
Device for Quantitative Analysis of a Metabolite
Profile Technical Field The present invention relates
to a device, in particular to a sample preparation
device for the quantitative analysis of a drug and/or
metabolite profile in a biological sample. Moreover,
the present invention relates to an insert for such a
device being impregnated with at least one internal
standard, to the internal standard itself, and to a
kit comprising the device. Furthermore, the present
invention also relates to an apparatus containing the
device, and to a method for the quantitative analysis
of a drug and/or metabolite profile in a biological
sample employing the device. Background Art
Metabolomics is generally defined as the analysis of a
substance or group of substances necessary for or
taking part in a particular metabolic process in a
human or animal body. It's also known as the
metabolome analysis. Metabolomics is an evolving
discipline that studies unique chemical fingerprints
reflecting metabolic changes related to disease onset
and progression. Metabolite profiling, an area within
metabolomics, measures small molecules or metabolites,
contained in a human cell, tissue or organ, which are
involved in primary and intermediary metabolism. The
biochemical information resulting from metabolite
analysis reveals functional end-points associated with
physiological and pathophysiological processes,
influenced by both genetic predisposition and
environmental factors, such as nutrition, exercise or
medication (Harrigan, G.G. & Goodacre, R. (2003)
Metabolic profiling: Its role in biomarker discovery
and gene function analysis. Kluwer Academic
Publishers, Boston/Dordrecht/London; Schmidt, C.
(2004), Journal of the National Cancer Institute, 96,
732-734 ; Raudys, S. (2001) Statistical and neural
classifiers. Springer -Verlag, London; Daviss, B.
(2005) The Scientist, 19, 25-28 ). Metabolite
profiling in combination with data mining approaches
have the potential to revolutionize clinical diagnosis
and drug development. In particular, big pharma
companies are under continuous pressure to discover
new targets and novel, more efficacious and safer
compounds, and expeditebiomarker and drug discovery,
and generally lower costs of pharmaceutical
development. Therefore they rely increasingly on
biotech companies to fill this innovative gap and
future pipelines. In this context, innovative
bioanalytical and data mining techniques will play a
fundamental role in saving costs by reducing time to
market and drug attrition rates. Recently, due to
significant advances in high-throughput technologies,
a wider set of the human metabolome - a thus far
largely unexplored source of bioinformation - is now
accessible (Beecher, C. (2003). In Harrigan, G.G.,
Goodacre, R. (Ed). Metabolic profiling: Its role in
biomarker discovery and gene function analysis (pp. 3
11-319). Kluwer Academic Publishers, Boston/
Dordrecht/Londong ; Dunn,, W.B., Bailey, N.J. &
Johnson, H.E. (2005) Analyst, 130, 606-625 ) .
Statistical comparison of metabolite profiles can
expose multivariate patterns that have the potential
to revolutionize the health care system by
specifically capturing latent warning signs of u p
coming diseases before any disease symptoms show up.
Early disease screening and prevention, opposed to
late disease detection and expensive therapeutic
interventions, is probably the primary solution to
afford health care coverage in the future. By
definition, these so called biomarkers are
"objectively measured indicators of normal biological
processes, pathogenic processes or pharmacological
responses to a therapeutic intervention, and intend to
substitute for a clinical endpoint (predict benefit or
harm) based on epidemiologic, therapeutic,
pathophysiologic or other scientific evidence"
(Biomarkers Definitions Working Group. (2001) Clinical
Pharmacology and Therapeutics, 69, 89-95 ). Interest
in the discovery of novel biomarkers originates from
their broad range of potential applications and
fundamental impact on pharmaceutical industry dynamics
and current health care sector principles. Successful
implementation of biomarkers in drug discovery can
reduce the time and cost of drug development while the
application to molecular diagnostics will improve
patient compliance in clinical settings and reduce
unnecessary costs resulting from false diagnosis in
addition to late disease detection (Stoughton, R.B. &
Friend, S.H. (2005) Nature Reviews. Drug Discovery, 4,
345-350; Morris, M., & Watkins, S.M. (2005). Current
Opinion in Chemical Biology., 9, 407-412 ; McCandless,
S.E. (2004). Primary Care, 31, 583-604 ).Qualitative
and quantitative metabolite profiling technologies
comprise a range of advanced analytical and data
processing tools, with the objective of utilizing
potential markers as a result of comparison of small
molecule components of biological systems. Tandem mass
spectrometry (MS), for example, detects hundreds of
metabolites simultaneously from micro liter quantities
of biological samples, such as whole blood, serum,
plasma, urine or other body fluids from minute
amounts, with high precision and sensitivity
(Roschinger, W., Olgemoller, B., Fingerhut, R., Liebl,
B. &Roscher, A.A. (2003). European Journal of
Pediatrics, 162 (Suppl 1), S67-76; Strauss, A.W.
(2004). J Clin Invest 2004; 113:354-356; Kaltashov,
LA. & Eyles, S.J. (2005) Mass spectrometry in
biophysics: Conformation and dynamics of biomolecules.
Wiley). Quantification is achieved by reference to a
wide range of appropriate internal standards. For
example, WO 03/005628 describes a method for
generating, viewing, interpreting and analyzing a
quantitative database of metabolites. Further, US
2002/0009740 describes methods for drug discovery,
disease treatment and diagnosis using metabolomics. US
6,455,321 describes a method for interpreting tandem
mass spectrometry data for clinical diagnosis. US
6,258,605 describes an analytical method to screen the
newborn populations' acylcarnitine and amino acids
from blood samples. US 6,627,444 describes a sampling
device to aid in calibrating a field instrument.
Furthermore, US 2006/0057554 describes a sample
collection device comprising a support bearing an
inert absorbing matrix for a fluid sample, wherein the
matrix preferably comprises pre-calibrated selected
inorganic analytes as internal standards. Moreover, US
2003/0199102 discloses a testing tray comprising a
plurality of cells, wherein the cells contain a tried
internal standard. The testing tray is for conducting
a plurality of tests on a biological fluid. In order
to handle the biological samples to be evaluated
further sample devices are known in the prior art. For
example, Tanaka et al., Clinical Chemistry 47: 10,
1829-1835 (2001) describes a microvolume
blood-sampling device with low hemolysis and high
consistent yield of serum components.However, the
known sample devices show several disadvantages. In 



particular, the device described in US 6,627,444 is
designed for releasing calibration compounds by way of
heating only. It is also designed solely for
calibrating an instrument. Other devices like the
device disclosed in US 2006/0057554 fail to use
identical organic compounds labelled with stable
isotopes preembedded in a specially designed device
for extracting and derivatising. In view of the
problems of the prior art as cited above it is an
object of the present invention to provide for an
improved quantitative analysis of a drug profile or a
metabolite profile in a biological sample, i.e. of
concentrations of primarily endogenous, but not
excluding exogenous compounds like drugs and
metabolites thereof and metabolites from various
biological samples, being highly efficient and
reliable. Moreover, it is an object to provide for an
improved analysis as mentioned above being relatively
salt free which is a requirement for mass spectrometry
analysis. In particular, it is an object of the
present invention to provide for a sample preparation
device which may be used for the quantitative analysis
of a drug and/or metabolite profile in a biological
sample. Moreover, it is also an object of the present
invention to provide for an insert for such a device,
a kit comprising the device and an apparatus
containing the device. Summary of the Invention The
problems underlying the present invention have
surprisingly been solved in accordance with the
present invention comprising the following aspects. In
a first aspect the invention provides an insert for a
device suitable for the quantitative analysis of a
drug profile and/or a metabolite profile in a
biological sample comprising (a) a support impregnated
with (b) at least one internal standard. In a second
aspect the invention provides a device for the
quantitative analysis of a drug and/or metabolite
profile in a biological sample comprising (a) one or
more wells or vials, and (b) an insert according to
the first aspect of the invention.In a third aspect
the invention provides an internal standard for the
quantitative analysis of a drug and/ or metabolite
profile in a biological sample being encapsulated and
suitable for being employed according to the first
aspect. In a fourth aspect the invention provides a
kit for the quantitative analysis of a drug and/or
metabolite profile in a biological sample comprising
the device according to the second aspect of the
invention. In a fifth aspect the invention provides an
apparatus for the quantitative analysis of a drug and/
or metabolite profile in a biological sample
comprising (a) a treatment unit for preparing the drug
and/or metabolite to be screened comprising (al) an
automated liquid handling system, and (a2) at least
one device according to the second aspect of the
invention for derivatisation of the drugs and/or
metabolites present in the sample and for subsequent
extraction of the derivatives; (b) a mass spectrometer
for the quantitative targeted mass spectrometry-based
analysis, and (c) database for storing results of the
analysis. In a sixth aspect the invention provides a
method for the quantitative analysis of a drug and/or
metabolite profile in a biological sample employing
the insert and /or the device and /or the internal
standard and /or the kit and/or the apparatus of the
invention. Reference to the Attached Figures Figure 1
describes a cross-sectional view of a singular device
according to the invention containing wells or vials
and its assemblage from individual components.
Reference number (1) shows a well/vial. Reference
number (2) shows an insert according to the present
invention comprising an immobilising stationary phase
of glass, celluloses or other suitable material (i.e.
a porous support) containing internal standards with
optional (micro)encapsulation; reference number (3)
shows a retainer to hold the porous support in the
well or vial, which is chemically inert to derivatives
and solvent; reference number (4) shows a filter;
reference number (5) shows an outlet, which opens
under pressure of centrifugal or gravitational force
or vacuum.Figure 2 describes a neutral loss scan of
135 in negative mode using ion tandem mass
spectrometry of phenylthiorurea amino acid derivatives
(PTU), showing amino acids from a red blood cell
sample and their corresponding stable isotope internal
standards prepared with the multi-device described in
Example 2. Figure 3A describes a precursor scan 184 in
positive ion mode (A), showing the multi-devices
ability to extract phospholipids from a red blood cell
sample of Example 2. For example sphingomyelins and
phosphatidylcholines are observable in the m/z range
700 - 840, and lyso phosphatidylcholines in the m/z
range 400 - 650. Figure 3B describes an MRM scan
(multiple reaction monitoring) in positive ion mode of
Example 2. Figure 4 describes an example of how
immunotherapy drugs Sirolimus, Everolimus, Cyclosporin
A, Tacrolimus, and internal standards Ascomycin and
Cyclosporin D from a quality control blood sample are
analysed with LCMS to generate quantitative data. The
area under the integrated peaks of the internal
standard Cyclosporin D and Ascomycin, of known
concentrations, are used for comparison against the
area under the peak of the immunosuppressants in the
five quality control samples containing known
concentration amounts. This provides a measure of
accuracy for all four drugs. Figure 5 describes a
calibrator curve from calibrators for Sirolimus
obtained from multi-device with cellulose insert
(Example 3). Figure 6 describes a calibrator curve
from calibrators for Everolimus obtained from
multi-device with cellulose insert (Example 3). Figure
7 describes a calibrator curve from calibrators for
Cyclosporin A obtained from multi-device with
cellulose insert (Example 3) . Figure 8 describes a
calibrator curve from calibrators for Tacrolimus
obtained from multi-device with cellulose insert
(Example 3).Detailed Description of the Invention The
present invention will be described in more detail
hereinbelow by making reference to its particularly
preferred embodiments. The present invention basically
relates to a simple device containing premeasured
internal standards (reference compounds in general) in
a vial or well, to which biological samples to be
measured can be added for further treatment and
eventual analysis by e.g. mass spectrometry. The
device comprises an insert that can be porous and
contains one or more internal 



standards of known molar amounts. Additionally, these
internal standards may also be encapsulated/embedded
into a protective matrix to prolong shelf-life. The
protective matrix comprises, but not limited to,
either a nonnaturally occuring phosphatidylcholine, a
polyethylene glycol polymer or a viscous glycerol or
sorbitol solution. The device can be used for
analyzing a metabolite profile and/ or for analyzing a
drug profile (i.e. therapeutic drug monitoring, TDM)
in a biological sample. Thus, it should be understood
that even if the present invention will be described
in the following for the analysis of a metabolite
profile, it is not limited thereto. Quite in contrast,
the same considerations also apply for the analysis of
a drug profile. In the following the constituting
components of the device according to the invention as
well as the use of the device will be explained. The
device according to the invention contains (A) one or
more wells/vials, and (B) at least one insert. Said
insert comprises (a) a support which is (b)
impregnated with at least one internal standard. The
insert is indicated as reference number (2) in Figure
1. Insert The term 'insert' as used in the invention
should be understood to be the porous support
containing the internal standards with an optional
chemical protectant. The insert may have any
geometrical form as long as the insert fits into the
well or vial of the device. In a preferred embodiment
the insert is arranged within the well or vial of the
device by using a retainer. Said retainer is indicated
as reference number (3) in Figure 1. In a
particularpreferable embodiment the retainer (3)
allows the insert to be arranged within the well
without any direct contact between the insert and the
well. Thus, the insert is located above the bottom of
the well preferably within a distance of 2 to 10 mm,
more preferably of 3 to 5 mm by using the retainer. In
other words, in a preferred embodiment there is a
so-called "gap" or "distance" between the bottom of
the well and the insert and/or between the walls of
the well and the insert. As the retainer in the
preferred embodiment any retainer is suitable as long
as it allows the formation of the gap between the
bottom of the well and the insert. Such an arrangment
allows for maximum surface area of the support to
precipitate the samples onto. The design further
ensures the insert is fully accessed by flow of air or
other drying gas around the insert to enable rapid
drying of sample after application. This design
principal also ensures the insert is fully accessed by
flow of solvent from all sides enabling metabolite or
drug extraction from sample with minimized protein or
salt contaminants. Thus, the pores of the support
allow a reaction (derivatisation) to proceed within
the support itself, minimizing solvent usage and also
subsequent removal as evaporation of excess derivative
and solvents is provided by maximum surface area to
circulating drying gases (air or nitrogen) around the
sample. The increased surface area and solvent
mobility around the entire support also ensures high
extraction efficiencies using appropriate solvents. In
other words, the above-mentioned gap allows an almost
free arrangement of the insert within the well and an
improved circulation of fluids flowing through the
well. Moreover, according to a preferred embodiment of
the invention the device may comprise more than one
insert arranged in stacks, wherein the respective
inserts are more preferably arranged with the
above-mentioned gap between each other in order to
allow the circulation of fluids. Support The support
as used in the invention may be any support preferably
with at least medium degree, preferably a high degree
of porosity. Such a support in principle is known in
the prior art and also commercially available. The
porosity "F" of a medium (i.e. the support) is defined
to be the proportion of the non-solid volume to the
total volume of material, and isdefined by the ratio:
= Vp / Vm where Vp is the non-solid volume (pores and
liquid) and Vn is the total volume of material,
including the solid and non-solid parts. Thus,
porosity is a value between 0 and 1, typically ranging
from less than 0.01 for solid granite to more than 0.5
for peat and clay, although it may also be represented
in percent terms by multiplying the fraction by 100 %.
The porous support of the invention has a porosity of
at least 30 %, more prefablypreferably at least 50 %,
even more preferably at least 70 %, and most
preferably at least 90 %. The porous support as used
in the insert may be of any suitable material, but it
is preferably a solid support. More preferably the
porous support is comprised of a sorbent material for
liquids (also named liquid sorbent material). Still
more preferably the support is consisting of the
liquid sorbent material. The sorbent material may be
an adsorbent or an absorbent material. A liquid
sorbent material as used in the invention should be
understood to be any material that allows solutions of
internal standards and subsequent samples for analysis
to be adsorbed or absorbed uniformally throughout the
pores additionally allowing carrier solvent removal by
evaporation. The liquid allowed to being ad- or
absorbed by the support material can be any kind of
liquid, but it is preferably a volatile liquid at
atmospheric pressure, for example a liquid having a
boiling point less than about 250 degrees Centigrade
(C) at atmopspheric pressure. More preferably the
liquid sorbent material according to the invention
comprises at least one of a carbohydrate material,
such as cellulose material, glass fibres, glass beads,
polyacrylamide gel, porous plastic inert polymer and
porous graphite. The said porous sorbent material may
more preferably be comprised of a carbohydrate
material or derivative thereof, such as agarose, agar,
cellulose, dextran, chitosan, or konjac, carrageenan,
gellan, oralginate. The liquid sorbent material is,
however, most preferably made of cellulose or glass
fibres. The shape of the support or liquid sorbent
material is not particularly limited but preferably is
of a circular, square or scroll or nautilus dimension.
According to the invention the shape of the support or
sorbent material is adapted to the shape of the well
or vial of the device. As mentioned, the porous
support or sorbent material may be fixed or secured in
its position in the well or vial by a fixing structure
such as a retainer (indicated as (3) in Figure 1). The
porous support comprising the liquid sorbent material
mainly has two functions. The first is to embed the
internal standards (reference material) as descibed
below at predefined concentration ready for addition
of the biological sample. The second is the
immobilizing of the contents of each sample. This
immobilizing step induces cell lysis, protein
immobilisation/ 



