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The major challenges for the XXI century
medicine include better understanding of disease eti-
ology, especially elucidation of the influence of
genetic variations and environmental factors on
health status, and development of personalized
healthcare solutions (therapies tailored to biological
state of an individual) (1, 2). In order to face these
challenges a new ìomicî technology - metabolomics
- has been emerged.

Metabolomics involves a comprehensive
analysis of small molecule metabolites (< 1 kDa) of
an organism or a specific biological sample and is
based on a wealth of biochemical knowledge that
was developed over many years (3). This latest of
the so-called ìomicî research fields is focused on
intermediates and products of metabolism, which
include carbohydrates, fatty acids, amino acids, pig-
ments, nucleotides, organic acids, vitamins, antioxi-

dants and many other classes of compounds. In anal-
ogy to the terms ìtranscriptomeî and ìproteomeî, a
complete set of metabolites synthesized by a biolog-
ical system forms its ìmetabolomeî (Fig. 1).
Metabolome can be characterized on all levels of
biological complexity: organisms, tissues, cells or
cell compartments (4). A wide range of living organ-
isms have been investigated using metabolomic
approach, from simple microbes to complex biolog-
ical systems such as mammals.

The number of metabolites in the human body
is relatively small in comparison to the number of
genes, transcriptomes or proteins (Fig. 1), however,
the number of factors influencing the levels of
metabolites in biological fluids and tissues is very
large. Metabolome is dynamic and susceptible to
natural fluctuations and external perturbations and
thus metabolomics provides an insight into the cell
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Department of Inorganic and Analytical Chemistry, Faculty of Pharmacy, Poznan University of Medical
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Abstract: Metabolomics is the latest of the ìomicî technologies that involves comprehensive analysis of small
molecule metabolites of an organism or a specific biological sample. Metabolomics provides an insight into the
cell status and describes an actual health condition of organisms. Analysis of metabolome offers a unique
opportunity to study the influence of genetic variation, disease, applied treatment or diet on endogenous meta-
bolic state of organisms. There are many areas that might benefit from metabolomic research. In the article
some applications of this novel ìomicî technology in the field of medical sciences are presented. One of the
most popular aims of metabolomic studies is biomarker discovery. Despite using the state-of-art analytical tech-
niques along with advanced bioinformatic tools, metabolomic experiments encounter numerous difficulties and
pitfalls. Challenges that researchers in the field of analysis of metabolome have to face include i.a., technical
limitations, bioinformatic challenges and integration with other ìomicî sciences. One of the grand challenges
for studies in the field of metabolomics is to tackle the problem of data analysis, which is probably the most
time consuming stage of metabolomic workflow and requires close collaboration between analysts, clinicians
and experts in chemometric analysis. Implementation of metabolomics into clinical practice will be dependent
on establishment of standardized protocols in analytical performance and data analysis and development of fit-
for-purpose biomarker method validation. Metabolomics allows to achieve a sophisticated level of information
about biological systems and opens up new perspectives in many fields of medicine, especially in oncology.
Apart from its extensive cognitive significance, metabolomics manifests also a practical importance as it may
lead to design of new non-invasive, sensitive and specific diagnostic techniques and development of new ther-
apies.
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status and describes an actual health condition of
organisms (Fig. 2). Metabolite levels can be regard-
ed as the final response of an organism to environ-
mental factors, genetic modifications, changes in gut
microflora and altered kinetic activity of enzymes
(2, 5). Therefore, this new research platform is most
closely related to phenotype among other ìomicî
technologies (Fig. 2).

Since genomics, transcriptomics and pro-
teomics do not fully explain the complex response
of organisms to physiological and pathophysiologi-
cal stimuli, increased interest of metabolomic
research has been observed in recent years.
Metabolomics, which attempts to profile all metabo-
lites within a cell or biological system, offers a
unique opportunity to study the influence of genetic
variation, disease, applied treatment or diet on
endogenous metabolic state of organisms (6, 7).

Numerous metabolomic experiments aim to
search for metabolites which discriminate samples
from individuals who have a disease from those of
healthy subjects. According to Food and Drug
Administration ìa characteristic that is objectively
measured and evaluated as an indicator of normal
biological processes, pathogenic processes, or bio-
logical responses to a therapeutic interventionî is

called biomarker (8). Searching for specific and sen-
sitive biomarkers that enable to unequivocally detect
disease is one of the most crucial goals for
metabolomic investigations.

Modern metabolomics dates back last decades.
However, it is worth pointing out that the concept of
metabolomics, i.e., using chemicals as diagnostic
markers, comes from ancient history, regardless of
realization or not by ancients the real nature of the con-
cept of biomarkers. The idea that changes in tissues or
biological fluids indicate diseases emerged and was
present over centuries, i.a., in the work of Hippocrates,
who proposed the method for diabetes diagnosis based
on the sweet, fruity odor of human breath in the IV cen-
tury B.C., and of Ullrich Pinder, whose urine wheel
enabled to diagnose various diseases based on the urine
colors, smells and tastes in 1506. Modern-day
metabolomics uses analytical techniques and chemo-
metrics in detection and quantitation of hundreds of
metabolites in body fluids or tissues (3, 9).

Analytical techniques used in metabolomics

The most common analytical platforms used in
metabolomics involve nuclear magnetic resonance
(NMR) spectroscopy, mostly 1H-NMR, and mass
spectrometry (MS) (10, 11). Both of these spectro-

Figure 1. Diagram illustrating ìomicî technologies. The flow of information in the human organism begins with genes (3 x 104) and ends
with metabolites (8 x 103) (6, 24).
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scopic techniques enable analysis of a multitude of
small molecules coexisting in a sample including
metabolite identification and quantitation, but each
of them has its own strengths and limitations.

The advantages of NMR spectroscopy include
minimal sample preparation and non-reliance on
analyte separation. NMR technique does not destroy
specimens, thus they can be recovered and used for
further studies by other methods. The non-destruc-
tive nature of NMR is particularly useful for the
metabolite analysis of intact cell or tissue (biopsy
samples). In addition, in NMR signal, intensity is
less affected by matrix components of the sample

than in MS technique and thus NMR is a very
appropriate tool for analyses of complex biological
samples. The major limitation of NMR remains its
low sensitivity (7, 12).

