMe, OH, alkyl having 1, 2 ,
3 or 4 C atoms and alkoxy having 1, 2 , 3 or 4 C
atoms, for example, Cl, CN, COMe and methoxy; R3 is
for example defined as CH3 , CH2 F, CF3 , cyclopropyl,
CCH, CC-CH 3 , phenyl or 2-pyridyl, where phenyl is
unsubstituted or substituted by 1 or 2 , preferably 1,
substituents selected from the group of Cl, CN, COMe
and methoxy. A further embodiment describes compounds
of the formula I in which R4 is hydrogen or methyl,
for example hydrogen. 



A further embodiment describes compounds of the
formula I in which R5 is hydrogen or methyl, for
example hydrogen.A further embodiment describes
compounds of the formula I in which one of the
substituents R4 and R5 is methyl and the other is
hydrogen, or R4 and R5 are hydrogen. A further
embodiment describes compounds of the formula I in
which R6 and R7 are independently of one another
hydrogen or methyl, for example hydrogen. A further
embodiment describes compounds of the formula I in
which one of the substituents R6 and R7 is methyl and
the other is hydrogen, or R6 and R7 are hydrogen. The
compounds of the formula I may exist in stereoisomeric
forms. The centers of asymmetry which are present may
independently of one another have the S configuration
or the R configuration. The invention includes all
possible stereoisomers, for example enantiomers or
diastereomers, and mixtures of two or more
stereoisomeric forms, for example enantiomers and/or
diastereomers, in any ratios. The invention thus
includes for example enantiomers in enantiopure form,
both as levorotatory and as dextrorotatory antipodes,
and in the form of mixtures of the two enantiomers in
various ratios or in the form of racemates. Individual
stereoisomers can be prepared as desired by
fractionating a mixture by conventional methods or for
example by stereoselective synthesis. If mobile
hydrogen atoms are present, the present invention also
includes all tautometic forms of compounds of the
formula I . The present invention further includes
derivatives of compounds of the formula I , for
example solvates, such as hydrates and alcohol
adducts, esters, prodrugs and other physiologically
acceptable derivatives of the compounds of the formula
I, and active metabolites of the compounds of the
formula I. The invention likewise includes all crystal
modifications of the compounds of the formula I. Alkyl
radicals and alkylene radicals may be straight-chain
or branched. This also applies to the alkylene
radicals of the formula CpH2 p . Alkyl radicals and
alkylene radicals may also be straight-chain or
branched if they are substituted or are present
inother radicals, for example in an alkoxy radical or
in a fluorinated alkyl radical. Examples of alkyl
radicals are methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, secbutyl and tert-butyl. The
divalent radicals derived from these radicals, for
example methylene, 1, 1-ethylene, 1,2-ethylene,
1,1-propylene, 1,2-propylene, 2,2-propylene,
1,3-propylene, 1,1-butylene, 1,4-butylene, etc. are
examples of alkylene radicals. One or more, for
example 1, 2 , 3, 4, 5, 6, 7, 8, or 9 hydrogen atoms
in alkyl and alkylene radicals may be replaced by
fluorine atoms. Substituted alkyl radicals may be
substituted in any positions. Cycloalkyl radicals may
likewise be branched. Examples of cycloalkyl radicals
having 3 to 7 C atoms are cyclopropyl, cyclobutyl,
1-methylcyclopropyl, 2-methylcyclopropyl, cyclopentyl,
2-methylcyclobutyl, 3-methylcyclobutyl, cyclopentyl,
cyclohexyl, 2- methylcyclohexyl, 3-methylcyclohexyl,
4-methylcyclohexyl, cycloheptyl etc. One or more, for
example 1, 2 , 3, 4 , 5, 6, 7, 8, 9 , 10, 11, 12, 13
or 14 hydrogen atoms in cycloalkyl radicals may be
replaced by fluorine atoms. Substituted cycloalkyl
radicals may be substituted in any positions.
Cycloalkyl radicals may also be in branched form as
alkylcycloalkyl or cycloalkylalkyl, for example
methylcyclohexyl or cyclohexylmethyl. Phenyl radicals
may be unsubstituted or substituted one or more times,
for example once, twice or three times, by identical
or different radicals. If a phenyl radical is
substituted, it preferably has one or two identical or
different substituents. Monosubstituted phenyl
radicals may be substituted in position 2 , 3 or 4 ,
disubstituted in 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5-
position trisubstituted in 2,3,4-, 2,3,5-, 2,3,6-,
2,4,5-, 2,4,6- or 3,4,5 position. A corresponding
statement applies analogously also to the Ncontaining
heteroaromatic systems such as pyridyl, quinolinyl,
pyrimidinyl or pyrazinyl, the naphthyl radical and the
thienyl radical, for example for 2-pyridyl, 3-pyridyl,
4- pyridyl, 2-thienyl, 3-thienyl, 1-naphthyl,
2-naphthyl, 2-quinolinyl, 3-quinolinyl, 4- quinolinyl,
5-quinolinyl, 6-quinolinyl, 7-quinolinyl,
8-quinolinyl, 2-pyrimidinyl, Apyrimidinyl,
5-pyrimidinyl, 2-pyrazinyl, 3-pyridazinyl or
4-pyridazinyl. If a radical is di- or trisubstituted,
the substituents may be identical or different.If the
compounds of the formula I comprise one or more basic
groups or one or more basic heterocycles, the
invention also includes the corresponding
physiologically, pharmaceutically or toxicologically
acceptable salts, especially the pharmaceutically
acceptable salts, but also the trifluoroacetates.
Thus, the compounds of the formula I which have one or
more basic, i.e. protonatable, groups or comprise one
or more basic heterocyclic rings, can also be used in
the form of their physiologically tolerated acid
addition salts with inorganic or organic acids, for
example as hydrochlorides, phosphates, sulfates,
methanesulfonates, acetates, lactates, maleates,
fumarates, malates, gluconates etc. Salts can be
obtained from compounds of the formula I by
conventional processes, for example by combining with
an acid in a solvent or dispersant or else by anion
exchange from other salts. The compounds of the
formula I may also be deprotonated on an acidic group
and be used for example as alkali metal salts,
preferably sodium or potassium salts, or as ammonium
salts, for example as salts with ammonia or organic
amines or amino acids. The invention further relates
to processes for preparing the compounds of the
formula I . The compounds of the formula I can be
prepared by various chemical processes, for example
starting from 2-amino-1 ,2-diarylethanols of the
formula Il as outlined in scheme 1 or 2, where A, R 1,
R2, R3, R4, R5, R6, R7 and n have the meaning
indicated above, and Y is a leaving group such as, for
example, Cl, Br, I , tosylate, mesylate in the case of
an aliphatic radical R3 or additionally also F in the
case of an aromatic radical R3.Scheme 1 For the
conversion shown in scheme 1, initially a compound of
the formula Il is reacted with a compound of the
formula III in the presence of a base, for example
sodium hydroxide. The resulting compound of the
formula IV is subsequently reacted with a compound of
the formula V in the presence of a base, for example
sodium hydride or potassium hydroxide, to give the
desired compound of the formula I .Scheme 2 For the
conversion shown scheme 2 , initially a compound of
the formula Il is reacted with a compound of the
formula III in the presence of a base, for example
sodium bicarbonate. The resulting compound of the
formula XVI is subsequently mixed with a base, for
example sodium hydroxide, and this mixture is reacted
with a compound of the formula V to give the desired
compound of the formula I. A further method for
preparing compounds of the formula I is in scheme 3
below, where A, R1, R2, R3, R4, R5, R6, R7 and n have
the meaning indicated above, and Y is a leaving group
such as, for example, Cl, Br, I, tosylate, mesylate in
the case of an aliphatic radical R3 or additionally
also F in the case of an aromatic radical R3.Scheme 3
To prepare compounds of the formula I as shown in
scheme 3, initially a bromo ketone of the formula XVII
is mixed with NHE3 and subsequently reacted with a
compound of the formula III. The resulting compound of
the formula XVIII is reduced with NaBH4 to give the
compound of the formula XVI. The resulting compound of
the formula XVI is subsequently mixed with a base, for
example sodium hydroxide, and this mixture is reacted
with a compound of the formula V to give the desired
compound of the formula I . The 2-amino-1
,2-diarylethanols of the formula Il employed can
either be purchased, are known from the literature or
can be prepared in analogy to synthetic methods
disclosed in the literature for preparing 1,2-amino
alcohols. Exemplary methods for synthesizing compounds
of the formula Il and their subsequent conversion into
the compounds of the invention of the formula I are
detailed hereinafter in the experimental section. The
compounds of the formula III, V and XVII can likewise
either be purchased, are disclosed in the literature
or can be prepared by synthetic methods known to the
skilled worker.The working up and, if desired, the
purification of the products and/or intermediates
takes place by conventional methods such as
extraction, chromatography or crystallization and
conventional dryings. The use of the compounds of the
formula I and their pharmaceutically acceptable salts
as medicament is claimed. The compounds of the
invention of the formula I and their pharmaceutically
acceptable salts can thus be used on animals,
preferably on mammals, and in particular on humans, as
pharmaceuticals on their own, in mixtures with one
another or in the form of pharmaceutical preparations.
The present invention also relates to the compounds of
the formula I and their pharmaceutically acceptable
salts for use in the therapy and prophylaxis of the
abovementioned diseases and to their use for producing
medicaments for the abovementioned diseases and
medicaments with a K+ channel-blocking action. Also
claimed is a pharmaceutical preparation comprising an
effective amount of a compound of the formula I and/or
of its pharmaceutically acceptable salts, together
with pharmaceutically acceptable carriers and
additives, alone or in combination with other
pharmacological active ingredients or pharmaceuticals.
The pharmaceutical preparations normally comprise from
0.1 to 90 percent by weight of the compounds of the
formula I and/or their pharmaceutically acceptable
salts. The pharmaceutical preparations can be produced
in a manner known per se. For this purpose, the
compounds of the formula I and/or their
pharmaceutically acceptable salts are converted
together with one or more solid or liquid
pharmaceutical vehicles and/or excipients and, if
desired, in combination with other pharmaceutical
active ingredients into a suitable dosage form, which
can then be used as pharmaceutical in human medicine
or veterinary medicine. 



Pharmaceuticals which comprise a compound of the
formula I and/or its pharmaceutically acceptable salts
can moreover be administered for example
orally,parenterally, intravenously, rectally,
percutaneously, topically or by inhalation, and the
preferred administration depends on the individual
case, for example on the particular manifestation of
the disorder. The compounds of the formula I can
moreover be used alone or together with pharmaceutical
excipients, in particular both in veterinary and in
human medicine. The pharmaceuticals comprise active
ingredients of the formula I and/or their
pharmaceutically acceptable salts generally in an
amount of from 0.01 mg to 1 g per dose unit. The
skilled worker is familiar on the basis of his expert
knowledge with which excipients are suitable for the
desired pharmaceutical formulation. Besides solvents,
gel formers, suppository bases, tablet excipients and
other active substance carriers it is possible to use
for example antioxidants, dispersants, emulsifiers,
antifoams, masking flavors, preservatives,
solubilizers, agents for achieving a depot effect,
buffer substances or colorants. For a form for oral
use, the active compounds are mixed with the additives
suitable for this purpose, such as carriers,
stabilizers or inert diluents, and converted by
conventional methods into suitable presentations such
as tablets, coated tablets, twopiece capsules,
aqueous, alcoholic or oily solutions. Examples of
inert carriers which can be used are gum arabic,
magnesia, magnesium carbonate, potassium phosphate,
lactose, glucose or starch, especially corn starch.
Preparation can take place both as dry and as wet
granules. Suitable as oily carriers or as solvents
are, for example, vegetable or animal oils such as
sunflower oil or fish liver oil. Suitable solvents for
aqueous or alcoholic solutions are, for example,
water, ethanol or sugar solutions or mixtures thereof.
Examples of further excipients, also for other
administration forms, are polyethylene glycols and
polypropylene glycols. For subcutaneous, intramuscular
or intravenous administration, the active compounds
are converted if desired with the substances usual for
this purpose, such as solubilizers, emulsifiers or
further excipients, into a solution, suspension or
emulsion. The compounds of the formula I and/or their
pharmaceutically acceptable salts may also be
lyophilized and the resulting lyophilizates be used,
for example, for producingproducts for injection or
infusion. Examples of suitable solvents are: water,
physiological saline or alcohols, for example ethanol,
propanol, glycerol, as well as sugar solutions such as
glucose or mannitol solutions, or else mixtures of the
various solvents mentioned. Suitable as pharmaceutical
formulation for administration in the form of aerosols
or sprays are, for example, solutions, suspensions or
emulsions of the active ingredient of the formula I or
their pharmaceutically acceptable salts in a
pharmaceutically acceptable solvent, such as in
particular ethanol or water, or a mixture of such
solvents. The formulation may if required also
comprise other pharmaceutical excipients such as
surfactants, emulsifiers and stabilizers, and a
propellant gas. Such a preparation comprises the
active ingredient normally in a concentration of about
0.1 to 10, in particular of about 0.3 to 3 percent by
weight. The dosage of the active ingredient to be
administered or of the pharmaceutically acceptable
salts thereof depends on the individual case and
should be adapted to the circumstances of the
individual case as usual for an optimal effect. Thus,
it naturally depends on the frequency of
administration and on the potency and duration of
action of the particular compounds employed for
therapy or prophylaxis, but also on the type and
severity of the disease to be treated, and on the
gender, age, weight and individual response of the
human or animal to be treated, and on whether therapy
is acute or prophylactic. The daily dose of a compound
of the formula I and/or its pharmaceutically
acceptable salts for a patient weighing about 75 kg is
normally at least 0.001 mg/kg to 100 mg/kg of body
weight, preferably 0.01 mg/kg to 20 mg/kg. Even higher
dosages may also be necessary for acute episodes of
the disease, for example in an intensive care unit. Up
to 800 mg per day may be necessary, especially on i.v.
use, for instance for an infarct patient in an
intensive care unit. The dose may be in the form of a
single dose or be divided into a plurality, for
example two, three or four, single doses. Parenteral
administration by injection or infusion, for example a
continuous intravenous infusion,may also be
advantageous, especially in the treatment of acute
cases of cardiac arrhythmias, for example in an
intensive care unit. The compounds of the formula I
and/or their pharmaceutically acceptable salts can
also be combined with other pharmaceutical active
ingredients to achieve an advantageous therapeutic
effect. Thus, advantageous combinations with
substances acting on the cardiovascular system are
possible in the treatment of cardiovascular disorders.
Suitable examples of such combination partners
advantageous for cardiovascular disorders are other
antiarrhythmics, i.e. class I , class Il or class III
antiarrhythmics, such as, for example, IKr channel
blockers, for example dofetilide, or additionally
substances which reduce blood pressure, such as ACE
inhibitors (for example enalapril, captopril,
ramipril), angiotensin antagonists, K+ channel
activators, and alpha- and beta-receptor blockers, but
also sympathomimetic and adrenergic compounds, and Na+
/H+ exchange inhibitors, calcium channel antagonists,
phosphodiesterase inhibitors and other substances with
a positive inotropic effect, such as, for example,
digitalis glycosides, or diuretics. In particular,
combinations with beta blockers or IKr channel
blockers are of particular interest. List of
abbreviations: TMSCI Trimethylsilyl chloride TFA
Trifluoroacetic acid Et Ethyl DMF
N,N-Dimethylformamide TEA Triethylamine DMSO Dimethyl
sulfoxide THF Tetrahydrofuran The compounds of the
formula I can be prepared by various processes. The
preparation methods used to prepare the examples are
described below, where R1, R2, R3, R4, R5, R6 and X
have the same meaning as in compounds of the formula I
.The compounds of the formula I can be prepared by
various processes. The preparation methods used to
prepare the examples are described below, where A, R
1, R2, R3, R4, R5, R6, R7 and n have the same meaning
as in compounds of the formula I . Preparation of
2-amino-1 ,2-diarylethanols The following 2-amino-1
,2-diarylethanols were obtained from commercial
sources: (1S,2R)-2-amino-1 ,2-diphenylethanol, (
1R,2S)-2-amino-1 ,2-diphenylethanol, (
1R,2R)-2-amino-1 ,2-diphenylethanol and
(1S,2S)-2-amino-1 ,2-diphenylethanol. All other
2-amino-1 ,2-diarylethanols were prepared by one of
the following methods A 1, A2 or A3. General methods
for synthesizing 2-amino-1 ,2-diarylethanolsMethod A1:
1 mole equivalent of the particular aldehyde of the
formula Vl was added to a solution of 1.5 mole
equivalents of tert-butyl carbamate and 1.5 mole
equivalents of sodium ptoluenesulfinate in
acetonitrile under argon. While cooling at 0-10C, 2
mole equivalents of chlorotrimethylsilane were added
dropwise, and the mixture was left to stir at room
temperature overnight. After addition of 400 ml of
water, the precipitated product of the formula VII was
filtered off with suction and dried in vacuo at 50C.