precipitation and salt and many other drug or
metabolite retention from each of the samples. The
porosity of the support is then essential for maximal
exposure to both the derivatising agents and also the
extraction solvent to be added for the analysis.
Internal standard An internal standard as used in the
invention should be understood to be any reference
materials of known absolute amounts that are used for
comparisons to similar or identical compounds in order
to quantify unknown amounts of compounds present in a
given sample. Preferably the internal standard is an
organic internal standard. Internal standards as used
in the present invention may belong to the same group
or family of compounds to be analyzed in the
biological sample. However, they are preferably
labelled with isotopes in order to properly allow a
distinction between the metabolites of the sample and
the internal standard. Any other way of distinguishing
the metabolites of the sample from the internal
standards, however, may also be used. For example,
non-naturally occuring compounds may also be used as
internal standards. Specific examples for the internal
standard as used in the present invention are listed
in Table 1 below.Table 1 Lipids Amino
acidsAcylcarnitines Reducing monosaccharidesCreatinine
Biological Sample A biological sample as used in the
invention should be understood to be any sample of,
relating to, caused by, or affecting life or living
organisms, biological processes, such as growth and
digestion. Examples of a biological sample may
include, but are not limited to blood, cell culture
supernatant, saliva, tears, urine, blood, serum,
plasma, sweat, vaginal fluids, semen, feces, mucous,
breast milk, ascites, lymph, pleural effusion,
synovial fluid, bone marrow, cerebro- spinal fluid,
and washings from bodily cavities (e.g., bronchial
lavage), hair, tissue, bones, or teeth. Preferably,
the biological sample is a liquid sample. More
preferable, the biological sample is blood, and most
preferable human blood. Liquid means a state of matter
with definite volume but no definite shape at 25C,
like water. Metabolite profile A metabolite profile as
used in the invention should be understood to be any
defined set of values of quantitative results for
metabolites that can be used for comparison to
reference values or profiles derived from another
sample or a group of samples. For instance, a
metabolite profile of a sample from a diseased patient
might be significantly different from a metabolite
profile of a sample from a similarly matched healthy
patient.Metabolites, such as, but not limited to amino
acids, peptides, acylcarnitines, monosaccharides,
lipids and phospholipids, prostaglandins,
hydroxyeicosatetraenoic acids, hydroxyoctadecadienoic
acids, steroids, bile acids and glyco- and
phospholipids can be detected and/or quantified.
Examples of metabolites that are amenable to mass
spectrometic analyses according to the invention are
listed in Table 2. In particular, lipid species from
C4:X to C46:X (where X, the degree of saturation,
ranges from 0 to 8) in any given fatty acid residue
are shown. The lipids include also sphingolipids and
glycosphingolipids. Amino acids, which can be detected
and quantified, are proteogenic or nonproteogenic
amino acids. The proteogenic amino acids and the
nonproteogenic amino acids, as indicated in Table 2,
are preferred. Acylcarnitines from C4:X to C18:X
(wherein X is the degree of saturation and ranges from
0 to 8 in any given acid residue) can be detected
and/or analyzed. Examples for acylcarnitines which are
preferred are also listed in Table 2. Monosaccharides
are preferably reducing or non-reducing carbohydrates.
Examples of monosaccharides are also listed in Table
2.Table 2 Lipids:Amino acids Proteinogenic amino
acidsNon-proteinogenic amino acids Reducing
monosaccharides OthersDrug profile A drug profile as
used in the invention should be understood to be any
defined set of values of quantitative results for one
or more drugs or drug metabolites in a specified
sample. Moreover, immunosuppressants as specific
examples can also be detected and quantified. For
example, a drug profile of a transplant patient would
give the physician the immediate circulating amounts
of one or more drug therapies in use, and future
dosages could therefore be increased or decreased
according to the quantities measured to achieve best
therapeutic range. Such an analysis is designated as
therapeutic drug monitoring (TDM). Immunosuppressants
in accordance with the present invention are to be
understood as drugs that may be used in
immunosuppressive therapy to inhibit or prevent
activity of the immune system. Clinically they are
used to prevent the rejection of transplanted organs
and tissues and in treatment of autoimmune diseases
such as rheumatoid arthritis, myasthenia gravis,
systemic lupus erythematosus, Crohn's desease, and
ulcerative colitis. Immunosupperessants as defined
herein basically can be classified into four groups:
glucocorticoids, cytostatics, antibodies, and drugs
acting on immunophilins. Preferred examples of
immunosupperessants as used in the present invention
are Cyclosporin A, Sirolimus, Everolimus and
Tacrolimus.Encapsulation of the Standards The internal
standard according to the invention is preferably
encapsulated with a covering material or protecting
material protecting the internal standard from
degradation and chemical reactivity prior to use. The
protection of the internal standard from degradation
and chemical reactivity can prevent many forms of
breakdown or chemical modification of the internal
standard, such as prevention of the action of
sunlight, temperature, and microorganisms, in
particular prevention from any process that transforms
the internal standard into breakdown or degradation
products, thereby influencing the outcome of a
quantitative analysis. Aprotecting/covering material
as used in the invention should be understood to be
any material for shielding or designed to shield the
internal standard(s) against degradation. The
protecting/covering material according to the
invention can be any material suitable for protecting
the internal standard from an environmental influence
as mentioned above. The covering material according to
the 



invention preferably comprises at least one of a
polymer, a micelle-forming compound, a
liposome-forming compound and a polyhydroxy compound,
or any mixtures thereof. If the covering material is a
polymer, said polymer as used in the invention is not
particularly limited and understood to be a high
molecular weight organic compound, such as having a
weight average molecular weight of at least 500 g/mol
or at least 1,000 g/mol or at least 5,000 g/mol or at
least 10,000 g/ mol, which is either natural or
synthetic, whose structure can be represented by a
repeated small unit of a monomer. A synthetic polymer
is formed in a manner known in the art such as by
addition or condensation polymerization reaction of
monomers. The polymer of the invention may also be a
co polymer, when two or more different monomers are
involved. A homopolymer is a polymer which is formed
from only one type of monomer. The polymer according
to the invention is preferably a polyalkylene glycol
homopolymer or copolymer or a mixture thereof. The
weight average molecular weight is preferably about
1000 daltons (Da). More preferably thepolymer
according to the invention is a polyethylene glycol
(PEG) or polypropylene glycol (PPG), preferably PEG
1000 having a weight average molecular weight of about
1000 Da, as it is soluble or miscible with highly
polar and less polar to unpolar solvents. If the
covering material is a micelle-forming compound said
compound as used in the invention should be understood
to be any compound which can induce submicroscopic
aggregation of molecules, as droplets in a colloidal
system. The micelle-forming compound according to the
invention is preferably a surfactant. A surfactant as
used in the invention is understood to be any chemical
compound that reduces the surface tension between two
liquids; or any surface-active agent which increases
the emulsifying, foaming, dispersing, spreading and
wetting properties of a product, in particular any
organic compound whose molecules contain a hydrophilic
group at one end and a lipophilic group at the other
end. Suitable surfactants comprise cationic, anionic,
nonionic, and amphoteric surfactants. Preferably the
surfactant is phosphatidyl (C17:0)2 . If the covering
material is a liposome-forming compound said compound
as used in the invention should be understood to be
any compound which can build artificial microscopic
vesicles consisting of an aqueous core enclosed in one
or more phospholipid layers, used to convey vaccines,
drugs, enzymes, or other substances to target cells or
organs. A phospholipid as used in the invention is
understood in the general way in the art and should
comprise phosphorous containing lipid, such as
lecithin and cephalin, made of glycerol and fatty
acids, with a phosphate group attached. More
preferably the liposome forming compound is a
phospholipid, such as a phosphatidyl choline or a
phosphatidyl ethanolamine or derivatives thereof. If
the covering material is a polyhydroxy compound said
compound as used in the invention should be understood
to comprise at least two hydroxy groups. Most
preferably the polyhydroxy compound is sorbitol and/or
glycerol.Preferably the encapsulation according to the
invention is a microencapsulation. A
microencapsulation as used in the invention should be
understood to be any encapsulation of microcapsules,
which are small, preferably microscopic capsules
designed to release their contents when broken by
pressure, dissolved or melted. In particular, the
capsules of the invention preferably have a diameter
of less than 100 micrometer, more preferably less than
10 micrometer and most preferable less than 1
micrometer. Microencapsulated internal standards are
robust in terms of storage and shipping and are stable
regarding oxidation and degradation processes, and
they have a relatively long shelf-life. The
microencapsulation is preferably standardized to
prepare synthetic quality control material based on
microencapsulated components. This is typically
achieved by drying internal standards and other
protected samples down with the covering material in a
solvent that is a suitable solvent for these compounds
like a chloroform/ methanol mixture for phospholipids.
Typically addition of water to these samples induces
micelle and/or liposome formations to occur, and
embedding of these internal or external standard
lipophilic protected compounds is then made possible
in water. For example, the device is prepared as
follows: The internal standard, dissolved in a
suitable solvent, is pipetted in a known amount onto a
porous support and dried. This procedure is repeated
for every internal standard or class of internal
standards to be employed in the device. If an
encapsulation is provided, as the final step, the
encapsulating/covering material, preferably in a
suitable solvent, is put onto the support including
the internal standards (i.e. the insert) and dried.
The insert is then inserted into the well, preferably
by using a securing means or fixing structure such as
a retainer. As an alternative, the support may be
inserted into the well before pipetting the internal
standards and the optional covering material onto the
support. Multiple Device A multi-device as used in the
invention should be understood to be any multiple
devices joined together to form a multi-device such as
a microtitre plate standard format.A microtiter plate
as used in the invention should be understood to be
any plastic sample holder used in biology or chemistry
research facilities. The microtitre plate standard was
formalized by the Society for Biomolecular Screening
(SBS) in 1996. It typically has 6, 24, 96, 384 or 1536
sample wells arranged in a 2:3 rectangular matrix. The
standard governs well dimensions (e.g. diameter,
spacing and depth) as well as plate properties (e.g.
dimensions and rigidity). For the multi-device the
same description of constituting components as
mentioned above applies. Therefore, also the
multi-device includes a porous support such as
cellulose or glass fibre as examples, preferably
retained in at least one well by a chemically inert
retaining structure. The porous support has embedded
into it internal standards in a dry state; optionally
microencapsulated (coated) with a protective or
covering material or mixture of chemicals, for example
polyethylene glycol 1000, Phosphatidylcholine,
glycerol or sorbitol. The device in multiple format
herein named a multi- device may also have a different
format. Pre-embedding several vials, as an example 6
wells, give a 6 point calibration with multiple
calibrating compounds. Quality control 



samples containing known metabolites and/ or multiple
drug concentrations are also pre-embedded. Well A well
as used in the invention should be understood to be
any vial or tube consisting of a material, which is
preferably solvent and derivative resistant, wherein
an extraction or chemical reaction can take place. The
one or more wells (indicated as reference number (1)
in Figure 1) of the device preferably comprise at
least one filter (indicated as (4) in Figure 1) for
separating micron size solids, more preferably exactly
one filter (4) for separating micron size solids. The
one or more wells of the device preferably comprise at
least one outlet (5) in Figure 1 for discharging the
filtrate. A filter contained in the well as used in
the invention should be understood to be any porous
material a liquid or gas is passed through in order
toseparate the fluid from suspended particulate
matter. The filter (4) has preferably a pore size of
50 to 0.01 micrometer, more preferably 5 to 0.1
micrometer, and even more preferable 1 to 0.3
micrometer. Most preferable, the filter (4) has a pore
size of 0.45 micrometer. Preferably according to the
invention, the filter (4) is located between the
insert (2) and the outlet (5). Moreover, the outlet
(5) according to the invention preferably opens under
applied centrifugal force or reduced pressure,
preferably below 500 mbar. The reduced pressure is
preferably applied on the side of the outlet (5) of
the well (1). Alternatively, an increased pressure on
the side of the insert (2) can be applied in order to
ensure a flow from the insert (2) to the outlet (5).
Kit The device according to the present invention may
be further used in a kit for the quantitative analysis
of a drug and/or metabolite profile in a biological
sample. Akit as used in the invention should be
understood to be any system of reagents, solvents,
software inclusive of the device enabling preparation
of metabolites for quantitative targeted analysis of a
range of metabolites usually in conjuction with an
analytical instrument. Apparatus Furthermore, the
device according to the present invention may also be
used in an apparatus for the quantitative analysis of
a drug and/or metabolite profile in a biological
sample. Said apparatus comprises (a) a treatment unit
for preparing the drug and/or metabolite to be
screened comprising (al) an automated liquid handling
system, and (a2) at least one device as defined above
for derivatisation of the drugs and/or metabolites
present in the sample and for subsequent extraction of
the derivatives; (b) a mass spectrometer for the
quantitative targeted mass spectrometry-based
analysis, and (c) database for storing results of the
analysis. The apparatus (or platform) as used in the
invention should be understood to be any apparatus
that enables the complete preparation of a
biologicalsample ready for analysis by mass
spectrometry. This encompasses processes of
extraction, derivatization, desalting and
concentrating. This also includes all possible
combinations of some or all of these processes in a
fully automated method, preferably incorporating a
liquid handling system in combination with a sample
centrifugal device, a sample heating and cooling
device, a sample shaking device, a sample drying
device, a sample pipetting device and a sample
homogenization device. A liquid handling system as
used in the invention should be understood to be any
mechanical device that enables accurate aspiration and
dispensing of many types of solvents in and out of
vials and microtitre plates. A liquid handling system
may be be operated via a computer and software in such
a liquid handling system. A database or data bank as
used in the invention should be understood to be any
collection of data arranged for ease and speed of
search and retrieval. A targeted mass spectrometry
analysis as used in the invention should be understood
to be mass spectrometry analysis, wherein one or more
preset ion pairs are used, specifically defining and
representing a known metabolite by a known
fragmentation pattern that is characteristic for the
corresponding analyte, for identification of the
targeted metabolite. The obtained ion intensities are
used together with the appropriate internal standard
to calculate the concentration of the targeted
metabolite. The internal standard is identified by
using a characteristic ion pair (or several), their
obtained ion intensities are related to the known
concentration of the internal standard allowing the
quantification of a corresponding targeted metabolite.
The set of targeted metabolites is known in advance
and can be pre-annotated. Therefore, detected and
quantified metabolites are already annotated allowing
a fast and direct interpretation. A tandem mass
spectrometer is particularly preferred as a mass
spectrometer capable of MSMS analyses to distinguish
more specifically ion species. Preferably, the
apparatus allows for automated standardized sample
preparation and high-resolution tandem mass analytics
procedures. In particular, the automated sample
preparation procedure increases day to day
reproducibility of reliable results and lower
coefficients of variance (CVs). When, for example,
analyzing a derivatized sugar with a precursor ion
scan, the derivative itself can be detected by themass
spectrometer. In positive ion mode this is preferably
the formation of the phenylmethylpyrazolone (PMP)
(MH)+ ion at m/z 175. The composition of the
carbohydrate itself or discret isomers are detectable.
When carrying out a metabolome analysis using the
device according to the invention a quantity of
hundreds of metabolites can be analysed simultaneously
from microtiter quantities of biological material with
high speed, precision and sensitivity using
pre-analytical steps. Quality assured (QA) data is
generated from individual samples in the matter of
minutes and interpreted employing cutting edge
statistical software tools. This method also overcomes
hitherto to existing analytical bottlenecks through
preanalytical standardization and automation, and
user-friendly statistical and biochemical data
interpretation. This integration of all components in
the method of the invention into a new technology
platform will make "biochemical fingerprinting"
accessible for widespread application and will
expedite the spread of metabolomics. Examples The
present invention will be further illustrated by the
following non-limiting examples. Preparation and
conditions of the multi-device One multi-device was
prepared using 7 mm cellulose spots (cut from generic
card - 10 539 859, Schleicher Schuell Biosciences
GmbH, Dassel, Germany) as the porous support in each
of the 96 wells of a Solvinert microtiter plate 