Application of mass spectrometry in
metabolomic investigation usually requires separa-
tion of metabolites from analyzed biofluids. Thus,
mass spectrometry is frequently coupled to high res-
olution techniques, such as liquid chromatography
(LC), gas chromatography (GC) or capillary elec-
trophoresis (CE) (11-13). Chromatography-mass
spectrometry platforms are often used in
metabolomics due to their high sensitivity and

Figure 2. Among Ñomicsî, metabolomics is most closely related to a phenotype (24).
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repeatability. Although mass spectrometry is a
destructive technique, only small amounts of sam-
ples (µL) are required for analysis. In GC-MS com-
pounds are heated to the gas state, hence non-
volatile substances cannot be analyzed directly and
require derivatization. By selecting the appropriate
mobile phases and column, LC-MS provides oppor-
tunity for analysis of a wide range of metabolites
ranging from hydrophilic to hydrophobic (12, 13).
Significant improvement in chromatography has
been achieved by releasing ultra-high performance
liquid chromatography (UHPLC). UHPLC systems
utilize columns with smaller particle sizes, which
result in increased peak capacity, higher sensitivity
and reduced time of analysis in comparison to
HPLC (11, 12). The separation mechanism in capil-
lary electrophoresis is different from that used in liq-
uid and gas chromatography and enables analysis of
polar, ionic molecules. Low repeatability is one of
the major limitations of CE, whereas excellent sep-
aration capacity is regarded as the main advantage
of this analytical technique (12-14).

It is observed that biomarkers indicated by
NMR and MS techniques are different, which sug-
gests complementary nature of these two analytical
platforms (15). It can be concluded that a compre-
hensive characterization of the metabolome of an
organism can be obtained only by a combination of

analytical techniques and data from several instru-
ments.

Different approaches in metabolomics

In case of current metabolomics, three different
approaches to the research are possible: metabolic
fingerprinting, metabolite profiling and targeted
metabolomics.

Metabolic fingerprinting is a global, rapid eval-
uation of reproducible metabolite fingerprint of a
biological sample. In this strategy, metabolite iden-
tification is not necessary. The fingerprint aims to
represent many diverse classes of compounds of
potential interest. Compounds (metabolites) are not
known a priori in this approach. Metabolic finger-
printing neither requires advanced sample prepara-
tion nor ultimate chromatographic resolution tech-
niques. It rather uses techniques which provide less
complex and more reproducible data. Metabolic fin-
gerprinting is used mainly for the classification of a
sample and not for quantitative analysis. The aim of
metabolic fingerprinting is to discriminate between
specimens from different biological status, e.g., dis-
ease/health, based on unique pattern characterizing a
metabolic state in a particular tissue or biological
fluid. Being simultaneously applied to a wide range
of metabolites metabolic fingerprinting represents a
true ìomicî approach (16-18).

Figure 3. A typical metabolomic experimental workflow for biomarker discovery.
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Metabolite profiling is a nontargeted metabol-
omic approach. It concentrates also on analysis of a
wide range of metabolites (for example, amino
acids, sugars, lipids, bile acids) and compounds of
potential interest are also not known a priori.
However, in contrast to metabolic fingerprinting,
metabolite profiling aims to identify as many com-
pounds as possible, as well as to quantify them. This
involves high-throughput measurement of metabo-
lites, which requires high-resolution chromato-
graphic separation along with mass spectrometry
detection. This strategy enables detecting changes in
unexpected parts of metabolome. Those changes can
be addressed to specific metabolic pathways. Thus,
metabolite profiling often leads to formulating of
new scientific hypotheses and identification of novel
metabolic biomarkers (16, 17, 19).

Targeted metabolomics focuses on monitoring
of one or several predefined metabolites, which usu-
ally permits their definite identification and precise
quantification in a sample. The compounds are
selected a priori on the basis of known metabolic
pathways or identified biomarkers and are related to
a specific reaction in the organism. In case of target-
ed metabolomics, analytical techniques, including
sample preparation and unambiguous detection
methods, aim to provide maximum sensitivity and
selectivity in order to obtain low detection and quan-
titation limits of metabolites (16, 17, 19).

Metabolomic workflow

A scheme of a workflow in metabolomic studies
is presented in Figure 3. Metabolomic investigation
can focus on cells, fluids or tissues. Urine and blood are
typical specimens used in metabolomic studies, but
saliva, bronchial washes, cerebrospinal fluid, pancreat-
ic juice and other biofluids can be utilized as well (10).

Sample collection, storage and preparation con-
stitute crucial steps, which may determine the suc-
cess of metabolomic experiment. If the specimens
are not taken from patients in the same way or are not
stored or processed uniformly, the data obtained
from analyses of these samples can be invalid (20).
Sample preparation depends both on the type of the
sample and on the applied analytical platform and
involves such processes as extraction, derivatization
or buffering. The next step includes analysis of the
samples by one or several analytical techniques.
Analytical techniques used in most recent
metabolomic studies for metabolite fingerprinting
include: direct infusion mass spectrometry and NMR
spectroscopy, whereas liquid chromatography or gas
chromatography coupled with mass spectrometry are
applied for metabolite profiling (19).

The goal of data analysis is to find significant
changes (metabolite or set of metabolites) which
discriminate patients with a specific disorder and a
control group. Before statistical analysis, the output
data are subjected to pre-processing (deconvolution,
alignment, baseline correction) and pre-treatment
steps (scaling, normalization) to make features more
comparable (21). Because research in the field of
metabolomics generate large amount of data, multi-
variate statistical analyses are predominantly used
(22). There are many pattern recognition methods
that can be applied to assess how the spectra of bio-
logical samples from individuals who suffer from a
disease differ from samples of healthy subjects.
Commonly used strategy for identifying significant
metabolites include application of unsupervised
methods: principal component analysis (PCA), hier-
archical cluster analysis (HCA) as well as super-
vised methods: partial least squares discriminant
analysis (PLS-DA), orthogonal projection to latent
structure discriminant analysis (OPLS-DA) (12).
After determination of metabolite biomarkers, fur-
ther experiments are needed to validate and test
them. Differences in concentration of the discrimi-
nating metabolite should be confirmed on a new set
of samples (21). The robustness of prediction of
supervised analysis can also be checked with inter-
nal cross-validated tests to avoid overfitting of the
data and confirm reliability of identified biomarkers
(23). In the final step of data analysis, the biomark-
ers can be placed in metabolic networks to enable
biological understanding of occurring phenomena.