0.9-1 .0 mole equivalent of the aldehyde of the
formula VIII was added to 1 mole equivalent of the
resulting compound of the formula VII in the presence
of 0.1 to 0.3 mole equivalent of
3-ethyl-5-(2-hydroxyethyl)-4-methylthiazolium bromide
and 15 mole equivalents of triethylamine in methylene
chloride, and the mixture was heated at 35C until
reaction was complete (2-8 h). The resulting reaction
product of the formula IX was reduced with 1 mole
equivalent of sodium borohydride in methanol, and the
tert-butoxycarbonyl group was eliminated with
hydrochloric acid or trifluoroacetic acid. The
2-amino-1 ,2-diarylethanol was obtained as mixture or
2 diastereomers inwhich the depicted diastereomer of
the formula Na normally predominated, with a
proportion of 70-90%. Method A2: 1 mole equivalent of
an aldehyde or ketone of the formula X and 1.2 mole
equivalents of an isothiocyanate of the formula Xl,
dissolved together in THF, were added dropwise to a
solution, cooled in an ice bath, of 1.2 mole
equivalents of potassium tert-butoxide in 50 ml of THF
over a period of 15 minutes. After removal of the ice
bath, stirring was continued for one hour and the
reaction was subsequently stopped by adding dilute
hydrochloric acid. The oxazolidinethiones of the
formula XIIa and XIIb obtained in this way could be
separated where appropriate into diastereoisomers, it
being possible to achieve this first by
chromatographic methods and by fractional
crystallization. The diastereoisomers are produced in
most cases in the ratio of about 50:50. The purified
oxazolidinones of the formula XIIa and XIIb (for
example 7 mmol) were normally dissolved in methanol
and 2N sodium hydroxide solution and then treated with
an excess of 35% H2O2 . The solution became very hot
and was allowed to cool to room temperature and
stirred for a further 1-3 hours. After removal of most
of the methanol, the resulting oxazolidinone of the
formula XIIIa or XIIIb resulted as crystals and
couldbe filtered off with suction. Subsequent
hydrolysis to the amino alcohols of the formula Mc or
lid took place under the following conditions: 1 mole
equivalent of oxazolidinone of the formula XIIIa or
XIIIb were dissolved in ethanol, and 9 mole
equivalents of KOH dissolved in H2O were added. The
mixture was boiled under reflux for 8 to 24 hours. 



Method A3: A solution of 8 1 mole equivalent of sodium
nitrite in water was added dropwise to a solution of 1
mole equivalent of a 1,2-diarylethanone of the formula
XIV in water/conc. hydrochloric acid (8:1) at room
temperature. After 2 h, the solution was neutralized
with sodium carbonate. The resulting oxime of the
formula XV was dissolved in ethanol and, after
addition of 3 mole percent of platinum oxide,
hydrogenated under atmospheric pressure until no
further hydrogen was taken up. After filtration and
concentration of the solution, the 2-amino-1
,2-diarylethanol was obtained as a mixture of two
diastereomers of the formula Ha and Mb. Depending on
the aryl radicals R 1 and R2, it was possible to
separate the diastereomers at this or one of the
following stages by chromatography or
recrystallization. General methods for synthesizing
1-cycloamido-2-alkoxy-1 ,2-diarylethanes from 2-
amino-1 ,2-diarylethanolsMethod B 1: 2-3 mole
equivalents of triethylamine and 1 mole equivalent of
an w-haloalkylcarbonyl or sulfonyl chloride of the
formula III (for example 5-chlorobutyryl chloride)
were slowly added dropwise to a solution of a
2-amino-1 ,2-diarylethanol of the formula Il in DMF.
After stirring for 20 min, 10 mole equivalents of
sodium hydroxide pellets were added at 0C, and the
mixture was stirred at room temperature for 3 h. The
mixture was poured into ice-water, and the
precipitated product was filtered off with suction or
isolated by extraction with ethyl acetate.
Subsequently the alcohol of the formula IV was reacted
with 1 mole equivalent of a compound of the formula V
where Y is preferably chlorine, bromine or iodine if
R3 is an aliphatic radical, and may also be fluorine
if R3 is an aromatic radical, i.e. for example with an
alkyl bromide or an aryl fluorine compound such as,
for example, cyclopropylmethyl bromide or
p-fluorobenzonitrile. The reactions were carried out
either in DMF with addition of at least 1 mole
equivalent of sodium hydride or in DMSO using
potassium hydroxide as base. Depending on the progress
of the reaction, further amounts of the compound of
the formula V and base were subsequently added until
complete reaction was achieved.Method B2: A solution
of an amine alcohol of the formula Il or its
hydrochloride was dissolved in methylene chloride, and
the same volume of a saturated aqueous solution of
sodium bicarbonate was introduced on top. 1.05 mole
equivalents of an w-haloalkylcarbonyl or sulfonyl
chloride of the formula III was added to the
vigorously stirred mixture, and the mixture was
stirred at room temperature for a further 60 minutes.
The organic phase was then separated off, and a
compound of the formula XVI was isolated therefrom by
crystallization. The compounds of the formula XVI were
dissolved in DMSO, and 10-100 mole equivalents of
powdered NaOH were added. After stirring at room
temperature for 10-30 minutes, 3-5 mole equivalents of
a compound of the formula V were added, where Y may
have the meanings described for method B 1. The
mixture was stirred at room temperature for 1-10
hours, and further equivalents of the compound of the
formula V were added where appropriate, until
alkylation was complete. General method for
synthesizing 1-cycloamido-2-alkoxy-1 ,2-diarylethanes
from bromo ketonesMethod C: A vigorous stream of NH3
gas was passed through a vigorously stirred solution
in dimethylformamide of a bromo ketone of the formula
XVII substituted by R2 and R 1 for 15 to 20 minutes,
followed by a vigorous stream of air for 30 minutes,
in order to remove excess NH3 again from the solution.
Subsequently, 1.1 mole equivalents of triethylamine
and 1.1 mole equivalents of an w-haloalkylcarbonyl or
sulfonyl chloride of the formula III were added to the
mixture. The compound of the formula XVIII which
resulted in this case was isolated in a conventional
way and subsequently reduced with sodium borohydride
in methanol. The amino alcohols of the formula XVI
obtained in this way were dissolved in DMSO, and
10-100 mole equivalents of powdered NaOH were added.
After stirring at room temperature for 10-30 minutes,
3-5 mole equivalents of the compound of the formula V
were added, where Y may have the meanings described
for method B 1. The mixture was stirred at room
temperature for 1-10 hours, and further equivalents of
the compound of the formula V were added where
appropriate, until alkylation was complete.The
starting compounds described in the synthetic methods,
such as the compounds of the formula III, V, Vl, VIII,
X, Xl, XIV and XVII can be purchased or can be
prepared by or in analogy to processes described in
the literature and known to the skilled worker. The
working up and, if desired, the purification of the
products and/or intermediates takes place by
conventional methods such as extraction,
chromatography or crystallization and conventional
dryings. Examples of the use of the general synthetic
methods Example 1: 1-[(1 R',
2S')-2-Cyclopropylmethoxy-1-(4-fluorophenyl)-2-quinoli
n-8-ylethyl]- piperidin-2-one (synthesis by general
method: A 1 + B1) a) tert-Butyl
[(4-fluorophenyl)(toluene-4-sulfonyl)methyl]carbamate
15.0 g (121 mmol) of 4-fluorobenzaldehyde were added
to a solution of 2 1.3 g (184 mmol) of tert-butyl
carbamate and 32.3 g (181 mmol) of sodium
p-toluenesulfinate in 430 ml of acetonitrile under
argon. While cooling to 0-10C, 26.3 g (242 mmol) of
chlorotrimethylsilane were added dropwise, and the
mixture was left to stir at room temperature
overnight. After addition of 400 ml of water, the
precipitated product was filtered off with suction and
dried in vacuo at 50C. 36.3 g of tert-butyl [(4-
fluorophenyl)(toluene-4-sulfonyl)methyl]carbamate were
obtained. b) tert-Butyl [
1-(4-fluorophenyl)-2-oxo-2-quinolin-8-ylethyl]carbamat
e1.9 g (5.1 mmol) of tert-butyl
[(4-fluorophenyl)(toluene-4-sulfonyl)methyl]carbamate,
255 mg ( 1 .0 mmol) of
3-ethyl-5-(2-hydroxyethyl)-4-methylthiazolium bromide,
10.5 ml (76 mmol) of triethylamine and 0.72 g (4.55
mmol) of 8-quinolinecarbaldehyde were mixed in 44 ml
of methylene chloride at room temperature and then
heated at 35C for 3 h. After reaction of the aldehyde
was complete, 25 ml of saturated ammonium chloride
solution were added, and the reaction mixture was
stirred for 15 minutes. After removal of the aqueous
phase, the organic phase was washed with 0.5 M sodium
hydroxide solution and saturated sodium chloride
solution, and 1.7 g of tert-butyl [1-(4-
fluorophenyl)-2-oxo-2-quinolin-8-ylethyl]carbamate
were obtained and were reacted further without
purification. c)
2-Amino-2-(4-fluorophenyl)-1-quinolin-8-ylethanol 0.48
g (13 mmol) of sodium borohydride was added to a
solution of 4.9 g (13 mmol) of tert-butyl
[1-(4-fluorophenyl)-2-oxo-2-quinolin-8-ylethyl]carbama
te in 75 ml of methanol at 0-5C. After 1 h, the
reaction mixture was concentrated and diluted with
ethyl acetate and water, and the organic phase was
washed with saturated ammonium chloride and sodium
bicarbonate solutions. The residue after drying of the
organic phase and concentration was dissolved in 40 ml
of methylene chloride, and 9 ml of trifluoroacetic
acid were added. After 2 h, ice-water was added and
the product was extracted into the aqueous phase. The
aqueous phase was made alkaline, the product was
extracted with methylene chloride, and 1.5 g of
2-amino-2-(4-fluorophenyl)-1- quinolin-8-ylethanol
were obtained. d) 1-[(1 R',
2S')-1-(4-Fluorophenyl)-2-hydroxy-2-quinolin-8-ylethyl
]piperidin-2-one 0.43 g (2.7 mmol) of 5-chlorovaleryl
chloride was slowly added dropwise to a solution of
0.75 g (2.7 mmol) of 2-amino-2-(4-fluorophenyl)-1
-quinolin-8-ylethanol and 0.41 g (4.0 mmol) of
triethylamine in 17 ml of DMF. After stirring for 20
min, 1.3 g (33 mmol) of sodium hydroxide pellets were
added at 0C, and the mixture was stirred at room
temperature for 3 h. The mixture was poured into the
ice-water, and the precipitated product was filtered
off with suction and recrystallized from heptane/ethyl
acetate. 600 mg of 1-[(1 R',
2S')-1-(4-fluorophenyl)-2-hydroxy-2-quinolin-8-ylethyl
]piperidin-2- one were obtained as a single
diastereomer.e) 1-[(1 R', 2S')-2-Cyclopropylmethoxy-1
-(4-fluorophenyl)-2-quinolin-8-ylethyl]piperidin-
2-one 26 mg (0.55 mmol) of sodium hydride were added
to a solution of 0.2 g (0.55 mmol) of 1-[(1 R',
2S')-1-(4-fluorophenyl)-2-hydroxy-2-quinolin-8-ylethyl
]piperidin-2-one in 4 ml of DMF at -10C. After
stirring for 1 h, 222 mg ( 1 .6 mmol) of
cyclopropylmethyl bromide were added. After stirring
overnight, 26 mg of sodium hydride and 222 mg of
cyclopropylmethyl bromide were added on each of two
further occasions until the starting material had
completely reacted. The residue after concentration in
vacuo was taken up in 20 ml of water and 20 ml of
ethyl acetate, and the organic phase was washed with
saturated sodium bicarbonate solution. Drying and
concentration in vacuo resulted in 0.23 g of 1-[(1 R',
2S')-2-cyclopropylmethoxy-1-(4-fluorophenyl)-2-quinoli
n-8- ylethyl]piperidin-2-one. Example 2: 1-[(1 R',
2S')-1-(4-Fluorophenyl)-2-pyridin-3-yl-2-(4,4,4-thfluo
robutoxy)- ethyl]pyrrolidin-2-one (synthesis by
general method: A 1 + B1) a) tert-Butyl [
1-(4-fluorophenyl)-2-oxo-2-pyridin-3-ylethyl]carbamate
10.0 g (26.4 mmol) of tert-butyl
[(4-fluorophenyl)(toluene-4-sulfonyl)methyl]carbamate,
665 mg (2.6 mmol) of
3-ethyl-5-(2-hydroxyethyl)-4-methylthiazolium bromide,
55 ml (395 mmol) of triethylamine and 5.6 g (26.4
mmol) of 3-pyridinecarboxaldehyde were mixed in 230 ml
of methylene chloride at room temperature and then
heated at 35C for 3 h. After reaction of the aldehyde
was complete, 100 ml of saturated ammonium chloride
solution were added, and the reaction mixture was
stirred for 10 minutes. After removal of the aqueous
phase, the organic phase was washed with 0.5 M sodium
hydroxide solution and saturated sodium chloride
solution. 9.7 g of tert-butyl [1-(4-
fluorophenyl)-2-oxo-2-pyridin-3-ylethyl]carbamate were
obtained and were reacted 



further without purification.b) (1S',
2R')-2-Amino-2-(4-fluorophenyl)-1-pyridin-3-ylethanol
0.36 g (9.6 mmol) of sodium borohydride was added to a
solution of 3.2 g (9.6 mmol) of tert-butyl
[1-(4-fluorophenyl)-2-oxo-2-pyridin-3-ylethyl]carbamat
e in 40 ml of methanol at 0-5C. After 3 h, the
reaction mixture was diluted with ethyl acetate and
washed with water. The residue after drying of the
organic phase and concentration was suspended in 60 ml
of methylene chloride, and 18 ml of a saturated
solution of HCI in dioxane were added. After 2 h, the
precipitated product was filtered off with suction,
and 1.7 g of (1S',
2R')-2-amino-2-(4-fluorophenyl)-1-pyridin-3-ylethanol
were obtained as hydrochloride. c) 1-[(1 R',
2S')-1-(4-Fluorophenyl)-2-hydroxy-2-pyridin-3-ylethyl]
pyrrolidin-2-one 0.87 g (6.1 mmol) of 5-chlorobutyl
chloride was slowly added dropwise to a solution of
1.7 g (6. 1 mmol) of ( 1S',
2R')-2-amino-2-(4-fluorophenyl)-1 -pyridin-3-ylethanol
hydrochloride and 1.6 g (15.4 mmol) of triethylamine
in 40 ml of DMF. After stirring for 30 min, 3.1 g (77
mmol) of sodium hydroxide pellets were added at 0C,
and the mixture was stirred at room temperature for 3
h. The mixture was poured into 100 ml of ice-water and
extracted with ethyl acetate. After washing the
organic phase with saturated ammonium chloride and
saline solution, 1.57 g of 1-[(1 R', 2S')-1-(4-
fluorophenyl)-2-hydroxy-2-pyridin-3-ylethyl]pyrrolidin
-2-one were obtained. d) 1-[(1 R',
2S')-1-(4-Fluorophenyl)-2-pyridin-3-yl-2-(4,4,4-triflu
orobutoxy)ethyl]- pyrrolidin-2-one 0.26 g (6.6 mmol)
of 60 percent sodium hydride and 1.26 g (6.6 mmol) of
4,4,4- trifluorobutyl bromide were added to a solution
of 1.98 g (6.6 mmol) of 1-[(1 R', 2S')-1-
(4-fluorophenyl)-2-hydroxy-2-pyridin-3-ylethyl]pyrroli
din-2-one in 60 ml of DMF at 0C. The mixture was left
to stand at room temperature for 5 days, during which
50% of the original amount of sodium hydride and
4,4,4-trifluorobutyl bromide was again added each day.
