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Abstract: This minireview summarizes the basic ways of application of chemometrics in medicine
and pharmacy. It brings a collection of applications of chemometric used for the solution of diverse practical
problems, e.g. exploitation of biologically active species, effective use of biomarkers, advancement
of clinical diagnosis, monitoring of the patient’s state and prediction of its perspectives, drug design
or classification of toxic chemical substances. The aim of this contribution is a brief presentation of versatile
potentialities of contemporary chemometrical techniques and relevant software. They are exemplified
by typical cases from literature as well as by own research results of the Chemometrics group at Department
of Chemistry, the University of Ss. Cyril & Methodius in Trnava.
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1. Introduction

Chemometrics put to use statistics, applied mathematics and computer science to
extract and manage chemical information, which brings benefits to many experimental
life sciences at and even behind the borders of chemistry - in medicine, pharmacy,
biology, etc. It is a data-driven interdisciplinary science suitable for solving diverse
applications. An important advantage of chemometrics and its methods is versatility,
facilitated by its high level of abstraction, characteristic for the scientific disciplines
extensively utilizing mathematics. When processing various data of everyday life,
assembled in medicine, pharmacy, food control, environmental monitoring, etc., very
similar algorithms and analogous ways of the data processing and evaluation are
implemented for rather different investigated objects explored by means
of miscellaneous techniques. By chemometrics, both descriptive as well as predictive
issues of life sciences are solved. In descriptive applications, properties
of the investigated systems are modeled in order to learn the underlying relationships
and the system structure, which leads to the model identification, composition
and understanding. In predictive applications, numerous system properties are utilized
in the elaborated model with the intent of predicting the target properties, wanted
features or behaviour of interest.

In this study an overview of the main directions of chemometric applications
in medicine and pharmacy is propounded. As a part of it, the results of our own
research activities oriented to medicinal and pharmaceutical chemistry are added
and its impact upon several practical problems is discussed.

2. Materials and implemented software

Synthetic work is described in detail in the cited literature. The synthesis
of the series of compounds, which exhibit considerable antimycobacterial activity, was
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performed at the collaborating Faculty of Pharmacy, Charles University, Hradec
Kralové, Czech Republic. The series of various types of phenylcarbamic acid
derivatives were prepared at Department of Pharmaceutical Chemistry, Faculty
of Pharmacy, Comenius University, Bratislava. All prepared compounds were
characterized by their IR and NMR spectra and elemental analysis. Molecular
properties and the quantum chemistry descriptors of the investigated compounds were
calculated by means of the contemporary commercial software packages - ACD/Labs,
Chemdraw, HyperChem, Dragon or directly on the VCCL web site (Virtual
Computational Chemistry Laboratory). Determination of tumour markers in blood
and pleural exudate was carried out in the Institute of Tuberculosis and Respiratory
Diseases in Poprad. Determinations of cardiovascular markers, accomplishment
of basic human biochemical tests, monitoring of the biochemical responses
to the statine treatment and determination of glycated haemoglobin were performed
at the collaborating Analytical - Diagnostic Laboratory, in PreSov. The children’s
hypertension data were assembled at the 2nd Department of Paediatrics, Faculty of
Medicine, Comenius University, Bratislava. For the chemometric data processing and
evaluation software packages Statistica, SPSS, Statgraphics and SAS were employed.

3. Domains of Chemometrics applications
3.1 Chemometric aids in medicine and pharmacy

Present automated laboratory instruments in biological/medical research produce
avast volume of measurement data, which are difficult to absorb and interpret.
Therefore a challenging task of powerful mathematical and statistical methods
of chemometrics is to reduce them and reveal all useful information. An important role
of chemometrics in medicine was known along time ago, shortly after it was
widespread among life sciences (BOYD, 1986). There exist several areas of medicine
as well as pharmacy where the aid of chemometrics is essential and indispensable: (a)
Quality control of laboratory results, laboratory measurement standardization. (b)
Decision about diagnosis, confirming or excluding a diagnosis. (c) Optimal clinical
interpretation of laboratory tests in disease monitoring. (d) Detection of significant
change in patient’s condition during medical treatment and clinical care, prediction
of the future medical state of the patient. (¢) Drug synthesis, development and design,
tools for drug discovery, structure-activity relationships, drug mechanism. (f)
Chemometrics in metabolomics, proteochemometrics - anew bioinformatics
technology. (g) Identification of dopes and toxic substances; expert systems
for toxicity classification. (h) Prediction of bio-properties of various remedies, herbal
medicine, and functional foods.