Applications of metabolomics in medical sciences

There are many areas that might benefit from
metabolomic research. This latest ìomicî science
has a diversity of health applications, including
pharmacology, toxicology, new-born screening and
clinical chemistry. Metabolomics is currently being
used to discover new biomarkers of various diseases
and to identify biochemical pathways involved in
their pathogenesis (3, 7, 10). The goal of
metabolomic research in not only searching for new
diagnostic biomarkers that can enable early detec-
tion of disease, but also biomarkers useful in selec-
tion of the appropriate therapeutic intervention and
evaluation of response to the applied treatment.
Consequently, metabolomic approach offers a pow-
erful tool in development of personalized medicine.
Metabolomic-based research enables assessing lev-
els of multiple metabolites in a single analytical run
and thus leads to a better classification of samples as
compared to quantifying a single metabolite. That
serves for new diagnostic capabilities of meta-
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bolomics (5). Because metabolites can be readily
measured in non-invasive samples such as urine or
blood, metabolites are considered as ideal biomark-
ers. Moreover, the results of many metabolomic
experiments are further broadening the knowledge
about complex and heterogeneous nature of disor-
ders, which in turn may contribute to uncover new
targets in drug discovery process (3).

One of the major areas of metabolomic studies
is searching for novel specific and sensitive cancer
biomarkers (5, 7, 10, 24). It is known that cancer
cause alterations in cellular metabolism, therefore
metabolomics may play a crucial role in early detec-
tion and could improve diagnosis of tumors (24).
Application of high-throughput and sensitive analyt-
ical techniques in metabolomic experiments make
them a powerful tool in the field of oncology and aid
understanding what is happening in cancer cells.

Numerous groups of scientists has attempted to
use metabolic profiling as diagnostic tool in almost
every type of carcinoma. For instance, metabolomic
approach has been applied to differentiate between
urine samples from patients with kidney cancer and
healthy individuals. It was discovered that urinary
excretion of several acylcarnitines, α-ketoglutarate
and quinolinate is altered in patients suffered from
kidney cancer as compared to controls (25-27).

Biomarkers for breast cancer have also been
extensively investigated via metabolomics. Analys-
es of tissue and serum specimens from breast cancer
patients revealed that changes in membrane phos-
pholipids synthesis is associated with the progres-
sion of breast tumors (28). Studies proved that uri-
nary metabolomics could be useful for detecting not
only early-stage of breast cancer, but ovarian cancer
as well (29). Moreover, metabolomic analyses can
provide accurate information about the subtype and
grade of breast tumors (28).

Many studies have been performed to test
metabolomic approach in detection of colorectal
cancer (30-32). Analysis of cancer patientsí serum
samples and controls resulted in identification of
four differentiating metabolites: 2-hydroxybutyrate,
aspartic acid, kynurenine and cystamine. A colorec-
tal cancer prediction model composed of these four
compounds was successfully validated using new
sets of patients (30). Other reports indicated a num-
ber of colorectal cancer biomarkers, which are asso-
ciated with perturbation of glycolysis, arginine and
proline metabolism, lipid and steroid metabolism
(31, 32).

Metabolomic research aiming at detection of
altered metabolic pathways in cancer and discovery
of novel biomarker candidates also involved other

types of tumors. Examples include prostate cancer
(33), bladder cancer (34), pancreatic cancer (35) and
liver cancer (36). Detection of metastasis, staging of
tumor and pharmacometabolomics (the use of
metabolomics to evaluate therapeutic efficacy and
drug toxicity) should be also mentioned as emerging
application of metabolomics in cancer studies (5).

Apart from cancer research, metabolomics has
been applied to better understand biochemistry of
many other disorders and to improve their diagnosis,
prognosis and therapeutic regimens. Conditions
investigated by metabolomic approach cover i.a.,
respiratory, metabolic, neurological and even psy-
chiatric diseases.

Exploration of 400 small molecule metabolites
in serum specimens provided evidence for anti-
inflammatory changes in tuberculosis (TB) (37). It
was shown that 20 metabolites enable robust dis-
crimination of patients with tuberculosis from
healthy individuals (37). In addition, metabolomic
investigation makes it possible to predict tuberculo-
sis therapy outcome. Based on urine analysis, TB-
early treatment response biosignature was defined
(38).

Analysis of metabolome is particularly useful
in neonatal screening for inborn errors of metabo-
lism (IEM). Inherited diseases of metabolism
include i.a., amino acid, fatty acid and organic acid
disorders. The purpose of neonatal screening is early
diagnosis of the disease and prompt initiation of an
appropriate therapy, which allows to avoid serious
consequences, such as mental retardation (39).
Diagnosis of IEM is often based on finding of the
elevated level of a specific metabolite, e.g., phenyl-
alanine in phenylketonuria. Application of mass
spectrometry technique in screening for IEM allows
the simultaneous determination of multiple markers
from one blood sample in a single analysis (40).

The field of metabolomics has provided new
insights into the pathogenesis of diabetes as well as
methods useful in prediction of the disease onset and
has uncovered new potential biomarkers (41-46).
Recent epidemiological studies, using metabolomic
approach together with statistical analysis to predict
incidence of diabetes, have revealed several metabo-
lites which have strong potential as diagnostic bio-
markers or highly-significant predictors of future
diabetes. Predictors of diabetes include branched-
chain and aromatic amino acids, such as leucine,
isoleucine, tyrosine, phenylalanine and valine (43).
Subsequent research proved that these diabetes-pre-
dictive amino acids are also novel markers for
development of cardiovascular disease and consti-
tute link between diabetes and susceptibility to car-
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diovascular disease (44). Moreover, it was indicated
that elevated concentrations of abovementioned
amino acids correlate with obesity in children and
adolescents and may be regarded as independent
predictors of future insulin resistance (45, 46).

Based on analyses of plasma samples from
patients suffering from Alzheimerís disease (AD)
several putative biomarkers of this condition were
found and identified (e.g., lysophosphatidyl-
cholines, sphingosine and tryptophan) (47). In addi-
tion, in order to increase knowledge of the dysregu-
lated metabolic pathways associated with progres-
sion of Alzheimerís disease, metabolic profiling of
AD brains was performed (48).

Despite significant advances in medicine, diag-
nosis and treatment of psychiatric disorders remain
problematic. Since there are no biomarkers of major
depressive disorder (MDD), metabolomic approach
was employed to identify urinary metabolite mark-
ers for this disease. The study revealed a panel of
five metabolite biomarkers, which can aid in the
development of urinary diagnostic test for depres-
sion (49). Analysis of metabolome was also used to
predict and assess response of patients with MDD to
treatment with sertraline (50, 51). Other reports
illustrated that metabolomic investigations can be
helpful in diagnosis of schizophrenia. OreöiË et al.
(52) concluded that proline-related metabolic alter-
ations and insulin secretion-related abnormalities
constitute two shizophrenia-related pathways,
whereas He et al. (53) stated that metabolites with
significant changes in schizophrenia include four
amino acids and one lipid. It was also demonstrated
that measurements of steroid levels may improve
diagnosis of schizophrenia (54). Characterization of
metabolic perturbations linked to the pathophysiolo-
gy and drug treatment of psychiatric conditions, i.a.,
MDD, schizophrenia and bipolar disorder, can help
to develop laboratory tests in psychiatry and
improve treatment of mental diseases (55-57).