The residue after aqueous working up was purified by
chromatography, and the resulting product was
recrystallized from ethyl acetate and heptane. 710 mg
of 1- [(1 R', 2S')-1
-(4-fluorophenyl)-2-pyridin-3-yl-2-(4,4,4-trifluorobut
oxy)ethyl]pyrrolidin-2- one were obtained.Example 3:
1-[(1R',
2S')-2-Cyclopropylmethoxy-2-(4-fluorophenyl)-1-quinoli
n-8-ylethyl]- pyrrolidin-2-one (synthesis by general
method: A 1 + B2) a) tert-Butyl
[quinolin-8-yl(toluene-4-sulfonyl)methyl]carbamate 5.0
g (32 mmol) of 8-quinolinecarbaldehyde were added to a
solution of 5.6 g (48 mmol) of tert-butyl carbamate
and 8.5 g (48 mmol) of sodium p-toluenesulfinate in
112 ml of acetonitrile under argon. While cooling to
0-10C, 6.9 g (64 mmol) of chlorotrimethylsilane were
added dropwise, and the mixture was left to stir at
room temperature overnight. After addition of 130 ml
of water, the precipitated product was filtered off
with suction and dried in vacuo at 50C. 11.4 g of
tert-butyl [quinolin-8-
yl(toluene-4-sulfonyl)methyl]carbamate were obtained.
b) tert-Butyl [2-(4-fluorophenyl)-2-oxo-1
-quinolin-8-ylethyl]carbamate 5.5 g ( 13 mmol) of
tert-butyl
[quinolin-8-yl(toluene-4-sulfonyl)methyl]carbamate,
336 mg ( 1.3 mmol) of
3-ethyl-5-(2-hydroxyethyl)-4-methylthiazolium bromide,
27 ml (200 mmol) of triethylamine and 3.9 g (13 mmol)
of 4-fluorobenzaldehyde were mixed in 115 ml of
methylene chloride at room temperature and then heated
at 35C for 3 h. After reaction of the aldehyde was
complete, 50 ml of saturated ammonium chloride
solution were added, and the reaction mixture was
stirred for 10 minutes. After removal of the aqueous
phase, the organic phase was washed with 0.5 M sodium
hydroxide solution and saturated sodium chloride
solution. Drying of the organic phase over magnesium
sulfate and concentration resulted in a semisolid
residue which was stirred with 50 ml of diethyl ether.
Filtration of the solid residue by suction resulted in
3.2 g of tert-butyl
[2-(4-fluorophenyl)-2-oxo-1-quinolin-8-ylethyl]carbama
te. c) (1S',
2R')-2-Amino-1-(4-fluorophenyl)-2-quinolin-8-ylethanol
0.30 g (7.9 mmol) of sodium borohydride was added to a
solution of 3.0 g (7.9 mmol) of tert-butyl
[2-(4-fluorophenyl)-2-oxo-1-quinolin-8-ylethyl]carbama
te in 13 ml of methanol at 0-5C. After 2 h, the
reaction mixture was diluted with ethyl acetate and
water, and the organic phase was washed with saturated
ammonium chloride and sodium bicarbonate solutions.
The residue after drying of the organic phase and
concentration was dissolved in 30 ml of methylene
chloride, and 11 ml of trifluoroacetic acid were
added. After 2 h, ice-water was added and the product
was extracted into the aqueos phase. After the aqueous
phase had been made alkaline, the product was
extracted with methylene chloride to result in 1.8 g
of (1S', 2R')-2-amino-1-(4-fluorophenyl)-2-
quinolin-8-ylethanol. d) ( 1R',
2S')-4-Chloro-N-[2-(4-fluorophenyl)-2-hydroxy-1
-quinolin-8-ylethyl]butyramide. 0.85 g (6 mmol) of
4-chlorobutyryl chloride was added to a solution of
1.8 g (4.6 mmol) of (1S',
2R')-2-amino-1-(4-fluorophenyl)-2-quinolin-8-ylethanol
and 2 ml of triethylamine in 40 ml of DMF at 0C. After
the mixture had been left to stand overnight it was
subjected to aqueous working up, and the reaction
product was purified by chromatography with
heptane/ethyl acetate 50:50 to 25:75. 1.8 g of ( 1 R',
2S')-4-chloro-
N-[2-(4-fluorophenyl)-2-hydroxy-1-quinolin-8-ylethyl]b
utyramide were obtained. e) 1-[(1 R',
2S')-2-Cyclopropylmethoxy-2-(4-fluorophenyl)-1-quinoli
n-8-ylethyl]pyrrolidin- 2-one A solution of 1.8 g of
4-chloro-N-[(1 R',
2S')-2-(4-fluorophenyl)-2-hydroxy-1-quinolin-8-
ylethyl]butyramide, 560 mg of potassium hydroxide and
1.0 g of cyclopropylmethyl bromide in 15 ml of DMSO
was stirred at room temperature overnight. The crude
product obtained after aqueous working up was purified
by chromatography on silica gel with heptane/ethyl
acetate 50:50 to result in 0.45 g of 1-[(1 R', 2S')-2-
cyclopropylmethoxy-2-(4-fluorophenyl)-1-quinolin-8-yle
thyl]pyrrolidin-2-one. Example 4 : 4-[(1 R',
2S')-1-(3,4-Difluorophenyl)-2-(4-fluorophenyl)-2-(2-ox
opyrrolidin-1- yl)ethoxy]benzonitrile (synthesis by
general method: A 1 + B1)a) tert-Butyl
[2-(3,4-difluorophenyl)-1
-(4-fluorophenyl)-2-oxoethyl]carbamate 30.0 g (79
mmol) of tert-butyl
[(4-fluorophenyl)(toluene-4-sulfonyl)methyl]carbamate,
5.9 g (23 mmol) of
3-ethyl-5-(2-hydroxyethyl)-4-methylthiazolium bromide,
164 ml ( 1.2 mol) of triethylamine and 11.2 g (79
mmol) of 3,4-difluorobenzaldehyde were mixed in 700 ml
of methylene chloride at room temperature and then
heated at 35C for 6 h. After reaction of the aldehyde
was complete, saturated ammonium chloride solution was
added, and the reaction mixture was stirred for 15
minutes. After removal of the aqueous phase, the
organic phase was washed with 0.5 M sodium hydroxide
solution and saturated sodium chloride solution to
result in 29.0 g of tert-butyl [2-(3,4-
difluorophenyl)-1-(4-fluorophenyl)-2-oxoethyl]carbamat
e, which was reacted further without purification. b)
tert-Butyl [(1 R',
2S')-2-(3,4-difluorophenyl)-1-(4-fluorophenyl)-2-
hydroxyethyl]carbamate 3.0 g (79 mmol) of sodium
borohydride were added in portions to a solution of
29.0 g (79 mmol) of tert-butyl
[2-(3,4-difluorophenyl)-1-(4-fluorophenyl)-2-oxoethyl]
carbamate in 450 ml of methanol at 5C. After 1 h, the
precipitate which had separated out was filtered off
with suction to result in 23.3 g of tert-butyl [(1 R',
2S')-2-(3,4-difluorophenyl)-
1-(4-fluorophenyl)-2-hydroxyethyl]carbamate. c) (1S',
2R')-2-Amino-1-(3,4-difluorophenyl)-2-(4-fluorophenyl)
ethanol 20 ml of a saturated solution of HCI in
dioxane were added to a solution of 23.3 g of
tert-butyl [(1 R',
2S')-2-(3,4-difluorophenyl)-1-(4-fluorophenyl)-2-hydro
xyethyl]carbamate in 400 ml of methylene chloride, and
the mixture was left to stir at room temperature for3
h. After cooling to 0C, 17.0 g of the hydrochloride of
(1S', 2R')-2-amino-1-(3,4-
difluorophenyl)-2-(4-fluorophenyl)ethanol precipitate.
d) 1-[(1 R', 2S')-2-(3,4-Difluorophenyl)-1
-(4-fluorophenyl)-2-hydroxyethyl]pyrrolidin-2- one 0.9
g (9.1 mmol) of triethylamine and 0.51 g (3.6 mmol) of
4-chlorobutyryl chloride were added dropwise to a
solution of 1. 1 g (3.6 mmol) of (1S',
2R')-2-amino-1-(3,4-
difluorophenyl)-2-(4-fluorophenyl)ethanol
hydrochloride in 45 ml of THF at 0C. After 1 h, 1.8 g
(45 mmol) of sodium hydroxide and 10 ml of DMF were
added, and stirring was continued for 1 hour. The
mixture was added to ice-water, and the organic phase
was washed with ammonium chloride solution and sodium
chloride solution. Drying and concentration resulted
in 0.89 g of 1-[(1 R',
2S')-2-(3,4-difluorophenyl)-1-(4-
fluorophenyl)-2-hydroxyethyl]pyrrolidin-2-one. e)
4-[(1 R', 2S')-1
-(3,4-Difluorophenyl)-2-(4-fluorophenyl)-2-(2-oxopyrro
lidin-1- yl)ethoxy]benzonitrile 0.13 g (2.9 mmol) of
sodium hydride was added to a solution of 0.89 g (2.6
mmol) of 1- [(1 R',
2S')-2-(3,4-difluorophenyl)-1-(4-fluorophenyl)-2-hydro
xyethyl]pyrrolidin-2-one in 40 ml of DMF at 0C. After
5 minutes, 0.32 g (2.6 mmol) of 4-fluorobenzonitrile
was added, and the mixture was stirred for 2 h.
Purification of the crude product by chromatography
resulted in 0.69 g of 4-[(1 R',
2S')-1-(3,4-difluorophenyl)-2-(4-
fluorophenyl)-2-(2-oxopyrrolidin-1-yl)ethoxy]benzonitr
ile. Example 5: 1-[(1 R',
2S')-2-Cyclopropylmethoxy-2-phenyl-1-pyridin-2-ylethyl
]pyrrolidin- 2-one (synthesis by general method: A3 +
B1) a) 1-Phenyl-2-pyridin-2-ylethane-1 ,2-dione
2-oximeA solution of 8.75 g (127 mmol) of sodium
nitrite in water was added dropwise to a solution of
25 g (127 mmol) of 1-phenyl-2-pyridin-2-ylethanone in
250 ml of water/cone hydrochloric acid (8:1) at room
temperature. After 2 h, the solution was neutralized
with sodium carbonate. The product crystallized out
overnight to result in 25.3 g of 1-
phenyl-2-pyridin-2-ylethane-1 ,2-dione 2-oxime. b)
2-Amino-1 -phenyl-2-pyhdin-2-ylethanol 25.3 g of
1-phenyl-2-pyridin-2-ylethane-1 ,2-dione 2-oxime were
dissolved in 300 ml of ethanol and, after addition of
1.0 g of platinum oxide, hydrogenated under
atmospheric pressure until no further hydrogen was
taken up. Filtration and concentration of the 



solution resulted in 2 1.6 g of
2-amino-1-phenyl-2-pyridin-2-ylethanol as mixture of 2
diastereomers. c) Syn- and
anti-1-(2-hydroxy-2-phenyl-1-pyridin-2-ylethyl)pyrroli
din-2-one 35 ml (252 mmol) of thethylamine and 11.3 ml
( 10 1 mmol) of 4-chlorobutyryl chloride were
successively added dropwise to a solution of 2 1.6 g
(101 mmol) of 2-amino-1- phenyl-2-pyridin-2-ylethanol
in 50 ml of DMF at 50C. After 1 h at room temperature,
48.4 g of sodium hydroxide were added, and the mixture
was stirred at room temperature for 1 h. The reaction
mixture was poured into ice-water and extracted with
methylene chloride, and the organic phases were washed
with water and sodium bicarbonate solution.
Chromatography on silica gel with ethyl
acetate/ethanol 20:1 resulted in isolation of 3.0 g
each of the syn- and anti-diastereomer of
1-(2-hydroxy-2-
phenyl-1-pyridin-2-ylethyl)pyrrolidin-2-one in pure
form. The relative stereochemistry was assigned by
X-ray spectroscopy. d) 1-[(1 R',
2S')-2-Cyclopropylmethoxy-2-phenyl-1-pyridin-2-ylethyl
]pyrrolidin-2-one A solution of 150 mg (0.53 mmol) of
1-[(1 R', 2S')-2-hydroxy-2-phenyl-1-pyridin-2-
ylethyl]pyrrolidin-2-one, 86 mg (0.64 mmol) of
cyclopropyl bromide and 0.69 mg of KOH in 2 ml of DMSO
were stirred at room temperature for 4 h. Aqueous
working up and purification by preparative HPLC
resulted in 30 mg of 1-[(1 R', 2S')-2-
cyclopropylmethoxy-2-phenyl-1-pyhdin-2-ylethyl]pyrroli
din-2-one.Example 6 : ( 1R',
2S')-1-[2-(4-Chlorophenyl)-1-phenyl-2-propoxyethyl]pyr
rolidin-2-one (syntheis by general method C) a) A
vigorous stream of NH3 was passed through a solution
of 309 mg ( 1 mmol) of 2-
bromo-1-(4-chlorophenyl)-2-phenylethanone for 15
minutes, and a vigorous stream of air was passed
through for 20 minutes. Then 0.2 ml of triethylamine
and 0.17 ml of chlorobutyryl chloride were added, and
the mixture was stirred at room temperature for one
hour. The solution was diluted with 80 ml of water and
acidified to pH 1-2 with 2N hydrochloric acid. The DMF
was stripped off in vacuo, and the aqueous residue was
extracted twice with ethyl acetate. The organic phase
was washed with water until neutral and dried with
MgSO4 . The residue after evaporation of the solvent
in vacuo was subjected to flash chromatography on
silica gel. A heptane/ethyl acetate solvent mixture
was used to elute 230 mg of the acylated amino ketone
4-chloro-N-[2-(4-
chlorophenyl)-2-oxo-1-phenylethyl]butyramide. b) The
product from stage a) was dissolved in 4 ml of
methanol, and 100 mg of NaBH4 were added. After
stirring at room temperature for 2 hours, the solvent
was removed and the residue was treated with water to
result in racemic ( 1 R', 2S')-4-chloro-N-[2-(4-
chlorophenyl)-2-hydroxy-1-phenylethyl]butyramide in
pure form. c) 1 g of ( 1R',
2S')-4-chloro-N-[2-(4-chlorophenyl)-2-hydroxy-1-phenyl
ethyl]butyramide was dissolved in 20 ml of DMSO and
stirred with 1 g of powdered NaOH at room temperature
for 1 hour. Then 0.5 g of propyl iodide was added, and
a further 0.3 g of propyl iodide was added every 45
minutes until the total amount of propyl iodide was
1.4 g . The reaction mixture was then acidified and
extracted several times with ethyl acetate. The
residue after evaporation of the solvent was subjected
to flashchromatography on 50 g of silica gel.
Heptane/ethyl acetate 7:1 eluted 670 mg of the final
product ( 1R',
2S')-1-[2-(4-chlorophenyl)-1-phenyl-2-propoxyethyl]pyr
rolidin-2-one. Example 7 : ( 1S,2R)-2-(1
,2-Diphenyl-2-propoxyethyl)isothiazolidine-1 ,
1-dioxide (synthesis by general method B2) a) 213 mg (
1 mmol) of ( 1R, 2S)-(-)-2-amino-1 ,2-diphenylethanol
were dissolved in 2 ml of DMF, and 164 ml of
triethylamine ( 1.19 mmol) and 137 ml ( 1 .13 mmol) of
3-chloropropanesulfonyl chloride were added. After
stirring at room temperature for one hour, the
reaction mixture was poured into water and filtered
with suction. 310 mg (88%) of the desired intermediate
3-chloro-N-[(1S, 2R)-2-hydroxy-1 ,2-
diphenylethyl]propane-1 -sulfonamide were obtained. b)
300 mg of [(1S,2R)-2-hydroxy-1 ,2-diphenylethyl]amide
were suspended in 8 ml of 2N sodium hydroxide solution
and stirred at 80C for 2 hours, during which the
originally crystalline suspension was converted into
an oily suspension. The mixture was allowed to cool
and was acidified with the minimum amount of
concentrated hydrochloric acid (pH 1-2). This resulted
in a crystalline precipitate of ( 1R,2S)-2-(1 ,1-
dioxoisothiazolidin-2-yl)-1 ,2-diphenylethanol), which
was filtered off with suction (70 mg, 0.221 mmol). c)
The product obtained from stage b) (70 mg, 0.221 mmol)
was dissolved in 1 ml of DMSO, and 110 mg of powdered
NaOH and then 169 mg (0.995 mmol) of n-propyl iodide
were added. The reaction mixture was stirred at room
temperature for 1.5 hours and then diluted with water.
