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Chapter 9 
Summary, Conclusions and Future Prospects 

 

Summary 
 

Biotransformation enzymes play a crucial role in the metabolism of 
both endogenous compounds and xenobiotics. Usually, the detoxication 
of these compounds by biotransformation enzymes results in harmless 
metabolites, which are more readily excreted from the body due to their 
enhanced hydrophilicity. In some cases, however, biotransformation 
does not yield metabolites that are less toxic than the parent compounds 
but rather more toxic [1, 2]. Metabolites may be chemically reactive 
metabolites or intermediates that react with proteins, RNA or DNA or 
metabolites that show high affinity towards enzymes, receptors or other 
macromolecules [3]. Cytochromes P450 (CYPs) are the most important 
phase I metabolism enzymes and play a central role in oxidative 
metabolic reactions of drugs and other xenobiotics [4, 5]. Affinity of drugs 
and metabolites towards CYPs can result in unwanted drug-drug 
interactions (DDIs) at the level of drug metabolism. Phase II metabolism 
can also result in adverse drug reactions. The phase II metabolic 
enzymes, among which are the glucuronosyl transferases (UGTs), 
sulfotransferases (STs) and glutathione S-transferases (GSTs), add 
substituents to functional groups in compounds usually resulting in 
strongly increased hydrophilicity and facilitated excretion. Of these phase 
II metabolic enzymes, GSTs are the most important enzymes catalyzing 
the detoxication of electrophilic compounds by conjugation to glutathione 
(GSH) [6]. As metabolism of drugs can thus result in the formation of 
pharmacologically active, drug-drug interacting and/or reactive 
metabolites and metabolites causing toxicological effects, it renders them 
essential for early consideration in drug discovery and development 
programs [7]. The screening process of compounds often employs High 
Throughput Screening (HTS) methodologies [8]. However, most HTS-
methodologies used as yet do not allow the identification of individual 
ligands in mixtures. Mixtures have to be separated chromatographically 
before affinity screening of individual compounds can occur [9, 10].  

Several years ago, a novel on-line High Resolution Screening 
(HRS) concept was developed that enabled the identification of individual 
ligands in complex mixtures [11]. HRS is based on continuous-flow 
biochemical detection assays coupled on-line to HPLC. Until now, bio-
affinity detection systems have been described for e.g. the estrogen 
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receptor [12], phosphodiesterases [13, 14], acetylcholine esterases [15] 
and angiotensin converting enzymes [16]. This thesis describes the use 
of HRS for screening of biologically active metabolites and for screening 
CYP and GST affinity of individual compounds in mixtures. 

The general introduction (Chapter 1) of this thesis focuses on the 
background, applications and the present status of the HRS concept as 
well as on drug metabolism enzymes, bioactivation and receptor- and 
enzyme targets in drug discovery.  

 
Part I of this thesis deals with the development and validation of 

newly developed HRS-methodologies for the interaction of drugs and 
drug metabolites with CYPs.  

Part II describes the use of HRS-methodologies for estrogen 
receptor (ERα) affinity screening of individual metabolites in metabolic 
mixtures. Moreover, a CYP-containing bioreactor unit, developed in a 
concomitant with Van Liempd et al, was coupled on-line to HRS and 
used for fully automated generation and subsequent HRS screening of 
metabolic mixtures for ERα affinity. The automated HRS-technology 
allows the rapid and efficient monitoring of parent compounds as well as 
their metabolites in terms of metabolic stability and bioactivity. 

Part III of this thesis describes a novel HRS-methodology for the 
screening of affinities to GSH-S-Transferases (GSTs). Non-specific and 
specific GST ligands and substrates in mixtures could individually be 
detected with this HRS-methodology. Another important aspect of 
metabolism is the formation of reactive oxygen species (ROS) [17]. Part 
III also describes a HRS-methodology for the measurement of ROS 
resulting from individual compounds in mixtures. This HRS-methodology 
is capable of simultaneously identifying antioxidants in these mixtures. 

Part IV provides a summary and the conclusions of the work 
described in this thesis. Some future prospects are also given. 
 