Metabolomic studies have been increasingly
important in drug development process and pharma-
ceutical research (3, 58-60). By identifying alterations
in biochemical pathways, metabolomics leads to dis-
covery of new targets for therapeutic interventions
(58). The first chemicals used in cancer treatment were
called ìantimetabolitesî, because they replace specific
metabolites or compete with them and thereby interfere
with the metabolism of tumor cells (3). Till now, there
is a lot of interest in development of new chemothera-
peutic strategies that are based on targeting the aberrant
metabolism observed in cancer (58).

One of the most important stages in drug
development is safety assessment of the new drug

candidates. The application of metabolomics in
evaluating drug toxicity was estimated by the asso-
ciation between Imperial College London and five
pharmaceutical companies named COMET
(Consortium for Metabonomic Toxicology). Based
on NMR spectra of blood and urine samples taken
from rodent that had received a range of toxins, a
model, which successfully predicts hepatotoxicity
and nephrotoxicity of drug candidates, was created
(3). Analysis of metabolome can be useful in char-
acterization of mechanisms of drug toxicity as well
as identifying early toxicity biomarkers (59, 60).

Challenges

Although metabolomics is now a rapidly grow-
ing area of scientific research, as the latest of the
ìomicî technologies is still in its infancy (10).
Challenges and pitfalls that researchers in the field
of analysis of metabolome have to face include i.a.,
technical limitations, bioinformatic challenges and
integration with other ìomicî sciences (Fig. 4).
Heedful consideration of methods employed for
sample preparation, data acquiring and data mining
is needed (3). Implementation of metabolomics into
clinical practice will be dependent on establishment
of standardized protocols in analytical performance
and data analysis and development of fit-for-pur-
pose biomarker method validation (61). These
requirements are needed to help scientists draw
valuable conclusions based on performed meta-
bolomic experiments.

Apart from typical problems associated with
analytical performance, metabolomic experiments
encounter additional challenges. Metabolome is a
set of huge amounts of low molecular weight com-
pounds, which are derivatives of amino acids, lipids,
carbohydrates, nucleotides, hormones etc. The
analysis of metabolome is particularly demanding
due to tremendous chemical diversity of metabo-
lites. Furthermore, metabolites vary dramatically in
concentration ranging between 0.5 nmol/L for estra-
diol and 5 mmol/L for cholesterol, which equals
seven orders of magnitude (6). Difficulties in meas-
urements of metabolites include complexity of sam-
ples and differences in analyte polarity (9). Complex
nature of analyzed biological specimens forces to
utilize multiple analytical methods and platforms in
order to investigate a wide range of metabolites.
Another challenge is related to the fact that
metabolome is a dynamic system affected by envi-
ronmental influences, such as diet, and rapidly
changing in a short period of time (19).
Additionally, in untargeted approach reliable identi-
fication of metabolites is a major challenge.
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Although progress has been made in develop-
ment of analytical techniques, we are still far from
obtaining a complete metabolome map of any
organism due to both great complexity and dynamic
range of metabolites. Currently, the most commonly
utilized system for LC-MS based metabolic profil-
ing is high efficiency UHPLC, using reverse-phase
(RP) or hydrophilic interaction chromatography
(HILIC), combined with high resolution mass spec-
trometry. Anticipated improvements in analytical
strategies include greater use of miniaturized sys-
tems, chromatography at elevated temperature,
supercritical fluid chromatography (SFC) and liquid
chromatography-ion mobility-mass spectrometry
(11, 62, 63). However, despite development of chro-
matographic methods such as HILIC, analysis of
highly polar constituents of metabolome remains a
challenge (11).

Clinical applications of metabolomics are lim-
ited by the lack of standardization of metabolomic
procedures. Establishment of commonly accepted
standardized protocols in the range of methodology,
data mining and data reporting is necessary (5, 9,
11). Standardization of sample collecting, handling
and storing constitutes an essential condition to pre-
serve sample stability and obtain reproducible
results. It should be taken into account that differ-
ences in sample handling and acquisition can dra-

matically impact outcomes from metabolomic stud-
ies. It is especially important in case of biopsy sam-
ples, since during collection of this kind of speci-
mens large and fast changes in intracellular levels of
metabolites are possible (5, 61). Reduction in vari-
ability at each step of metabolomic workflow from
collection to data processing is crucial to ensure reli-
able and consistent measurement at biomarker
assays (61). Development of minimum standards for
metabolomic experiments is an aim of The
Metabolomics Standards Initiative (64). This group
has published in recent years a series of articles,
which propose the minimum requirements related to
chemical analysis (64), NMR-based studies (65) and
data analysis (21) in metabolomic research.
Protocols for metabolic profiling for long-term and
large-scale studies has been described by Dunn et al.
(66).

The application of quality control measures
and method validation are regarded as prerequisite
for acquiring comparable and reproducible results
inter different sample batches, experiments or labo-
ratories. Although biomarker method validation dif-
fers from pharmacokinetic and routine laboratory
validation, there is little regulatory guidance on bio-
marker assay validation (61). The goals of incorpo-
ration of quality control (QC) samples involve prov-
ing good performance of entire methodology and

Figure 4. Challenges of metabolomics for the following years.



Metabolomics in medical sciences - trends, challenges and perspectives 637

reliability of obtained metabolomic data. QC sam-
ples should be used in making decisions on rejection
or acceptance of an analytical run. Moreover, adding
standardized QC samples during data acquisition
can help evaluate inter-laboratory variability and
establish bias. QC samples allow to perform signal
correction in order to minimize analytical variation
(19, 20, 67).