The crystalline precipitate obtained thereby was
filtered offwith suction. After drying, the material
was stirred several times with n-heptane. 14.5 mg of
(1S,2R)-2-(1
,2-diphenyl-2-propoxyethyl)isothiazolidine 1,
1-dioxide were obtained. Example 8 :
1-(2-Cyclopropylmethoxy-1
,2-diphenylpropyl)pyrrolidin-2-one (synthesis by
general method A2 + B2) a) 2.63 g of potassium
tert-butoxide (24 mmol) were dissolved in 50 ml of THF
and cooled in an ice bath. A mixture of 3.918 g (24
mmol) of alpha-methylbenzyl isothiocyanate and 2.123 g
(20 mmol) of benzaldehyde was added dropwise to the
stirred solution over the course of 20 minutes. After
addition of the reagents, the ice bath was removed and
the mixture was stirred for one hour. The mixture was
added to ice-water, acidified with 2N HCI and
extracted 3 times with diethyl ether. The residue was
prepurified by chromatography on silica gel. 1. 1 g of
each of the crude diastereoisomeric oxazolidinethiones
were obtained. The isomer which migrated faster was
isolated in pure form, 0.78 g , by trituration with
diisopropyl ether. Only this isomer was subjected to
the subsequent reactions. b) 0.74 g (2.75 mmol) of the
oxazolidinethione obtained in stage a) was treated in
15 ml of methanol with 2N sodium hydroxide solution
(7.5 ml) and 2.5 ml of 35% strength H2O2. The mixture
was added to ice-water, and the product was filtered
off with suction and immediately dissolved with KOH (
1.1 g in 18.75 ml H2O) in 37 ml of methanol and boiled
under reflux for 10 hours. The solvent was then
evaporated off,the residue was diluted with water, and
the resulting precipitate (1-amino-1
,2-diphenylpropan- 2-ol, 470 mg) was filtered off with
suction. c) 330 mg ( 1.452 mmol) of 1-amino-1
,2-diphenylpropan-2-ol were acylated in 3.5 ml of DMF
with 215 mg ( 1 .525 mmol) of 4-chlorobutyryl chloride
and triethylamine (154 mg, 1.525 mmol) in the usual
way to result in 430 mg (89%) of the corresponding
chlorobutyramide. d) 420 mg ( 1.266 mmol) of the
chlorobutyramide obtained in stage c) were dissolved
in 4 ml of DMSO, and 400 mg of powdered NaOH were
added. Stirring for one hour was followed by working
up in the usual way, and the mixture was purified on
silica gel using the eluent ethyl acetate/n-heptane
1:2. The ring-closed compound was obtained (350 mg,
94%). e) 210 mg of the ring-closed product (0.71 1
mmol) obtained in stage d) were dissolved in 2.5 ml of
DMSO and stirred with 227 mg of powdered NaOH and 239
mg ( 1.774 mmol) of bromomethylcyclopropane at room
temperature for 4 hours. The usual working up was
followed by chromatography on silica gel. Using ethyl
acetate/nheptane, the 1-(2-cyclopropylmethoxy-1
,2-diphenylpropyl)pyrrolidin-2-one was obtained in
pure form (18 mg, 9%). Example 9: 4-[(1
S',2R')-2-(4-Fluorophenyl)-2-(2-oxopyrrolidin-1-yl)-1-
quinolin-8- ylethoxy]benzonitrile (synthesis by
general method: A 1 + B1)and Example 10: 4-[(1
R',2R')-2-(4-Fluorophenyl)-2-(2-oxopyrrolidin-1-yl)-1-
quinolin-8- ylethoxy]benzonitrile (synthesis by
general method: A 1 + B1) a) tert-Butyl
4[1-(4-fluorophenyl)-2-hydroxy-2-quinolin-8-ylethyl]ca
rbamate 0.314 g (8.3 mmol) of sodium borohydride was
added in 4 portions to a solution of 3.16 g (8.3 mmol)
of tert-butyl
[1-(4-fluorophenyl)-2-oxo-2-quinolin-8-ylethyl]carbama
te in 45 ml of methanol at 0-5C. The reaction mixture
was stirred at 0-5C for 0.5 h and then at room
temperature for 0.5 h and subsequently poured into an
aqueous sodium dihydrogen phosphate solution (80 g/l).
Extraction twice with ethyl acetate was followed by
drying on magnesium sulfate. Concentration resulted in
2.78 g of tert-butyl [1-(4-
fluorophenyl)-2-hydroxy-2-quinolin-8-ylethyl]carbamate
(diastereoisomer mixture: 80/20) as pale yellow powder
(yield: 88%). b)
2-Amino-2-(4-fluorophenyl)-1-quinolin-8-ylethanolhydro
chloride 2.78 g (7.27 mmol) of tert-butyl
[1-(4-fluorophenyl)-2-hydroxy-2-quinolin-8-
ylethyl]carbamate were dissolved in 75 ml of methylene
chloride and cooled to 0C.18 ml of an HCI solution
(4N) in dioxane were added, and the mixture was
stirred at 0C for 20 minutes and allowed to reach room
temperature overnight. The reaction mixture was
concentrated in vacuo, and the residue was treated
with diisopropyl ether. Filtration was followed by
washing with diisopropyl ether and pentane and drying
in vacuo. 2.75 g of
2-amino-2-(4-fluorophenyl)-1-quinolin-8-ylethanol were
obtained as hydrochloride (diastereoisomer mixture:
85/15) as a pale yellow very hygroscopic powder
(yield: quantitative). The substance was used without
further purification for the next stage. c)
1-[1-(4-Fluorophenyl)-2-hydroxy-2-quinolin-8-ylethyl]p
yrrolidin-2-one 0.615 ml (5.18 mmol) of
4-chlorobutyryl chloride (95%) was slowly added
dropwise to a solution of 1.5 g (4.7 mmol) of
2-amino-2-(4-fluorophenyl)-1-quinolin-8-ylethanol
hydrochloride and 1.96 ml (14.1 mmol) of triethylamine
in 15 ml of DMF cooled to -8C. After stirring at - 8
to -10cC for 1 h, 2.25 g (56.3 mmol) of sodium
hydroxide pellets and 156 mg (0.94 mmol) of potassium
iodide were added, and the mixture was stirred at room
temperature for 3 h. The mixture was poured into an
aqueous sodium dihydrogen phosphate solution (80 g/l).
Extraction twice with diisopropyl ether was followed
by drying over magnesium sulfate. The residue after
concentration in vacuo was purified by chromatography
with petroleum benzine/ethyl acetate 50:50, then 30:70
to 0:100. 



845 mg of
1-[1-(4-fluorophenyl)-2-hydroxy-2-quinolin-8-ylethyl]p
yrrolidin-2-one (diastereoisomer A) (yield: 51%) and
127 mg of 1-[1-(4-fluorophenyl)-2-hydroxy-2-
quinolin-8-ylethyl]pyrrolidin-2-one (diastereomer B)
(yield: 8%) were obtained. Diastereomer A: 1-[(1
S',2R')-1 -(4-fluorophenyl)-2-hydroxy-2-quinolin-8-
ylethyl]pyrrolidin-2-one Melting point: 156C
Diastereomer B: 1-[(1 R',2R')-1
-(4-fluorophenyl)-2-hydroxy-2-quinolin-8-
ylethyl]pyrrolidin-2-one Melting point: pale yellow
oil e)
4-[(1S',2R')-2-(4-Fluorophenyl)-2-(2-oxopyrrolidin-1-y
l)-1-quinolin-8- ylethoxy]benzonitrile (Example 9)4 1
mg (0.86 mmol) of sodium hydride (50% in oil) were
added to a solution of 200 mg (0.57 mmol) of
1-[1-(4-fluorophenyl)-2-hydroxy-2-quinolin-8-ylethyl]p
yrrolidin-2-one (diastereoisomer A) in 2 ml of DMF
under argon at 0C. After 5 minutes, 104 mg (0.86 mmol)
of 4-fluorobenzonitrile were added, and the mixture
was stirred at room temperature for 4 h. The reaction
mixture was poured into an aqueous sodium dihydrogen
phosphate solution (80 g/l) and extracted twice with
diisopropyl ether. Drying over magnesium sulfate was
followed by concentration. Purification of the residue
by chromatography with heptane/ethyl acetate 30:70
resulted in 239 mg of 4- [(1
S',2R')-2-(4-fluorophenyl)-2-(2-oxopyrrolidin-1 -yl)-1
-quinolin-8-ylethoxy]benzonitrile (yield: 93%) were
obtained as a white powder. Melting point: 112C f)
4-[(1
R',2R')-2-(4-Fluorophenyl)-2-(2-oxopyrrolidin-1-yl)-1-
quinolin-8- ylethoxy]benzonitrile (Example 10) 47 mg
(0.98 mmol) of sodium hydride (50% in oil) were added
to a solution of 228 mg (0.65 mmol) of
1-[1-(4-fluorophenyl)-2-hydroxy-2-quinolin-8-ylethyl]p
yrrolidin-2-one (diastereoisomer B) in 2 ml of DMF
under argon at 0C. After 5 minutes, 118 mg (0.97 mmol)
of 4-fluorobenzonitrile were added and stirred at room
temperature for 2 h. The reaction mixture was poured
into an aqueous sodium dihydrogen phosphate solution
(80 g/l) and extracted twice with diisopropyl ether.
Drying over magnesium sulfate was followed by
concentration. Purification of the residue by
chromatography with heptane/ethyl acetate 30:70
resulted in 197 mg of 4-[(1
R',2R')-2-(4-fluorophenyl)-
2-(2-oxopyrrolidin-1-yl)-1-quinolin-8-ylethoxy]benzoni
trile (diastereoisomer B) (yield: 67%). Melting point:
188C Example 11:
1-[(1S',2R')-2-Cyclopropylmethoxy-1-(4-fluorophenyl)-2
-naphthalen-1- ylethyl]pyrrolidin-2-one (synthesis by
general method: A 1 + B1)and Example 12: 1-[(1
R',2R')-2-Cyclopropylmethoxy-1-(4-fluorophenyl)-2-naph
thalen- 1-ylethyl]pyrrolidin-2-one (synthesis by
general method: A 1 + B1) a) tert-Butyl
[1-(4-fluorophenyl)-2-hydroxy-2-naphthalen-1-ylethyl]c
arbamate 0.72 g (18.9 mmol) of sodium borohydride was
added in 4 portions to a solution of 7.2 g (18.9 mmol)
of tert-butyl [1-(4-fluorophenyl)-2-naphthalen-1-yl-2-
oxoethyl]carbamate in 75 ml of methanol at 0-5C. The
reaction mixture was stirred at 0-5C for 1 h and then
poured into an aqueous sodium dihydrogen phosphate
solution (80 g/l). Extraction twice with ethyl acetate
was followed by drying on magnesium sulfate.
Concentration resulted in 7.4 g of tert-butyl
[1-(4-fluorophenyl)-2-hydroxy-2-
naphthalen-1-ylethyl]carbamate (diastereoisomer
mixture: 85/15) as a pale yellow oil (yield:
quantitative). The substance was used without further
purification for the next stage. b)
2-Amino-2-(4-fluorophenyl)-1 -naphthalen-1 -ylethanol
hydrochloride 7.2 g (18.9 mmol) of tert-butyl
[1-(4-fluorophenyl)-2-hydroxy-2-naphthalen-1-
ylethyl]carbamate were dissolved in 185 ml of
methylene chloride and cooled to 0C. 47 ml of an HCI
solution (4N) in dioxane were added, and the mixture
was stirred at 0C for 15 minutes and allowed to reach
room temperature overnight. The reactionmixture was
concentrated in vacuo, and the residue was treated
with diisopropyl ether. Filtration was followed by
washing with diisopropyl ether and pentane and drying
in vacuo. 5.5 g of
2-amino-2-(4-fluorophenyl)-1-naphthalen-1-yl)ethanol
were obtained as hydrochloride (diastereoisomer
mixture: 85/15) as a white very hygroscopic powder
(yield: 91%). The substance was used without further
purification for the next stage. c) 1-[1
-(4-Fluorophenyl)-2-hydroxy-2-naphthalen-1
-ylethyl]pyrrolidin-2-one 2.15 ml (18.1 mmol) of
4-chlorobutyryl chloride (95%) were slowly added
dropwise to a solution of 5.5 g (17.3 mmol) of
2-amino-2-(4-fluorophenyl)-1-naphthalen-1-ylethanol
hydrochloride and 7.2 ml (51 .7 mmol) of triethylamine
in 55 ml of DMF cooled to -10C. After stirring at room
temperature for 2.5 h, 8.3 g (208 mmol) of sodium
hydroxide pellets and 862 mg (5.2 mmol) of potassium
iodide were added, and the mixture was stirred at room
temperature overnight. The mixture was poured into an
aqueous sodium dihydrogen phosphate solution (80 g/l).
Extraction twice with diisopropyl ether was followed
by drying over magnesium sulfate. The residue after
concentration in vacuo was purified by chromatography
with petroleum benzine/ethyl acetate 50:50. 3.8 g of
1-[1-(4-fluorophenyl)-2-hydroxy-2-naphthalen-1-ylethyl
]pyrrolidin-2-one (diastereoisomer A) (yield: 63%) and
728 mg of 1-[1-(4-fluorophenyl)-2-hydroxy-2-(1-
naphthyl)ethyl]pyrrolidin-2-one (diastereomer B)
(yield: 12%) were obtained. Diastereomer A:
1-[(1S',2R')-1-(4-fluorophenyl)-2-hydroxy-2-naphthalen
-1- ylethyl]pyrrolidin-2-one Melting point: 160C
Diastereomer B:
1-[(1R',2R')-1-(4-fluorophenyl)-2-hydroxy-2-naphthalen
-1- ylethyl]pyrrolidin-2-one Melting point: 190C d)
1-[(1S',2R')-2-Cyclopropylmethoxy-1-(4-fluorophenyl)-2
-naphthalen-1- ylethyl]pyrrolidin-2-one (Example 11)
124 mg (2.58 mmol) of sodium hydride (50% in oil) were
added to a solution of 800 mg (2.28 mmol) of
1-[1-(4-fluorophenyl)-2-hydroxy-2-naphthalen-1-ylethyl
]pyrrolidin-2-one(diastereoisomer A) in 8 ml of DMF at
0C. After stirring for 5 minutes, 335 ml (3.42 mmol)
of cyclopropylmethyl bromide were added. After
stirring at room temperature for 2 h, the mixture was
poured into an aqueous sodium dihydrogen phosphate
solution (80 g/l). Extraction twice with diisopropyl
ether was followed by drying over magnesium sulfate.
The residue after concentration in vacuo was purifed
by chromatography with petroleum benzine/ethyl acetate
70:30. 835 mg of 1-[(1S',2R')-
2-cyclopropylmethoxy-1-(4-fluorophenyl)-2-naphthalen-1
-ylethyl]pyrrolidin-2-one were obtained as a white
powder (yield: 90%). Melting point: 126C e) 1-[(1
R',2R')-2-Cyclopropylmethoxy-1-(4-fluorophenyl)-2-naph
thalen-1- ylethyl]pyrrolidin-2-one (Example 12) 149 mg
(3.1 mmol) of sodium hydride (50% in oil) were added
to a solution of 725 mg (2.07 mmol) of
1-[1-(4-fluorophenyl)-2-hydroxy-2-naphthalen-1-ylethyl
]pyrrolidin-2-one (diastereoisomer B) in 7 ml of DMF
at 0C. After stirring for 5 minutes, 300 ml (3.1 mmol)
of cyclopropylmethyl bromide were added. After
stirring at room temperature for 2 h, the mixture was
poured into an aqueous sodium dihydrogen phosphate
solution (80 g/l). Extraction twice with diisopropyl
ether was followed by drying over magnesium sulfate.
The residue after concentration in vacuo was purifed
by chromatography with petroleum benzine/ethyl acetate
60:40. 715 mg of 1-[(1 R',2R')-
2-cyclopropylmethoxy-1-(4-fluorophenyl)-2-naphthalen-1
-ylethyl]pyrrolidin-2-one were obtained as a white
powder (yield: 85%). Melting point: 150C Example 32:
1S,2R-1-(Cyclopropoxy-1
,2-diphenylethyl)pyrrolidin-2-one39 mg (0.127 mmol) of
1S,2R-1-(1
,2-diphenyl-2-vinyloxyethyl)pyrrolidin-2-one (Example
120) were dissolved in 2 ml of absolute methylene
chloride under argon. A solution of 0.63 ml (0.69
mmol) of a 1. 1 molar solution of diethylzinc in
toluene and then 169 mg (0.63 mmol) of methylene
iodide were added thereto. The mixture was stirred at
room temperature for 3 hours. The mixture was diluted
with 2N hydrochloric acid and extracted with ethyl
acetate. The solution dried over magnesium sulfate was
evaporated in vacuo, and the residue was
chromatographed with heptane/ethyl acetate 6:4 on 20 g
of silica gel. 34 mg (83%) of 1S,2R-1-(cyclopropoxy-1
,2- diphenylethyl)pyrrolidin-2-one were obtained.
Example 120: 1S,2R-1-(1
,2-Diphenyl-2-vinyloxyethyl)pyrrolidin-2-one 84 mg
(0.3 mmol) of 1S,2R-1-(2-hydroxy-1
,2-diphenylethyl)pyrrolidin-2-one plus 5 mg (0.015
mmol) of 4,7-diphenyl[1 ,9]phenanthroline and 5 mg
(0.015 mmol) of palladium bistrifluoroacetate were
dissolved in 1 ml of butyl vinyl ether and then, under
argon, 9 mg (0.09 mmol) of triethylamine were added.