We have searched the application possibilities in many of the above mentioned
issues and tried to provide several typical case studies (MOCAK et al., 2011).
Nevertheless, a more systematic approach is described in the following sub-chapters.

3.2 Quality control of laboratory tests, measurement standardization

A common way of evaluating the biochemical state of “normality”
or “abnormality” is based on the statistically derived reference intervals, which serve
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as the standards by which the laboratory test results are judged. Careful design
of experimental protocol is the key in carrying out any evaluation of clinical diagnostic
value (BOYD, 1997). Reference interval development has classically relied
on concepts elaborated by the International Federation of Clinical Chemistry Expert
Panel on Reference Values during the 1980s. Recent approaches to defining
the reference values and decision limits are discussed in the papers (CERIOTTI et al.,
2008; BOYD, 2010).

The obvious way of assessment of the diagnostic value of biochemical markers is
by means of sensitivity, specificity, efficiency and predictive values, which have long
been used as the indices of test accuracy (BALLA et al., 2004a). However, newer
methods such as receiver operating characteristic curve (ROC) analysis or logistic
regression analysis are more robust indicators that overcome many limitations
of the traditional indices. Their successful implementation is discussed in further text.

An important part of quality control is statistical comparison of agreement
of laboratory tests. Selection of an optimal measurement method is usually based
on comparison of a newly developed procedure with the traditional one. In such a case
both compared methods represent random variables - as neither of them is error-free.
Consequently, the use of ordinary standard least squares regression method is not
appropriate since the basic assumption about the error-free independent variable is
violated, which may cause critical errors when using standard ways of regression
(MOCAK et al., 2003).

Advanced regression modelling in such a case requires the use of advanced
techniques like Deming, orthogonal or Passing-Bablok regressions (ISLAMCEVIC,
2004; MRAZOVA et al., 2008a). First two techniques consider the specific variance
value of each variable (their ratio is assumed unity in orthogonal regression), the third
one is a non-metric, robust, rank dependent technique, nowadays frequently used
in medicinal chemistry. The application of the mentioned advanced regression
techniques was applied to ensure correct measurements of glycated haemoglobin
in blood. It is an important task since glycohaemoglobin HbA ¢ is the best marker
of the glycemic state in patients with diabetes and enables its long-term assessment
(MRAZOVA et al., 2008b).

For measurement of glycated haemoglobin in blood two automatic analyzers were
used: Advia 1200 (Chemistry Systems Bayer) based on the NGSP (U.S. National
Glycohaemoglobin Standardization Program) calibration assay and Hitachi 912
(Roche Diagnostic Systems) calibrated according to the IFCC (the International
Federation of Clinical Chemistry Working Group) reference method. A thorough
chemometrical data treatment by Deming, orthogonal and Passing-Bablok regressions
revealed (MRAZOVA et al, 2010a) that the NGSP reference system gives
systematically higher results of glycated haemoglobin than the IFCC reference system.
If the recalculation of the IFCC into NGSP values is made via Master Equation,
the regression intercept is adjusted to zero as expected, but the resulting straight-line
deviates by the slope. In conclusion, further harmonisation of the two reference
systems is demanded and more experimental data from the accredited laboratories are
needed (MRAZOVA etal., 2010b).

Similar advanced regression approach was successfully applied to determination
of low-density lipoprotein cholesterol (LDLc), which serves as a marker
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for hypertension and progression of cardiovascular diseases (ISLAMCEVIC, 2004).
Theoretical background of all used regression methods is there described.

3.3 Medical diagnosis confirmation or prediction, assessment
of effectiveness of laboratory tests

Advanced implementation of chemometric and statistical algorithms facilitates
clarifying of many important practical applications in medicine. It was found that
an appropriate exploitation of multivariate statistics, e.g. the outputs of principal
component analysis, techniques of discriminant analysis, logistic regression, together
with the standard statistical tools like correlation analysis, analysis of variance
(ANOVA) as well as the ROC curves (MOCAK et al., 2005; BALLA et al., 2004a;
BALLA and MOCAK, 2008), may enable a better medical diagnosis confirmation
and/or prediction.

The area under the ROC curve is the best global indicator of the test accuracy
(BOYD, 1997). Logistic regression analysis allows the diagnostic information from
several tests to be evaluated simultaneously. In addition, it provides a straightforward
method for calculating likelihood ratios. Likelihood ratios are useful for interpreting
the test results in the individual patient because they provide a convenient means
to directly determine predictive value without having to calculate sensitivity
and specificity for a given decision limit.