 
Part I: High Resolution Screening of Cytochrome P450 affinities 
 

Chapter 2 deals with the development of a novel HRS-system with 
CYP bio-affinity detection coupled on-line to gradient reversed-phase 
HPLC. For this purpose, an Enzyme Affinity Detection (EAD) system was 
first optimized and validated with 7 known ligands of mammalian CYP1A 
enzymes in rat liver microsomes. IC50-values were subsequently 
determined both on-line in Flow Injection Analysis (FIA) mode and in 
gradient HPLC mode. Finally, the inhibitory properties of individual 
ligands in mixtures were screened with the HRS-CYP-EAD system. 
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Chapter 3 describes the development of three parallel CYP EAD 
detectors coupled on-line to gradient reversed-phase HPLC. The three 
EAD detectors systems, first developed and validated individually, 
contained β-naphthoflavone (induced CYP1A)-, phenobarbital (induced 
CYP2B)- and dexamethasone (induced CYP3A) rat liver microsomes, 
respectively. IC50 values of characteristic ligands towards each of the 
respective CYPs were measured and found to be similar to those 
obtained with conventional microplate reader assays. Detection limits of 
potent CYP inhibitors ranged from 1 - 3 pmol for CYP1A, 4 - 17 pmol for 
CYP2B, and 4 - 15 pmol for CYP3A isozymes of rat liver. Finally, a triple 
CYP EAD HRS-system was constructed in which the three different CYP 
EAD systems were coupled on-line, in parallel, to gradient HPLC. This 
system enabled rapid and simultaneous profiling of individual 
components in complex mixtures for inhibitory activity to the three 
different CYP isoenzymes. Although very sensitive and capable of 
identifying CYP inhibitors in mixtures, the rat liver microsomal fractions 
are not representative for the specificities of the human CYPs. These 
specificities can be obtained, however, when using heterologous 
expression systems for human CYPs. Therefore, Chapter 4 describes 
the development of two CYP EAD systems using human CYP1A2 and  -
2D6. Under optimized conditions, both CYP EAD systems were validated 
with known ligands. IC50 values obtained in FIA mode were well 
comparable with those measured in microplate reader formats. Detection 
limits of 0.4 - 1.0 pmol were obtained for potent CYP1A2 inhibitors and 
0.8 - 6.0 pmol for potent CYP2D6 inhibitors. Both EAD systems were 
finally connected to gradient HPLC and used to screen mixtures of 
compounds for the presence of CYP1A2 and -2D6 inhibitors. As an 
application, the on-line CYP2D6 EAD system was also connected to 
chiral HPLC to screen stereoisomers in a mixture of methylene-dioxy-
alkyl-amphetamines (XTC analogs) for inhibitory activity towards 
CYP2D6. It was found that the enantiomers of each analog have more or 
less the same inhibitory potency for CYP2D6. The chain-length of the N-
substituent, however, affected the affinity of the ligand giving higher 
inhibitory potencies with longer chain-lengths. 
 
Part II: Cytochrome P450 based bioactivation and High Resolution 
Screening of Estrogen Receptor binding metabolites 
 

For the demonstration of HRS-based metabolic profiling with off-
line bio-reaction, a HRS technology suited for the measurement of 
Estrogen Receptor-α (ERα) active compounds was used in Chapter 5 to 
screen affinity profiles of metabolic mixtures of the anti-breast cancer 
drug tamoxifen. Tamoxifen was used as a model compound because it is 
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metabolized by CYPs into multiple metabolites with known and unknown 
affinities for the ERα. Mass Spectrometry (MS) was used for parallel on-
line identification of metabolites. Rat and pig liver microsomal 
incubations were shown to produce at least 14 mono-, di- and tri-
oxygenated as well as N-demethylated tamoxifen metabolites. Relative 
rates of ERα-binding metabolite formation could rapidly and easily be 
determined. The affinities of most of the metabolites were at least as 
high as that of the parent tamoxifen. This study showed that in addition 
to the known metabolites of tamoxifen with affinity for the ERα, α-
hydroxytamoxifen, at least three di-oxygenated, two tri-oxygenated 
tamoxifen metabolites and one unidentified metabolite showed affinity for 
ERα. The generation, trapping and subsequent delivery of metabolic 
mixtures to HRS methodologies would allow an efficient way of 
screening parent compounds and their metabolites for biological activity 
in a rapid and fully automated manner. Therefore, in cooperation with 
Van Liempd et al, an integrated CYP-containing bioreactor was coupled 
on-line to the ERα affinity detection system in gradient HPLC mode. The 
complete system was used to metabolize, trap and subsequently screen 
metabolic mixtures of tamoxifen and raloxifen for ERα affinity. The 
results are described in Chapter 6 and show that the CYP-bioreactor on-
line integrated in a HRS-ERα screening system is able to provide 
simultaneous information on the time-dependent formation as well as on 
the ERα-affinity of CYP generated metabolites of tamoxifen and raloxifen 
in a fully automated manner. For raloxifen, six ERα-binding metabolites 
were identified of which three were not described before. The raloxifen 
metabolites included metabolites that were hydroxylated on the 
piperidine ring. 
 