Bias is one of the most serious difficulties in
every ìomicî science. It is the most important threat
to validity of clinical research and can be explained
as an unintentional systematic misassociation of
some variable level with one of the studied groups,
for example with the cancer or control group. It
occurs when samples representing two groups are
handled in different ways, for example when they
were collected, transported or stored differently.
Moreover, it can occur when groups vary, for exam-
ple in terms of diet or age. Such differences in spec-
imen origin or handling can introduce a particular
signal to one of the groups. As a result, the identified
biomarker may be false because discrimination
between the two groups is associated with sample
handling differences, and not on the basis of real
cancer presence/absence (23, 68). The need to iden-
tify non-invasive and specific diagnostic biomarker
for conditions for which there is no non-invasive test
available put pressure on researchers to publish
results of their experiments quickly. Some notable
outcomes in cancer marker research have not been
reproduced and confirmed and bias has been indi-
cated as a source of the problem (9, 23). Elimination
of bias is a difficult task, because bias cannot be
reduced by simply enlargement of the sample set.
Bias can be minimized only by careful planning of
the experiments (including careful age, gender,
smoking-status etc., matching), using quality control
measures, sample blinding and randomization,
including randomization in order and in time of the
analyses themselves (9, 23).

A grand challenge for research in the field of
metabolomics is to tackle the problem of data analy-
sis. Data analysis is probably the most time con-
suming stage of metabolomic workflow and require
close collaboration between analysts, clinicians and
experts in chemometric analysis (9, 11). Similar to
the other high-throughput technologies, such as pro-
teomics and transcriptomics, metabolomic investi-
gations generate huge amount of data, which can
contain many experimental artefacts. Due to the bio-
logical variation in metabolism between individuals
and the influence of environmental factors on
metabolism, large sample numbers are necessary to
obtain the appropriate statistical power essential to

the meaningful interpretation of output data (69).
The problem is not only large data volume, but also
its complexity and diversity (9, 11, 16). Usage of
multi-dimensional data sets for searching for subtle
and complex relationships occurring in living organ-
isms cause additional problems. Since during
metabolomic studies large number of parameters is
being measured and often limited number of speci-
mens is analyzed, the problem of false positives and
irreproducible findings occurs (9). In order to avoid
these pitfalls statistician should be involved in
metabolomic studies from their outset, that is from
the design of the experiment. For large volume of
complex data the statistical analysis may be very
complicated, even if the applied analytical tech-
niques are perfect. Metabolomic data require spe-
cialized statistical tools and has specific bioinfor-
matics needs, which are caused by utilizing multiple
analytical platforms and necessity of extensive data
pre-processing. According to Blekherman et al.
(16), development in data analysis techniques is crit-
ical to progress of metabolomics and areas requiring
further advancement include i.a., raw analytical data
processing, data mining, data integration and meta-
bolic network modelling. 

If the chemometric treatment indicates a mean-
ingful correlation between metabolomic and biolog-
ical status, then a validation step should be per-
formed (5, 11, 21). The term ìvalidationî refers not
only to analytical methodology, but is defined as
ìall activities aimed at assuring the quality of the
conclusions drawn from the data analysisî (21).
Validation of the findings represents a strongly rec-
ommended stage, which allows to eliminate statisti-
cally unsound reports and unreliable results.
Hypotheses derived by metabolomic approaches
need to be verified by analysis of an additional set of
samples in order to discriminate false positives from
clinically relevant biomarkers.

An example indicating that more widespread
clinical trials are needed in order to provide valida-
tion for new identified biomarker is sarcosine,
which was proposed as a marker of prostate cancer
(33, 70-72). In 2009, Sreekumar et al. (33)
announced that the metabolite which was signifi-
cantly elevated in prostate tumor samples and can be
detected in urine is sarcosine. However, the valida-
tion study using a new set of samples found that uri-
nary sarcosine level does not result in better differ-
entiation between prostate tumor patients and the
control group as compared to currently utilized
screening test for prostate cancer (PSA test) (70).
Several other groups of investigators made also
attempts to appraise the value of sarcosine concen-
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tration in serum as a putative marker of prostate can-
cer. Struys et al. (71) found that serum sarcosine
level manifests no differences between healthy indi-
viduals and patients with prostate tumor, whereas
Lucarelli et al. (72) documented diagnostic value of
sarcosine in sera of patients with low PSA level,
amounting less than 4 ng/mL. Moreover, Bohm et
al. (73) stated that serum sarcosine concentration
cannot differentiate the early and the advanced
stages of a prostate tumor. Controversy about sarco-
sine may be due to lack of standardization along
with samples collection procedures and different
approaches used. For instance, Sreekumar et al. (33)
measured sarcosine to alanine ratios in urine sedi-
ment, while Jentzmik et al. (70) determined urinary
supernatant sarcosine to creatinine ratios.

Nowadays, many of metabolomic research
tend towards small scale studies, in which the num-
ber of sample ranges from tens to hundreds. It is
anticipated that the next trend will be much larger
epidemiological studies covering analysis of thou-
sands specimens (11). Moving from a small sample
number to a large clinical studies will demand not
only widely accepted quality control and standardi-
zation, which make it possible to integrate data
obtained from multiple instruments in different lab-
oratories, but also web-accessible databases.
Storing, organizing and interpretation of metabo-
lomic data require specialized and well-designed
databases (16, 20). Databases enable to better eluci-
date and understand output data and provide valu-
able information about current state of knowledge
on analysis of metabolome. One of the most popular
and most completed databases is Human Meta-
bolome Database (HMDB), a comprehensive and
online available database that gathers quantitative
data about thousands of human metabolites (74, 75).

Another challenge of metabolomic research is
integration with other ìomicî technologies. It cannot
be forget that metabolomics does not exist in vacuum,
but is a part of the so-called systems biology.
Integration of proteomics, transcriptomics, genomics
and metabolomics provides a holistic perspective on
complex interactions occurring in living organisms.
By combination of ìomicî sciences it will be possible
to get a more complete picture of the functioning of
biological systems (3, 5, 6). The problem involving
each of the ìomicsî is that they are highly complicat-
ed and refer to interactions of thousands of genes, pro-
teins, metabolites and other compounds. In order to
simplify them, computing power and new bioinfor-
matic algorithms have to be developed. Till now, we
are still far from explaining complex systemic ques-
tions, because scientists should first deal with problem

of different timescales of processes occurring in
organisms and various quantitative dimensions of
compounds of ìomicsî interest. Each level of organi-
zation and control in living organisms (gene expres-
sion, protein expression and metabolism) operates on
noticeably different timescales and thus finding link-
ages between results of metabolomic studies and other
ìomicî research fields is problematic. In addition,
environmental and lifestyle factors have a great
impact on metabolism, making it difficult to discrimi-
nate their effects from gene-related influence (3, 9).