It is common that the physician used to evaluate all performed laboratory tests
sequentially and then it depends on his/her knowledge how these results are composed
into final decision about diagnosis. On the contrary, our new approach is based
on a simultaneous use of several selected laboratory tests (BALLA et al., 2004b).
Utilization of biochemical markers as the chemometrical descriptors and their optimal
combination into a newly calculated multicomponent marker should provide
an optimally weighted collective diagnostic information. This effective new approach
was applied in the treatment of cardiovascular diseases (BALLA et al., 2004b;
MOCAK et al., 2005). In this case, with regard to diagnosis the most effective were
the multicomponent markers composed of eight individual cardiovascular markers
directly measured in the clinical laboratory. As manifested by the ROC curve areas,
the best combination was provided by logit - the output of logistic regression,
the second best was the first discriminant function (as the most informative output
of discriminant analysis), linearly combined from all eight individual markers.

According to the ROC curve area, the composed multicomponent markers
exhibited the best diagnostic effectiveness also in diagnosing lung malignity, where
CEA and CYFRA tumour markers in the blood as well as in pleural exudate were
originally measured (MOCAK and BALLA, 2003; KAVKOVA et al., 2007,
MRAZOVA et al., 2008c; BALLA and MOCAK, 2008). In this case
the differentiation from benign pulmonary diseases is highly demanded (KAVKOVA
et al., 2007). Again, the best muticomponent was logit, followed by the first principal
component (the most informative output of principal component analysis) and first
discriminant function; the ROC curve area for CEA in exudate, found as the best
individual marker, was significantly smaller (MRAZOVA et al., 2009; MOCAK,
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2010a). We have confirmed that the calculation of the composed multicomponent
marker from the originally measured individual markers is simple and can be easily
implemented into the hospital information system as a new effective diagnostic tool.

3.4 Monitoring of the health state of the patients

Further task of chemometrics is its assistance in detecting the changes in patient’s
condition concerning progress of the disease and reaction to the medical treatment.
Another target of chemometrics is determination of patient prognosis - prediction
of the future medical state of a patient on the basis of present laboratory test results
and clinical care. Several typical examples are shortly discussed in the next
paragraphs.

A complex monitoring of the health state of the patients during a long term
treatment by some drugs involves simultaneous evaluation of numerous biochemical
tests. A good example of chemometrical processing of the laboratory test results was
described in (DURCEKOVA et al., 2009a) where the state of the probands before
and one year after statin administration was studied. Statins are effective inhibitors
of 3-hydroxy-3-methylglutaryl coenzyme A reductase and represent a major advance
in prevention and treatment of cardiovascular diseases. Their benefit is caused
by the lipids suppression. On the other hand, it is important to find whether
the hypolipidemic effect of statins is not accompanied by the unfavourable impact
on some human body organ. Before, during and after the statin administration the level
of many biochemical tests is therefore determined and statistical evaluation
of the changes is performed.

The results obtained in (DURCEKOVA et al.,, 2009b; 2011) unambiguously
confirmed the positive changes in the lipid metabolism of the patients with
cardiovascular risk. The multivariate data processing techniques allow clear
visualisation of the statin administration effect. ROC curves, box-plots
and discriminant analysis exhibit a distinct discrimination of the patients’ samples into
two categories - before and one year after the statin treatment. Analysis of variance
reveals that four biochemical tests are capable to differentiate the statin treatment also
with regard to the patient gender: total cholesterol, low-density lipoprotein cholesterol,
triacylglycerols and aterogenity index. A substantial outcome of the achieved results is
a very high diagnostic effectiveness of three composed multicomponent variables,
calculated by linear combination of individual laboratory tests. Changes in the kidney
and hepatic test values caused by the statin uptake were found not statistically
significant (DURCEKOVA et al., 2011).