The mixture was stirred under argon at 70C for 3
hours. The mixture was then poured into water and
extracted several times with ethyl acetate. The
combined organic phases were washed with water until
neutral and dried with magnesium sulfate, and then the
solvent was evaporated in vacuo. The residue was
chromatographed on 20 g of silica gel with
n-heptane/ethyl actetate as eluent. 1S,2R-1-(1
,2-Diphenyl-2-vinyloxyethyl)pyrrolidin-2-one was
obtained, 25 mg (27%). The following examples were
prepared in analogy to the synthetic methods described
above:IMMEDIATE-RELEASE AND HIGH-DRUG-LOAD
PHARMACEUTICAL FORMULATIONS OF NON-MICRONISED
(4-CHLOROPHENYL)[4-(4-PYRIDYLMETHYL)PHTHALAZIN- 1-YL]
AND SALTS THEREOF FIELD OF THE INVENTION The present
invention relates to immediate-release and
high-drug-load solid pharmaceutical formulations
comprising
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin- 1-yl]
as well as pharmaceutically acceptable salts thereof. 



BACKGROUND OF THE INVENTION Two processes, namely the
de novo formation of vessels from differentiating
endothelial cells or angioblasts in the developing
embryo (vasculogenesis) and the growth of new
capillary vessels from existing blood vessels
(angiogenesis), are involved in the development of the
vascular systems of animal organs and tissues.
Transient phases of new vessel formation
(neovascularisation) also occur in the adult body, for
example during the menstrual cycle, during pregnancy
or during wound healing. However, a number of diseases
are known to be associated with deregulated
angiogenesis, for example retinopathies, psoriasis,
haemangioblastoma, haemangioma, and neoplastic
diseases (solid tumours). Furthermore, the complex
processes of vasculogenesis and angiogenesis have been
found to involve a whole range of molecules,
especially angiogenic growth factors and their
endothelial receptors, as well as cell adhesion
molecules. Recent findings have shown that during
embryonic development, during normal growth and in a
wide number of pathological conditions and diseases,
the angiogenic factor known as "Vascular Endothelial
Growth Factor" (VEGF) forms part of the network
regulating the growth and differentiation of the
vascular system and its components (G. Breier et al.,
Trends in Cell Biology (1996) 6,454-456 and references
cited therein). VEGF, or more specifically VEGF-A, is
a dimeric, disulfide-linked 46 kDa glycoprotein and is
structurally related to "Platelet-Derived Growth
Factor" (PDGF). I t is produced by normal cell lines
and tumour cell lines. VEGF is an endothelial
cell-specific mitogen and shows angiogenic activity in
in vivo test systems (e.g. rabbit cornea). VEGF is
chemotactic for endothelial cells and monocytes, and
induces plasminogen activators in endothelial cells,
which are then involved in the proteolytic degradation
of the extracellular matrix during formation of
capillaries. A number of splice variants of VEGF-A are
known which show comparable biological activity, but
which differ in the type of cells that secrete them
and in their heparin-binding capacity. I n addition,
there are other members of the VEGF family, such as
"Placental Growth Factor" (PLGF), VEGF-B, VEGF-C and
VEGF-D. A large number of human tumours, especially
gliomas and carcinomas, express high levels of the
VEGF variants and their receptors. This has led to the
hypothesis that the VEGF released by tumour cells
could stimulate the growth of blood capillaries and
the proliferation of tumour endothelium in a paracrine
manner and thus, through the improvedblood supply,
accelerates tumour growth. Increased VEGF expression
could explain the occurrence of cerebral oedema in
patients with glioma. Direct evidence of the role of
VEGF as a tumour angiogenesis factor in vivo has been
obtained from studies in which VEGF expression or VEGF
activity was inhibited. This was achieved with
antibodies which inhibit VEGF activity, with
dominant-negative VEGFR-2 mutants which inhibited
signal transduction, as well as with use of
antisense-VEGF RNA techniques. All approaches led to a
reduction in the growth of glioma cell lines or other
tumour cell lines in vivo as a result of inhibited
tumour angiogenesis. There are three VEGFR receptors
with different affinities to the ligands. VEGF-A binds
to VEGFRl and VEGFR2; VEGF-B and Placental Growth
Factor bind to VEGFRl; VEGF-A and processed forms of
VEGF-C and VEGF-D bind to VEGFR-2; VEGF-C and VEGF-D
bind to VEGFR-3. VEGFR-3 is especially important for
the growth of lymphatic vessels which play a role in
tumour and metastases formation. Also in another
diseases state, asthma, the lymphatic tissue is of
major importance as it does remain in the alveoli
after an acute inflammation and does not resolve like
the blood vessels. This leads to the continuing
susceptibility to stimulation by foreign agents. All
these receptors are transmembrane proteins. The signal
of the VEGF variants is transmitted via the
dimerisation of two receptor molecules inducing
thereby an activation of the enzymatic activity at the
intracellular C-terminal end. The enzymatic activity
is a signal kinase, which transfers phosphates from
ATP to itself (autophosphorylation) and to downstream
signal molecules. This allows for interaction with an
entire intracellular signal cascade eventually leading
to endothelial cell proliferation and migration. The
macroscopic result is the formation of new vessels. WO
98/35958 describes generically a series of phthalazine
derivatives with angiogenesis inhibiting activity and
specifically
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl],
including salts thereof, in particular the succinic
acid salt thereof, as an interesting candidate for
treatment of tumours. This compound is an inhibitor of
all three VEGFR kinases. The inhibition is not
dependent on a specific ligand, but blocks all the
signals.
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl]
has the chemical structure set forth below:The
solubility of
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl]
is extremely dependent on pH. For example, the
succinate salt of
(4-chlorophenyl)[4-(4-pyridylmethyl)- phthalazin-1-yl]
(hereinafter referred to as "pynasunate") has a
reasonable solubility at very low pH values, whereas
the solubility decreases significantly as the pH is
increased: PH Buffered Solubility (mg/ml) 37C 20C 1.0
no 108 1.1 yes 83 2.0 no 146 3.0 yes 7.9 3.1 yes 7.2
3.6 no 0.35 3.7 no 0.34 4.5 yes 0.02 5.0 yes 3.7 x 10
3 2.9 x 10 3 7.0 ves 7.1 x 10 3.1 x 1(T4 Since the
drug substance is absorbed in the small intestine,
where the pH is usually above 5, it is of utmost
importance that essentially all of the drug substance
is dissolved before entering the small intestine, i.e.
essentially all of the drug substance should be
dissolved in the gastric juice. Evidently, in order to
obtain satisfactory absorption of the drug substance,
the drug substance must be administered in an
immediate-release formulation. Traditionally,
micronization has been used for the purpose of
ensuring adequate release of a drug substance.
However, in addition to the increased costs associated
with the micronization procedure, a number of
well-known manufacturing problems, such as
agglomeration of the micronized particles, adherence
of the micronized particles toproduction equipment,
etc., may arise for the micronized drug substance.
Furthermore, pynasunate is classified as being
hazardous with an internal workspace limit of 0.1 mg/m
3, i.e. handling of the drug substance must be under
contained conditions and the use of e.g. high shear
mixing granulation implies many product transfers and
non-contained handlings of the drug substance.
Accordingly, there is a need for an immediate-release
formulation based on nonmicronized
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl],
or pharmaceutically acceptable salts thereof, as well
for as for processes for efficient preparation of such
formulations. I n addition, clinical studies have
revealed that about 1675 mg pynasunate have to be
administered to cancer patients per day (in addition
to other medicaments). The patients have to take about
ten capsules a day which, in turn, leads to low
patient compliance. It is therefore evident that in
addition to the need for a robust immediate-release
formulation of the drug substance, there is also a
need for a formulation having a highdrug- load. The
present inventors have surprisingly found that a
formulation as described herein can be prepared with a
robust prodcution process and which has a high load of
non-micronized drug substance, an immediate-release
profile and which contains a minimum of pharmaceutical
excipients. Thus, the object of the present invention
is to provide a high-load solid pharmaceutical
formulation of non-micronized
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl],
or pharmaceutically acceptable salts thereof, which
exhibits a reproducible immediate-release of the drug
substance. This object is met by the solid
pharmaceutical formulations defined in the appended
claims. SUMMARY OF THE INVENTION In a first aspect the
present invention relates to a solid pharmaceutical
formulation comprising at least 50% by weight of the
total formulation of non-micronized (4-
chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl], or
a pharmaceutically acceptable salt thereof, wherein at
least 70% of said
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-lyl],
or a pharmaceutical acceptable salt thereof, is
dissolved from said solid pharmaceutical formulation
within 30 minutes as determined by the USP 28 Paddle
Method using 0.05 M KH2PCVHCI buffer adjusted to pH
3.0 at 37C as the dissolution media and 50 rpm as the
stirring rate. I n a further aspect the present
invention relates to a solid dosage form, in
particular a solid unit dosage form, comprising the
solid pharmaceutical formulation of the invention.In a
still further aspect the present invention relates to
a composition of non-micronized particles of
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl],
or a pharmaceutically acceptable salt thereof, having
a d90 value in the range of 50-300 mm and a d50 value
in the range of 15-100 mm, when determined as
described herein. I n an even further aspect the
present invention relates to the formulation of the
invention, the dosage form of the invention, or the
composition of the invention, for use as a medicament.
I n another aspect the present invention relates to
the use of the formulation of the invention, the
dosage form of the invention, or the composition of
the invention, for the 



manufacture of a medicament for the treatment of
cancer. In yet another aspect the present invention
relates to a method of treating cancer, said method
comprising administering a therapeutically effective
amount of the formulation of the invention, the dosage
form of the invention, or composition of the
invention, to a patient in need thereof. Further
aspects of the present invention will be apparent from
the below description and the appended claims. BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 shows a particle
size volume distribution of pynasunate prepared
according to Example 1. Fig. 2 shows a particle size
volume distribution of pynasunate prepared according
to Example 2. Fig. 3 shows a particle size volume
distribution of pynasunate prepared according to
Example 3. Fig. 4 shows a particle size volume
distribution of pynasunate prepared according to
Example 4. Fig. 5 shows the relationship between
compression force and hardness of the tablets prepared
in Example 6. DETAILED DESCRIPTION OF THE INVENTION As
explained above, the present invention provides an
immediate-release and high-load solid pharmaceutical
formulation comprising the drug substance
(4-chlorophenyl)[4-(4-
pyridylmethyl)-phthalazin-l-yl], or a pharmaceutically
acceptable salt thereof, in nonmicronized form.Solid
pharmaceutical formulation When used herein, the term
"non-micronized" is intended to mean that the particle
size distribution is so that at least 90% of the
particles have a particle diameter of more than 50 mm
(calculated from the volume distribution curve under
the presumption of spherical particles using laser
diffraction methods), i.e. a d90 value of at least 50
mm. It is wellknown to the skilled person that
parameters used to describe a given particle size
distribution may vary considerably dependent on the
specific equipment and settings used. Therefore, it is
important to note that whenever the terms "particle
size distribution", "particle diameter", "d50", "d90",
"d95", "d99", etc. are used herein it should be
understood that the specific values or ranges used in
connection therewith are always meant to be determined
from the volume distribution curve under the
presumption of spherical particles using laser
diffraction and the conditions set forth in the
section entitled "Determination of particle size
distribution" herein. In one embodiment of the
invention the d90 value of
(4-chlorophenyl)[4-(4-pyridylmethyl)-
phthalazin-1-yl], or a pharmaceutically acceptable
salt thereof, is at least 60 mm, such as at least 70
mm, e.g. at least 80 mm, or at least 90 mm. In a
highly preferred embodiment of the invention the d90
value is at least 100 mm, such as at least 110 mm,
e.g. at least 120 mm, more preferably at least 130 mm,
such as at least 140 mm. In addition, the d50 value of
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl],
or a pharmaceutically acceptable salt thereof, should
preferably be at least 15 mm, in particular at least
20 mm, such as at least 25 mm, e.g. at least 30 mm,
most preferably at least 35 mm. As will be understood
from the examples provided herein, the present
invention is, at least in part, based on the
surprising discovery that stable, immediate-release
formulations may be prepared even without micronizing
the drug substance. On the other hand, it is also
evident from the examples provided herein that the
particle size of the drug substance should not be too
large as the dissolution properties are then impeded.
Accordingly, the d90 value of
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl],
or a pharmaceutically acceptable salt thereof, will
typically be in the range of 50-300 mm. I n a
preferred embodiment of the invention, the d90 value
is in the range of 60-250 mm, such as in the range of
70-200 mm, e.g. in the range of 80-200 mm, more
preferably in the range of 90- 200 mm, such as in the
range of 100-200 mm, e.g. in the range of 110-190 mm,
most preferably in the range of 120-180 mm, such as in
the range of 130-170 mm, e.g. in the range of 140-160
mm. Analogously, the d50 value of
(4-chlorophenyl)[4-(4-pyridylmethyl)-
phthalazin-1-yl], or a pharmaceutically acceptable
salt thereof, will typically be in the range of 15-100
mm, in particular in the range of 20-90 mm, such as in
the range of 25-80 mm, e.g. in the range of 30-70 mm.
As will be understood from the present disclosure,
including the examples provided herein, it is of
utmost importance that the drug substance is released
in a fast and reliable manner under acidic conditions.
Thus, in the present context, the terms "fast-release"
or "immediate-release" mean that at least 70% of the
drug substance (i.e. (4-chlorophenyl)
[4-(4-pyridylmethyl)-phthalazin-l-yl] o r a
pharmaceutically acceptable salt thereof) isdissolved
from the solid pharmaceutical formulation within 30
minutes as determined by the USP 28 Paddle Method
using 0.05 M KH2PO4/HCI buffer adjusted to pH 3.0 at
37C as the dissolution media and 50 rpm as the
stirring rate. In a preferred embodiment of the
invention at least 75%, more preferably at least 80%,
of the drug substance is dissolved from the solid
pharmaceutical formulation within 30 minutes as
determined by the USP 28 Paddle Method described
herein. As will also be understood from the present
disclosure it is of utmost importance that the solid
pharmaceutical formulation contains a "high-load" of
drug substance due to the relative large amount of
drug substance needed for administration to patients.
Thus, in the present context, the term "high-load" or
"high-drug-load" means that the solid pharmaceutical
formulation contains at least 50% by weight,
calculated on the basis of the total weight of the
formulation, of the drug substance (i.e.
(4-chlorophenyl) [4-(4-
pyridylmethyl)-phthalazin-l-yl] or a pharmaceutically
acceptable salt thereof). In an interesting embodiment
of the invention the solid pharmaceutical formulation
comprises at least 55% by weight, such as at least 60%
by weight, e.g. at least 65% by weight, preferably at
least 70% by weight, such as at least 75% by weight,
e.g. at least 80% by weight, at least 85% by weight,
at least 90% by weight, or at least 90% by weight of
the drug substance, calculated on the basis of the
total weight of the formulation. Stated differently,
the solid pharmaceutical formulation typically
comprises 50-95% by weight of the drug substance (i.e.
(4-chlorophenyl) [4-(4-pyridylmethyl)-phthalazin-l-yl]
or a pharmaceutically acceptable salt thereof),
calculated on the basis of the total weight of the
formulation. In an interesting embodiment of the
invention the solid pharmaceutical formulation
comprises 50-70% by weight or 70-90% by weight, such
as 55-65% by weight or 85-95% by weight of the drug
substance, calculated on the basis of the total weight
of the formulation. The drug substance itself may be
the free base, i.e.
(4-chlorophenyl)[4-(4-pyridylmethyl)- phthalazin-1-yl]
or a pharmaceutically acceptable salt thereof, in
particular an acid addition salt. Such salts may be
formed from suitable inorganic or organic acids.
Examples of suitable inorganic acids include the
halogen acids, such as hydrochlorid acid; sulfuric
acid; and phosphoric acid. Examples of suitable
organic acids include carboxylic, phosphonic, sulfonic
or sulfamic acids, such as acetic acid, propionic
acid, octanoic acid, decanoic acid, dodecanoic acid,
glycolic acid, lactic acid, 2-hydroxybutyric acid,
gluconic acid, glucose monocarboxylic acid, fumaric
acid, succinic acid, adipic acid, pimelic acid,
suberic acid, azelaic acid, malic acid, tartaric acid,
citric acid, glucaric acid, galactaric acid; amino
acids, such as glutamic acid, aspartic acid,
N-methylglycine, acetylaminoacetic acid,
N-acetylasparagine and N-acetylcysteine; pyruvic acid,
acetoacetic acid, phosphoserine, 2- or 3-
glycerophosphoric acid, glucose-6-phosphoric acid,
glucose-1-phosphoric acid, fructose-
1,6-bis-phosphoric acid, maleic acid, hydroxymaleic
acid, methylmaleic acid, cyclohexanecarboxylic acid,
adamantanecarboxylic acid, benzoic acid, salicylic
acid, 1- or 3-hydroxynaphthyl- 2-carboxylic acid,
3,4,5-trimethoxybenzoic acid, 2-phenoxybenzoic acid,
2- acetoxybenzoic acid, 4-aminosalicylic acid,
phthalic acid, phenylacetic acid, mandelic acid,
cinnamic acid, glucuronic acid, galacturonic acid,
methane- or ethane-sulfonic acid,
2-hydroxyethanesulfonic acid, ethane-l,2-disulfonic
acid, 2-, 3-, or 4-methylbenzenesulfonic acid,
methylsulfuric acid, ethylsulfuric acid,
dodecylsulfuric acid, N-cyclohexylsulfamic acid,
N-methyl-, N-ethyl-, or N-propyl-sulfamic acid, or
other organic acids, such as ascorbic acid. In the
most preferred embodiment of the invention the drug
substance is the succinate salt of
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl].