(MSRP N04, Millipore Corp. MA, USA). These were fixed
into place with manufactured retainers made from
polypropylene (Biocrates, Tirol, Austria). To analyse
a selected subset of metabolites, in this case, amino
acids, acylcarnitines and phospholipids from a sample,
a selection of suitable internal standards of amino
acids, acylcarnitines and lipids labelled with stable
isotopes to represent all the twenty proteogenic
phosphatidylcholines, sphingomyelins, and lyso species
of each were used. These were preimbedded into the
porous support of the multi-device by pipetting known
amounts of each internal standard class, allowing each
to dry within theporous support before adding the next
mixture of internal standards, allowing to dry and so
forth. In this example there were added acylcarnitines
followed by amino acids and last, a mixture of
phospholipid internal standards in a water solution
containing 0.1 % w/w polyethyleneglycol 1000 (PEG
1000), a compound which served dual purposes. As a
surfactant, PEG 1000 resides in the pores of the
porous support coating all internal standards offering
a protective barrier to otherwise degradative actions
of exposure to oxygen and water. When completely dry
the multi-device technical validation samples were
then added to the first five wells of the
multi-device. Well 1: a blank, Wells 2 and 3: control
mixtures of unlabelled metabolites, Well 4 : a quality
control with low concentration metabolites (normal
levels or 1 times), and Well 5: a quality control with
high concentration metabolites (levels 10 times
normal). The multi-device containing pre-embedded
internal standards with additional control samples in
wells 1 to 5 is then stored ready to use at 4 C.
Method of Using the Multi-Device [Example 1] For
example purposes only, the following is a description
of how the device as specified above is used to
process samples for analysis of a selection of
metabolites. To analyse a subset of metabolites, amino
acids, acylcarnitines and phospholipids from a sample,
a selection of suitable internal standards of amino
acids, acylcarnitines and lipids, stable isotope
labelled to represent all the twenty proteogenic amino
acids, the most abundant acylcarnitines
andphospholipids including phosphatidylcholines,
sphingomyelins, and lyso species of each were used.
Upon addition of a predefined amount of sample,
typically 10 ul of plasma, the internal standards and
amino acids of the sample are mixed within the
confines of the pores of the insert. Any subsequent
treatment that causes loss or degradation of
metabolites will therefore be correlated for by the
internal standard. Derivatisation of the amino acids
can then take place within the confines of the pores
of the insert. The derivatising reagent in this
example consists of 15 ul of a 5% phenylisothiocyante
in a 1: 1:1 solution of pyridine, water, ethanol. This
derivatisation process occurs at room temperature in
less than 20 minutes. As the derivatising solution is
completely volatile it can be simply removed under a
gentle stream of nitrogen or vacuum at room
temperature. The addition of a methanol solution
containing 1OmM ammonium acetate extracts the
derivatised amino acids, acylcarnitines and the
phospholipids simultaeously from the porous device
into the methanol solvent. The microtitre plate of
choice for this purpose has additional properties. It
has a 0.45 micron filter and a liquid outlet, that
only opens under centrifugal force or vacuum, built
into the bottom of each well. The methanol extract
from the sample is then simply collected via
centrifugation into a capture-microtitre plate, placed
under the microtitre plate containing device. Mass
spectrometry analysis of the solution from each well
can then take place, typically using an autosampling
instrument to deliver the sample to the mass
spectrometer. [Example 2 ] The following will
demonstrate that the device can be used to process
samples for analysis of a selection of metabolites.
The multi-device upon accurate addition of 10 ul of
blood samples from one patient to each well is mixed
with the internal standards within the confines of the
pores of the porous support (insert). Any subsequent
treatment that causes loss or degradation of
metabolites will therefore be correlated to the
internal standard. Derivatization was carried out as
in Example 1 and the resulting solutions from each
well are then analyzed by mass spectrometry methods,
typically using an autosampling instrument to deliver
the sample to the spectrometer.Results from the mass
spectrometry measurements of the metabolites
derivatized and extracted with the multi-device are
graphically depicted in Figure 2 and Figure 3 showing
the amino acids, the phospholipids and the
acylcarnitines, respectively. The quantities of the
amino acids and acylcarnitine metabolites are shown in
Table 3 below, also showing the accuracy and the
variance of the values obtained using the multi-device
Table 3 - The quantities accuracy and reproducibility
of the amino acids, lipids, lactate, creatinine and
glucose from a single sample measured 10 times are
shown in Table 3 and were obtained using the
multi-device.0 O 0 1Acyicarnitin.esUse of
thienopyridone derivatives as AMPK activators and
pharmaceutical compositions containing them FIELD OF
THE INVENTION This invention relates to thienopyridone
derivatives that are activators of AMP-activated
protein kinase (AMPK). The invention also relates to
the preparation and use of these thienopyridones in
the treatment of disorders such as diabetes, metabolic
syndrome and obesity. BACKGROUND AND INTRODUCTION TO
THE INVENTION AMPK is well established as a sensor and
regulator of cellular energy homeostasis (Hardie, D.
G. and Hawley, S. A., "AMP- activated protein kinase:
the energy charge hypothesis revisited", Bioassays,
23, 1112, (2001), Kemp, B. E. et al., "AMP-activated
protein kinase, super metabolic regulator", Biochem.
Soc. Transactions, 31, 162 (2003)). Allosteric
activation of this kinase due to rising AMP levels
occurs in states of cellular energy depletion. The
resulting serine/threonine phosphorylation of target
enzymes leads to an adaptation of cellular metabolism
to the low energy state. The net effect of AMPK
activation induced changes is inhibition of ATP
consuming processes and activation of ATP generating
pathways, and therefore regeneration of ATP stores.
Examples of AMPK substrates include
acetyl-CoA-carboxylase 



(ACC) and HMG-CoA-reductase (Carling D. et al., "A
common bicyclic protein kinase cascade inactivates the
regulatory enzymes of fatty acid and cholesterol
biosynthesis", FEBS Letters, 223, 217 (1987)).
Phosphorylation and therefore inhibition of ACC leads
to a decrease in fatty acid synthesis (ATP-consuming)
and at the same time to an increase in fatty acid
oxidation (ATP-generating). Phosphorylation and
resulting inhibition of HMG-CoA reductase leads to a
decrease in cholesterol synthesis. Other substrates of
AMPK include hormone sensitive lipase (Garton, A. J.
et al., "Phosphorylation of bovine hormone-sensitive
lipase by the AMP-activated protein kinase. A possible
antilipolytic mechanism", Eur. J. Biochem., 179, 249,
(1989)), glycerol-3- phosphate acyltransferase (Muoio
D. M. et al.,"AMP-activated kinase reciprocally
regulates triacylglycerol synthesis and fatty acid
oxidation in liver and muscle: evidence that
sn-glycerol-3- phosphate acyltransferase is a novel
target", Biochem. J., 338, 783, (1999)), malonyl-CoA
decarboxylase (Saha A. K. et al., "Activation of
malonyl-CoA decarboxylase in rat skeletal muscle by
contraction and the AMP-activated protein kinase
activator 5-aminoimidazole-4-carboxamide-1-
b-D-ribofuranoside", J. Biol. Chem., 275, 24279,
(2000)), and hepatocyte nuclear factor- 4a (Leclerc I
. et al., "Hepatocyte nuclear factor-4 a involved in
type-1 maturityonset diabetes of the young is a novel
target of AMP-activated protein kinase", Diabetes, 50,
1515, (2001)), some of which are potential drug
targets for components of the metabolic syndrome.
Additional processes that are believed to be regulated
through AMPK activation, but for which the exact AMPK
substrates have not been identified, include
stimulation of glucose transport in skeletal muscle
and expressional regulation of key genes in fatty acid
and glucose metabolism in liver (Hardie D. G. and
Hawley S. A., "AMPactivated protein kinase: the energy
charge hypothesis revisited", Bioassays, 23, 1112,
(2001), Kemp B. E. et al., "AMP-activated protein
kinase, super metabolic regulator", Biochem. Soc.
Transactions, 31, 162, (2003), Musi N. and Goodyear L.
J., "Targeting the AMP-activated protein kinase for
the treatment of type 2 diabetes", Current Drug
Targets-Immune, Endocrine and Metabolic Disorders, 2,
119, (2002)). For example, decreased expression of
glucose-6-phosphatase (Lochhead P. A. et al.,
"5-aminoimidazole-4-carboxamide riboside mimics the
effects of insulin on the expression of the 2 key
gluconeogenic genes PEPCK and glucose-6-phosphatase",
Diabetes, 49, 896, (2000)), a key enzyme in hepatic
glucose production, and SREBP-Ic (Zhou G. et al.,
"Role of AMP-activated protein kinase in mechanism of
metformin action", The J. of Clin. Invest, 108, 1167,
(2001)), a key lipogenic transcription factor, has
been found following AMPK stimulation. More recently
an involvement of AMPK in the regulation of not only
cellular but also whole body energy metabolism has
become apparent. It was shown that the
adipocyte-derived hormone leptin leads to a
stimulation of AMPK and therefore to an increase in
fatty acid oxidation in skeletal muscle (Minokoshi Y.
et al., "Leptin stimulates fatty-acid oxidation by
activating AMPactivated protein kinase", Nature, 415,
339, (2002)). Adiponectin, another adipocyte derived
hormone leading to improved carbohydrate and lipid
metabolism, has been demonstrated to stimulate AMPK in
liver and skeletal muscle (Yamauchi T. et al.,
"Adiponectin stimulates glucose utilization and fatty
acid oxidation by activating AMP-activated protein
kinase", Nature Medicine, 8, 1288, (2002), Tomas E. et
al., "Enhanced muscle fat oxidation and glucose
transport by ACRP30 globular domain: Acetyl-CoA
carboxylase inhibition and AMP- activated protein
kinase activation", PNAS, 99, 16309,(2002)). The
activation of AMPK in these circumstances seems to be
independent of increasing cellular AMP levels but
rather due to phosphorylation by one or more yet to be
identified upstream kinases. Based on the knowledge of
the above-mentioned consequences of AMPK activation,
profound beneficial effects would be expected from in
vivo activation of AMPK. In liver, decreased
expression of gluconeogenic enzymes would reduce
hepatic glucose output and improve overall glucose
homeostasis, and both direct inhibition and/or reduced
expression of key enzymes in lipid metabolism would
lead to decreased fatty acid and cholesterol synthesis
and increased fatty acid oxidation. Stimulation of
AMPK in skeletal muscle would increase glucose uptake
and fatty acid oxidation with resulting improvement of
glucose homeostasis and, due to a reduction in
intra-myocyte triglyceride accumulation, to improved
insulin action. Finally, the increase in energy
expenditure should lead to a decrease in body weight.
The combination of these effects in the metabolic
syndrome would be expected to significantly reduce the
risk for acquiring cardiovascular diseases. Several
studies in rodents support this hypothesis (Bergeron
R. et al., "Effect of
5-aminoimidazole-4-carboxamide-1(beta)-D-ribofuranosid
e infusion on in vivo glucose metabolism in lean and
obese Zucker rats", Diabetes, 50, 1076, (2001 ) , Song
S. M. et al., "5-Aminoimidazole- 4- dicarboxamide
ribonucleoside treatment improves glucose homeostasis
in insulin-resistant diabeted (ob/ob) mice",
Diabetologia, 45, 56, (2002), Halseth A. E. et al.,
"Acute and chronic treatment of ob/ob and db/db mice
with AICAR decreases blood glucose concentrations",
Biochem. and Biophys. Res. Comm., 294,798, (2002),
Buhl E. S. et al., "Long-term AICAR administration
reduces metabolic disturbances and lowers blood
pressure in rats displaying feature of the insulin
resistance syndrome", Diabetes, 51, 2199, (2002)).
Until recently most in vivo studies have relied on the
AMPK activator AICAR a cell permeable precursor of
ZMP. ZMP acts as an intracellular AMP mimic, and, when
accumulated to high enough levels, is able to
stimulate AMPK activity (Corton J. M. et al.,
"5-Aminoimidazole-4- carboxamide ribonucleoside, a
specific method for activating AMP- activated protein
kinase in intact cells?", Eur. J. Biochem., 229, 558,
(1995)). However, ZMP also acts as an AMP mimic in the
regulation of other enzymes, and is therefore not a
specific AMPK activator (Musi N. and Goodyear L. J.,
"Targeting the AMP-activated protein kinase for the
treatment of type 2 diabetes", Current Drug Targets-
Immune, Endocrine and Metabolic Disorders, 2, 119
(2002)). Several in vivo studies have demonstrated
beneficial effects of both acute and chronic AICAR
administration in rodent models of obesity and type 2
diabetes (Bergeron R. et al., "Effect of
5-aminoimidazole-4-carboxamide-1 b-Dribofuranoside
infusion on in vivo glucose metabolism in lean and
obese Zucker rats", Diabetes, 50,1076, (2001 ) , Song
S. M. et al., "5-Aminoimidazole- 4-darboxamide
ribonucleoside treatment improves glucose homeostasis
in insulin-resistant diabeted (ob/ob) mice",
Diabetologia, 45, 56, (2002), Halseth A. E. et al.,
"Acute and chronic treatment of ob/ob and db/db mice
with AICAR decreases blood glucose concentrations",
Biochem. and 



Biophys. Res. Comm., 294, 798, (2002), Buhl E. S. et
al., "Long-term AICAR administration reduces metabolic
disturbances and lowers blood pressure in rats
displaying feature of the insulin resistance
syndrome", Diabetes, 51, 2199, (2002)). For example, 7
week AICAR administration in the obese Zucker (fa/fa)
rat leads to a reduction in plasma triglycerides and
free fatty acids, an increase in HDL cholesterol, and
a normalization of glucose metabolism as assessed by
an oral glucose tolerance test (Minokoshi Y. et al.,
"Leptin stimulates fatty-acid oxidation by activating
AMP-activated protein kinase", Nature, 415, 339,
(2002)). In both ob/ob and db/db mice, 8 day AICAR
administration reduces blood glucose by 35% (Halseth
A. E. et al., "Acute and chronic treatment of ob/ob
and db/db mice with AICAR decreasesblood glucose
concentrations", Biochem. and Biophys. Res. Comm.,
294, 798, (2002)). In addition to AICAR, more recently
it was found that the diabetes drug metformin can
activate AMPK in vivo at high concentrations (Zhou G.
et a/., "Role of AMP-activated protein kinase in
mechanism of metformin action", The J. of CHn. Invest,
108, 1167, (2001 ) , Musi N. et a/., "Metformin
increases AMP-activated protein kinase activity in
skeletal muscle of subjects with type 2 diabetes",
Diabetes, 51, 2074, (2002)), although it has to be
determined to what extent its antidiabetic action
relies on this activation. As with leptin and
adiponectin, the stimulatory effect of metformin is
indirect via activation of an upstream kinase (Zhou G.
et a/., "Role of AMP-activated protein kinase in
mechanism of metformin action", The J. of CHn. Invest,
108, 1167, (2001 )). In addition to pharmacologic
intervention, several transgenic mouse models have
been developed in the last years, and initial results
are becoming available. Expression of dominant
negative AMPK in skeletal muscle of transgenic mice
has demonstrated that the AICAR effect on stimulation
of glucose transport is dependent on AMPK activation
(Mu J. et a/., "A role for AMP-activated protein
kinase in contraction and hypoxiaregulated glucose
transport in skeletal muscle", Molecular Cell, 7,
1085, (2001 )), and therefore likely not caused by
non- specific ZMP effects. Similar studies in other
tissues will help to further define the consequences
of AMPK activation. It is expected that pharmacologic
activation of AMPK will have benefits in the metabolic
syndrome with improved glucose and lipid metabolism
and a reduction in body weight. To qualify a patient
as having metabolic syndrome, three out of the five
following criteria must be met: elevated blood
pressure above 130/85 mmHg, fasting blood glucose
above 110 mg/dl, abdominal obesity above 40" (men) or
35" (women) waist circumference, and blood lipid
changes as defined by an increase in triglycerides
above 150 mg/dl or decreased HDL cholesterol below 40
mg/dl (men) or 50 mg/dl (women). Therefore, the
combined effects that may be achieved through
activation of AMPK in a patient who qualifies as
having metabolic syndrome would raise the interest of
this target. Stimulation of AMPK has been shown to
stimulate expression of uncoupling protein 3 (UCP3) in
skeletal muscle (Zhou M. et al., "UCP-3expression in
skeletal muscle: effects of exercise, hypoxia, and
AMPactivated protein kinase", Am. J. Physiol.
Endocrinol. Metab., 279, E622, (2000)) and might
therefore be a way to prevent damage from reactive
oxygen species. Endothelial NO synthase (eNOS) has
been shown to be activated through AMPK mediated
phosphorylation (Chen Z.-P., et al., "AMPactivated
protein kinase phosphorylation of endothelial NO
synthase", FEBS Letters, 443, 285, (1999)), therefore
AMPK activation can be used to improve local
circulatory systems. In addition to AICAR and
derivatives, other AMPK activators have been described
(WO 2005/928464, US 2005/038068, WO 2004/043957).
DESCRIPTION OF THE INVENTION US 5602144 describes and
claims new thienopyridone derivatives as compounds
useful for the treatment of neurodegenerative
diseases. It has now been discovered that these
compounds and some new analogues are activator of
AMP-activated protein kinase (AMPK) and therefore
useful for the treatment of disorders such as
diabetes, metabolic syndrome and obesity. The
invention relates to the use of the compounds
described in US 5602144, incorporated herein, and of
certain new thienopyridone derivatives, said known and
new compounds being of formula (I): in which B is CH
or N,R1 and R2, independently from one another,
represent H, linear or branched (CrC 4)alkyl, (Ci-C
4)cycloalkyl, (Cr C4)cycloalkyl(CrC 4)alkyl, halogen
or, together form a group -(CH 2)n- , with n = 1 to 4,
R3 and R4, independently from one another, represent
H, linear or branched (Ci-C 4)alkyl, OH, linear or
branched (Ci-C 4)alkoxy, halogen, CF3, NO2, NH2, NHR'
where R is linear or branched (Cr C6)acyl, NHR",
N(FT)2, where R" is linear or branched (C-i-C-Oalkyl,
optionally substituted anilino, optionally substituted
phenoxy, optionally substituted benzyl, or optionally
substituted benzoyl, R5 is H, linear or branched
(CrC^alkyl, or halogen, R6 is H or halogen, linear or
branched (CrC-Oalkyl, (Ci-C 4)cycloalkyl, (Ci-C
4)cycloalkyl(Ci-C 4)alkyl, X is -CH2- , -CO-, -O-,
-S-, -NH-, or -NR'"- , where R"' is linear or branched
(CrC 4)alkyl, and their pharmaceutically acceptable
salts, for the preparation of a pharmaceutical
composition useful for the treatment of diabetes,
metabolic syndrome, related disorders and obesity.
Since these compounds may have asymmetric centers, the
present invention is directed not only to racemic
mixtures of these compounds, but also to individual
stereoisomers and diastereoisomers, including their
mixtures in all proportions. The present invention
also includes pharmaceutically acceptable and/or
useful salts of the compounds of formula(I), including
acid addition salts. The present invention also
includes oxides, and solvates, as well as eventual
tautomeric forms. The present invention also
encompasses prodrugs of compounds of formula (I). The
acids used for the preparation of the pharmaceutically
acceptable salts are inorganic or organic acids. The
resulting salts are for example hydrochlorides,
hydrobromides, sulfates, hydrogenosulfates,
dihydrogenophosphates, citrates, maleates, fumarates,
trifluoroacetates, 2-naphtalenesulfonates,
para-toluenesulfonates. The invention also relates to
pharmaceutically acceptable salts with organic or
inorganic bases. The resulting salts are for example
sodium salts, potassium salts, lithium salts. The
invention also relates to the salts used for the
chiral resolution of 