Perspectives

Newly emerging field of metabolomic research
enables deep investigation of metabolism of organ-
isms. By using the state-of-art analytical techniques
along with advanced bioinformatic tools it is regard-
ed as a powerful approach which allows researchers
to scrutinize fluctuations in metabolite profiles.
Because samples of biofluids can be collected quite
easily, the variations of metabolites resulting from
occurring genetic alterations, disease or environ-
mental factors can be studied in detail (3).

Metabolomics opens up new perspectives in
many fields of medicine, especially in oncology.
Apart from its extensive cognitive significance,
metabolomics manifests also a practical importance,
as it may lead to design of new non-invasive, rapid,
economic, sensitive and specific diagnostic tech-
niques. There is an urgent need to identify reliable
cancer biomarkers, which will be useful in cancer
diagnosis and treatment. Introduction of new bio-
markers to the panel of the currently used diagnostic
indicators will allow to evaluate morbid risk linked
to tumors, select the appropriate treatment and mon-
itor response to the applied therapy. What is the
most important issue, comprehensive analysis of
metabolome offers the possibility of diagnosis of
cancer in its early stage, when it is still amenable to
cure, which in turn increases chance of recovery
(10). However, the metabolites that discriminate
cancerous and non-cancerous samples are in many
cases common for different types of cancer, because
of commonality of dysfunctional metabolism occur-
ring in all cancers. Further investigations are needed
to estimate how useful such a biomarker could be. It
will also turn out whether changes in metabolic pro-
files will be strong enough to be detected in non-
invasive biofluid samples and applicable to clinical
practice and management of patients (5).

Metabolomics has also a great impact on devel-
opment of other fields of medicine and pave the way
for new healthcare strategies. It is envisioned that this
ìomicî technology, by providing clinically relevant
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biomarkers, enables to predict developing of many dis-
orders and contribute to improvement in undertaking
therapeutic decisions (3). Undoubtedly, metabolomics
will play in the future a major role in selecting an
appropriate therapy tailored to an individual patients
and identifying molecular targets for new treatment
strategies. An example illustrating the potential of
metabolomics is the study of Wang et al. (43). They
identified five metabolites (five amino acids) which
fasting concentrations predicted development of dia-
betes many years before the onset of this disease and
before any changes in insulin action can be measured
by standard biochemical assays. It should be noted that
these findings were proved using two prospective
cohorts, each consists of more than 3000 individuals.

The combination of metabolic fingerprinting
and profiling will contribute to the realization of the
aims of metabolomics. First, alterations in finger-
printing will be associated to a physiological state of
organism. The next step will focus on identification
and quantitation of discriminating metabolites. This
workflow will allow to achieve the primary goal of
metabolomics, which is translation of metabolomic
data into deeper biological understanding.
Development of bioinformatic tools and databases
will be helpful in biological interpretation of
obtained data. Integration of multiple ìomicî results
seems to be a way to obtain answers to unsolved
questions and has a great promise to improve med-
ical practice in the future, especially diagnosis and
management of patients (76).

Summary

Metabolomics represents a rapidly expanding
and interdisciplinary field of science by combination
of biochemistry, analytical chemistry, bioinformat-
ics, medicine etc. This ìomicî science provides
fresh insight into pathogenesis of diseases, effects of
diet or applied drugs. One of the most popular aim
of metabolomic study is biomarker discovery.
Metabolomics allows to achieve a sophisticated
level of information about biological systems and
hold great promise for development of novel diag-
nostic tests and therapies including personalized
medicine. Despite powerful analytical and computa-
tional systems integration of multiple ìomicî
results, it remains a challenge.
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Phenolic acid compounds occurring naturally
in plant kingdom contain distinctive structural simi-
larities, i.e., the presence of carboxylic group, as in
caffeic acid, gallic acid, p-coumaric acid, vanillic
acid (VA), ferulic acid, and protocatechuic acid
(PCA). PCA is one of the widely distributed and
common compounds, present not only in human diet
like in bran and grain brown rice and onion but also
found in many fruits, such as plums, grapes and
nuts. Many plants and spices contain PCA such as
star anise (Illicium verum), melissa (Melissa offici-
nalis L.), rosemary (Rosmarinus officinalis L.), and
cinnamon (Cinnamomum aromaticum). This bioac-
tive compound is famous for its biological proper-
ties and pharmacological activities such as: antioxi-

dant, antibacterial, anticancer, antiulcer, antidiabet-
ic, antiaging, antifibrotic, antiviral, anti-inflammato-
ry, analgesic, antiatherosclerotic, cardiac, hepato-
protective, neurological and nephroprotective (1).

Flowers of Hibiscus sabdariffa contain PCA
(2). Type of the food affects the content of PCA, for
example 100 mg/kg fresh weight of PCA is present
in raspberry where as about 0.22 mg/kg in olive oil.
At present, PCA is considered as one of the most
important metabolites of polyphenol compounds
e.g., anthocyanins and procyanidins present in fruits
and vegetables (3).

As far as chemical structure is concerned, PCA
is a carboxy-derivative of catechol and reacts with
reactive compounds of oxygen. Its wide variety is
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2,5-diphenyltetrazolium bromide, Na4P2O7 - tetrasodium pyrophosphate, NSC - neural stem cells, OVA -
ovalbumin, PCA - protocatechuic acid, PD - Parkinsonís disease, ROS - reactive oxygen species, SC-CO2 -
supercritical carbon dioxide, t-BHP - tert-butyl hydroperoxide, TCDD - 2,3,7,8-tetracholorodibenzo-p-dioxin,
TH - tyrosine hydroxylase, TNF-α - tumor necrosis factor α TPA - 12-O-tetradecanoylphorbol-13-acetate,
VA - vanillic acid
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found in natural products like fruits and plants. Its
bioactivities include anti-radical, anti-oxidant [scav-
enger of hydrogen peroxide (H2O2)], and anti-can-
cer. Anti-cancerous activity of PCA could be due to
its activity as free radical scavenger. It is also useful
for treating oxidative stress-induced neurodegenera-
tive diseases (4).

A well-known Chinese herbal medicine,
named as Danshen, is used for angina pectoris and
myocardial infarction. The effectiveness of Danshen
injection (adanshen prescription) as anti-angina
might primarily be due to the presence of these phe-
nolic compounds in more than 90% of the con-
stituents. Contrary to this, one of the most active
phenolic acids present in Danshen is PCA that has
shown apparent anti-angina effect. Metabolism
study shows that PCA generally undergo phase II
reactions such as methylation, glucuronidation, and
sulfonation (5).