Hypertension is not only a serious disease of adults, but as demonstrated in recent
years, it is now increasingly encountered in children. The progress of this latent
disease leads to damage and subsequent failure of vital organs. Diagnosis
of hypertension in children is very difficult. The problems with the blood pressure
measurement require a long-term monitoring of the state of the patient via biochemical
tests leading the physician to diagnose. Chemometrical approach evaluates the impact
of all risk factors; the applied multidimensional classification techniques (artificial
neural networks, Kth nearest neighbour and general discriminant analysis) enable
quantification of the hypertension risk in children (MRAZOVA et al., 2012).
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Another interesting study involves a combination of HPLC and chemometrics data
evaluation concerning determination of morphine and its two main metabolites,
morphine-3-glucuronide (M3G) and morphine-6-glucuronide (M6G), in the serum
of oncological patients (NETRIOVA et al., 2006). The results are important
for appropriate analgesic treatment of the patients under palliative care.
In the mentioned work it was clearly manifested that a higher M3G/M6G ratio is
reflected in a stronger patient’s dissatisfaction with the morphine treatment. It was
found that the morphine and morphine-3-glucuronide concentrations depend
on the patient’s gender, with the men values higher than the corresponding women
ones. Since the morphine-6-glucuronide serum concentration is about the same
for men and women, the M3G/MO6G ratio is in general higher for men than for women.
In addition to the specific role of the patient gender it was also found a remarkable
influence of the tumour location on the serum concentration of morphine and its
glucuronide metabolites, and consequently the M3G/M6G concentration ratio.

3.5 Drug design, structure-activity and structure-property relationships

Multivariate chemometric models can be used also for prediction of bio-properties
from chemical data obtained either from various instrumental measurements
or by calculation of the descriptors derived from the molecular structure. Drug
development (DREWS, 2000) is a tedious and resource demanding process consisting
of several steps. Chemometrics plays important role especially in the starting step —
in the search of the compounds with astrong activity against the originators
of diseases. In the last decades the QSAR (Quantitative Structure — Activity
Relationships) became an important tool in drug discovery and in toxicology. The goal
of QSAR is investigation how to predict the biological activity of a set of compounds
in demand and elucidation of the specific action of the administrated drug; it deals with
generalization of relations between the chemical and biological properties
of the examined set of chemically resembling derivatives. There exist numerous
publications devoted to this attractive topic, two recent books were published
by (PUZYN et al., 2010; MERZ et al., 2010). Some examples of QSAR studies are
discussed in the next paragraph. In the second revised edition of the book
(TODESCHINI and CONSONNI, 2009a; 2009b) the entire relevant literature over
the previous six years was surveyed. Volume I contains an alphabetical listing of more
than 3300 descriptors and related terms for chemoinformatic analysis of chemical
compound properties, while the second volume lists over 6000 references selected
from 450 journals.

With regard to high antimycobacterial activity, important mainly in investigation
of new strongly active antituberculotic drugs, we have explored QSAR of two sets
of compounds: (1) N-benzylsalicylamide derivatives (NEMECEK et al., 2006; 2009)
and 3-phenyl-2H-1,3-benzoxazin-2,4(3H)-dione (NEMECEK et al., 2012). Crucial
for a successful prediction of biological activity of the studied set of compounds is
reduction of the descriptor number and finding an optimal set of descriptors, which is
due to their mutual dependence not a simple task. For this purpose several tools are
customarily used: (a) the correlation analysis applied to all descriptors, (b) sensitivity
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analysis, or (c) in the recent time most popular genetic algorithms. After selection
the descriptors with the strongest correlation to biological activity (the activity against
the investigated strains of mycobacteria), the structures of new derivatives
with the strongest effect were found with the predicted lowest minimal inhibition
concentration (MIC). Since a part of the mentioned studies was performed exclusively
with the calculated molecular descriptors and the simulated 'H and >C NMR signals,
the MIC prediction was possible without the need of a previous synthesis. In this way,
the collection of the best structures represents effective and economical way of the
first step in drug design.

Thank to the development of chemoinformatics, public availability of bioactivity
databases (like PubChem, ChEM-BL, DrugBank, etc.) and web-based tools for drug
discovery and toxicology assessment, several open access web sites are available for
effective  QSAR  calculations  (http://www.vvclab.org, http://www.ochem.eu,
http://www.opentox.org, http://www.collaborativedrug.com, http://qsardb.org,
http://qsardb.jre.it, http://chembench.mml.unc.edu, http://pharmaexpert.ru, etc.).