the racemates. As examples the following chiral acids
can be used: (+)-D-di-Obenzoyltartaric acid,
(-)-L-di-O-benzoyltartaric acid,
(-)-L-di-O,O'-p-toluyl- L-tartaric acid,
(+)-D-di-O,O'-p-toluyl- L-tartaric acid, (R)-{+)-ma\\c
acid, (S)-(-)- malic acid, (+)-camphoric acid,
(-)-camphoric acid, R-(-)-1 ,1'-binaphtalen- 2,2'-diyl
hydrogenophosphonic, (+)-camphanic acid, (-)-camphanic
acid, (S)- (+)-2-phenylpropionic acid,
fRj-(+)-2-phenylpropionic acid, D-(-)-mandelic acid,
L-(+)-mandelic acid, D-tartaric acid, L-tartaric acid,
or a mixture of them. Also included in the scope of
the present invention are prodrugs of the compounds of
formula (I). The term "prodrug" as used herein refers
to any compound that when administered to a biological
system generates the "drug" substance (a biologically
active compound) as a result of spontaneous chemical
reaction(s), enzyme catalyzed chemical reaction(s),
and/or metabolic chemical reaction(s). Standard
prodrugs are formed using groups attached to
functionality, e.g. HO-, HS-, HOOC- , R2N-, associated
with the AMPK activator, that cleave in vivo. Standard
prodrugs include but are not limited to carboxylate
esters where the group is alkyl, aryl, aralkyl,
acyloxyalkyl, alkoxycarbonyloxyalkyl as well as esters
of hydroxyl, thiol and amines where the group attached
is an acyl group, an alkoxycarbonyl,
aminocarbonyl,phosphate or sulfate. Prodrugs must
undergo some form of a chemical transformation to
produce the compound that is biologically active or is
a precursor of the biologically active compound. In
some cases, the prodrug is biologically active,
usually less than the drug itself, and serves to
imprive efficacy or safety through improved oral
bioavailability, pharmacodynamic half-life, etc. In
accordance with the present invention and as used
herein, the following terms are defined with the
following meanings, unless explicitly stated
otherwise. The term "linear or branched (C-i-C-Oalkyl"
refers to saturated aliphatic groups including
straight chain or branched chain groups. Alkyl groups
may be optionally substituted. Suitable groups include
methyl, ethyl, propyl, butyl, isopropyl, isobutyl,
ter-butyl, sec-butyl. The term "linear or branched
refers to cyclopropyl or cyclobutyl. The term "linear
or branched (Ci-C 6)acyl" refers to saturated
aliphatic alkyl-C(=O)- groups including straight chain
or branched chain groups. Alkyl groups may be
optionally substituted. Suitable (Ci-C 6)acyl groups
include acetyl, propanoyl, butanoyl, pentanoyl,
hexanoyl, isobutyryl. The term "halogen" refers to Cl,
Br, I, F. The term "optionally substituted" or
"substituted" includes groups substituted by one to
four substituents, independently selected from lower
alkyl, lower aryl, lower aralkyl, lower alicyclic,
hydroxy, lower alkoxy, lower aryloxy, perhaloalkoxy,
aralkoxy, heteroaryl, heteroaryloxy, heteroarylalkyl,
heteroaralkoxy, azido, amino, guanidino, amidino.
halo, lower alkylthio, oxo, acylalkyl, carboxy esters,
carboxyl, -carboxamido, nitro, acyloxy, aminoalkyl,
alkylaminoaryl, alkylaryl, alkylaminoalkyl,
alkoxyaryl, arylamino, aralkylamino, phosphono,
sulfonyl, -carboxamidoalkylaryl, -carboxamidoaryl,
hydroxyalkyl, haloalkyl, alkylaminoalkylcarboxy-,
aminocarboxamidoalkyl-, cyano, lower alkoxyalkyl,
lower perhaloalkyl, perhaloalkoxy, and
arylalkyloxyalkyl.The underlying object of the
invention was to discover novel compounds having
valuable properties, in particular those which can be
used to prepare medicaments. According to one
embodiment of the invention, it has been found that
the compounds of the formula (I), and their
physiologically harmless salts, possess valuable
pharmacological properties. They are able to activate
AMPK and are therefore suitable, for treating
disorders regulated by the activation of AMPK. The
compounds are particularly suitable for the treatment
or prophylaxis of diabetes, metabolic syndrome,
obesity. The compounds can therefore be used as
medicinal active compounds in human and veterinary
medicine. In addition, they are suitable as
intermediates for preparing other compounds possessing
valuable properties. As already mentioned, compounds
of formula (I) encompass compounds known from US
5,602,144, as well as new compounds. The present
invention therefore also pertains to such new
compounds of formulae ( IA) , (IB) and (Ic), as
defined below, all compounds disclosed in US
5,602,144, together with compounds of formulae ( IA) ,
(IB) and (Ic), forming the entire set of compounds of
formula (I) as defined above. Therefore, the present
invention further relates to compounds of formula
(IA): (IA)in which wherein R1 A and R2 A,
independently from one another, represent (Cr
C4)cycloalkyl or (CrC 4)cycloalkyl(Ci-C 4)alkyl or,
together form a group - (Ch )n- , with n = 1 to 4, B,
R, R3, R4, R5, R6 and X being as defined above in
formula (I), and their pharmaceutically acceptable
salts. The present invention also encompasses new
compounds of formula ( I ) : wherein R3 and R4,
independently from one another, represent optionally
substituted anilino, optionally substituted phenoxy,
or optionally substituted benzyl, B, -Y-Z-, R1, R2,
R5, R6 and X being as defined above in formula (I),
and their pharmaceutically acceptable salts.As new
compounds, the present invention also refers to
compounds of formula (Ic): in which R6 is linear or
branched (Ci-C4)alkyl, (CrC 4)cycloalkyl, or (CrC
4)cycloalkyl(Ci-C 4)alkyl, B, -Y-Z-, R, R1, R2, R3,
R4, R5 and X being as defined above in formula (I),
and their pharmaceutically acceptable salts. By
"pharmaceutically acceptable salts" is meant the
various salts obtained by reaction of compounds (U) to
(Ic) with acids or bases as previously disclosed for
compounds of formula (I). These salts also include
salts useful for the chiral resolution of the
racemates. 



The present invention also encompasses the isomers of
compounds (U) to (Ic) as defined above. The term
"isomer" is as described above for compounds of
formula (I) and comprises not only racemic mixtures of
these compounds, but also individual stereoisomers
and/or diastereoisomers, including their mixtures in
all proportions. Also encompassed are the oxides and
solvates, as well as eventual tautomeric forms of
compounds (U) to (Ic), and their corresponding
prodrugs. The invention relates to the use of
compounds of formula (I) and their salts as defined
above, and also to a process for preparing these
compounds, and their salts, said process comprising
the steps wherein:I O 1) a compound of formula (II) in
which B, R, R6 and -Y-Z- have the above-mentioned
meanings, and W is a (CrC 4)alkyl, is treated with a
cyclising agent, and 2) where appropriate, a radical R
in a compound of formula (I) is transformed into
another radical R, thereby forming another compound of
formula (I), and/or a compound of formula (I) is
converted into one of its pharmaceutically acceptable
salts by being treated with an acid or base. Unless
expressly indicated otherwise, the radicals and/or
parameters B, R, R1 to R6, X, -Y-Z-, and halogen have,
both above and below, the meanings indicated in
association with the above defined formula (I). The
radical X is preferably -CH2- , -CO-, -O-, -NH-, and,
furthermore, -NR "- or -S-. B is preferably CH, but
also N. The group -Y-Z- is preferably
4-R1-5-R2-thiophen-2,3-diyl, and, furthermore,
preferably 2-R1-5-R2-thiophen-3,4-diyl or
3-R1-2-R2-thiophen- 4,5-diyl. In one preferred
embodiment of the present invention R is preferably H,
and, furthermore, preferably unsubstituted or
monosubstituted phenoxy, specifically and preferably
o-, m- or p-methylphenoxy, o-, m- or pmethoxyphenoxy,
o-, m- or p-fluorophenoxy, o-, m- or p-chlorophenoxy,
and, in addition, preferably o-, m- or
p-trifluoromethylphenoxy. In an other preferred
embodiment of the invention, R is preferably
unsubstituted or monosubstituted benzyl, specifically
and preferably o-, m- or p-methylbenzyl, o-, m- or
p-methoxybenzyl, o-, m- or p-fluorobenzyl, o-, m- or
p-chlorobenzyl, and, in addition, preferably o-, m- or
p-trifluoromethylbenzyl. Furthermore, R is preferably
unsubstituted or monosubstituted benzoyl,specifically
and preferably o-, m- or p-methylbenzoyl, o-, m- or
pmethoxybenzoyl, o-, m- or p-fluorobenzoyl, o-, m- or
p-chlorobenzoyl, and, in addition, preferably o-, m-
or p-triflouromethylbenzoyl. Furthermore, R is
preferably unsubstituted or monosubstituted anilino,
specifically and preferably o-, m- or p-methylanilino,
o-, m- or p-methoxyanilino, o-, m- or pfluoroanilino,
o-, m- or p-chloroanilino, and, in addition,
preferably o-, m- or p-trifluoromethylanilino. In
addition, R is preferably o-, m- or p-nitrophenoxy,
o-, m- or p-N,Ndimethylaminophenoxy, o-, m- or
p-acetamidophenoxy, o-, m- or pnitrobenzyl, o-, m- or
p-N,N-dimethylaminobenzyl, o-, m- or
p-acetamidobenzyl, o-, m- or p-nitrobenzoyl, o-, m- or
p-N.N-dimethylaminobenzoyl, o-, m- or
p-acetamidobenzoyl, o-, m- or p-nitroanilino, o-, m-
or p-N,Ndimethylaminoanilino or o-, m- or
p-acetamidoanilino. R1, R2 and R5 are preferably H,
methyl, ethyl, chloro, and, in addition, propyl or
bromo, while R3 and R4 are in each case preferably H,
and, in addition, methyl, methoxy, fluoro, chloro or
trifluoromethyl. R6 is preferably H or F, and, in
addition Br. Some preferred groups of compounds are
expressed by the following partial formulae (Ia) to
(Ie), which correspond to formula (I) in which the
radicals which are not designated in more detail have
the meanings indicated in association with formula
(I), but in which: in (Ia), B is CH; in (Ib), B is N;
wherein R1 is H or CH3, R2 is H, CH3, C2H5, Cl or Br,
R3 is H, CH3, OH, OCH3, F, Cl, CF3, NO2, NH2, N(CH3)2
or NHCOCH3,R4 is H, R5 is H and X is -CH2- , -CO-, -O-
or -NH-; R2 is H, CH3, C2H5, Cl or Br, R3 is H, CH3,
OCH3, F, Cl or CF3, R4 is H and X is -CH2- , -CO-, -O-
or -NH-; in (Ie), B is CH R1 is H or CH3, and R2 is H
CH3, C2H5, Cl or Br. An other preferred embodiment of
the present invention relates to compounds of formula
(I) (formula (If)) where: B is CH, R and R6 are each
H,wherein R1 is H, methyl, ethyl, isopropyl, isobutyl,
cyclopropyl, R2 is H, Cl, Br or methyl, or, R1 and R2
together form the group -(CH2)4-. Preferred compounds
of formula (If) are: -
4-Hydroxy-2,3-dimethyl-5-phenyl-7H-thieno[2,3-b]pyridi
n-6-one; -
2-Ethyl-4-hydroxy-5-phenyl-7H-thieno[2,3-b]pyridin-6-o
ne; -
2-Bromo-4-hydroxy-3-methyl-5-phenyl-7/-/-thieno[2,3-ib
]pyridin-6-one; -
2-Bromo-4-hydroxy-5-phenyl-7/-/-thieno[2,3-b]pyridin-6
-one; -
2-Chloro-4-hydroxy-3-isopropyl-5-phenyl-7H-thieno[2,3-
b]pyridin-6- one; -
3-sec-Butyl-2-chloro-4-hydroxy-5-phenyl-7/-/-thieno[2,
3-b]pyridin-6- one; -
4-Hydroxy-3-isopropyl-5-phenyl-7H-thieno[2,3-
b]pyridin-6-one; -
3-sec-Butyl-4-hydroxy-5-phenyl-7H-thieno[2,3-b]pyridin
-6-one; and -
2-chloro-3-cyclopropyl-4-hydroxy-5-(3-phenoxy-phenyl)-
7H-thieno[2,3- b]pyridine-6-one. An other preferred
embodiment of the present invention relates to new 



compounds of formula (I) (formula (Ig)) wherein: B is
CH, R and R6 are each H, in which R1 is cyclopropyl,
R2 is H, or R1 and R2 together form-(CH 2)4-.Preferred
compounds of formula (Ig) are: -
4-Hydroxy-3-phenyl-5,6,7,8-tetrahydro-1H-benzo[4,5]thi
eno[2,3- b]pyridin-2-one, and -
3-Cyclopropyl-4-hydroxy-5-phenyl-7/-/-thieno[2,3-b]pyr
idin-6-one. Compounds of formula(l), as well as the
starting compounds for their preparation, are
otherwise prepared by methods which are known per se,
as described in the literature (for example in the
standard works such as Houben-Weyl, "Methoden der
organischen Chemie" [Methods of organic chemistry],
Georg-Thieme-Verlag, Stuttgart; in particular,
however, in Journal of Medicinal Chemistry, (1994),
37, 1402-1405), and specifically under reaction
conditions which are known, and are suitable, for the
said reactions. In this context, use can also be made
of variants which are known per se but which are not
mentioned here in more detail. If desired, the
starting compounds can also be formed in situ, so that
they are not isolated from the reaction mixture but
are instead immediately subjected to further reaction
to form the compounds of the formula (I). The
compounds of formula (I) are, for example, obtained by
treating a compound of formula (II) with a cyclising
agent, preferably a base. Examples of bases which may
be used are potassium or sodium alcoholate, such as
potassium or sodium methoxide, ethoxide or
tert-butoxide, in an inert solvent, preferably the
underlying alcohol, NaH in dimethylformamide (DMF) or
KN[Si(CH 3)3]2 in an inert solvent. The cyclisation
reaction is expediently carried out at temperatures of
between about -100 0C and about +16O0C; it is
preferably carried out at a temperature of between
-85C and +500C. Suitable inert solvents are, in
particular, alcohols, such as methanol, ethanol,
isopropanol, n-butanol or te/t-butanol; ethers, such
as diethyl ether, diisopropyl ether, tetrahydrofuran
(THF) or dioxane; glycol ethers, such as ethylene
glycol monomethyl ether or ethylene glycol monoethyl
ether (methyl glycol or ethyl glycol) or ethylene
glycol dimethyl ether (diglyme); ketones, such as
acetone or butanone; nitriles, such as acetonitrile;
nitro compounds,such as nitromethane or nitrobenzene;
carboxylic acids, such as formic acid or acetic acid;
esters, such as ethyl acetate; amides, such as DMF,
dimethylacetamide or hexamethyl phosphoric triamide
(HMPT); sulphoxides, such as dimethyl sulphoxide;
carbon disulphide; chlorinated hydrocarbons, such as
methylene chloride, chloroform, trichloroethylene,
1,2-dichloroethane or carbon tetrachloride; and
hydrocarbons, such as hexane, petroleum ether,
benzene, toluene or xylene. Mixtures of these solvents
with each other are also suitable. In the compounds of
the formula (II), W is preferably methyl, and, in
addition, ethyl. The starting compounds of formula
(II) may be prepared by methods which are known per
se. Thus, for example, methyl 2-amino-4-
methylthiophene-3-carboxylate is reacted with, for
example, phenylacetyl chloride in an inert solvent,
resulting in the formation of methyl 2-
phenylacetamido-^methylthiophene-S-carboxylate. This
is expediently carried out at temperatures of between
about 00C and about 2000C; the reaction is preferably
carried out at between 6O0C and 900C. It is
furthermore possible to convert a compound of formula
(I) into another compound of the formula (I) by
converting the radical R into another radical, for
example by reducing nitro groups (for example by
hydrogenating on Raney nickel or Pd/charcoal in an
inert solvent such as methanol or ethanol) to form
amino groups, and/or functionally modifying free amino
and/or hydroxyl groups, and/or liberating functionally
modified amino and/or hydroxyl groups by solvolysis or
hydrogenolysis. Thus, free amino groups can, for
example, be acylated, in a customary manner, with an
acid chloride or acid anhydride, or alkylated with an
unsubstituted or substituted alkyl halide, expediently
in an inert solvent such as dichloromethane or THF,
and/or in the presence of a base such as triethylamine
or pyridine, at temperatures of between -6O0C and
+3O0C. Free hydroxyl groups can be alkylated in an
analogous manner. If desired, a functionally modified
amino and/or hydroxyl group in a compound of the
formula (I) can be liberated by solvolysis or
hydrogenolysis using customary methods. Thus, a
compound of the formula (I), in which Rrepresents
-NHCOA or -OA 1 can, for example, be converted into
the corresponding compound of formula (I) in which R
represents -NHbor -OH. Here-above, A represents a
linear or branched lower alkyl, for example methyl or
ethyl. Acylated amines of the formula (I) in which the
phenyl radical or pyridyl radical is substituted once
by -NHCOA can be cleaved, resulting in the formation
of the corresponding amino derivatives. For example,
the acylamino compounds can be cleaved by treating
them with methanolic potassium hydroxide solution at a
temperature comprised between about 200C to 14O0C.
Ethers of the formula (I) in which the phenyl radical
or pyridyl radical is substituted once by -O-A can be
cleaved, resulting in the formation of the
corresponding hydroxyl derivatives. For example, the
ethers can be cleaved by treating them with dimethyl
sulphide/boron tribromide complex, for example in
toluene, ethers such as THF, or dimethyl sulphoxide,
or by fusing them with pyridine hydrohalides or
aniline hydrohalides, preferably pyridine
hydrochloride, at about 150C-250C, or by treating them
with diisobutylaluminium hydride in toluene at about
00C-HO 0C. A base of the formula (I) can be converted
with an acid into the affiliated acid addition salt,
for example by reacting equivalent quantities of the
base and of the acid in an inert solvent such as
ethanol, and then evaporating. Acids which yield
physiologically harmless salts are particularly
suitable for this reaction. Thus, inorganic acids
which can be used are, for example, chosen from among
sulphuric acid, nitric acid, hydrohalic acids, such as
hydrochloric acid or hydrobromic acid, phosphoric
acids, such as orthophosphoric acid, and sulphamic
acid, and, in addition, organic acids, in particular
aliphatic, alicyclic, araliphatic, aromatic or
heterocyclic monobasic or polybasic carboxylic,
sulphonic or sulphuric acids, for example formic acid,