Part III: High Resolution Screening methodologies for Glutathione 
S-Transferase inhibition and for pro- and antioxidants  
 

GSTs play an important role in the detoxication of electrophilic 
drugs, metabolites and other compounds. Therefore, metabolism by 
GSTs may increase or decrease the toxic potential of these compounds. 
In Chapter 7 we investigated the on-line post-column biochemical 
detection of GST inhibitors in complex mixtures. More specifically, the 
parallel coupling of two EAD systems for substrates and inhibitors of 
mammalian cytosolic GSTs and purified GST Pi to gradient HPLC was 
developed. The cGST and GST Pi EAD systems were optimized first in 
FIA mode and subsequently on-line with 9 known cGST and GST Pi 
ligands. IC50-values were compared with those obtained with microplate 
reader assays and found to be in accordance. For the high affinity ligand 
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ethacrynic acid, IC50-values of 1.8 ± 0.4 μM and 6.0 ± 2.9 μM were 
obtained with the cGST and the GST Pi EAD system in FIA mode, 
respectively. A parallel GST EAD system in HPLC mode, consisting of 
both a cGST and a GST Pi EAD system, was successfully used to 
screen individual compounds in mixtures for affinities for cGSTs and 
GST Pi. It was concluded that the novel parallel cGST/GST Pi EAD 
system in HPLC mode constitutes a valuable new bio-analytical tool for 
rapid and sensitive screening of individual components in complex 
mixtures for GST inhibition in general and for GST Pi specific inhibitors. 
In Chapter 8, the HRS technology was applied to the detection of 
reactive oxygen species (ROS) producing compounds and antioxidants 
in mixtures. The inclusion of a CYP biotransformation system allowed the 
screening of compounds that need to be bioactivated in order to produce 
ROS. The ROS detection method developed is based on the continuous 
on-line oxidation of 4-hydroxyphenylacetic acid into its fluorescent dimer 
by H2O2 and horseradish peroxidase. While eluting antioxidants 
temporarily reduce this oxidative dimerisation, ROS producing 
compounds increase this process. We were able to separate mixtures of 
antioxidants and ROS producing compounds and to detect them 
individually and on-line. This detection methodology is thus of added 
value in drug discovery and toxicology and possibly also in food research 
for rapid screening of metabolic mixtures and food extracts. 
 
 
Conclusions 
 

The primary aim of this thesis was the development and evaluation 
of the HRS-concept as possible new screening technology i) for 
compounds in mixtures with affinity towards biotransformation enzymes 
(CYPs and GSTs)  ii) for bioactive metabolites in metabolic mixtures and 
iii) for ROS producing compounds and antioxidants. In most of these 
applications, novel on-line biochemical detection systems had to be 
developed. 
 