Molecular structure is often related to further properties in addition to biological
ones and the area of interest in QSAR modelling has been expanded from activity
towards properties. QSPR (Quantitative Structure — Property Relationships) connects
the knowledge from biology, chemistry, physics, mathematics, and computer sciences
with the aim of exploring properties of substances and processes. The novel
characteristics of organic, metal organic and coordination compounds can be calculated
by QSPR and applied in practice. QSPR is applicable to a vast number of different
properties. The calculation procedures utilizable in these cases are similar to those
known in QSAR. The QSPR methodology is based at first on finding the correlations
between a desired property already experimentally measured for a series of molecules
and then using these correlations to predict the same property for additional molecules,
including the compounds that have not yet been synthesized. Even for these
calculations the open access web systems are available (e.g. http://www.qspr-
thesaurus.eu).

When chromatographic properties are concerned, instead of QSPR the specific term
QSRR (Quantitative Structure — Retention Relationships) is used. At present, the QSRR
studies are more and more widespread since they contribute to a deeper understanding
the relations between the structure of the chromatographically separated species
and the stationary and mobile phases (KALISZAN, 1997; KALISZAN 2007;
HEBERGER, 2007).

In our QSRR (Quantitative Structure — Retention Relationships) studies the HPLC
retention factor was used as the target variable. Retention factor is in general very
closely related to lipophilicity, which seems to be the descriptor most influencing
biological activity. A very successful prediction of the PBOD retention factors were
published in (NEMECEK et al., 2010a; 2010b). Successful QSRR model was recently
elucidated also for esters of alkoxyphenylcarbamic acid (DURCEKOVA et al., 2010a;
2012), which exhibit a strong anaesthetical activity. Details about the factors most
influencing the surface anaesthetical activity and infiltration anaesthetical activity are
described in (DURCEKOVA et al., 2010b). For prediction of anaesthetical activity
the artificial neural network models were employed; further properties
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of the investigated set of compounds were well characterized by principal component
analysis, cluster analysis and discrimination analysis.

A unique use of the whole chromatogram instead of individual peaks
for fingerprinting of various phytochemicals was described by (KOMSTA, 2012).
The chromatographic fingerprinting technique is essentially a kind of high-throughput
and integral tools to explore complex and multivariate data. It was used e.g. to
investigate the complexity of herbal medicines where confirmation or identification
the most important chemical components is needed (LIANG et al., 2006; NI et al.,
2007); further seven similar papers are cited in the review of (KOMSTA, 2012).

A special approach to calculate new precise values of many important physico-
chemical properties for a homologous series of organic compounds is based
on mathematical recurrence relations, which can be easily computed even in a common
spreadsheet, e.g. Microsoft Excel (MOCAK and RABAROVA, 2010b).

3.6 Chemometrics in metabolomics

Metabolomics concerns the systematic study of the unique chemical fingerprints
that specific cellular processes leave behind - the study of their small-molecule
metabolite profiles. METLIN metabolomics web database contained in 2001 over
40,000 metabolites. It is connected mainly to the development of gas chromatography
- mass spectrometry techniques; another crucial instrumental technique
in metabolomics is high-resolution NMR spectroscopy. Recent very sensitive 'H NMR
metabolomic studies became to be widespread in Analytical Chemistry, e.g. in papers
(SANDS, et al., 2009; ALVES et al., 2009; ROBINETTE et al., 2009; PEARCE et al.,
2009; MAHER et al., 2008; CLOAREC et al., 2005).

GC/MS and NMR techniques together with multivariate chemometrics are capable
to characterize the metabolic profiles of biofluids, understand the mechanism
of patogenesis and wuncover potential biomarkers of disease progression.
Chemometrics constitutes an integral part of the metabolomic technology by providing
organized multivariate statistical approaches for modelling and interpreting changes
in the metabolic profiles (BRUCE et al., 2008; MADSEN et al., 2010; ELIASSON et
al., 2011).

Combinations of ,,omics* investigations (transcriptomic, proteomic, metabolomic)
are increasingly applied to get comprehensive understanding of biological systems.
They allow a more holistic approach to understanding the complexity of human
biochemistry and biomolecular medicine.