Herein, the term "pynasunate" refers to the succinate
salt of (4-chlorophenyl)[4-(4-
pyridylmethyl)-phthalazin-l-yl], i.e.
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-lyl]
ammonium hydrogen succinate. Pynasunate is described
in WO 98/35958. The solid pharmaceutical formulation
of the invention may, in addition to non-micronized
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl],
or a pharmaceutically acceptable salt thereof, contain
at least one pharmaceutically acceptable excipient.
Such excipients may, e.g., be selected from the group
consisting of fillers, binders, surfactants,
disintegrants, glidants and lubricants. Specific
examples of such pharmaceutically acceptable
excipients include be: - Inert diluents or fillers,
such as sucrose, sorbitol, sugars, mannitol,
microcrystalline cellulose, starches, polysaccharides,
carragenan, lamda-carragenan, kappa-carragenan,
iota-carragenan, sodium chloride, sodium phosphate,
calcium carbonate, calcium phosphate, calcium sulfate
or lactose, e.g. lactose monohydrate. The inert
diluent or filler is typically present in an amount
from 1-50% by weight of the total formulation.
Preferably, the inert diluent or filler is present in
an amount from 1-40% by weight of the total
formulation. I n one particular interesting embodiment
of the invention, the inert diluent or filler is
present in an amount from 1-20% by weight of the total
formulation, preferably in an amount from 1-10% by
weight of the total formulation, more preferably in an
amount from 1-7.5% by weight of 



the total formulation, most preferably in an amount
from 1-5% by weight of the total formulation. In
another particular interesting embodiment of the
invention, the inert diluent or filler is present in
an amount from 20-40% by weight of the total
formulation, preferably in an amount from 25-35% by
weight of the total formulation, more preferably in an
amount from 30-35% by weight of the total formulation.
In a preferred embodiment of the invention, the inert
filler or diluent is lactose, in particular lactose
monohydrate. - Binders, such as sucrose, glucose,
sorbitol, acacia, alginic acid, sodium alginate,
gelatine, starch, pregelatinised starch,
microcrystalline cellulose, polysaccharides,
carragenan, lamdacarragenan, kappa-carragenan,
iota-carragenan, magnesium aluminium silicate,
carboxymethylcellulose sodium (CMC sodium),
methylcellulose, ethylcellulose,
hydroxypropylmethylcellulose (HPMC), polyvinylacetate,
polyethylene glycol or polyvinyl pyrrolidone, e.g. PVP
K12, PVP K15, PVP K17, PVP K25, PVP K30, PVP K60, PVP
K90, PVPK120 or combinations thereof. The binder is
typically present in an amount from 0.5-15% by weight
of the total formulation. Preferably, the binder is
present in an amount from 1- 10% by weight of the
total formulation, more preferably in an amount from
1-5% by weight of the total formulation. I n a
preferred embodiment of the invention, the binder is
HPMC, in particular HPMC having viscosity grade 3. -
Lubricants, including glidants and antiadhesives, such
as magnesium stearate, zinc stearate, stearic acid,
silicas, hydrogenated vegetable oils or talc. The
lubricant is typically present in an amount from
0.1-10% by weight of the total formulation.
Preferably, the lubricant is present in an amount from
0.2-5% by weight of the total formulation, such as
from 0.5-5% by weight of the total formulation, e.g.
from 1-5% by weight of the total formulation, more
preferably in an amount from 1-3% by weight of the
total formulation. I n a preferred embodiment of the
invention, the lubricant is magnesium stearate. -
Disinteg rants, such as croscarmellose sodium,
cross-linked povidone, sodium starch glycolate, maize
starch or potato starch. The disintegrant is typically
present in an amount from 1-20% by weight of the total
formulation. Preferably, the disintegrant is present
in an amount from 1-15% by weight of the total
formulation, such as from 1-10% by weight of the total
formulation, e.g. from 1-7.5% by weight of the total
formulation, more preferably from 1- 5% by weight of
the total formulation. I n a preferred embodiment of
the invention, the disintegrant is croscarmellose
sodium. Croscarmellose sodium is commercially
available under the trademark Ac-Di-Sol (r). -
Surfactants and wetting agents, such as naturally
occurring phosphatides, e.g. lechitin or soybean
lechitin; condensation products of ethylene oxide with
e.g. a fatty acid, a long chain fatty alcohol, or a
partial ester derived from fatty acids and a hexitol
or a hexitol anhydride, for example polyoxyethylene
stearate, polyoxyethylene sorbitol monooleate,
polyoxyethylene sorbitan monooleate, etc.; or salts of
long-chain aliphatic phosphates, such as sodium lauryl
sulphate. Examples of other pharmaceutically
acceptable excipients which may be incorporated in the
solid pharmaceutical formulation of the invention
include colorants, flavouring agents, plasticizers,
humectants, buffering agents, etc. The solid
pharmaceutical formulations of the invention may also
contain further drug substances, such as anti-cancer
agents. I n those cases where the pharmaceutical
formulation is in the form of a solid dosage form, in
particular a solid unit dosage form (e.g. a tablet,
sachet or capsule, in particular a tablet), the unit
dosage form is adapted for oral administration and may
be provided with a coating, such as a film coating, a
sugar coating, or the like. Thus, a suitable coating
for thesolid unit dosage form according to the
invention may, for example, be a sugar coating or a
film coating based on one or more of the ingredients:
Hydroxypropylmethylcellulose (HPMC), methylcellulose,
ethylcellulose, hydroxyethylmethylcellulose,
hydroxypropylcellulose, carboxymethylcellulose sodium,
acrylate polymers (e.g. Eudragit(r)), polyethylene
glycols or polyvinylpyrrolidone. Preferably, the
coating is a film coating based on HPMC. The coated or
uncoated tablet typically has a weight in the range
from 500-700 mg, such as in the range of 525-675 mg,
e.g. in the range of 525-650 mg. I n one particular
interesting embodiment of the invention, the coated or
uncoated tablet has a weight in the range of 525-575
mg, such as about 550 mg if uncoated or about 562 mg
if coated. I n another particular interesting
embodiment of the invention, the coated or uncoated
tablet has a weight in the range of 610-650 mg, such
as about 627 mg if uncoated or about 640 mg if coated.
The amount of active drug substance, in particular
(4-chlorophenyl)[4-(4-pyridylmethyl)-
phthalazin-l-yl]ammonium hydrogen succinate, present
in the tablet will typically be in the range from
300-600 mg. I n one particular interesting embodiment
of the invention, the tablet comprises 300-350 mg,
such as 310-350 mg, e.g. 320-350 mg, preferably
330-340 mg, more preferably about 335 mg drug
substance. I n another particular interesting
embodiment of the invention, the tablet comprises
500-600 mg, such as 510-600 mg, e.g. 520-600 mg,
preferably 530-590 mg, such as 540-580 mg, e.g.
550-570, more preferably 555-565 mg, such as about
558.3 mg drug substance. I n an interesting embodiment
of the invention, the uncoated tablets contain the
following ingredients: Ingredient % Drug substance
(e.g. pynasunate) 50-95 Filler (e.g. lactose
monohydrate, mannitol) 1-50 Binder (e.g. HPMC,
microcrystalline cellulose) 1-10 Disintegrant (e.g.
croscamellose sodium) 1-20 Lubricant (e.g. magnesium
stearate) 0.1-10 The respective uncoated tablets may
be coated. In a preferred embodiment of the invention,
the uncoated tablets contain the following
ingredients: Ingredient % % Drug substance (e.g.
pynasunate) 50-70 70-90 Filler (e.g. lactose
monohydrate, mannitol) 20-40 1-20 Binder (e.g. HPMC,
microcrystalline cellulose) 1-5 1-5 Disintegrant (e.g.
croscamellose sodium) 1-5 1-5 Lubricant (e.g.
magnesium stearate) 1-5 1-5The respective uncoated
tablets may be coated. I n an even more preferred
embodiment of the invention, the uncoated tablets
contain the following ingredients: Ingredient % % Drug
substance (e.g. pynasunate) 55-65 85-95 Filler (e.g.
lactose monohydrate, mannitol) 25-35 1-10 Binder (e.g.
HPMC, microcrystalline cellulose) 1-5 1-5 Disintegrant
(e.g. croscamellose sodium) 1-5 1-5 Lubricant (e.g.
magnesium stearate) 1-3 1-3 The respective uncoated
tablets may be coated. I n the most preferred
embodiment of the invention, the uncoated tablets
contain the following ingredients: Ingredient % %* %"
%" Drug substance (e.g. pynasunate) 60.9 89.0 59.6 87.
2 Filler (e.g. lactose monohydrate, mannitol) 32.0 2.9
31.3 2.8 Binder (e.g. HPMC, microcrystalline
cellulose) 2.5 2.6 2.5 2.5 Disintegrant (e.g.
croscamellose sodium) 2.7 3.7 2.7 3.6 Lubricant (e.g.
magnesium stearatel IJJ 1.8 1.8 1.8 The respective
uncoated tablets may be coated. Stated differently,
the uncoated tablets may, in a typical embodiment of
the invention, contain the following ingredients:
Ingredient Amount (mg) Drug substance (e.g.
pynasunate) 300-600 Filler (e.g. lactose monohydrate,
mannitol) 5-250 Binder (e.g. HPMC, microcrystalline
cellulose) 5-50 Disintegrant (e.g. croscamellose
sodium) 5-100 Lubricant (e.g. magnesium stearate)
0.5-25 The respective uncoated tablets may be coated.
I n a preferred embodiment of the invention, the
uncoated tablets contain the following
ingredients:Ingredient Amount (mo) Amount ( GG\Q) Drug
substance (e.g. pynasunate) 300-350 500-600 Filler
(e.g. lactose monohydrate, mannitol) 110-220 1-50
Binder (e.g. HPMC, microcrystalline cellulose) 5-30
5-30 Disintegrant (e.g. croscamellose sodium) 5-35
5-35 Lubricant (e.g. magnesium stearate) 1-20 1-20 The
respective uncoated tablets may be coated. I n a more
preferred embodiment of the invention, the uncoated
tablets contain the following ingredients: Ingredient
Amount fmg) Amount (mo) Drug substance (e.g.
pynasunate) 320-350 540-580 Filler (e.g. lactose
monohydrate, mannitol) 150-200 10-30 Binder (e.g.
HPMC, microcrystalline cellulose) 5-25 5-25 



Disintegrant (e.g. croscamellose sodium) 5-25 10-30
Lubricant (e.g. magnesium stearate) 5-15 5-15 The
respective uncoated tablets may be coated. I n an even
more preferred embodiment of the invention, the
uncoated tablets contain the following ingredients:
Ingredient Amount (ma) Amount (mo ') Drug substance
(e.g. pynasunate) 330-340 555-565 Filler (e.g. lactose
monohydrate, mannitol) 170-180 15-20 Binder (e.g.
HPMC, microcrystalline cellulose) 10-20 10-20
Disintegrant (e.g. croscamellose sodium) 10-20 20-30
Lubricant (e.g. magnesium stearate) 5-15 5-15 The
respective uncoated tablets may be coated. I n a still
more preferred embodiment of the invention, the
uncoated tablets contain the following ingredients:
Ingredient Amount (mo) Amount (ma) Drug substance
(e.g. pynasunate) 332-337 557-560 Filler (e.g. lactose
monohydrate, mannitol) 174-178 17-19 Binder (e.g.
HPMC, microcrystalline cellulose) 13-15 15-17
Disintegrant (e.g. croscamellose sodium) 15-16 22-25
Lubricant (e.g. magnesium stearate) 9-11 10-13 The
respective uncoated tablets may be coated.I n the most
preferred embodiment of the invention, the uncoated
tablets contain the following ingredients: Ingredient
Amount (ma) Amount (ma) Drug substance (e.g.
pynasunate) 335 558.3 Filler (e.g. lactose
monohydrate, mannitol) 176 18 Binder (e.g. HPMC,
microcrystalline cellulose) 14 16 Disintegrant (e.g.
croscamellose sodium) 15 23.2 Lubricant (e.g.
magnesium stearate) 10 11.5 The respective uncoated
tablets may be coated. I n another embodiment of the
invention, granules contain ingredients according t o
anyone of the preceding compositions wherein the
lubricant is left out. I n an other interesting
embodiment of the invention the granule is shaped to
pellets, whereas the respective granule contains the
following ingredients: Ingredient Amount (%) Amount
(mo) Drug substance (e.g. pynasunate) 87.3 1675 Filler
(e.g. lactose monohydrate, mannitol, carragenan) 2.7
52 Binder (e.g. HPMC, microcrystalline cellulose,
carragenan) 5.0 96 Disintegrant (e.g. croscamellose
sodium) 5.0 96 Lubricant (e.g. magnesium stearate) Q.
The respective pellets may be coated. The solid
pharmaceutical formulation and the solid unit dosage
form of the invention is typically prepared by means
of a granulation process, i.e. the non-micronized drug
substance, together with appropriate excipients, is
subjected to a granulation process, preferably a wet
granulation process, such as a fluid bed granulation
process. After the granulation process, the granules
are processed further into the final solid unit dosage
form. In one embodiment of the invention the granules
may be filled in capsules, such as hard gelatine
capsules. However, in a preferred embodiment of the
invention the granules are processed into tablets by
compression and subsequently film-coated. Accordingly,
the present invention is also directed to a process
for the preparation of granules comprising at least
50% by weight of the total granule of non-micronized
(4-
chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl], or
a pharmaceutically acceptable salt thereof, said
process comprising the steps ofi) preparing a liquid
medium comprising the binder ii) subjecting a powder
mixture of excipients such as filler and diluents and
at least 50% by weight of the components of
non-micronized (4-chlorophenyl)[4-(4-
pyridylmethyl)-phthalazin-l-yl], or a pharmaceutically
acceptable salt thereof to a granulator iii)
subjecting said liquid medium to a granulation
process; and iv) optionally extruding and shaping the
granules v) optionally drying the granules vi)
optionally adding further excipients such as
disintegrants and lubricants to the granules vii)
optionally collecting the granules. In a related
aspect, the present invention is also directed to a
process for the preparation of a solid unit dosage
form according to the invention, said process
comprising the steps of i) preparing granules
comprising at least 50% by weight of the total granule
of nonmicronized
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl],
or a pharmaceutically acceptable salt thereof, as
described above; ii) formulating said granules into
solid unit dosage forms. The liquid medium typically
comprises a binder. In an interesting embodiment of
the invention, the liquid does not contain a
disintegrant and/or a lubricant. Preferably, the
disintegrant and/or the lubricant is added during the
granulation process, in particular at the end of the
granulation process. The liquid medium is preferably
water. The powder blend typically comprises at least
55% by weight of the components of the medium,
excluding liquid, of non-micronized
(4-chlorophenyl)[4-(4-pyridylmethyl)-
phthalazin-1-yl], or a pharmaceutically acceptable
salt thereof. In a preferred embodiment of the
invention the powder blend comprises at least 60% by
weight, such as at least 65% by weight, e.g. at least
70% by weight, preferably at least 75% by weight, such
as at least 80% by weight, e.g. at least 85% by
weight, at least 90% by weight or at least 95% by
weight of the components of non-micronized
(4-chlorophenyl)[4-(4-pyridylmethyl)-
phthalazin-1-yl], or a pharmaceutically acceptable
salt thereof.As can be seen from the Examples provided
herein, a number of batches, were manufactured using
pynasunate having a varying particle size
distribution. It was found that very fine (micronized)
particles of the pynasunate raw material led to
considerably manufacturing problems. Compression of
the granules formed from the micronized pynasunate
particles was not possible as the thereby formed
tablets exhibited sticking to the punches and
decreased physical stability. I n addition, it was
observed that the granules prepared from micronized
pynasunate particles were less coarse, i.e. the lower
the particle size of the micronized pynasunate
particles, the lower the amount (in percentage) of
granules having a particle size above 300 mm.
Non-micronized particles of pynasunate exhibited good
to excellent compressibility properties. Only few or
no problems with respect to sticking to the punches
were encountered. Furthermore, tablets prepared from
non-micronized pynasunate particles showed
satisfactory physical stability and satisfactory
immediate-release of pynasunate. However, the particle
size of the granules should not be too large as the
release properties are then impeded. In an interesting
embodiment of the invention the granules obtainable by
the process described herein are so that least 25% of
the granules are coarser than 250 mm as determined by
sieve analysis in accordance with Ph. Eur. Method
2.9.12 using a sieve with a mean mesh width of 250 mm.