The High Resolution Screening concept for screening metabolic 
enzyme inhibition 

 
The on-line coupling of a novel CYP enzyme affinity detection 

(EAD) system to gradient HPLC enabled for the first time CYP affinity 
screening of individual compounds in mixtures. Laborious preparative 
HPLC separation of compounds from mixtures and then followed by 
microplate reader based bioassays of the individual compounds [9, 10] 
can now be replaced by a single run with HRS coupled to an on-line CYP 
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EAD system. In contrast to previous on-line HRS-assays, novel methods 
were employed to prevent band broadening and to obtain stable 
baselines for longer time periods. By a parallelized configuration of 
different CYP EAD systems, a HRS-methodology was devised which is 
capable of simultaneous affinity screening of individual compounds in 
mixtures towards a panel of up to three relevant CYPs. In contrast to 
previously developed HTS-methodologies [18, 19] and fluorescence- or 
MS–based systems [20-22], the present HRS-methodology is able to 
screen for individual compounds in mixtures against a panel of relevant 
CYPs. By using HRS-CYP EAD systems containing human CYPs, the 
measurement of affinities of individual compounds (e.g. metabolites) in 
mixtures towards these human CYPs was achieved. This can be of 
significant value in the drug discovery and development area in general 
and in the lead finding and lead optimization process specifically [23]. 
Lower resolutions obtained with the CYP2A, -3A and -2D6 EAD systems 
as compared to the CYP1A and 1A2 EAD systems are due to a lower 
rate of formation of fluorescent product by the latter CYP EAD systems. 
Rapid formation of fluorescent product, as is seen for the CYP1A and -
1A2 EAD systems as described in Chapter 2 and 3, results in HRS assay 
formats with high resolution. As a consequence, the latter assays are 
usually a good alternative in terms of speed and resolution compared to 
their HTS counterparts [20, 24, 25] used after chromatographic 
separation. However, when the rate of formation of fluorescent product in 
CYP EAD systems is lower, the resolution of detected CYP inhibitors 
also declines as longer reaction times are needed to create sufficient 
signal to noise ratios. Increasing the CYP concentration in these cases is 
usually not an option as this results in clogging of the reaction coils, 
which results in increased tailing of eluting compounds and instable 
baselines. Moreover, this also results in more costly assay systems 
when human (expressed) CYPs are used. Addition of different additives 
to reduce tailing effects and clogging of the systems might be used [26, 
27], but usually at the cost of enzyme stability. Recently developed MS 
based pulsed ultrafiltration assays [19, 28] might also be implemented 
after HPLC in a similar way as done with the present HRS technologies, 
but similar problems (like enzyme stability, tailing effects and resolution) 
will probably be encountered. As these factors are common for HRS 
methodologies, enzymatic or receptor based HRS systems giving rapid 
and sensitive responses [16, 29] are essential for HRS systems to be 
competitive with HTS systems. Less stable and/or complex enzyme or 
receptor systems are therefore usually less suitable for HRS 
applications. An example of an enzyme system that is cumbersome to be 
used in HRS methodologies concerns protein kinases as their rate of 
product formation is usually very low [30-32]. HTS assay formats for 
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kinases therefore commonly employ very long incubation times, which is 
not an option for HRS systems.  

In addition to the present HRS methodologies for screening CYP 
interactions, GST interaction screening with similar methodologies can 
aid the drug discovery and development process as well. Since GSTs 
scavenge reactive intermediates and electrophilic compounds, HRS-GST 
EAD methodologies might find use in identifying glutathione-conjugates 
and electrophilic compounds in mixtures. The development of a parallel 
HRS-GST EAD methodology also allowed the screening for iso-enzyme 
specific GST inhibitors in mixtures. Therefore, the HRS methodology can 
also be of great advantage in the search for specific GST Pi inhibitors 
[33] that might find their way as chemotherapy assisting drugs [34]. One 
of the problems of the HRS-GST EAD methodology is the severe tailing 
of apolar compounds that elute at higher concentrations of organic 
modifier (see Chapter 7). This is probably caused by precipitation of 
apolar compounds after mixing the post-column, counteracting gradient 
to reduce the organic modifier concentration. However, compounds with 
affinity that elute shortly after each other appear superimposed and can 
still be distinguished (see Chapter 3 and 5). For HTS approaches, tailing 
effects in the collected fractions are smaller as post-column 
counteracting gradients are not applied. The lowered solubility of apolar 
compounds in HRS assays as compared to HTS assays that result in 
tailing and in lower compound concentrations in the assays, however, is 
counteracted by the possibility to identify compounds with affinity on 
fluctuating baselines as eluting compounds with affinity are measured 
directly on-line on the fluctuating baselines [26, 35]. Other 
methodologies, like high temperature liquid chromatography (HTLC) or 
size exclusion chromatography (SEC) can be used to reduce organic 
modifier concentrations, but the resolutions obtained are still inferior as 
compared to HPLC [36, 37]. For HTLC, precipitation of apolar 
compounds after cooling down the eluent before HRS analysis might still 
be a problem. 