acetic acid, propionic acid, pivalic acid,
diethylacetic acid, malonic acid, succinic acid,
pimelic acid, fumaric acid, maleic acid, lactic acid,
tartaric acid, malic acid, citric acid, gluconic acid,
ascorbic acid, nicotinic acid, isonicotinic acid,
methanesulphonic acid, ethanesulphonic acid,
ethanedisulphonic acid, 2-hydroxyethanesulphonic acid,
benzenesulphonic acid, p-toluenesulphonicacid,
naphthalenemonosulphonic acid, naphthalenedisulphonic
acid and laurylsulphuric acid. Salts with
physiologically harmful acids, for example picrates,
can be used to isolate and/or purify the compounds of
formula (I). On the other hand, compounds of the
formula (I) can be converted with bases (for example
sodium hydroxide or potassium hydroxide or sodium
carbonate or potassium carbonate) into the
corresponding metal salts, in particular alkali metal
salts or alkaline earth metal salts, or into the
corresponding ammonium salts. The invention also
relates to the use of the compounds of the formula
(I), and their physiologically harmless salts, for
producing pharmaceutical preparations, in particular
by a non-chemical route. In this context, they can be
brought into a suitable dosage form together with at
least one solid, liquid and/or semi-liquid carrier
and/or auxiliary substance and, where appropriate, in
combination with one or more additional active
compounds. The invention furthermore relates to
pharmaceutical preparations which contain at least one
compound of the formula (I) and/or one of its
physiologically harmless salts. These preparations can
be used as medicaments in human or veterinary
medicine. Suitable carrier substances are organic or
inorganic substances which are suitable for enteral
(for example oral), parenteral or topical
administration and which do not react with the novel
compounds, for example water, vegetable oils, benzyl
alcohols, alkylene glycols, polyethylene glycols,
glycerol triacetate, gelatin, carbohydrates such as
lactose or starch, magnesium stearate, talc or
vaseline. Tablets, pills, coated tablets, capsules,
powders, granules, syrups, juices or drops serve, in
particular, for oral use, suppositories serve for
rectal use, solutions, preferably oily or aqueous
solutions, and, in addition, suspensions, emulsions or
implants, serve for parenteral use, while ointments,
creams or powders serve for topical use. The compounds
of the present invention can also be lyophilized, and
the resulting lyophilisates can be used, for example
for preparing injection preparations. The listed
preparations can be sterilized and/or contain
auxiliary substances such as lubricants,
preservatives, stabilizers and/orwetting agents,
emulsifiers, salts for influencing the osmotic
pressure, buffer substances, dyes, flavourings and/or
aromatizing agents. If desired, they can also contain
one or more additional active compounds, for example,
one or more vitamins. The compounds of the formula
(I), and their physiologically harmless salts, can be
used in the control of diseases, in particular
conditions related to glucose homeostasia and energy
expenditure. The compounds are particularly suitable
for treating diabetes, metabolic syndrome, related
disorders and obesity. In this context, the substances
(compounds of the present invention) are, as a rule,
preferably administered in doses of between about 1 mg
and 500 mg, in particular of between 5 mg and 100 mg,
per dosage unit. The daily dose is preferably between
about 0.02 mg/kg and 10 mg/kg of body weight. However,
the specific dose for each particular patient depends
on a wide variety of factors, for example on the
activity of the specific compound employed, on the
age, body weight, general state of health and sex, on
the nutrition, on the time and route of
administration, on the speed of excretion, on the drug
combination and on the severity of the particular
disease to which the therapy applies. Oral
administration is preferred. Both above and below, all
temperatures are given in 0C. In the following
examples, "customary working-up" denotes: if
necessary, water is added, if necessary, depending on
the constitution of the end product, the pH of the
mixture is adjusted to pH values of between 2 and 10,
and the mixture is then extracted with ethyl acetate
or dichloromethane; the organic phase is then
separated off, dried over sodium sulphate and
evaporated, and the residue is purified by
chromatography on silica gel and/or by
crystallization. Rf values correspond to Rf values
obtained from thin layer chromatography on silica gel.
m.p. stands for "melting point". The invention is
further illustrated by the following representatives
and non-limiting examples:Example 1 A solution of 0.6
g of methyl 5-chloro-4-methyl-2-(phenylacetamido)
thiophene-3-carboxylate (m.p.: 105-107; obtainable by
chlorinating the corresponding chlorine-free compound
with N-chlorosuccinimide) in 20 mL of THF is cooled
down to -70. 8.16 mL of a 0.5 molar solution of
KN(Si(CH3)3)2 in toluene are then added dropwise. The
reaction solution is slowly brought to room
temperature and then evaporated. The residue is taken
up in water, and this solution is extracted several
times with diethyl ether. The aqueous phase is then
acidified with 2 N HCI, and the precipitate is
filtered off, washed with water and, after having been
digested with diethyl ether, filtered off once again
and dried.
2-Chloro-3-methyl-4-hydroxy-5-phenyl-6,7-dihydrothieno
[ 2,3-b]pyridin-6-one is obtained. Rf (CH2CI2/Me0H
10:1): 0.43. Examples 2 to 8 The following 2-R2-3-R
1-4-hydroxy-5-phenyl-6,7-dihydrothieno[2,3-b]
pyridin-6-ones: Cx. R R Rf(CH 2CI2ZMeOH 10:1) 2 Me H
0.43 3 H Me 0.36 4 Me Me 0.49 5 H Et 0.44 6 H H 0.31 7
Me Br 0.38 8 H Br 0.34 are obtained, in analogy with
Example 1, from the following methyl or ethyl
2-phenylacetamido-4-R 1-5-R
2-thiophene-3-carboxylates, respectively:o * Precursor
R1 R2 ofEx. A M.p. 2 Me H Me 105.5-106.5 3 H Me Me
110.5-1 11.5 4 Me Me Et 84-86 



5 H Et Me 105-106 6 H H Me 90-92 7 Me Br Me 105-106.5
8 H Br Me In the above table, A stands for the methyl
or ethyl ester group. Examples 9 to 72 The following
2-chloro-3-methyl-4-hydroxy-5-(3-R-phenyl)-6,7-dihydro
thieno[ 2,3-b]pyridin-6-ones: Ex. 9 phenoxy, Rf 0.44
10 o-methylphenxoy 11 m-methylphenoxy 12
p-methylphenoxy 13 o-methoxyphenoxy 14
m-methoxyphenoxy 15 p-methoxyphenoxy 16
o-fluorophenoxy 17 m-fluorophenoxy 18 p-fluorophenoxy
19 o-chlorophenoxy 20 m-chlorophenoxy 2 1
p-chlorophenoxy 22 o-trifluoromethylphenoxy 23
m-trifluoromethylphenoxy 24 p-trifluoromethyl
phenoxyEx. 25 benzyl 26 o-methylbenzyl 27
m-methylbenzyl 28 p-methylbenzyl 29 o-methoxybenzyl 30
m-methoxybenzyl 3 1 p-methoxybenzyl 32 o-fluorobenzyl
33 m-fluorobenzyl 34 p-fluorobenzyl 35 o-chlorobenzyl
36 m-chlorobenzyl 37 p-chlorobenzyl 38
o-trifluoromethylbenzyl 39 m-trifiuoromethylbenzyl 40
p-trifluoromethylbenzyl 4 1 benzoyl 42 o-methylbenzoyl
43 m-methylbenzoyl 44 p-methylbenzoyl 45
o-methoxybenzoyl 46 m-methoxybenzoyl 47
p-methoxybenzoyl 48 o-fluorobenzoyl 49 m-fluorobenzoyl
50 p-fluorobenzoyl 5 1 o-trifluoromethylbenzoyl 52
m-trifluoromethylbenzoyl 53 p-trifluoromethylbenzoyl
54 o-chlorobenzoyl 55 m-chlorobenzoyl 56
p-chlorobenzoyl 57 anilinoEx. 58 o-methylanilino 59
m-methylanilino 60 p-methylanilino 6 1
o-methoxyanilino 62 m-methoxyanilino 63
p-methoxyanilino 64 o-fluoroanilino 65 m-fluoroanilino
66 p-fluoroanilino 67 o-chloroanilino 68
m-chloroanilino 69 p-chloroanilino 70
o-trifluoromethylanilino 7 1 m-trifluoromethylanilino
72 p-trifluoromethylanilino are obtained, in analogy
with Example 1, from the following methyl 2-
(S-R-phenyOacetamido-^methyl-
d-chlorothiophene-S-carboxylates: Precursor of Ex. R 9
phenoxy, m.p. 113-1 15 10 o-methylphenoxy 11
m-methylphenoxy 12 p-methylphenoxy 13 o-methoxyphenoxy
14 m-methoxyphenoxy 15 p-methoxyphenoxy 16
o-fluorophenoxy 17 m-fluorophenoxy 18 p-fluorophenoxy
19 o-chlorophenoxy 20 m-chlorophenoxy 2 1
p-chlorophenoxy 22 o-trifluoromethylphenoxyPrecursor
of Ex. R 23 m-trifluoromethylphenoxy 24
p-trifluoromethylphenoxy 25 benzyl 26 o-methylbenzyl
27 m-methylbenzyl 28 p-methylbenzyl 



29 o-methoxybenzyl 30 m-methoxybenzyl 3 1
p-methoxybenzyl 32 o-fluorobenzyl 33 m-fluorobenzyl 34
p-fluorobenzyl 35 o-chlorobenzyl 36 m-chlorobenzyl 37
p-chlorobenzyl 38 o-trifluoromethylbenzyl 39
m-trifluoromethylbenzyl 40 p-trifluoromethylbenzyl 4 1
benzoyl 42 o-methylbenzoyl 43 m-methylbenzoyl 44
p-methylbenzoyl 45 o-methoxybenzoyl 46
m-methoxybenzoyl 47 p-methoxybenzoyl 48
o-fluorobenzoyl 49 m-fluorobenzoyl 50 p-fluorobenzoyl
5 1 o-trifluoromethylbenzoyl 52
m-trifluoromethylbenzyl 53 p-trifluoromethylbenzoyl 54
o-chlorobenzoyl 55 m-chlorobenzoyl9 Precursor of Ex. R
56 p-chlorobenzoyl 57 anilino 58 o-methylanilino 59
m-methylanilino 60 p-methylanilino 6 1
o-methoxyanilino 62 m-methoxyanilino 63
p-methoxyanilino 64 o-fluoroanilino 65 m-fluoroanilino
66 p-fluoroanilino 67 o-chloroanilino 68
m-chloroanilino 69 p-chloroanilino 70
o-trifluoromethylanilino 7 1 m-trifluoromethylanilino
72 p-trifluoromethylanilino. Examples 73 to 136 The
following
2-chloro-3-methyl-4-hydroxy-5-(4-R-2-pyridyl)-6,7-
dihydrothieno[2,3-b]pyridin-6-ones: Ex. 73 phenoxy 74
o-methylphenoxy 75 m-methylphenoxy 76 p-methylphenoxy
77 o-methoxyphenoxy 78 m-methoxyphenoxy 79
p-methoxyphenoxy 80 o-fluorophenoxy 8 1
m-fluorophenoxy 82 p-fluorophenoxyEx. 83
o-chlorophenoxy 84 m-chlorophenoxy 85 p-chlorophenoxy
86 o-trifluoromethylphenoxy 87
m-trifluoromethylphenoxy 88 p-trifluoromethylphenoxy
89 benzyl 90 o-methylbenzyl 9 1 m-methylbenzyl 92
p-methylbenzyl 93 o-methoxybenzyl 94 m-methoxybenzyl
95 p-methoxybenzyl 96 o-fluorobenzyl 97 m-fluorobenzyl
98 p-fluorobenzyl 99 o-chlorobenzyl 100 m-chlorobenzyl
101 p-chlorobenzyl 102 o-trifluoromethylbenzyl 103
m-trifluoromethylbenzyl 104 p-trifluoromethylbenzyl
105 benzoyl 106 o-methylbenzoyl 107 m-methylbenzoyl
108 p-methylbenzoyl 109 o-methoxybenzoyl 110
m-methoxybenzoyl 111 p-methoxybenzoyl 112
o-fluorobenzoyl 113 m-fluorobenzoyl 114
p-fluorobenzoyl 115 o-trifluoromethylbenzoylEx. 116
m-trifluoromethylbenzoyl 117 p-trifluoromethylbenzoyl
118 o-chlorobenzoyl 119 m-chlorobenzoyl 



120 p-chlorobenzoyl 121 anilino 122 o-methylanilino
123 m-methylanilino 124 p-methylanilino 125
o-methoxyanilino 126 m-methoxyanilino 127
p-methoxyanilino 128 o-fluoroanilino 129
m-fluoroanilino 130 p-fluoroanilino 131
o-chloroanilino 132 m-chloroanilino 133
p-chloroanilino 134 o-trifluoromethylanilino 135
m-trifluoromethylanilino 136 p-trifluoromethylanilino
are obtained, in analogy with Example 1, from the
following methyl 2-
(4-R-2-pyridyl)acetamido-4-methyl-5-chlorothiophene-3-
carboxylates: Precursor of Ex. R 73 phenoxy 74
o-methylphenoxy 75 m-methylphenoxy 76 p-methylphenoxy
77 o-methoxyphenoxy 78 m-methoxyphenoxy 79
p-methoxyphenoxyPrecursor of Ex. R 80 o-fluorophenoxy
8 1 m-fluorophenoxy 82 p-fluorophenoxy 83
o-chlorophenoxy 84 m-chlorophenoxy 85 p-chlorophenoxy
86 o-trifluoromethylphenoxy 87
m-trifluoromethylphenoxy 88 p-trifluoromethylphenoxy
89 benzyl 90 o-methylbenzyl 9 1 m-methylbenzyl 92
p-methylbenzyl 93 o-methoxybenzyl 94 m-methoxybenzyl
95 p-methoxybenzyl 96 o-fluorobenzyl 97 m-fluorobenzyl
98 p-fluorobenzyl 99 o-chlorobenzyl 100 m-chlorobenzyl
101 p-chlorobenzyl 102 o-trifluoromethylbenzyl 103
m-trifluoromethylbenzyl 104 p-trifluoromethylbenzyl
105 benzoyl 106 o-methylbenzoyl 107 m-methylbenzoyl
108 p-methylbenzoyl 109 o-methoxybenzoyl 110
m-methoxybenzoyl 111 p-methoxybenzoyl 112
o-fluorobenzoylPrecursor of Ex. R 113 m-fluorobenzoyl
114 p-fluorobenzoyl 115 o-trifluoromethylbenzoyl 116
m-trifluoromethylbenzoyl 117 p-trifluoromethylbenzoyl
118 o-chlorobenzoyl 119 m-chlorobenzoyl 120
p-chlorobenzoyl 121 anilino 122 o-methylanilino 123
m-methylanilino 124 p-methylanilino 125
o-methoxyanilino 126 m-methoxyanilino 127
p-methoxyanilino 128 o-fluoroanilino 129
m-fluoroanilino 130 p-fluoroanilino 131
o-chloroanilino 132 m-chloroanilino 133
p-chloroanilino 134 o-trifluoromethylanilino 135
m-trifluoromethylanilino 136 p-trifluoromethylanilino
Examples 137 to 143 The following
2-R2-3-R1-4-hydroxy-5-(2-pyridyl)-6
7-dihydrothieno[2,3- b]pyridin-6-ones: Ex. R2 137 Me H
138 H Me 139 Me MeEx. R2 140 H Et 141 H H 142 Me Br
143 H Br are obtained, in analogy with Example 1, from
the following methyl 2- 