Newly, PCA has been confirmed as an effec-
tive agent against carcinogenesis in different tissues
including in liver diethylnitrosamine, 4-nitroquino-
line-1-oxide in the oral cavity, azoxymethane in the
colon, N-methyl-N-nitrosourea in glandular stomach
tissue, and N-butyl-N-(4-hydroxybutyl)nitrosamine
in the bladder (6-10).

This article aims to review the modern trends
in phytochemical isolation and extraction of PCA
from plants and other natural resources. Moreover,
this article also encompasses pharmacological and
biological activities of PCA.

OCCURRENCE

Phytochemically, PCA is a phenolic com-
pound, extracted from flowers of Hibiscus sabdarif-

fa L. (7). It occurs naturally in multiple plant
species. It is found in Allium cepa (8), carrot
(Daucus carota), mushrooms, loquat fruit, wine,
honey, soybean, and fruits of Ficus species (1).

CHEMICAL AND PHYSICAL PROPERTIES

Various plants contain phenolic compounds
that are considered as secondary metabolites.
Shikimic acid pathway is used to derive these phe-
nolic compounds from phenylalanine. PCA is also
known as simple phenolic acid, and is chemically
known as 3,4-dihydroxybenzoic acid. Various kinds
of phenolic derivatives e.g., benzoic and cinnamic
acid derivatives, flavonoids and isoflavonoids are
present in plants (1). The chemical structure of PCA
is given in Figure 1.

At 760 mm of Hg, boiling and melting points
of PCA are 410OC and 221OC, respectively. It is gray
to tan solid crystalline powder. Solubility studies of
PCA indicate that it is soluble in alcohol, ether and
scarcely soluble in water with the ratio of 1 : 50 (1).

EXTRACTION AND ISOLATION

Initially PCA was isolated from pigmented
scales of bulb onion (Allium cepa). Extraction was
done in plenty of water and alcohol and the extracts
were crystallized. These crystals of PCA were found
to be effective in a disease, called oil smudge (9).
This phenolic acid was isolated from culture of vib-
rio growing on p-hydroxybenzoic acid. It was found
that PCA is formed during p-hydroxbenzoic acid
oxidation by pseudomonas flourescens (10).

Another method for the extraction of PCA is
from soil with 0.1 M Na4P2O7 and acetone. Acidic,
neutral and basic fractions were obtained from phos-
phate extracts of ether soluble substances by paper
chromatography. Resultantly, three phenolic acids
i.e., PCA, vanillic acid and p-hydroxybenzoic acids
were isolated (11). PCA, along with eight other phe-
nolic compounds including: 3ë-O-methylquercetin 3-
O-β-D-glucopyranoside (1); 3ë-O-methylquercetin
3-O-β-D-galactopyranoside (2); 3ë-O-methyl-
quercetin 3-O-α-L-rhamnopyranosyl-(1→6)-β-D-
glucopyranoside (3); kaempferol 3-O-α-L-
rhamnopyranosyl-(1→6)-β-D-glucopyranoside (4);
naringenin 7-O-β-D-glucopyranoside (5); catechin
(6); PCA (7); VA (8); and p-hydroxybenzoic acid (9)
were isolated from ethyl acetate and n-butanol frac-
tions of almond (Prunusamy galus) skins and identi-
fied on the basis of NMR and MS data. Moreover,
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scav-
enging activity was observed for PCA (12).Figure 1. Chemical structure of protocatechuic acid
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Cyathenosin A, a spiro-pyranosyl derivative of
PCA, was isolated from Cyathea phalerata Mar.
Repeated silica gel chromatography was used for its
isolation, while structure elucidation was done by
MS, 1D and 2D NMR spectroscopic techniques and
confirmation was done by single crystal X-ray
analysis. This derivative showed antioxidant and
hypoglycemic activity (13).

In addition, PCA along with: isorhamnetin 3-
O-β-D-glucoside, isorhamnetin 3-O-β-rutinoside,
quercetin 3-O-β-D-glucoside, and syringetin 3-O-β-
D-glucoside were isolated from sea buckthorn juice
concentrate by high-speed counter-current chro-
matography (HSCCC) in two phase solvent system
of n-hexaneñn-butanolñwater in mode of head to-
tail phase. The characterization of the compounds
was done by HPLCñESIñMSñMS, 1D-NMR and
2D-NMR (14).

Scutellaria barbata D. Don (herb) has been
used to extract PCA by using supercritical carbon
dioxide (SC-CO2) combined with HPLC. Water was
used as solvent in SC-CO2 extraction, so this was
found to be environment friendly method, and PCA
extracted from the above herb can be used as an
anti-tumor treatment (15).

Molecularly imprinted polymer microspheres
(MIPS), characterized by FTIR spectroscopy and
scanning electron microscopy (SEM), have been
used to assess their functionality against non-
imprinted polymers by equilibrium binding experi-
ments. To extract PCA from Rhizomaho malome-
nae, MIPS was used as solid phase extraction

absorbent and found to be very effective, so PCA
can have good traditional applications as medicines
(16). Furthermore, cytotoxic activity of methanolic
extract of Veronica americana was observed after
extraction of PCA along with other aromatic acids.
Additionally, spectroscopic analysis was used to
determine structures of isolated compounds (17).

PHARMACOLOGICAL PROPERTIES

A lot of work has been done in order to deter-
mine biological and pharmacological effects of PCA
such as antioxidant (18, 19), antiviral (20), antiath-
erosclerotic and hyperlipidemic (2), nephroprotec-
tive (21), and neurological effects (22). In this
review, some of major and important biological
activities of PCA have been summarized and dis-
cussed in Tables 1 and 2.

Different properties of PCA have been studied
for its protective effects against oxidative break-
down done by tert-butyl hydroperoxide (t-BHP) in a
culture of rat hepatocytes. It was found that PCA has
protective effects against cytotoxicity and genotoxi-
city of hepatocytes induced by t-BHP through scav-
enging free radicals (23). Moreover, PCA inhibited
12-O-tetradecanoylphorbol-13-acetate (TPA)-
induced skin tumors of female CD-1 mice showing
its anti-tumor effect (24). Moreover, PCA was found
effective against pulmonary cancer (25).

After inhibition of o-methyltranslation of PCA
to form VA in rat liver cytosol, the prepared hepa-
tocytes were characterized by activity of flavinoids

Table 1. Pharmacological activities of protocatechuic acid.