Proteochemometrics is a bioinformatic approach to protein engineering, novel drug
design, target analysis and functional genomics analysis (LAPINSH et al., 2001;
WIKBERG 2004). Proteochemometrics combines chemical organic synthesis
and design with molecular biological molecular pharmacological analysis
and with bioinformatics/mathematical ~ modeling. = Using  proteochemometrics
the detailed maps can be built, down to the physico-chemical and structural level,
exhibiting the interactions of organic molecules with macromolecules in a cell
and these maps may be directly used for the design of new molecules with desired
properties. Many further useful details can be found on the web site of Uppsala
University (http://www.proteochemometrics.org).
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3.7 Toxicity assessment and prediction

In the last two decades a great deal of effort has been put into the study
of the relationships between a compound’s structure and its toxicity (CRONIN et al.,
2003; GALLEGOS, 2006). Attempts have been made to classify chemicals according
to the mechanism of their toxicity and to screen them for their environmental risk
assessment. Most of the QSAR applications to toxicities have been developed
for congeneric sets, but non-congeneric sets of compounds have also been documented
(CRONIN and DEARDEN, 1995a; 1995b; 1995¢; 1995d). It is necessary to note that
many QSAR toxicity applications have been called QSTR (Quantitative structure —
Toxicity Relationships). Numerous calculated descriptors and recommended software
packages are discussed e.g. in (KATRITZKY and TATHAM, 2001).

The European policy for evaluation of chemicals has lead to a controversy with
regard to the need of additional animal safety testing. In order to save time
and resources, alternative in vitro or in silico tests for the assessment of toxic effects
of chemicals were suggested. In toxicology, besides in vitro models the computer-
assisted prediction models are used as predictive tools especially to elucidate acute,
chronic and/or organ toxicities (SIMON-HETTICH and STEGER-HARTMANN,
2006). Computer-assisted prediction tools play an important role mainly
in the assessment of chemicals for which no data is available or for which
toxicological testing is impractical due to the lack of availability of sufficient
compounds for testing (e.g. impurities in pharmaceuticals). EU and OECD have
produced several documents concerning toxicity prediction, e.g. (WORTH et al.,
2005; VRACKO et al., 2006).

There exist many applications concerning toxic substances where chemometrics
plays an important explaining role, e.g. in expert systems for toxicity classification,
in identification of drugs and toxic substances in complex mixtures and in forensic
chemistry (GARKANI-NEJAD, 2004). In analytical procedures dealing with
the analytes containing toxic components very important are also the rules of good
laboratory practice and exact evaluation of the measurement results according to
metrological principles. Two examples of quality assurance application are in the
papers of BOROSOVA et al. (2001; 2002).

3.8 Further chemometrics applications

Another area demanding prediction of bio-properties from chemical data is
the study of bioactive compounds in food. The presence of specific molecules which
have a positive pharmacological effect when consumed in sufficient quantities
represents the basic benefit of functional food (MCGOVERIN et al., 2010). Functional
foods are foods or dietary ingredients that provide a health benefit beyond basic
nutrition. However, the legal framework within the European Union now demands that
any claim about the nutritional or physiological effects of a product must be
scientifically demonstrated. An example of chemometric study of metabolomics
in functional food is described in (LUNDSTEDT et al., 2010) where a combined
intake of soybean and grapefruit was analyzed with respect to both pharmacological
and physiological effects. Resulting multivariate models showed that this diet induced
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decrease of lactate, cholesterols and triglycerides; further biotransformation details are
there also discussed.

Food commodities are the objects of so many chemometrics application that they
cannot be included here and will be described and discussed in another review. Another
special attention should be paid to the details of data processing like data pre-treatment,
normalization, denoising, baseline removal, warping, then to the proper choice
and combination of chemometrics tools and implementation of pertinent software.
Despite of their importance they are outside the scope of this paper. Nevertheless,
atleast one recent excellent book should be mentioned in this connection
(BRERETON, 2007) where not only older as well as newest techniques
of chemometrics are clarified but Chapter 10 is directly devoted to biological
and medical applications of chemometrics.

4. Conclusions

Chemometrical processing of the experimentally measured data and/or the use
of diverse calculated molecular descriptors represents at present a substantial aid to
medicine and pharmacy. Chemometric methods and specialized software packages
enable (a) quality control of laboratory tests and standardization of measurements
in laboratory medicine, (b) assessment of effectiveness of laboratory tests used
for confirmation as well as prediction of clinical diagnosis, (c) long-term monitoring
of the disease, success or failure in medical treatment and assessment of effectiveness
of the applied drugs, (d) targeted design of new potentially high effective drugs using
structure — activity relationships, (e) prediction of desired property of the investigated
group of substances by QSPR studies, (f) deeper insight into chemical processes
involving metabolites, which can be utilized in deeper knowledge of the disease but
also in more effective drug design, (g) elucidation of toxicity of chemical substances
related to their structure and molecular properties, (h) prediction of bio-properties from
chemical data in food. Progressive chemometric tools exhibit anotable role
in advancement of theoretical cognition in all mentioned fields.
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