(2-pyridyl)acetamido-4-R
1-5-R2-thiophene-3-carboxylates: Precursor of Ex. R' F
137 Me H 138 H Me 139 Me Me 140 H Et 141 H H 142 Me Br
143 H Br Examples 144-147 The following
2-chloro-3-methyl-4-hydroxy-5-(3-R-phenyl)-6,7-
dihydrothieno[2,3-b]pyridin-6-ones: Ex. 144
2-thienylcarbonyl 145 2-thienylmethyl 146
3-thienylcarbonyl 147 3-thienylmethyl are obtained, in
analogy with Example 1, from the following methyl 2-
(S-R-phenyOacetamido^-methyl-
d-chlorothiophene-S-carboxylates: Precursor of Ex. R
144 2-thienylcarbonyl 145 2-thienylmethylPrecursor of
Ex. 146 3-thienylcarbonyl 147 3-thienylmethyl Examples
148-183 The following
2-chloro-3-methyl-4-hydroxy-5-(3-R-phenyl)-6,7-dihydro
thieno[ 2,3-b]pyridin-6-ones: Ex. R 148 o-nitrophenoxy
149 m-nitrophenoxy 150 p-nitrophenoxy 15 1
o-N,N-dimethylaminophenoxy 152
m-N,N-dimethylaminophenoxy 153
p-N,N-dimethylaminophenoxy 154 o-acetamidophenoxy 155
m-acetamidophenoxy 156 p-acetamidophenoxy 157
o-nitrobenzyl 158 m-nitrobenzyl 159 p-nitrobenzyl 160
o-N,N-dimethylaminobenzyl 161
m-N,N-dimethylaminobenzyl 162
p-N,N-dimethylaminobenzyl 163 o-acetamidobenzyl 164
m-acetamidobenzyl 165 p-acetamidobenzyl 166
o-nitrobenzoyl 167 m-nitrobenzoyl 168 p-nitrobenzoyl
169 o-N.N-dimethylaminobenzoyl 170
m-N,N-dimethylaminobenzoyl 17 1
p-N,N-dimethylaminobenzoyl 172 o-acetamidobenzoylEx.
173 m-acetamidobenzoyl 174 p-acetamidobenzoyl 175
o-nitroanilino 176 m-nitroanilino 177 p-nitroanilino
178 o-N.N-dimethylaminoanilino 179
m-N,N-dimethylaminoanilino 180
p-N,N-dimethylaminoanilino 181 o-acetamidoanilino 182
m-acetamidoanilino 183 p-acetamidoanilino are
obtained, in analogy with Example 1, from the
following methyl 2- (S-R-phenyOacetamido^-methyl-
-chlorothiophene-S-carboxylates: Precursor of Ex. R
148 o-nitrophenoxy 149 m-nitrophenoxy 150
p-nitrophenoxy 151 o-N,N-dimethylaminophenoxy 152
m-N.N-dimethylaminophenoxy 153
p-N,N-dimethylaminophenoxy 154 o-acetamidophenoxy 155
m-acetamidophenoxy 156 p-acetamidophenoxy 157
o-nitrobenzyl 158 m-nitrobenzyl 159 p-nitrobenzyl 160
o-N,N-dimethylaminobenzyl 161
m-N,N-dimethylaminobenzyl 162
p-N.N-dimethylaminobenzyl 163
o-acetamidobenzylPrecursor of Ex. R 164
m-acetamidobenzyl 165 p-acetamidobenzyl 166
o-nitrobenzoyl 167 m-nitrobenzoyl 168 p-nitrobenzoyl
169 o-N,N-dimethylaminobenzoyl 170
m-N,N-dimethylaminobenzoyl 171
p-N,N-dimethylaminobenzoyl 172 o-acetamidobenzoyl 173
m-acetamidobenzoyl 174 p-acetamidobenzoyl 175
o-nitroanilino 176 m-nitroanilino 



177 p-nitroanilino 178 o-N,N-dimethylaminoanilino 179
m-N,N-dimethylaminoanilino 180
p-N,N-dimethylaminoanilino 181 o-acetamidoanilino 182
m-acetamidoanilino 183 p-acetamidoanilino. Example 184
7-Hydroxy-6-phenyl-4,5-dihydrothieno-[3,2-b]-pyridin-5
-one (Rf 0.31 , dichloromethane/methanol 10:1 ) , is
obtained, in analogy with Example 1, by cyclisation,
from methyl 3-phenylacetamidothiophene-2-carboxylate.
Example 185 The compound 4-hydroxy-3-phenyl-1
,2-dihydrothieno[3,4-b]pyridin-2- one (Rf 0.37,
dichloromethane/ methanol 10:1), is obtained, in
analogy with Example 1, from methyl
4-phenylacetamidothiophene-3-carboxylate.Example 186
20 mg of platinum oxide are added to a solution of
4.28 g of 2-chloro-
3-methyl-4-hydroxy-5-(3-m-nitrophenoxyphenyl)-6,7-dihy
drothieno[2,3- b]pyridin-6-one in 50 ml_ of 95%
ethanol. Hydrogen is passed through the solution until
three molar equivalents have been absorbed. The
platinum is filtered off and the alcohol is distilled
off. 2-Chloro-3-methyl-4-hydroxy-5-(3-
m-aminophenoxyphenyl)-6,7-dihydrothieno[2,3-b]pyridin-
6-one is obtained. Example 187 A solution of 4.4 g of
2-chloro-3-methyl-4-hydroxy-5-(3-oacetamidophenoxyphen
yl)- 6,7-dihydrothieno [2,3-b]pyridin-6-one in 80 ml_
of 10% methanolic KOH solution is boiled for 48 hours.
2-Chloro-3-methyl-4-
hydroxy-5-(3-o-aminophenoxyphenyl)-6,7-dihydro-thieno[
2,3-b]pyridin-6-one is obtained after the customary
working-up. Example 188 A mixture of 4.25 g of
2-chloro-3-methyl-4-hydroxy-5-(3-pmethoxybenzoylphenyl
)- 6,7-dihydrothieno[2,3-b]pyridin-6-one and 3.5 g of
pyridine hydrochloride is stirred at 160 for 3 hours.
2-Chloro-3-methyl-4-
hydroxy-5-(3-p-hydroxybenzoylphenyl)-6,7-dihy-drothien
o[2,3-b]pyhdin-6-one is obtained after the customary
working-up. Examples 189-199 The following 2-R2-3-R
1-4-hydroxy-5-(3-R-4-R 6-phenyl)-6,7-dihydrothieno[
2,3-b]pyridin-6-ones: Ex. R R6 R1 R2 Rf(CH 2CI2ZMeOH
10:1) 189 H F H H 0.34 190 H H Ethyl H 0.38 191 H H
Ethyl Br 0.35 192 H H Ethyl Cl 0.4 193 OC6H5 H Methyl
H 0.39 194 OC6H5 H Ethyl Cl 0.59Ex. R6 R2 Rf(CH
2CI2ZMeOH 10:1) 195 H H CH(CHa)2 Cl 0.56 196 OC6H5 H
CH(CHa)2 Cl 0.58 197 OC6H5 H cyclohexyl Cl 0.44 198
OC6H5 H cyclopropyl Cl 0.42 199 OC6H5 H tert.-butyl Cl
0.45 are obtained, in analogy with Example 1, from the
following methyl-2- (3-R-4-R 6-phenyl)acetamido-4-R
1-5-R2-thiophene-3-carboxylates: Precursor of R R6 R1
R2 m.p. Ex. 189 H F H H 102.5-104 190 H H Ethyl H
116-1 17 191 H H Ethyl Br 92-93 192 H H Ethyl Cl
89.5-91 .5 193 OC6H5 H Methyl H 83-85 194 OC6H5 H
Ethyl Cl 116-1 18 195 H H CH(CHa)2 Cl 70-71  196 OC6H5
H CH(CHa)2 Cl 61-63 197 OC6H5 H cyclohexyl Cl
83.5-84.5 198 OC6H5 H cyclopropyl Cl 95-97 199 OC6H5 H
tert.-butyl Cl 63.5-66 Examples 200-209 The following
2-R2-3-R 1-4-hydroxy-5-(3-R-4-R
6-phenyl)-6,7-dihydrothieno[ 2,3-b]pyridin-6-ones: Ex.
R6 R2 200 H H Methyl Methyl 201 H H H Ethyl 202 H H
Mehyl Br 203 H H H Br 204 H H lsopropyl ClEx. R6 R2
205 OC6H5 H cyclopropyl Cl 206 H H isobutyl Cl 207 H H
isopropyl H 208 H H cyclopropyl H 209 H H isobutyl H
are obtained, in analogy with Example 1, from the
following methyl 2- (3-R-4-R6-phenyl)acetamido-4-R
1-5-R2-thiophene-3-carboxylates: Precursor of Ex. R R
R' 200 H H Methyl Methyl 201 H H H Ethyl 202 H H Mehyl
Br 203 H H H Br 204 H H Isopropyl Cl 205 OC6H5 H
cyclopropyl Cl 206 H H isobutyl Cl 207 H H isopropyl H
208 H H cyclopropyl H 209 H H isobutyl H Example 210
4-Hydroxy-3-phenyl-5,6,7,8-tetrahydro-1-benzothieno[2,
3-b]pyridin- 2(1H)-one is obtained, in analogy with
example 1, by cyclisation, from ethyl
2-(phenylacetyl)amino-4,5,6,7-tetrahydro-1-benzothioph
ene-3-carboxylate Biological examples: 



Screening assay: Human recombinant AMPK enzyme was
expressed in E. CoIi and was reactivated in vitro by
LKB1 prior to enzyme activity determination. AMPK
enzyme activities were assayed by using 2 fluorescent
based technologies (AlphaScreen / Delfia) and were
carried out in microtiter plates (containing 25 mM
Tris/HCI buffer, pH 7,5 with 100 mM ATP / 50 mM
Hepesbuffer, pH 7,4 with 125 mM ATP respectively) in
the presence of a synthetic peptide substrate
(AMARAASAAALARRR, the "AMARAA" peptide) and activators
in serial dilutions. Reactions were initiated by the
addition of AMPK (50-100 ng). Following mixing, the
plates were incubated for 30 min at room temperature.
Enzyme activity was assayed by using an
anti-phosphoserine antibody to measure the quantity of
phosphate incorporated into the AMARAA. Activity is
expressed in % of control (basal activity):Detection
of a target antigen irrespective of the presence or
absence of a corresponding therapeutic antibody The
present invention relates to a method for detecting a
target antigen irrespective of the presence or absence
of a corresponding therapeutic antibody. It especially
relates to the measurement of a target antigen in the
presence of a corresponding therapeutic antibody. The
present invention discloses a method of detecting the
target antigen of a therapeutic antibody in a sample
comprising the steps of a) providing the sample to be
analyzed, b) incubating said sample with said
therapeutic antibody under conditions appropriate for
binding of said therapeutic antibody to said target
antigen, whereby a target antigen-therapeutic
antibodycomplex is formed, and c) detecting the
complex formed in (b). It also relates to the use of
said method in the follow-up of a patient. Background
of the Invention Since the development of the first
monoclonal antibodies by Khler and Milstein in 1974 a
lot of efforts have been dedicated to the development
of antibodies which are appropriate for therapy in
humans. The first monoclonal antibodies which became
available had been developed in mice and rats. These
antibodies when used for therapy of a human being
caused unwanted side effects due to anti-rodent
antibodies. A lot of efforts have been dedicated to
the reduction or even elimination of such unwanted
side effects. In the past ten years an ever growing
number of human monoclonal antibodies or humanized
monoclonal antibodies have reached the market.
Well-known examples include for example Herceptin(r)
and MabThera(r) from Hoffmann-La Roche, Basel. A quite
significant number of human or humanized monoclonal
antibodies is under investigation and needs to be
studied in experimental animals, before entry into
human can be considered for the first trial purposes.
Therapeutic monoclonal antibodies typically have to be
used with serum levels ranging from about between 1
nanogram per ml to about 100 microgram per ml. The
therapeutic antibody, thus at least at certain
time-points during a treatment regimen, is present in
quite high concentration, e.g. in a concentration
which is as high or even higher as the concentration
of the corresponding target antigen.A correct
measurement of the target antigen itself is considered
very important especially in the follow-up of patients
after therapy and especially after therapy with a
corresponding therapeutic antibody. Since during the
course of a treatment regimen the concentration of a
therapeutic antibody will vary to a large extent any
interference of such therapeutic antibody in an assay
set up for the measurement of its corresponding target
antigen may and most likely will lead to false
measurements for said target antigen. The level of a
target antigen may be detected by any appropriate
method. In clinical routine such methods in most cases
will employ antibodies to the target antigen, the
so-called immuno assays. A high and/or variable
concentration of a therapeutic antibody may interfere
in the immuno assay used to measure the level of its
target antigen. As the skilled artisan will readily
appreciate, it is not possible, or at least not an
easy task, to use the therapeutic antibody itself in
the detection of its corresponding target antigen. The
same difficulty will frequently be encountered if the
therapeutic antibody and at least one of the
antibodies used in an immuno assay bind to the same
epitope of a target antigen. Whereas this fact is
well-known and generally accepted, it has now been
surprisingly found that an immuno assay for detection
of a target antigen may also be compromised by the
presence or absence of a therapeutic antibody even if
the therapeutic antibody binds to an epitope not bound
by the antibody or the antibodies used in an immuno
assay for the corresponding target antigen. Jilani et
al. (Jilani, L, et al., Blood 1032 (2003) 3514-3520)
reported that to detect rituximab on the cell surface,
antibodies were used that specifically detected the
mouse sequence in rituximab and did not cross-react
with the human Ig. In WO 03/024993 a method of
detecting and monitoring a therapeutic
antibody:antigen complex, soluble antigen, free
therapeutic antibody and soluble total therapeutic
antibody is reported. It was a task of the present
invention to investigate whether methods of detecting
a target antigen of a therapeutic antibody in a sample
can be improved. Such method should yield a true and
correct value for the concentration of the target
antigen, no matter whether the corresponding
therapeutic antibody is present or not and should be
of use in consecutive measurements, e.g. in the
follow-up of patients.This task has been accomplished
by the invention as described below and in the
examples section and as claimed in the appending
claims. Summary of the Invention The invention
comprises a method of detecting the target antigen of
a therapeutic antibody in a sample comprising the
steps a) providing the sample to be analyzed, b )
incubating said sample with said therapeutic antibody
under conditions appropriate for binding of said
therapeutic antibody to said target antigen, whereby a
target antigen-therapeutic antibody-complex is formed
with the total target antigen being complexed by the
therapeutic antibody, and c) detecting the complex
formed in b). Detailed Description of the Invention In
a first embodiment the present invention relates to a
method of detecting the target antigen of a
therapeutic antibody in a sample comprising the steps
of a) providing the sample to be analyzed, b)
incubating said sample with said therapeutic antibody
under conditions appropriate for binding of said
therapeutic antibody to said target antigen, whereby a
target antigen-therapeutic antibodycomplex is formed,
and c) detecting the complex formed in b). The term
"target antigen" relates to a biomolecule which is
bound by its corresponding therapeutic antibody. By
way of example, the target antigen of a therapeutic
antibody to HER2 (= ErbB2 or p 185 neu), like
Herceptin (r) or Omnitarg(r), is HER2, of a
therapeutic antibody to CD52, like Campath (r), is
CD52, of a therapeutic antibody to EGFr, like
Erbitux(r), is EGFr, of a therapeutic antibody 