Preferably, at least 30% of the granules, such as at
least 35% of the granules, e.g. at least 40% of the
granules are coarser than 250 mm. More preferably,
25-70% of the granules are coarser than 250 mm as
determined by sieve analysis in accordance with Ph.
Eur. Method 2.9.12 using a sieve with a mean mesh
width of 250 mm. I n particular 30-70% of the
granules, such as 35-70% of the granules, e.g. 40- 70%
of the granules, most preferably 40-65% of the
granules, such as 40-60% of the granules are coarser
than 250 mm. Non-micronized pynasunate As described
above, the present inventors have surprisingly found
that non-micronized pynasunate exhibits excellent
manufacturing properties allowing high-load solid
pharmaceutical formulations to be prepared.
Accordingly, the present invention is also directed to
a composition of non-micronized
(4-chlorphenyl)[4-(4-pyridylmethyl)-
phtalazin-l-yl]ammonium hydrogen succinate particles
having a d90 value in the range of 50-300 mm and a d50
value in the range of 15-100 mm, when determined as
described herein. In a preferred embodiment, the d90
value is in the range of 100-200 mm and the d50 value
is in the range of 30-70 mm, when determined as
described herein. In a highly preferred embodiment of
the invention, the composition of non-micronized (4-
chlorphenyl)[4-(4-pyridylmethyl)-phtalazin-l-yl]amrnon
ium hydrogen succinate particles has the following d50
, d90/ d95 and d99 values:Composition Cj 2 Ci 2 C 2 Al
30-50 100-140 150-180 260-300 A2 35-45 110-130 155-175
270-290 A3 40-44 117-121 162-166 280-284 Bl 25-50
120-160 160-200 210-250 B2 30-40 130-150 165-185
220-240 B3 35-40 139-143 172-176 227-231 Cl 45-75
150-190 180-220 225-265 C2 55-70 160-180 190-210
235-255 C3 60-65 165-175 200-205 245-250 All values in
mm In a particular interesting embodiment of the
invention the composition of non-micronized 



(4-chlorphenyl)[4-(4-pyridylmethyl)-phtalazin-l-yl]amm
onium hydrogen succinate particles has the d50, d90,
d95 and d99 values shown in Example 1, Example 2 or
Example 3 herein. Medical use The present invention
provides means and methods for treating certain
cancers or tumours or tumour angiogenesis, in any
suitable animal, preferably in a mammal, and in
particular in a human being. The term "solid malignant
tumor" is intended to indicate an abnormal malignant
mass of tissue that is not inflammatory, which arises
without obvious cause from cells of preexistent
tissue, which possesses no physiologic function and
which has the ability to invade normal cells and
spread throughout the body. Examples of typical solid
malignant tumours include breast carcinoma, non-small
cell lung cancer, colon carcinoma, renal cell
carcinoma and malignant melanoma. The term "carcinoma"
is intended to indicate a malignant tumour of
epithelial origin. Epithelial tissue covers or lines
the body surfaces inside and outside the body.
Examples of epithelial tissue are the skin and the
mucosa and serosa that line the body cavities and
internal organs, such as intestines, urinary bladder,
uterus, etc. Epithelial tissue may also extend into
deeper tissue layers to from glands, such as
mucus-secreting glands. The term "sarcoma" is intended
to indicate a malignant tumour growing from connective
tissue, such as cartilage, fat, muscles, tendons and
bones. The term "leukaemia" is intended to indicate a
blood cancer, i.e. a cancer that originates from the
bone marrow and which keeps the marrow from producing
normal red and white blood cells and platelets.The
term "lymphoma" refers to a cancer that originates in
the nodes or glands of the lymphatic system. The term
"glioma", when used herein, is intended to cover a
malignant tumor originating from glial cells. The term
"inhibition" or "inhibit" as used in connection with
treatment of solid tumours is intended to cover the
delayed appearance of primary or secondary tumours,
slowed development of primary or secondary tumours,
decreased occurrence of primary or secondary tumours,
slowed or decreased severity of secondary effects of
disease, arrested tumour growth and regression of
tumours. The term "reduction" or "reducing" in
connection with tumour size is covered by the term
"inhibition" or "inhibit". The reduction of the solid
tumour refers to a reduction of the tumour volume. For
example, a 10% reduction of a solid tumour means that
the volume of the treated tumour has been reduced with
10%. An important aspect of the present invention lies
in the therapeutic application of the solid
pharmaceutical formulation of the invention. Thus, the
present invention is also directed to a solid
pharmaceutical formulation of the invention for use as
a medicament. I n particular, the present invention is
directed to use of the solid pharmaceutical
formulation of the invention for the manufacture of a
medicament for treatment of cancer. Alternatively
stated, the present invention is directed to a method
of treating cancer, said method comprising
administering a therapeutically effective amount of
the solid pharmaceutical formulation of the invention
to a patient in need thereof. In the present context
the term "treatment of a cancer" or "treating a mammal
having a cancer" is intended to mean that the solid
pharmaceutical formulation described herein is
administered in a therapeutically effective amount
which is sufficient to i) inhibit growth of the
tumour, Ii) facilitate tumour regression, i.e. reduce
the size of the tumour, Hi) remove the tumour and/or
Iv) inhibit cancer cell metastasis. The solid
pharmaceutical formulation will be administered to
patients in a "therapeutically effective" dose, i.e.
in a dose that is sufficient to produce the desired
effects in relation to the condition for which it is
administered. The exact dose will depend on the cancer
form to be treated, and will be ascertainable by one
skilled in the art using known techniques. A suitable
dose of the drug substance, in particular pynasunate,
is contemplated to be in the range of about 1-2
g/patient/day, such as 1-1.5 g/patient/day, e.g.
1.3-1.4 g/patient/day, in particular 1.34
g/patient/day. In a very interesting embodiment of the
invention said cancer is a carcinoma, such as a
carcinoma selected from the group consisting of
malignant melanoma, basal cell carcinoma, ovarian
carcinoma, breast carcinoma, non-small cell lung
cancer, renal cellcarcinoma, bladder carcinoma,
recurrent superficial bladder cancer, stomach
carcinoma, prostatic carcinoma, pancreatic carcinoma,
lung carcinoma, cervical carcinoma, cervical
dysplasia, laryngeal papillomatosis, colon carcinoma,
colorectal carcinoma and carcinoid tumours, in
particular selected from the group consisting of
malignant melanoma, nonsmall cell lung cancer, breast
carcinoma, colon carcinoma and renal cell carcinoma.
Thus, in one embodiment of the invention said cancer
is malignant melanoma, such as superficial spreading
melanoma, nodular melanoma, lentigo maligna melanoma,
acral melagnoma, amelanotic melanoma or desmoplastic
melanoma. In another embodiment of the invention said
cancer is non-small cell lung cancer. In still another
embodiment of the invention said cancer is breast
carcinoma. In a further embodiment of the invention
said cancer is colon carcinoma. In an even further
embodiment of the invention said cancer is renal cell
carcinoma. In a further interesting embodiment of the
invention said cancer is a sarcoma, such as a sarcoma
selected from the group consisting of osteosarcoma,
Ewing's sarcoma, chondrosarcoma, malignant fibrous
histiocytoma, fibrosarcoma and Kaposi's sarcoma. In an
even further interesting embodiment of the invention
said cancer is a glioma. As will be understood by the
skilled person, the above-mentioned cancer types (i.e.
carcinomas, sarcomas and gliomas) are characterised by
the presence of solid tumours. I n an even further
interesting embodiment of the invention said cancer is
a lymphoma, such as a lymphoma selected from the group
consisting of Hodgkin's disease, non- Hodgkin's
disease, B-cell lymphoma, T-cell lymphoma, follicular
lymphoma, Burkitt's lymphoma and mycosis fungoides. I
n still another interesting embodiment of the
invention said cancer is a myeloma, such as multiple
myeloma. One important use in cancer therapy is the
reduction and blockade of ascites formation in
abdominal tumours of different origin (e.g. uterine
endometrium, ovarial cancer, colon cancer) also for
mesothelioma. I n addition to its use as anticancer
agent the formulation of the invention can be used for
other diseases characterised by overshooting
angiogenesis, like macular degeneration due to vessel
in-growth, corneal transplatation due to lymphatic
vessel ingrowth and thereby breakage of the immune
privilege. It is helpful in diseases like rheumatoid
arthritis with vessels growing ectopically towards the
joints. As mentioned above it is effective in asthma.
Also diseases with female cycle associated vessel
growth are influenced beneficially as is the case for
endometriosis.It will be understood that an even more
effective treatment of the various cancer forms may be
obtained by combination therapy where the solid
pharmaceutical formulation of the invention is
combined with a suitable chemotherapeutic agent and/or
is combined with radiotherapy and/or is combined with
surgery. Thus, a further aspect the present invention
relates to the use of a solid pharmaceutical
formulation of the invention for the manufacture of a
medicament for treatment of cancer in combination with
a chemotherapeutic agent. Analogously, a further
aspect of the present invention relates to a method of
treating cancer, said method comprising administering
a therapeutically effective amount of the solid
pharmaceutical formulation of the invention and a
chemotherapeutic agent to a patient in need thereof.
Specific examples of suitable chemotherapeutic agents
include chemotherapeutic agents selected from the
group consisting of adrenocorticosteroids, such as
prednisone, dexamethasone or decadron; altretamine
(hexalen, hexamethylmelamine (HMM)); amifostine
(ethyol); aminoglutethimide (cytadren); amsacrine
(M-AMSA); anastrozole (arimidex); androgens, such as
testosterone; asparaginase (elspar); bacillus
calmettegurin; bicalutamide (casodex); bleomycin
(blenoxane); busulfan (myleran); carboplatin
(paraplatin); carmustine (BCNU, BiCNU); chlorambucil
(leukeran); chlorodeoxyadenosine (2-CDA, cladribine,
leustatin); cisplatin (platinol); cytosine arabinoside
(cytarabine); dacarbazine (DTIC); dactinomycin
(actinomycin-D, cosmegen); daunorubicin (cerubidine);
docetaxel (taxotere); doxorubicin (adriomycin);
epirubicin; estramustine (emcyt); estrogens, such as
diethylstilbestrol (DES); etopside (VP-16, VePesid,
etopophos); fludarabine (fludara); flutamide
(eulexin); 5-FUDR (floxuridine); 5-fluorouracil
(5-FU); gemcitabine (gemzar); goserelin (zodalex);
herceptin (trastuzumab); hydroxyurea (hydrea);
idarubicin (idamycin); ifosfamide; IL-2 (proleukin,
aldesleukin); interferon alpha (intron A, roferon A);
irinotecan (camptosar); leuprolide (lupron);
levamisole (ergamisole); lomustine (CCNU);
mechlorathamine (mustargen, nitrogen mustard);
melphalan (alkeran); mercaptopurine (purinethol,
6-MP); methotrexate (mexate); mitomycin-C (mutamucin);
mitoxantrone (novantrone); octreotide (sandostatin);
pentostatin (2-deoxycoformycin, nipent); plicamycin
(mithramycin, mithracin); prorocarbazine (matulane);
streptozocin; tamoxifin (nolvadex); taxol
(paclitaxel); teniposide (vumon, VM-26); thiotepa;
topotecan (hycamtin); tretinoin (vesanoid, all-trans
retinoic acid); vinblastine (valban); vincristine
(Oncovin) and vinorelbine (navelbine). Other
chemotherapeutic agents, which may be useful for the
purposes described herein include the chemotherapeutic
agents mentioned in column 12, line 62 to column 13,
line 42 of US 6,482,802. For a description of these
and other chemotherapeutic agents, see The Merck
Index, 12th edition, pp. THER 13-14. I t will be
understood that the chemotherapeutic agent is selected
under due consideration 



of the actual cancer form. In a preferred embodiment
of the invention the following chemotherapeutic agents
are used (together with the solid pharmaceutical
formulation described herein) for treatment of the
following specific cancer forms: malignantmelanoma and
cisplatin; malignant melanoma and IL-2; renal cell
carcinoma and doxorubicin; renal cell carcinoma and
IL-2; breast carcinoma and doxorubicin; breast
carcinoma and taxol; colon carcinoma and
5-fluorouracil; colon carcinoma and cisplatin; and
non-small cell lung cancer and cisplatin. The
invention is further described in the following
examples. The examples should not, in any manner, be
understood as limiting the generality of the present
specification and claims. MATERIALS AND METHODS
Determination of particle size distribution
Determination of the particle size distribution of
pynasunate was performed by laser diffraction using
the following equipment and settings: Apparatus:
Sympatec Helos (H0583) Dispersion system: Aerial dry
dispersion using Sympatec Rodos module Focal length:
500 mm Volume of air stream: 2 m3/ h Prepressure: 2
bar Dispersion pressure: 3 bar Lens: R5 (4.5-875 mm)
Optical concentration: 0.8 - 20% Measurement time: 2
seconds Optical model: Fraunhofer under the
presumption of spherical particles. Determination of
granule coarseness Determination of the granule
coarseness was performed by sieve analysis in
accordance with Ph. Eur. Method 2.9.12 using a sieve
with a mean mesh width of 250 mm. Dissolution method
Determination of pynasunate dissolution from film
coated tablets was performed in accordance with the
USP 28 Paddle Method using the following test
parameters: Apparatus: USP dissolution apparatus 2,
with six covered glass vessels and paddle stirrers
Medium: 0.05 M phosphate buffer (KH2POVHCI), degassed.
The pH value was finally adjusted to 3.000.05 Filling
volume: 1000 ml Temperature: 37C0.5C Stirring rate: 50
rpm2 rpm Sampling times: 5, 10, 15, 30, 45 and 60
minutes Detection: UV-measurement at 316 nmPowder
rheometer measurements For the powder rheometer
analysis the following system and parameters were
used: Manufacturer: Freeman Technology System : FT4
Sample vessel: 25 ml Blade size: 23.5 mm Sample
preparation: Conditioning run, dosing of 25 ml sample,
weighing of sample Sample run: Conditioning run and
measurement run at 100 mm/s tip speed. 8 times
repetition Conditioning run and measurement run at 70
mm/s tip speed Conditioning run and measurement run at
40 mm/s tip speed Conditioning run and measurement run
at 10 mm/s tip speed Measurement cycle: Five sample
runs on the same sample EXAMPLES Example 1: Drug
substance with a small particle size The particle size
distribution of a drug batch was analysed as described
above. The result of the particle size distribution
measurement is given in Figure 1. The following
parameters were found: d50 = 42 mm, d90 = 119 mm, d9S
= 164 mm and d99 of 282 mm. Film coated tablets were
manufactured according to Example 5 below. The film
coated tablets showed a rapid dissolution with 93% of
active drug substance being dissolved after 30 minutes
using the USP 28 Paddle Method. Example 2: Drug
substance with a medium particle size The particle
size distribution of a drug batch was analysed as
described above. The result of the particle size
distribution measurement is given in Figure 2. The
following parameters were found: dso = 37 mm, d90 =
141 mm, d9S = 174 mm and d99 of 229 mm. Film coated
tablets were manufactured according to Example 5
below. The film coated tablets showed a rapid
dissolution with 87% of active drug substance being
dissolved after 30 minutes using the USP 28 Paddle
Method. Example 3: Drug substance with a large
particle size The particle size distribution of a drug
batch was analysed as described above. The result of
the particle size distribution measurement is given in
Figure 3. The following parameters were found: d50 =
63 mm, d90 = 169 mm, d95 = 202 mm and d99 of 247 mm.