 
High Resolution Screening as a new screening concept for 
metabolic profiling 

 
Metabolites of drugs may have pharmacological and/or 

toxicological properties. Therefore, it is not only important to identify the 
pharmacological and toxicological properties of the parent compounds, 
but also of the metabolites formed. Most receptor affinity screening 
technologies [38, 39] do only allow screening of the combined affinity of 
all compounds in mixtures. Several reported receptor affinity screening 
strategies concern the binding of active metabolites to receptors followed 
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by off-line centrifugal ultrafiltration to release the active metabolites [40, 
41], but they are usually not capable of detecting low affinity compounds 
in the presence of high affinity compounds. In this thesis, a successful 
HRS-methodology was used to demonstrate on-line ERα affinity 
screening and MS identification of individual metabolites in metabolic 
mixtures of a model drug like tamoxifen. It must be stated, however, that 
ERα-affinity responses can be measured very rapidly due to fast 
receptor-ligand kinetics hence resulting in a successful HRS 
methodology [26]. Apart from the items discussed above for the CYP and 
GST EAD systems, a low stability of enzymes or receptors towards 
organic modifiers used may render them less suitable for HRS purposes. 
In this regard, one can think of GPCRs, which need very delicate assay 
formats [42] that prevent loss of activity due to receptor destruction or 
solubilisation from membranes or functional (cell-based) assay formats 
that are more informative than primary screens, but are also more 
cumbersome [43]. Moreover, for many primary screens suitable 
fluorescent ligands are needed that show fluorescence enhancement in 
binding sites and not in surrounding membranes or fluorescent ligands 
that only interact with binding sites and not with surrounding membranes 
(for e.g. fluorescence polarization measurements [44]). As organic 
modifiers (methanol or acetonitrile) are often needed for the HPLC 
separations of HRS systems, these organic modifiers are consequently 
introduced in the HRS assays and may cause problems with unstable 
enzymes or receptors. In HTS assay formats, in contrast, separated 
fractions are usually concentrated and subsequently dissolved in enzyme 
and receptor friendly solvents, such as DMSO. As DMSO is generally 
more compatible with bioassays in terms of enzyme or receptor stability, 
it allows longer reaction times with functional enzymes and receptors 
thus resulting in higher signal to noise ratios and sensitivities. Alternative 
fluorescent ligands with high affinity or probe substrates with high 
conversion rates into highly fluorescent products and/or purified enzymes 
or receptors, however, can make HRS methodologies                   
with unstable enzymes or receptors feasible.  

The production of metabolite mixtures often impels procedures for 
incubation of compounds and subsequent extraction and isolation of 
metabolites, which is a very elaborate and cumbersome process [45]. An 
on-line bioreactor coupled to solid-phase extraction and HPLC, as 
developed by Van Liempd et al [46], may therefore be very useful. By on-
line coupling of a CYP bioreactor to the ERα-HRS technology, it was 
shown that this fully automated and rapid system is capable of 
generating metabolites that are individually screened on-line for ERα 
affinity. When comparing this successful fully automated on-line system 
to off-line strategies commonly used nowadays [45], it must be noted that 
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the latter systems are usually better suited for handling large numbers of 
samples. They can metabolize samples in 96 to 1536 well formats 
followed by automatic SPE cleanup of the metabolites, finally followed by 
introduction into separation methodologies like HPLC for further 
processing and metabolite identification [47]. The main advantage of the 
currently developed CYP-bioreactor coupled to HRS (Chapter 6) lies in 
small numbers of fully automated studies towards metabolic profiling of 
minor amounts of drugs and xenobiotics [48]. The CYP-bioreactor is an 
easily implantable, robust and cheap system which can automatically 
generate metabolic mixtures with a high sensitivity and reproducibility 
and the system is very versatile. In principle, the CYP-bioreactor and 
SPE collection unit can also be coupled to other chromatographic and 
spectrometric detection systems (e.g. MS) and is thus a good candidate 
system for more universal applications in drug development studies 
aiming at the metabolism of lead compounds as well as their active 
metabolites. It thus shows very interesting perspectives for metabolic 
profiling compared to methodologies nowadays commonly used [9].  

   
High Resolution Screening as a screening technology for pro- and 
antioxidants 

 
With the development of a HRS-methodology for ROS-producing 

compounds and antioxidants, the rapid screening of such compounds in 
mixtures can be performed in a single run. ROS-producing compounds, 
sometimes generated upon bio-activation, are generally regarded as 
hazardous compounds. As the products of ROS-producing compounds 
can react with antioxidants in the same mixtures, false negatives might 
result from traditional batch assays [49, 50] usually conducted with 
mixtures. In principle, on-line HPLC-based assays that measure 
individual antioxidants in mixtures already exist [51, 52], however, these 
assays are not suited for the simultaneous screening of both pro-
oxidants and antioxidants in mixtures. The currently developed HRS 
methodology is capable of detecting the individual pro-oxidants and 
antioxidants in complex mixtures and moreover it can utilize a CYP 
bioactivation system, which also allows the measurement of compounds 
that need to be bioactivated to exert their pro-oxidant effects. Therefore, 
this novel HRS methodology is of added value to drug discovery and 
development and food research by screening e.g. metabolic mixtures or 
food extracts for such properties. 