to CD33, like Mylotarg(r), is CD33, of a therapeutic
antibody to Tag-72, like OncoScint(r), is Tag-72, of a
therapeutic antibody to 17-1A, like Panorex(r), is
17-1A, of a therapeutic antibody to CD20, like
Rituxan(r), MabThera(r), or Zevalin(r), is CD20, and
of a therapeutic antibody to CD25, like Zenapax(r), is
CD25. The target antigen may either be a soluble, i.e.
secreted or shed, target antigen or a (cell-)membrane
bound target antigen. In another embodiment said
target antigen-therapeutic antibody-complex formed in
step b) is formed with the total target antigen being
complexed by the therapeutic antibody.The term
"soluble target antigen" as used within this
application denotes the soluble form, i.e. secreted or
shed form, of a membrane-bound target antigen of a
therapeutic antibody. Therapeutic antibodies mostly
are directed against cell surface antigens, e.g. of
cancer cells, to which they bind. Beside the
membranebound variant of a cell surface antigen,
secreted or shed, i.e. soluble, variants of such an
antigen can be produced by cells. The soluble target
antigen can be found in body fluids of an affected
individual. The "soluble target antigen" is the
secreted or shed variant of a membrane-bound antigen,
whereby the soluble variant possesses the same amino
acid sequence and the same secondary structure as at
least a part of the extracellular domain of the
membrane-bound antigen, thus allowing an antibody
directed against the extracellular domain of a
(membranebound) target antigen also to bind the
soluble target antigen. In another embodiment said
target antigen is a soluble target antigen. The term
"epitope" as used within this application denotes a
protein determinant capable of specific binding to an
antibody. Epitopes usually consist of chemically
active surface groupings of molecules such as amino
acids or sugar side chains and usually have specific
three dimensional structural characteristics, as well
as specific charge characteristics. Conformational and
non-conformational epitopes are distinguished in that
the binding to the former but not the latter is lost
in the presence of denaturing solvents. Depending on
the size of the antigen to which the epitope belongs,
more than one epitope per antigen may be available
resulting likewise in the possibility of more than one
antibody binding site (=epitope) per antigen. A
"sample" according to the present invention may be any
tissue or liquid sample removed from the experimental
animal, preferably from a mammal. Preferably the
sample will be a liquid sample like saliva, urine,
whole blood, plasma or serum. Preferably the sample
will be whole blood, plasma or serum. Preferably the
sample is a cell-free sample, i.e. a sample containing
no cells bearing membrane-bound target antigen.
Conditions which are appropriate for binding of a
target antigen to its corresponding "therapeutic
antibody" are well-known to the skilled artisan or can
easily be determined. Under these conditions the
therapeutic antibody binds to the target antigen,
either the membrane-bound or soluble variant, and an
immunological complex between the target antigen and
the therapeutic antibody isformed, resulting in a
target antigen-therapeutic antibody-complex. This
complex can be detected by any appropriate means. In a
preferred embodiment a target antigen-therapeutic
antibody-complex is detected by aid of an immuno
assay. The immuno assay used preferably is a
heterogeneous immuno assay. It is also preferred that
the detection of the target antigen-therapeutic
antibody-complex is accomplished by aid of a
competitive immuno assay or by aid of a so-called
sandwich immuno assay. The skilled artisan will have
no problem in setting up an immuno assay, which is
capable of detecting the target antigen as present in
the target antigen-therapeutic antibody-complex. By
way of example such detection may be performed in a
sandwich type immuno assay wherein an antibody is used
as a capture antibody, which is binding to the target
antigen at an epitope which does not overlap with the
epitope of the therapeutic antibody. For detection of
the target antigen-therapeutic antibody-complex it is
preferred to use a second or detection antibody to the
target antigen which binds to an epitope neither
recognized by the therapeutic antibody nor by the
capture antibody. Preferably a detection antibody
capable of forming a detection antibody-target
antigen-therapeutic antibody-complex sandwich is used.
Said second or detection antibody preferably is
labeled in such a manner that direct or indirect
detection is facilitated. For direct detection the
labeling group can be selected from any known
detectable marker groups, such as dyes, luminescent
labeling groups, such as chemiluminescent groups,
e.g., acridinium esters or dioxetanes, or fluorescent
dyes, e.g., fluorescein, coumarin, rhodamine, oxazine,
resorufin, cyanine and derivatives thereof. Other
examples of labeling groups are luminescent metal
complexes, such as ruthenium or europium complexes,
enzymes, e.g., as used for ELISA or for CEDIA (Cloned
Enzyme Donor Immunoassay, e.g., EP 0 061 888), and
radioisotopes. Indirect detection systems comprise,
for example, that the detection reagent, e.g. the
detection antibody, is labeled with a first partner of
a bioaffine binding pair. Examples of suitable binding
pairs are hapten or antigen/antibody, biotin or biotin
analogues such as aminobiotin, iminobiotin or
desthiobiotin/avidin or streptavidin, sugar/lectin,
nucleic acid or nucleic acid analogue/complementary
nucleic acid, and receptor/ligand, e.g., steroid
hormone receptor/steroid hormone. Preferred
firstbinding pair members comprise hapten, antigen and
hormone. Especially preferred are haptens like
digoxin, digoxigenin and biotin and analogues thereof.
The second partner of such binding pair, e.g. an
antibody, streptavidin, etc., usually is labeled to
allow for direct detection, e.g., by the labels as
mentioned above. Immunoassays are well known to the
skilled artisan. Methods for carrying out such assays
as well as practical applications and procedures are
summarized in related textbooks. Examples of related
textbooks are Tijssen, P., Preparation of
enzymeantibody or other enzyme-macromolecule
conjugates, in: Practice and theory of enzyme
immunoassays, Burdon, R.H. and v. Knippenberg, P.H.
(eds.), Elsevier, Amsterdam (1990) pp. 221-278; and
various volumes of Methods in Enzymology, Colowick,
S.P. and Caplan, N.O. (eds.), Academic Press, dealing
with immunological detection methods, especially
volumes 70, 73, 74, 84, 92 and 121. In all the above
immunological detection methods reagent conditions are
chosen which allow for binding of the reagents
employed, e.g. for binding of an antibody to its
corresponding antigen. The target antigen-therapeutic
antibody-complex detected according to the present
invention is correlated by state of the art procedures
to the corresponding concentration of the target
antigen, either in membrane-bound form or soluble
form. The antibody or antibodies binding to the target
antigen at an epitope not recognized by the
therapeutic antibody may be a polyclonal antibody, a
monoclonal antibody, fragments of such antibodies, as
well as genetic constructs comprising the binding
domain of such antibody. Appropriate antibody
fragments can also be 



used. Antibodies as well as antibody fragments are
generated by state of the art procedures, e.g., as
described in Tijssen (Tijssen, P., Practice and theory
of enzyme immunoassays 11 (1990), the whole book,
especially pp. 43-78, Elsevier, Amsterdam). The term
"therapeutic antibody" relates to any antibody
preparation which is intended for use in a human
being. Preferably such therapeutic antibody will be a
monoclonal antibody. Further preferred such monoclonal
antibody will be obtained from a great ape or be a
human monoclonal antibody or a humanized antibody.
Preferably, it will be a human monoclonal antibody.
Also preferred such therapeutic monoclonal antibody
will be a humanized monoclonal antibody. The term
"monoclonal antibody" as used herein refers to an
antibody obtained from a population of substantially
homogeneous antibodies, i.e., the individualantibodies
comprising the population are identical except for
possible naturally occurring mutations that may be
present in minor amounts. Monoclonal antibodies are
highly specific, being directed against a single
antigenic site. Furthermore, in contrast to polyclonal
antibody preparations, which include different
antibodies directed against different determinants
(epitopes), each monoclonal antibody is directed
against a single determinant on the antigen. In
addition to their specificity, the monoclonal
antibodies are advantageous in that they may be
synthesized uncontaminated by other antibodies. The
modifier "monoclonal" indicates the character of the
antibody as being obtained from a substantially
homogeneous population of antibodies, and is not to be
construed as requiring production of the antibody by
any particular method. For example, the monoclonal
antibodies to be used in accordance with the present
invention may be made by the hybridoma method first
described by Kdhler, G., et al, Nature 256 (1975)
495-497, or may be made by recombinant DNA methods
(see, e.g., US 4,816,567). The "monoclonal antibodies"
may also be isolated from phage antibody libraries
using the techniques described in Clackson, T., et
al., Nature, 352 (1991) 624-628 and Marks, J. D., et
al., J. MoI. Biol. 222 (1991) 581-597, for example.
"Humanized" forms of non-human (e.g. rodent)
antibodies are chimaeric antibodies that contain
partial sequences derived from non-human
immunoglobulin and from a human immunoglobulin. For
the most part, humanized antibodies are derived from a
human immunoglobulin (recipient antibody) in which
residues from a hypervariable region of the recipient
are replaced by residues from a hypervariable region
of a non-human species (donor antibody) such as mouse,
rat, rabbit or non-human primate having the desired
specificity and affinity. In some instances, framework
region (FR) residues of the human immunoglobulin are
replaced by corresponding non-human residues.
Furthermore, humanized antibodies may comprise further
modifications, e.g., amino acid residues that are not
found in the recipient antibody or in the donor
antibody. Such modifications result in variants of
such recipient or donor antibody which are homologous
but not identical to the corresponding parent
sequence. These modifications are made to further
refine antibody performance. In general, the humanized
antibody will comprise substantially all of at least
one, and typically two, variable domains, in which all
or substantially all of the hypervariable loops
correspond to those of a non-human donor antibody and
all or substantially all of the FRs are those of a
human recipient antibody. The humanized
antibodyoptionally also will comprise at least a
portion of an immunoglobulin constant region (Fc),
typically that of a human immunoglobulin. Methods for
humanizing non-human antibodies have been described in
the art. Preferably, a humanized antibody has one or
more amino acid residues introduced into it from a
source which is non-human. These non-human amino acid
residues are often referred to as "import" residues,
which are typically taken from an "import" variable
domain. Humanization can be essentially performed
following the method of Winter and co-workers (Jones,
P. T., et al., Nature 321 (1986) 522- 525; Riechmann,
L., et al., Nature 332 (1988) 323-327; Verhoeyen, M.,
et al., Science 239 (1988) 1534-1536; and Presta, L.
G., Curr. Op. Struct. Biol. 2 (1992) 593-596), by
substituting hypervariable region sequences for the
corresponding sequences of a human antibody.
Accordingly, such "humanized" antibodies are chimaeric
antibodies (US 4,816,567), wherein substantially less
than an intact human variable domain has been
substituted by the corresponding sequence from a
non-human species. In practice, humanized antibodies
are typically human antibodies in which some
hypervariable region residues and possibly some FR
residues are substituted by residues from analogous
sites in rodent antibodies. The choice of human
variable domains, both light and heavy, to be used in
making the humanized antibodies is very important to
reduce antigenicity. According to the so-called
"best-fit" method, the sequence of the variable domain
of a rodent antibody is screened against the entire
library of known human variable-domain sequences. The
human sequence which is closest to that of the rodent
is then accepted as the human framework region (FR)
for the humanized antibody (Sims, M. J., et al., J.
Immunol. 151 (1993) 2296-2308; Chothia, C , et al., J.
MoI. Biol. 196 (1987) 901-917). Another method uses a
particular framework region derived from the consensus
sequence of all human antibodies of a particular
subgroup of light or heavy chains. The same framework
may be used for several different humanized antibodies
(Carter, P., et al., Proc. Natl. Acad. Sci. USA 89
(1992) 4285-4289; Presta, L. G., et al., J. Immunol.
151 (1993) 2623-2632). Immunoglobulins can be
generated against, e.g., human, mouse, or rat
polypeptides. Immunoglobulins, either polyclonal or
monoclonal, specifically recognizing the target
antigen are encompassed by the invention. Such
immunoglobulins are raised using standard
immunological techniques known to a person skilled in
the art. Immunoglobulins may be polyclonal or
monoclonal or may be produced recombinantly such as
for a humanized antibody. Thedetermination if an
antibody is not binding to the same epitope as a known
therapeutic antibody can easily be determined in a
competitive test system. Possible epitope overlapping
of two antibodies binding to the same target antigen
can be detected with the help of a competitive test
system. For this purpose, for example with the help of
an enzyme immunoassay, there is tested the extent to
which the new antibody competes with the known
antibody for the binding to an immobilized target
antigen. For this purpose, an appropriately
immobilized target antigen is incubated with the known
antibody in labeled form and an excess of the antibody
in question. By detection of the bound labeling there
can easily be ascertained the extent to which the
antibody in question can displace the known antibody
from the binding site (= epitope). If there is a
displacement of not more than 20%, preferably of not
more than 10%, at the same concentration or at higher
concentrations, preferably in the case of excess of
the antibody in question, referred to the known
antibody, then no epitope overlapping is present. Well
known examples of humanized therapeutic antibodies are
the so-called anti- ErbB2 antibodies including
huMAb4D5-l, huMAb4D5-2, huMAb4D5-3, 



huMAb4D5-4, huMAb4D5-5, huMAb4D5-6, huMAb4D5-7 and
huMAb4D5-8 (HERCEPTIN(r)) as described in Table 3 of
US 5,821,337 expressly incorporated herein by
reference; as well as humanized 520C9 (described in WO
93/21319) and humanized 2C4 antibodies as described in
PCT/US 03/2 1590. Preferably the therapeutic antibody
used in a method according to the present invention is
selected from the group consisting of Campath(r),
Erbitux(r), Herceptin(r), MabThera(r), Mylotarg(r),
OncoScint(r), Omnitarg(r), Panorex (r), Rituxan(r),
Zevalin(r) and Zenapax(r), preferably of the group
consisting of Herceptin (r), MabThera(r), Omnitarg (r)
and Zenapax(r). Zevalin(r) is the trade name for the
therapeutic antibody also known as ibritumomab. This
therapeutic antibody is based on monoclonal antibody
which binds to CD20 and is approved by the FDA for the
treatment of B-cell non- Hodgkins lymphoma. Rituxan(r)
is the trade name for the therapeutic antibody also
known as rituximab. This therapeutic antibody is based
on monoclonal antibody which binds to CD20 and is
approved by the FDA for the treatment of B-cell
non-Hodgkins lymphoma.Panorex(r) is the trade name for
the therapeutic antibody also known as edrecolomab.
This therapeutic antibody binds to the 17- IA antigen
(Ep-CAM) and has been approved for the treatment of
colorectal cancer. OncoScint(r) is the trade name for
the therapeutic antibody also known as satumomab. This
therapeutic antibody binds to the pancarcinoma antigen
Tag-72 and has been approved for the treatment of
colon and ovarian carcinoma. Mylotarg(r) is the trade
name for the therapeutic antibody also known as
gemtuzmab. This therapeutic antibody is based on
monoclonal antibody which binds to CD33 and is
approved by the FDA for the treatment of myeloid
leukemia. Erbitux(r) is the trade name for the
therapeutic antibody also known as cetuximab. This
therapeutic antibody binds to epidermal growth factor
receptor (EGFr) and has been approved for colorectal
cancer. Campath(r) is the trade name for the
therapeutic antibody also known as alemtuzumab. This
therapeutic antibody is based on monoclonal antibody
which binds to CD52 and is approved by the FDA for the
treatment of chronic lymphocytic leukemia.
Herceptin(r) is the trade name for the therapeutic
antibody also known as trastuzumab. This therapeutic
antibody is based on monoclonal antibody 4D5. It binds
to HER2. HER2 is also known as ErbB2 or p 185 neu.
Herceptin (r) has been shown to have a positive effect
on survival of HER2-positive patients with breast
cancer (De Laurentiis, M., et al., Ann. Oncol. 16
(2005) iv7-ivl3). MabThera(r) is the trade name for
the therapeutic antibody also known as rituximab. This
therapeutic antibody is based on monoclonal antibody
which binds to CD20. MabThera(r) has been shown to
have a positive effect on survival of patients
suffering from indolent and aggressive non-Hodgkin's
lymphoma (Di Bella, N., et al., Cancer 103 (2005)
978-984). Omnitarg(r) is the trade name for a novel
therapeutic antibody pertuzumab binding to HER2. It is
based on monoclonal antibody 2C4. 2C4 and 4D5 bind to
different epitopes on HER2. Omnitarg(r) is currently
subject to clinical trials. It is hoped that it will
have a positive effect on survival for
HER2-overexpression-negative patients with breast
cancer (Badache, A., et al., Cancer Cell 5 (2004)
299-301).Zenapax(r) is the trade name for a
therapeutic antibody binding to the interleukin-2
receptor. It is associated with decreased rejection
and improved patient survival in renal transplant
recipients (Morris, J.A., et al., Clin. Transplant. 19
(2005) 340- 345). It is also preferred that the target
antigen detected in a method according to the present
invention is selected from the group consisting of
HER2, interleukin-2 receptor, IGF-IR, EGFr, Tag-72,
17-1A, CD52, CD25, CD33 or CD20, preferably of the
group consisting of HER2, interleukin-2 receptor,
IGF-IR, and CD20, preferably of the group consisting
of HER2, interleukin-2 receptor, or CD20. As mentioned
above it was found by the inventors of the present
invention that not only therapeutic antibodies which
bind to an epitope which is also bound by an antibody
used in an assay for detecting the corresponding
target antigen will interfere with such assay.
Interference may as well occur and has been observed
in assay methods using antibodies to non-overlapping
epitopes on the target antigen. The specific
observations presented in the Examples section have
been made with assays for the HER2 antigen and two
different therapeutic antibodies binding this target
antigen. However, it has to be expected that the same
will hold true in the exact quantification of other
target antigens. The examples demonstrate that for
both the different antibodies to HER2, i.e. Herceptin
(r) and Omnitarg (r), the method according to the
present invention can be applied and the target
antigen HER2 can be reliably measured independent of
the presence or absence of the corresponding
therapeutic antibody in the sample investigated. In
one embodiment the therapeutic antibody is
Herceptin(r), the capture antibody is Omnitarg(r), and
the detection antibody is the anti-ErbB2 antibody 7C2.
In another embodiment the therapeutic antibody is
Omnitarg(r), the capture antibody is Herceptin(r), and
the detection antibody is the anti-ErbB2 antibody 7C2.
Herceptin(r), Omnitarg(r), and the anti-ErbB2 antibody
7C2 bind to different epitopes of the HER2 antigen.
The anti-ErbB2 antibody 7C2 e.g. recognizes an epitope
in the region of the N-terminus of ErbB2 (see e.g. WO
98/17797). In one embodiment in the method of the
invention the target antigen-therapeutic
antibody-complex formed in step b) is formed whereby
the total target antigen in the sample is being
complexed by the therapeutic antibody.The invention
comprises a method of detecting the target antigen of
a therapeutic antibody in a sample comprising the
steps a) providing the sample to be analyzed, b)
incubating said sample with said therapeutic antibody
under conditions appropriate for binding of said
therapeutic antibody to said target antigen, whereby a
target antigen-therapeutic antibody-complex is formed
with the total target antigen being complexed by the
therapeutic antibody, and c) detecting the complex
formed in b). The reliable measurement of a target
antigen will be of significant advantage for any
sample comprising an interfering therapeutic antibody.
In a preferred embodiment the present invention
therefore relates to a method of detecting the target
antigen of a therapeutic antibody in a sample wherein
said therapeutic antibody is present comprising the
steps of a) providing the sample to be analyzed, b)
incubating said sample with said therapeutic antibody
under conditions appropriate for binding of said
therapeutic antibody to said target antigen, whereby a
target antigentherapeutic antibody-complex is formed,
and c) detecting the complex formed in b). The method
according to the present invention will also be of
great use in the follow-up of patients which receive a
therapeutic antibody. In a preferred embodiment the
present invention therefore relates to a method of
detecting the 