Film coated tablets were manufactured according to
Example 5 below. The film coated tablets showed a
rapid dissolution with 78% of active drug substance
being dissolved after 30 minutes using the USP 28
Paddle Method.Example 4: Drug substance with a very
large particle size The particle size distribution of
a drug batch was analysed as described above. The
result of the particle size distribution measurement
is given in Figure 4. The following parameters were
found: d50 = 170 mm, d90 = 374 mm, d95 = 419 mm and
d99 of 491 mm. Film coated tablets were manufactured
according to Example 5 below. The film coated tablets
showed a slow dissolution with only 58% of active drug
substance being dissolved after 30 minutes using the
USP 28 Paddle Method. Example 5: Manufacturing of
high-load pynasunate tablets Tablets were prepared
from the following ingredients: I naredient Amount i
kai Homogenised pynasunate 26.800 Lactose monohydrate
14.080 Hydroxypropylmethylcellulose (HPMC) 1.120 Water
12.380 Croscarmellose sodium 1.200 Maanesium stearate
0.800 44 kg of granules were obtained by the following
process: Lactose and pynasunate were charged into a
fluid bed granulator. The granulation process was
started and the binder solution, prepared by
dissolving HPMC in water, was spray on the fluidised
bed. At the end of the granulation process
croscarmellose sodium and magnesium stearate were
added to the fluid bed granulator and blended with the
granules. 132 kg of tablets were obtained by the
following process: The granulation process was
performed three times after which the granules were
collected in an appropriate hopper which was then
applied to a rotary press. The granules were
compressed to oblong tablets (17.6 x 7 curvature 4 mm)
of 550 mg containing the following ingredients: I
naredient Amount (ma Pynasunate 335 (60.9%) Lactose
monohydrate 176 Hydroxypropylmethylcellulose (HPMC)*
14 Croscarmellose sodium 15 Maanesium stearate 10
Total 550 The tablets were film-coated with a
dispersion containing the following ingredients:I
naredient Amount (kq) Hydroxypropylmethylcellulose
(HPMC) 1.820 Talc 0.364 Iron oxide yellow pigment
0.425 Titanium dioxide 0.991 Water I 12.237 Water I I
6.117 Iron oxide yellow pigment, talc and titanium
dioxide were suspended in water I I and added to a
solution of HPMC in water I . Additional water was
added to a final weight of 23.994 kg. The dispersion
was homogenised in a colloidal mill and subsequently
sprayed onto the tablets. Coating was performed until
the film-coated tablets had reached a weight of 562 mg
each. Example 6: Manufacturing of very high-load
pynasunate tablets Tablets were prepared from the
following ingredients: Inaredient Amount (ka)
Homogenised pynasunate 39.179 Lactose monohydrate
1.263 Hydroxypropylmethylcellulose (HPMC) 1.123 Water
12.380 Croscarmellose sodium 1.628 



Maanesium stearate 0.807 44 kg of granules were
obtained by the following process: Lactose and
pynasunate were charged into a fluid bed granulator.
The granulation process was started and the binder
solution, prepared by dissolving HPMC in water, was
spray on the fluidised bed. At the end of the
granulation process croscarmellose sodium and
magnesium stearate were added to the fluid bed
granulator and blended with the granules. 132 kg of
tablets were obtained by the following process: The
granulation process was performed three times after
which the granules were collected in an appropriate
hopper which was then applied to a rotary press. The
granules were compressed to droplet-shaped tablets (18
x 6 curvature 12 mm) of 627 mg containing the
following ingredients:I naredient Amount (mq)
Pynasunate 558.3 (89.0%) Lactose monohydrate 18.0
Hydroxypropylmethylcellulose (HPMC) 16.0
Croscarmellose sodium 23.2 Magnesium stearate 11.5
Total 627.0 The tablets from were film-coated with a
dispersion containing the following ingredients: I
naredient Amount (ka) Hydroxypropylmethylcellulose
(HPMC) 1.620 Talc 0.324 Iron oxide yellow pigment
0.378 Titanium dioxide 0.882 Water I 10.891 Water I I
5.444 Iron oxide yellow pigment, talc and titanium
dioxide were suspended in water I I and added to a
solution of HPMC in water I . Additional water was
added to a final weight of 23.994 kg. The dispersion
was homogenised in a colloidal mill and subsequently
sprayed onto the tablets. Coating was performed until
the film-coated tablets had reached a weight of 640 mg
each. The very high-load film-coated pynasunate
tablets exhibited excellent physical stability, cf.
the compression force vs. hardness data shown in Fig.
5. Example 7: Optimised high-load film-coated
pynasunate tablet Pynasunate particles having a d50 of
64 mm and a d90 of 173 mm were processed to granules
as described in Example 5. 47% of the granules were
coarser than 250 mm. The compression process showed no
sticking of the granules to the punches and the
resulting tablets showed excellent physical stability
and no capping. The film-coated tablets released 85.8%
of the pynasunate after 30 minutes using the USP 28
Paddle Method described above. Example 8: Compression
of pure pynasunate 54 g of homogenised,
non-micronized, pynasunate was mixed with 1 g of
magnesium stearate. The blend was compressed to
tablets of 550 mg weight each using a single punch
compressing machine. The compression process was not
successful. The material sticked to the punches at all
available compression forces and speeds. No tablets
were obtained.Example 9: Manufacturing of very high
loaded pynasunate pellets 1675g of of homogenised,
non-micronized, pynasunate was mixed with 52g of
mannitol and 96g of microcrystalline cellulose. To
this blend 1130ml of water was added. The mixture was
given into an extruder and extruded through an 1000 mm
round shaped grid. The extrudates were shaped to round
pellets on a spheronizer and then dried to equilibrium
in an fluid bed drier at an inlet air temperature of
600C. After that the pellets were conditioned to
ambient conditions by open storage for 12 hours. The
pellets released 89.9% of the pynasunate after 30
minutes using the USP 28 Paddle Method described
above.CLAIMS 1. A solid pharmaceutical formulation
comprising at least 50% by weight of the total
formulation of non-micronized
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl],
or a pharmaceutically acceptable salt thereof, wherein
at least 70% of said (4-chlorophenyl)[4-
(4-pyridylmethyl)-phthalazin-l-yl], or a
pharmaceutical acceptable salt thereof, is dissolved
from said solid pharmaceutical formulation within 30
minutes as determined by the USP 28 Paddle Method
using 0.05 M KH2PO4/HCI buffer adjusted to pH 3.0 at
37C as the dissolution media and 50 rpm as the
stirring rate. 2. The formulation according to claim
1, wherein at least 75%, preferably at least 80%, of
said non-micronized
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl],
or a pharmaceutically acceptable salt thereof, is
dissolved from said solid pharmaceutical formulation
within 30 minutes. 3. The formulation according to
claim 1 or 2, wherein said non-micronized (4-
chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl], or
a pharmaceutically acceptable salt thereof, has a d90
value of at least 60 mm when determined as described
herein. 4. The formulation according to claim 3,
wherein said d90 value is at least 70 mm, such as at
least 80 mm, e.g. at least 90 mm, preferably at least
100 mm, such as at least 110 mm, e.g. at least 120 mm,
more preferably at least 130 mm, such as at least 140
mm. 5. The formulation according to any of the
preceding claims, wherein said non-micronized
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl],
or a pharmaceutically acceptable salt thereof, has a
d90 value in the range of 50-300 mm when determined as
described herein. 6. The formulation according to
claim 5, wherein said d90 value is in the range of
60-250 mm, such as in the range of 70-200 mm, e.g. in
the range of 80-200 mm, preferably in the range of
90-200 mm, such as in the range of 100-200 mm, e.g. in
the range of 110-190 mm, more preferably in the range
of 120-180 mm, such as in the range of 130-170 mm,
e.g. in the range of 140-160 mm. 7. The formulation
according to any of the preceding claims, wherein said
non-micronized
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl],
or a pharmaceutically acceptable salt thereof, has a
d50 value of at least 15 mm when determined as
described herein. 8. The formulation according to
claim 7, wherein said d50 value is at least 20 mm,
such as at least 25 mm, e.g. at least 30 mm,
preferably at least 35 mm.9. The formulation according
to any of the preceding claims, wherein said
non-micronized
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl],
or a pharmaceutically acceptable salt thereof, has a
d50 value in the range of 15-100 mm when determined as
described herein. 10. The formulation according to
claim 9, wherein said d50 value is in the range of
20-90 mm, such as in the range of 25-80 mm, e.g. in
the range of 30-70 mm. 11. The formulation according
to any of the preceding claims, comprising at least
55% by weight of the total formulation of
non-micronized (4-chlorophenyl)[4-(4-pyridylmethyi)-
phthalazin-1-yl], or a pharmaceutically acceptable
salt thereof. 12. The formulation according to claim
11, comprising at least 60% by weight, such as at
least 65% by weight, e.g. at least 70% by weight,
preferably at least 75% by weight, such as at least
80% by weight, e.g. at least 85% by weight, at least
90% by weight or at least 95% by weight of the total
formulation of non-micronized (4-chlorophenyl)[4-(4-
pyridylmethyl)-phthalazin-l-yl], or a pharmaceutically
acceptable salt thereof. 13. The formulation according
to any of the preceding claims further comprising at
least one pharmaceutically acceptable excipient. 14.
The formulation according to claim 13, wherein said at
least one pharmaceutically acceptable excipient is
selected from the group consisting of fillers,
binders, surfactants, disintegrants, glidants and
lubricants. 15. The formulation according to any of
the preceding claims, wherein said (4-chlorophenyl)[
4-(4-pyridylmethyl)-phthalazin-l-yl] is in the form of
a pharmaceutically acceptable salt thereof. 16. The
formulation according to claim 15, wherein said
pharmaceutically acceptable salt thereof is an acid
addition salt. 17. The formulation according to claim
16, wherein said acid addition salt is formed from an
inorganic acid or an organic acid. 18. The formulation
according to claim 17, wherein said pharmaceutically
acceptable salt of
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl]
is (4-chlorphenyl)[4-(4-
pyridylmethyl)-phtalazin-l-yl]ammonium hydrogen
succinate. 19. The formulation according to any of the
preceding claims, wherein said formulation is a
granule. 20. The formulation according to any of the
preceding claims, wherein said formulation is a
tablet.21. A solid dosage form comprising a solid
pharmaceutical formulation according to any of the
preceding claims. 22. A solid dosage form according to
claim 21, which is in a unit dosage form. 23. A solid
dosage form according claim 21, which is in a multiple
unit dosage form. 24. A solid dosage form according
claim 23, wherein the dosage form are pellets. 25. The
solid unit dosage form according to claim 21, wherein
said solid unit dosage form is adapted for oral
administration. 26. The solid unit dosage form
according to claim 22, wherein said solid unit dosage
form is in the form of a tablet, a capsule or sachet.
27. The tablet according to claim 26, wherein said
solid unit dosage form is in the form of a tablet 28.
The tablet according to claim 27, wherein said tablet
is coated. 29. The tablet according to claim 28,
wherein said tablet is film-coated. 30. The tablet
according to any of claims 26-29, wherein said tablet
has a weight in the 



range of 500-700 mg. 31. The tablet according to claim
30, wherein said tablet has a weight in the range of
525- 675 mg, such as in the range of 525-650 mg, e.g.
in the range of 525-575 mg or in the range of from
610-650 mg. 32. The tablet according to any of claims
26-31, wherein said tablet comprises 300-600 mg
(4-chlorphenyl)[4-(4-pyridylmethyl)-phtalazin-l-yl]amm
onium hydrogen succinate. 33. The tablet according to
claim 32, wherein said tablet comprises 300-350 mg (4-
chlorphenyl)[4-(4-pyridylmethyl)-phtalazin-l-yl]arnmon
ium hydrogen succinate. 34. The tablet according to
claim 33, wherein said tablet comprises 310-350 mg,
such as 320-350 mg, e.g. 330-340 mg, preferably about
335 mg (4-chlorphenyl)[4-(4-
pyridylmethyl)-phtalazin-l-yl]ammonium hydrogen
succinate. 35. The tablet according to claim 34,
wherein said tablet comprises 335 mg (4-
chlorphenyl)[4-(4-pyridylmethyl)-phtalazin-l-yl]ammoni
um hydrogen succinate, 176 mg lactose monohydrate, 14
mg hydroxypropylmethylcellulose, 15 mg croscarmellose
sodium and 10 mg magnesium stearate.36. The tablet
according to claim 32, wherein said tablet comprises
500-600 mg, such as 510-600 mg, e.g. 520-600 mg,
preferably 530-590 mg, such as 540-580 mg, e.g. 550-
570, more preferably 555-565 mg, such as about 558.3
mg (4-chlorphenyl)[4-(4-
pyridylmethyl)-phtalazin-l-yl]ammonium hydrogen
succinate. 37. The tablet according to claim 36,
wherein said tablet comprises 558.3 mg (4-
chlorphenyl)[4-(4-pyridylmethyl)-phtalazin-l-yl]ammoni
um hydrogen succinate, 18 mg lactose monohydrate, 16
mg hydroxypropylmethylcellulose, 23.2 mg
croscarmellose sodium and 11.5 mg magnesium stearate.
38. A process for the preparation of granules
comprising at least 50% by weight of the total granule
of non-micronized
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl],
or a pharmaceutically acceptable salt thereof, said
process comprising the steps of i) preparing a liquid
medium comprising the binder ii) subjecting a powder
mixture of excipients such as filler and diluents and
at least 50% by weight of the components of
non-micronized (4-chlorophenyl)[4-(4-
pyridylmethyl)-phthalazin-l-yl], or a pharmaceutically
acceptable salt thereof to a granulator iii)
subjecting said liquid medium to a granulation
process; and iv) optionally extruding and shaping the
granules v) optionally drying the granules vi)
optionally adding further excipients such as
disintegrants and lubricants to the granules vii)
optionally collecting the granules. 39. The process
according to claim 38, wherein said powder blend
comprises at least 55% by weight of the components of
the medium, excluding liquid, of non-micronized (4-
chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl], or
a pharmaceutically acceptable salt thereof. 40. The
process according to claim 39, wherein said powder
blend comprises at least 60% by weight, such as at
least 65% by weight, e.g. at least 70% by weight,
preferably at least 75% by weight, such as at least
80% by weight, e.g. at least 85% by weight, at least
90% by weight or at least 95% by weight of
non-micronized
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl],
or a pharmaceutically acceptable salt thereof. 41. The
process according to any of claims 38-40, wherein said
non-micronized (4-
chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl], or
a pharmaceutically acceptable salt thereof, is as
defined in any of claims 3-10. 42. The process
according to any of claims 38-41, wherein said liquid
medium comprises a binder.43. The process according to
any of claims 38-42, wherein said liquid medium does
not contain a disintegrant. 44. The process according
to any of claims 38-43, wherein said liquid medium
does not contain a lubricant. 45. The process
according to any of claims 38-44, wherein a
disintegrant is added during, preferably at the end
of, the granulation process. 46. The process according
to any of claims 38-45, wherein a lubricant is added
during, preferably at the end of, the granulation
process. 47. The process according to any of claims
38-46, wherein said liquid is water. 48. The process
according to any of claims 38-47, wherein said
granulation process is performed by means of high
shear granulation, fluid bed drying, fluid bed
granulation, roller compaction or extrusion. 49. The
process according to claim 48, wherein said
granulation process is performed by fluid bed
granulation. 50. The process according to any of
claims 38-49, wherein at least 25% of the granules are
coarser than 250 mm as determined by sieve analysis in
accordance with Ph. Eur. Method 2.9.12 using a sieve
with a mean mesh width of 250 mm. 51. The process
according to claim 50, wherein at least 30% of the
granules, such as at least 35% of the granules, e.g.
at least 40% of the granules are coarser than 250 mm.
52. The process according to any of claims 38-51,
wherein 25-70% of the granules are coarser than 250 mm
as determined by sieve analysis in accordance with Ph.
Eur. Method 2.9.12 using a sieve with a mean mesh
width of 250 mm. 53. The process according to claim
52, wherein 30-70% of the granules, such as 35-70% of
the granules, e.g. 40-70% of the granules, preferably
40-65% of the granules, such as 40-60% of the granules
are coarser than 250 mm. 54. Granules obtainable by
the process according to any of claims 38-53.55. A
process for the preparation of a solid unit dosage
form according to claim 22, said process comprising
the steps of i) preparing granules comprising at least
50% by weight of the total granule of nonmicronized
(4-chlorophenyl)[4-(4-pyridylmethyl)-phthalazin-l-yl],
or a pharmaceutically acceptable salt thereof,
according to any of claims 38-53; ii) formulating said
granules into solid unit dosage forms. 56. The process
according to claim 55, wherein said solid unit dosage
form is as defined in any of claims 25-37. 57. A solid
unit dosage form obtainable by the process according
to claim 55 or 56. 58. A composition of non-micronized
(4-chlorphenyl)[4-(4-pyridylmethyl)-phtalazin-lyl]
ammonium hydrogen succinate particles having a d90
value in the range of 50-300 mm and a d50 value in the
range of 15-100 mm, when determined as described
herein. 59. The composition according to claim 58,
wherein the d90 value is in the range of 100- 200 mm
and the d50 value is in the range of 30-70 mm, when
determined as described herein. 60. The composition
according to claim 59, wherein d50 value, the d90
value, the d95 value and the d99 value are as defined
in Example 1, Example 2 or Example 3 herein. 61. A
formulation according to any of claims 1-20, a dosage
form according to any of claims 21-37 or 57, or a
composition according to any of claims 58-60, for use
as a medicament. 62. Use of a formulation according to
any of claims 1-20, use of a dosage form according to
any of claims 21-37 or 57, or use of a composition
according to any of claims 58-60 for the manufacture
of a medicament for the treatment of cancer. 63. A
method of treating cancer, said method comprising
administering a therapeutically effective amount of
the formulation according to any of claims 1-20, a
dosage form according to any of claims 21-37 or 57, or
a composition according to any of claims 58-60, to a
patient in need thereof. 