To summarize, the results presented in this thesis clearly show the 
excellent potential of the HRS technology for screening of individual 
compounds and metabolites in complex mixtures with affinity towards 
relevant metabolic enzymes (e.g. CYPs and GSTs). This can facilitate 
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the rapid and efficient screening of affinities towards these enzymes in 
drug discovery and development. Moreover, the screening of active 
metabolites in metabolic mixtures together with prior (i.e. off-line and on-
line) generation of these mixtures can be used efficiently in HRS format 
and allows active metabolite profiling in a rapid and sensitive way. 
Finally, the HRS-methodology for screening ROS and antioxidants in 
mixtures is of added value in drug discovery, in toxicology and in food 
research as individual compounds in mixtures can be measured for their 
ROS producing and/or antioxidant properties in a single analysis. 
 
 
Future prospects  
 

In order to cope with state of the art separation technologies, 
efficient sample pre-fractionation, clean-up and concentration is needed 
prior to analysis with HRS-methodologies. For this purpose, the HRS-
methodologies must also be adapted to these separation technologies. 
Only then complex samples can successfully be transferred to modern 
separation techniques which are nowadays more and more miniaturized 
[53, 54]. Thus, novel on-line and at-line pre-fractionation, concentration 
and clean-up technologies (such as SPE or IEF) that are suitable for 
hyphenation to modern separation techniques like microLC, nanoLC and 
UPLC could further be employed with the current HRS methodologies 
developed for small molecules. When bioactive peptides are to be 
analyzed, multidimensional LC, CE and CIEF may be used for 
separation together with the necessary sample pre-treatment steps [55, 
56] prior to connection to miniaturized HRS formats and (MS based) 
identification technologies. The coupling of miniaturized on-line 
bioassays to these separation technologies to create miniaturized HRS 
formats, however, is still a great challenge. As successful on-line 
coupling of biochemical assays to separation technologies with very high 
analysis speed and resolution demands extensive miniaturization, the 
concomitant fluorescence detection technologies must also be adapted, 
miniaturized and integrated. Other fluorescence (e.g. confocal 
spectroscopy [57] and laser induced fluorescence [58]) as well as some 
MS technologies are still to be examined for their suitability as detection 
systems for HRS formats. The on-line coupling of bioassay formats to 
modern separation technologies and their miniaturization is not the only 
issue, but also the coupling of bioanalysis methodologies that are difficult 
to couple in such a way. Enzymes with slow reaction kinetics, unstable 
enzymes or receptors, receptors with complex characteristics, receptors 
with intrinsically low affinities or slow on/off kinetics, and bioassay 
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systems in which only low concentrations of enzyme or receptor are 
available, often result in bioassays that will be difficult to couple in HRS 
formats. For this, however, chip-based on-line bioanalysis and in some 
cases semi-on-line or even at-line technologies could be examined 
instead [59-61]. The latter technologies could overcome problems such 
as slow bioreaction parameters, active compound concentration 
problems, loss of resolution after prolonged post-column reaction times 
and destruction of target proteins. Moreover, the chip-based or semi-on-
line approaches could reduce the amount of very expensive target 
proteins needed and could also allow access to cell-based assay formats 
used to screen for second messengers or other functional responses in 
signal transduction cascades, which are often more relevant than the 
measurement of the initial interactors, but more cumbersome and time 
costly to measure.  

 
In conclusion, the results presented in this thesis clearly show the 

excellent potential of HRS for metabolic profiling, i.e. affinity screening of 
individual compounds and metabolites in complex mixtures towards 
relevant metabolic enzymes and pharmaceutical targets. This may be of 
great importance to drug discovery, drug development, drug safety 
assessment and other areas, such as food research, in which bioactive 
compounds (often in mixtures) are of importance. With the development 
and incorporation of above mentioned methodologies and 
miniaturization, HRS might become one of the key screening 
technologies in these areas of research. 
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