target antigen of a therapeutic antibody in a sample
obtained from a patient under therapy with said
therapeutic antibody comprising the steps of a)
providing the sample to be analyzed, b) incubating
said sample with said therapeutic antibody under
conditions appropriate for binding of said therapeutic
antibody to said target antigen, whereby a target
antigen-therapeutic antibody-complex is formed, and c)
detecting the complex formed in b). The correct
determination of the corresponding target antigen will
in a preferred embodiment be useful to assess the
efficacy of therapy. In a further preferred embodiment
the method according to this invention will be of help
in assessing a relapse to the underlying disease. In
general the clinician may derive valuable information
in the follow-up of patients under therapy with a
therapeutic antibody by use of the method presented
herein. The present invention thus also relates to the
use of a method as presented above in the follow-up of
patients.Without wishing to b e bound to the suggested
explanation it may b e that the binding o f a
therapeutic antibody to its target antigen has, e.g.,
some influence on the conformation o f other epitopes
and/or the binding properties o f other antibodies to
these epitopes as present in a target
antigen-therapeutic antibodycomplex. Preferably the
method according to the present invention is used even
if the epitopes on a target antigen for the antibodies
as used in an immuno assay and for the therapeutic
antibody, respectively, d o not overlap. In one
embodiment the method o f the invention is performed o
n a chip. A "chip" is a solid, non porous material,
such as metal, glass or plastics. The material may
optionally b e coated, entirely or in certain areas.
On the surface o f the material any array o f spots
may be/is present, either visible or in coordinates.
On each spot a defined polypeptide, with or without
linker o r spacer to the surface of the material, may
b e immobilized. Preferably the immobilized
polypeptides are at least fragments of antibodies
which are capable o f binding the target antigen. The
following examples and figures are provided to aid the
understanding o f the present invention, the true
scope o f which is set forth in the appended claims.
It is understood that modifications can b e made in
the procedures set forth without departing from the
spirit o f the invention. Description of the Figures
FFiigguurree 1 Interference o f two different
therapeutic antibodies in HER2- detection using the
commercial assay sold by Oncogene Sciences. Figure 2
Interference o f two different therapeutic antibodies
in HER2- detection using the commercial assay sold by
Bender. Figure 3 Determination of the maximum o f
interference for the therapeutic antibody Omnitarg
(r). Figure 4 Determination o f the maximum o f
interference for the therapeutic antibody Herceptin
(r). Figure 5 Calibration curves o f HER2- detection
using assays devoid o f interference b y Omnitarg (r)
and Herceptin(r), respectively. Abbreviations Bi
biotin EDTA ethylenediaminetetraaceticacidELISA
enzyme-linked immunosorbent assay Fey (=Fcg) Fc
gamma-fragment of an immunoglobulin DIG (Dig)
digoxigenin hu, H human IgG immunoglobulin G n. d. not
defined NSCLC non-small cell lung cancer OD optical
density MAK (=Mab) monoclonal antibody PAK (=Pab)
polyclonal antibody R cow (Rind) RPLA
Bovine-Plasmaalbumin RT room temperature TAPS
N-tris(hydroxymethyl)methyl-3-aminopropanesulfonic
acid VEGF vascular endothelial growth factor Example 1
Commercial Assays for HER2 a) HER-2/neu ELISA
manufactured by Oncogene Science/Bayer Health Care LLC
(Cat. No. DAKO Cytomation EL5011) Incubations and
washing steps were performed according to the
instructions given by the manufacturer. Standards of
35, 25, 15, 7.5, 2.5, and 0 ng/ml HER2 were spiked
with 500, 250, 0 mg/ml Herceptin(r) or they were
spiked with 500, 250, 0 mg/ml Omnitarg(r),
respectively. These samples were incubated on the
coated microtiter-plate. After adding and incubating
the detection antibody, the substrate was added and
the absorbance was read at 492 nm. Results are given
in Table 1. Table 1 Optical densities (ODs) as
measured with and without interfering therapeutic
antibody in the sampleThe difference in recovery of
HER2 antigen due to spiking the therapeutic antibody
Omnitarg(r) is up to 38.1% and due to the spiking of
Herceptin(r) is up to 25.6%, respectively. The
interference by Omnitarg(r) and Herceptin(r) is also
evident from Fig. 1.b) spl85 HER 2Module Set
manufactured by Bender MedSystems (Cat. No. Biozol
BMS207MST) Incubations and washing steps were
performed according to the instructions given by the
manufacturer. Standards of 20, 10, 5, 2.5, and 0 ng/ml
HER2 were spiked with 500, 250, 0 mg/ml Herceptin(r)
or they were spiked with 500, 250, 0 mg/ml
Omnitarg(r), respectively. These samples were
incubated on the coated microtiterplate. After adding
and incubating the detection antibody, the substrate
was added and the absorbance was read at 405 nm.
Results are given in Table 2. Table 2 Optical
densities (ODs) as measured with and without
interfering therapeutic antibody in the sampleThe
difference in recovery of HER2 antigen due to spiking
with the therapeutic antibody Herceptin(r) is up to
98.6% and due to Omnitarg(r) up to 28.6%. This is also
depicted in Fig. 2. Example 2 Assay for detection of
HER2 in the presence of Omnitarg(r) The assay was
performed on streptavidin coated polystyrene chips.
The antibody to HER2 was applied to the chip as lines
of approximately ten 250 pL droplets.
MAK<Her2>H-4D5-IgG-Bi (=biotinylated monoclonal
antibody from clone 4D5 against HER2) was used as a
capture antibody to establish an assays without
interference by Omnitarg (r). The concentration of the
biotinylated antibodies was 100 mg/ml. The chips were
stored at 4C. MAK<Her2>M-7C2-IgG-Dig (digoxigenylated
monoclonal antibody from clone 



7C2) was used as conjugate antibody. The stock
solution of this conjugate was stored at -200C. The
HER2 standard protein spl85 (HER-2) (sHER2), was a
commercially available product (Biozol #BMS207MST S),
and has been stored at -200C in a concentration of
1000 ng/ml. As the basic sample and conjugate buffer a
phosphate buffered saline (5OmM sodium
dihydrogenphosphate-monohydrate, 15OmM NaCl at pH 7),
comprising sodium azide (0.09% Na-azide) as a
preservative, and further additives (0.035% EDTA,
0.05% Tween 20(r), 2.00% RPLA4 (Roche Nr. 1726544001),
0.10% PAK<->R-IgG (Roche Nr. 1108750001), lOOmg/ml
mouse-MAK-33-IgG-Poly (Roche Nr. 1939661001)) was
used. The sample and conjugate buffer has been
filtered (0.2mm pore size) and stored at 4C prior to
use.The stock solution of the therapeutic antibody
Omnitarg (r) rhuMAb 2C4 G186 CP R9805AX - produced by
Genentech, Inc. - had a concentration of 25 mg/ml and
was stored at 4C. As detection antibody
MAK<Dig>M19-ll-IgG conjugated to 110 nm fluorescent
labeled latex particles has been used. The detection
antibody conjugate has been stored at 4C. As the
detection buffer a 50 mM TAPS and IM NaCl buffer at pH
8.5, comprising sodium azide (0.09% Na-azide) as a
preservative, and further additives (0.05% Tween
20(r), 0.50% RPLA4 (Roche Nr. 1726544001), l Omg/ml
mouse-MAK-33-IgGPoly (Roche Nr. 1939661001)) was used.
The detection buffer has been filtered (0.2mm pore
size) and stored at 4C prior to use. The washing
buffer was a 1OmM Tris/HCl buffer with pH 8.0
comprising 0.001% Oxypyrion, 0.001% MIT, and 0.01%
Thesit. The washing buffer has been filtered (0.2mm
pore size) and stored at 4C prior to use. a) Detection
of a potential interference by Omnitarg(r) The assay
was performed at room temperature. All reagents were
brought to this temperature before the assay was
actually performed. A sample containing 20 ng/ml of
HER2 was incubated with various amounts of Omnitarg(r)
to result in the concentrations given in Fig. 3. These
samples were diluted 1:5 in sample buffer. Doublets of
40 ml each of the diluted sample are added to the
chips and incubated at RT for 10 min. Thereafter the
chips are washed by an automated washing step. The
conjugate antibody MAK<Her2>M-7C2-IgG-Dig was diluted
to 3 mg/ml in conjugate buffer. 40 ml of diluted
conjugate antibodies were added to each chip and
incubated for 5 min followed by an automated washing
step. The labeled detection antibody was diluted 1:5
in label ( detection) buffer. 40 ml of the diluted
detection antibody are added to each chip and
incubated for 5 min. After a final washing step the
label bound is quantified using a laser with an
excitation of 633 nm. A digital picture is converted
into counts by an appropriate software. As can be seen
from Fig. 3 Omnitarg (r) (above a final concentration
of 25 mg/ml) did interfere to a constant extend in the
above assay.b) Measurement of HER2 in the presence of
Omnitarg(r) For measurement of samples which might
exhibit interference by Omnitarg (r) the active
ingredient of this drug (rhu Mab 2C4 G186 CP R9805AX)
has been added to the sample buffer in a final
concentration of 6.25 mg/ml (= sample buffer (A)). For
preparation of artificial samples the HER2 standard
material was diluted to 500, 200, 100, 50, 20, 10, 5,
2.5, 1 and 0 ng/ml, respectively, in mouse serum.
These samples were diluted 1:5 in sample buffer (A).
Doublets of 40 ml each of the diluted sample are added
to the chips and incubated at RT for 10 min.
Thereafter the chips are washed by an automated
washing step. The conjugate antibody
MAK<Her2>M-7C2-IgG-Dig was diluted to 3 mg/ml in
conjugate buffer. 40 ml of diluted conjugate
antibodies were added to each chip and incubated for 5
min followed by an automated washing step. The labeled
detection antibody was diluted 1:5 in detection
buffer. 40 ml of the diluted detection antibody are
added to each chip and incubated for 5 min. After a
final washing step the label bound is quantified using
a laser with an excitation of 633 nm. A digital
picture is converted into counts by an appropriate
software. The counts are given in Table 3. Table 3
Counts obtained with MAK<Her2>H-4D5-IgG-Bi spots
(calibration curve in sample buffer (A)) As can be
seen from Table 3, it was easily possible to establish
a calibration curve in the presence of a basic level
of Omnitarg(r).Example 3 Assay for detection of HER2
in the presence of Herceptin(r) The assay was
performed on streptavidin coated polystyrene chips.
The antibody to HER2 was applied to the chip as lines
of approximately ten 250 pL droplets.
MAK<Her2>H-2C4-IgG-Bi (=biotinylated monoclonal
antibody from clone 2C4 against HER2) was used to
establish an assay devoid of Herceptin(r)
interference. The concentration of the biotinylated
antibodies was 100 mg/ml. The chips were stored at 4C.
MAK<Her2>M-7C2-IgG-Dig (digoxigenylated monoclonal
antibody from clone 7C2) was used as conjugate
antibody. The stock solution of this conjugate was
stored at -200C. The HER2 standard protein spl85
(HER-2) (sHER2), was a commercially available product
(Biozol #BMS207MST S), and has been stored at -20C in
a concentration of lOOO ng/ml. As the basic sample and
conjugate buffer a phosphate buffered saline (5OmM
sodium dihydrogenphosphate-monohydrate, 15OmM NaCl at
pH 7), comprising sodium azide (0.09% Na-azide) as a
preservative, and further additives (0.035% EDTA,
0.05% Tween 20(r), 2.00% RPLA4 (Roche Nr. 1726544001),
0.10% PAK<->R-IgG (Roche Nr. 1108750001), lOOmg/ml
mouse-MAK-33-IgG-Poly (Roche Nr. 1939661001)) was
used. The sample and conjugate buffer has been
filtered (0.2mm pore size) and stored at 4C prior to
use. The stock solution of the therapeutic antibody
Herceptin human variant Mab4D5 - produced by Roche
Diagnostics GmbH - had a concentration of 25 mg/ml and
was stored at -200C. As detection antibody
MAK<Dig>M19-ll-IgG conjugated to 110 nm fluorescent
labeled latex particles has been used. The detection
antibody conjugate has been stored at 4C. As the
detection buffer a 50 mM TAPS and IM NaCl buffer at pH
8.5, comprising sodium azide (0.09% Na-azide) as a
preservative, and further additives (0.05% Tween
20(r), 0.50% RPLA4 (Roche Nr. 1726544001), l Omg/ml
mouse-MAK-33-IgGPoIy (Roche Nr. 1939661001)) was used.
The detection buffer has been filtered (0.2mm pore
size) and stored at 4C prior to use.The washing buffer
was a 1OmM Tris/HCl buffer with pH 8.0 comprising
0.001% Oxypyrion, 0.001% MIT, and 0.01% Thesit. The
washing buffer has been filtered (0.2mm pore size) and
stored at 4C prior to use. a) Detection of a potential
interference by Herceptin(r) The assay was performed
at room temperature. All reagents were brought to this



temperature before the assay was actually performed. A
sample containing 20 ng/ml of HER2 was incubated with
various amounts of Herceptin(r) to result in the
concentrations given in Fig. 4. These samples were
diluted 1:5 in sample buffer. Doublets of 40 ml each
of the diluted sample are added to the chips and
incubated at RT for 10 min. Thereafter the chips are
washed by an automated washing step. The conjugate
antibody MAK<Her2>M-7C2-IgG-Dig was diluted to 3 mg/ml
in conjugate buffer. 40 ml of diluted conjugate
antibodies were added to each chip and incubated for 5
min followed by an automated washing step. The labeled
detection antibody was diluted 1:5 in detection
buffer. 40 ml of the diluted detection antibody are
added to each chip and incubated for 5 min. After a
final washing step the label bound is quantified using
a laser with an excitation of 633 nm. A digital
picture is converted into counts by an appropriate
software. As can be seen from Fig. 4 Herceptin(r)
(above a concentration of 25 mg/ml) did interfere to a
constant extend in the above assay. b) Measurement of
HER2 in the presence of Herceptin(r) For measurement
of samples which might exhibit interference by
Herceptin (r) the active ingredient of this drug
(MAK<Herceptin> 7.4.04) has been added to the sample
buffer in a final concentration of 6.25 mg/ml (=
sample buffer (B)). The sample buffer (B) has been
filtered (0.2mm pore size) and stored at 4C prior to
use. For preparation of artificial samples the HER2
standard material was diluted to 500, 200, 100, 50,
20, 10, 5, 2.5, 1 and 0 ng/ml, respectively, in mouse
serum. These samples were diluted 1:5 in sample buffer
(B). Doublets of 40 ml each of the diluted sample are
added to the chips and incubated at RT for 10 min.
Thereafter the chips are washed by an automated
washing step. The conjugate antibody
MAK<Her2>M-7C2-IgG-Dig was diluted to 3 mg/ml in
conjugate buffer. 40 ml of diluted conjugate
antibodies were added to each chip and incubated for 5
min followed by an automated washing step. The labeled
detection antibody was diluted 1:5 in detection
buffer. 40 ml of the diluted detection antibody are
added to eachchip and incubated for 5 min. After a
final washing step the label bound is quantified using
a laser with an excitation of 633 nm. A digital
picture is converted into counts by an appropriate
software. The counts are given in Table 4. Table 4
Counts obtained with MAK<Her2>H-2C4-IgG-Bi spots
(calibration curve in sample buffer (B)) As can be
seen from Table 4, it was easily possible to establish
a calibration curve for HER2 in the presence of a
basic level of Herceptin(r). Example 4 Measurement of
HER2 in a sample with and without therapeutic
antibody, respectively A serum pool of mice carrying
the tumor KPL-4 (which is known to produce HER2) was
prepared and divided into four aliquots. Aliquots 1
und 2 were diluted 1:5 in sample buffer (B) and (A),
respectively nontreated samples). To aliquot 3
additional Herceptin(r) was added so that the final
concentration was 2000mg/ml. Then it was diluted with
sample buffer (B) to also result finally in a 1:5
dilution as aliquot 1 (= treated sample 3).To aliquot
4 additional Omnitarg(r) was added so that the end
concentration was 2000mg/ml. Then it was diluted with
sample buffer (A) to also result finally in a 1:5
dilution as aliquot 2 (= treated sample 4). The
samples were measured as described in example 2b) and
3b), respectively. The results are shown in Table 5.
Table 5 Measurement of a sample in the presence of
high levels of therapeutic antibody Despite the
tremendous amounts of therapeutic antibody added, the
differences between the non-treated and treated
samples are not greater than 10%. Thus for both drugs
Omnitarg(r) as well as Herceptin(r) an assay could be
established which works even in the presence of high
amounts of the corresponding therapeutic
antibody.Patent Claims 1. A method of detecting the
target antigen of a therapeutic antibody in a sample
comprising the steps of a) providing the sample to be
analyzed, b) incubating said sample with said
therapeutic antibody under conditions appropriate for
binding of said therapeutic antibody to said target
antigen, whereby a target antigen-therapeutic
antibody-complex is formed, and c) detecting the
complex formed in (b). 2. The method according to
claim 1, wherein said detecting is performed by way of
an immuno assay. 3. The method according to claim 2,
further characterized in that said immuno assay is a
sandwich immuno assay. 4. The method according to one
of claims 1 to 3, further characterized in that said
therapeutic antibody is a human or a humanized
antibody. 5. The method according to claim 4, further
characterized in that said human or humanized antibody
is a monoclonal antibody. 6. The method according to
one of claims 1 to 5, wherein said therapeutic
antibody is selected from the group consisting of
Avastin(r), Herceptin (r), MabThera(r), Omnitarg(r),
and Zenapax(r). 7. The method according to one of
claims 1 to 5, wherein said target antigen is selected
from the group consisting of HER2, CD20, and
interleukin-2 receptor. 8. A method of detecting the
target antigen of a therapeutic antibody in a sample
wherein said therapeutic antibody is present
comprising the steps of a) providing the sample to be
analyzed, b) incubating said sample with said
therapeutic antibody under conditions appropriate for
binding of said therapeutic antibody to said target
antigen, whereby a target antigen-therapeutic
antibody-complex is formed, and c) detecting the
complex formed in (b).9. A method of detecting the
target antigen of a therapeutic antibody in a sample
obtained from a patient under therapy with said
therapeutic antibody comprising the steps of a)
providing the sample to be analyzed, b) incubating
said sample with said therapeutic antibody under
conditions appropriate for binding of said therapeutic
antibody to said target antigen, whereby a target
antigen-therapeutic antibody-complex is formed, and c)
detecting the complex formed in (b). 10. Use of a
method according to any of the preceding claims in the
follow-up of patients. 