No. Biological activities Inhibitory effects of PCA (1)

1. Antibacterial Membrane lysis of bacteria
Decreases murine cytochrome P450 and phase II enzymes leading to 
diminished lipid oxidation levels

2. Anti-viral Down-regulates the secretion of HBsAg and decreases the release of the 
HBV DNA from HepG2

3. Neurological effect PCA inhibited the cytotoxicity, apoptotic morphology, reduction of TH 
expression and abnormal oligomerization of α-synuclein in PC12 cells

4. Anti-atherosclerotic Inhibits monocyte adhesion to TNF-α activated mouse aortic endothelial 
cells VCAM-1 ICAM-1 expression and reduces NF-Xb binding activity

5. Antifibrotic Inhibits the levels of TGF-β1, CTGF and inhibits HSCs proliferation.

6. Anti-ageing Increases activity of glutathione peroxidase, catalase and decreases the 
malondialdehyde level.

7. Anti-ulcer Cytoprotective action and strengthening of the gastric mucosa; it enhances 
mucosal defense.

8. Anticancer Inhibition of generation of free radicals, influences in phases 1 and 2 of the 
metabolism of certain carcinogens, directly blocks the binding site of 
carcinogens with DNA molecules.
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and gallic acid esters. The inhibitory phenomenon
of catechin gallates and gallic acid esters on cellu-
lar PCA o-methylation was due to the direct
response of catechol-O-methyl transferase (COMT)
activity (26). The inhibitory effect of PCA and
roselle calyx was studied on growth of various bac-
teria and PCA was found to have greater antibacter-
ial activity than roselle calyx but less inhibitory
effect in human plasma than in broth (27). Different
extracts like PCA diallyldisulfide (DADS), roselle
calyx, and diallyltrisulfide (DAT extract) were
found to have in vitro inhibitory effects on the
growth of Helicobacter pylori (H. pylori) (15 sus-
ceptible, 11 clarithromycin-resistant and 9 metron-
idazole-resistant strains). Tube dilution assay was
used to find the minimal inhibitory concentration
(MIC) of every agent. Urease activity of resistant
and susceptible H. pylori was decreased by PCA
(28). In addition, PCA produced by ferulic acid
through bioconversion was studied in plant-growth-
promoting Pseudomonas putida WCS358 and it

was found that the strongest induction of genes was
done by PCA (29) that was used to find growth of
Azotobacter in chemically defined media contain-
ing p-hydroxybenzoic acid (30).

The anti-aerobic and anti-oxidative effects of
PCA and roselle calyx in ground beef were deter-
mined revealing that growth of various bacteria and
lipid oxidation was decreased in ground beef. So it
was also found that PCA could be used for the pre-
vention of microbial growth in foods (28).

Antibacterial activity

Roselle calyx and PCA extracts (both aqueous
and ethanolic) were found to have antibacterial
activities on some food spoiling bacteria, where
PCA and roselle calyx had inhibitory effects on test
bacteria present on ground beef and apple juice. This
concept can be used to prevent contamination from
bacteria, as an additive industry (31). The influence
of PCA on murine cytochrome P450 and phase II

Table 2. Sources of protocatechuic acid and their activities.

No. Sources Activities References  

1. Vitis vinifera Antioxidant (6)

2. Ciboti umbarometz Antioxidant (19)

3. Hibiscus sabdariffa Antihypertensive, hepatoprotective, and anti-inflammatory (23)

4. Hedera helix Bronchodilatory, antispasmodic activity (24)

5. Fruit of Phyllanthus Anti-inflammatory, analgesic activity (27)
emblica

6. Saliva miltiorrhiza Antiviral, antiatherosclerotic, Hyperlipidenic and ischemic (25, 26)
heart disease protective 

7. Alpiniao xyphylla Antiageing (28)

8. Human metabolite of Antioxidant (14)
Cyanidin glycosides 

9. Euterpeoleracea Antioxidant, anti-inflammatory, antiproliferative (20)
and cardioprotective 

10. Allium cepa Antifungal (4, 21)

11. Oryza sativa Cancer chemopreventive (3)

12. Cinnamomum aromaticum Antioxidant (4)

13. Ginkgo biloba L. Antioxidant (12)

14. Prunusa mygdalus Antioxidant (7)

15. Prunus domestica L. Antioxidant (5)

16. Agaricus bisporus or Chemopreventive (24)
Phellinus linteus

17. Hibiscus sabdariffa Antibacterial, nephroprotective activity (10, 11, 15)

18. Boswelli adalzielii Antispasmodic (22)

19. Hypericum perforatum L. Antioxidant (13)

20. Ribesuva crispa L. Antioxidant (6)  
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enzymes was examined and mutagenicity and/or
carcinogenicity of amine derivatives and polycyclic
aromatic hydrocarbons were found to be decreased
by injecting PCA into rodents. This effect was found
to be dose- and tissue-dependent (32).

The antibacterial activity of PCA was deter-
mined against Gram-positive and Gram-negative
bacteria by microdilution assay. It was noticed that
PCA successfully inhibited its growth due to mem-
brane lysis of bacteria, so PCA can be used as natu-
ral preservative (33).

Neuroprotective effects

The neuroprotective effects of PCA, extracted
from Alpinia oxyphylla, on H2O2 resulted in apopto-
sis and oxidative stress in cultured PC12 cells.
Apoptotic cell death by H2O2 was dose-dependent.
Enhanced effect of PCA on protecting PC12 cells
against apoptosis, augmented glutathione (GSH)
level and an increase in catalytic activity was inves-
tigated by flow cytometric analysis (34).

Neuroprotective mechanism of PCA was stud-
ied by finding the activities of endogenous antioxi-
dants and the content of lipid peroxide in brain by
calculating cell viability through (4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
and lactate dehydrogenase (LDH) assays. As a
result, PCA promoted cell growth by quenching
H2O2 (35). It can encourage the neuronal demarca-
tion combined with fetal bovine serum (FBS) in
vitro, neuronal maturation and neurite outgrowth. In
addition, PCA-induced viability was also mediated
with endogenous antioxidant enzymes activation.
Furthermore, PCA can serve as a tool to help in
brain recovery, and thus may be responsible for neu-
rodegenerative disease repair (36).

Ethyl ester of PCA, silymarin and piracetam
were found to be neuroprotective towards cerebral
global ischemic/reperfusion in rat model by per-
forming a bilateral common carotid artery occlusion
(BCCAO) on rat models using a traumatic clamp
followed by reperfusion. Treatment with PCA has
ability to enhance the endogenous defense func-
tions. Silymarin was found to have better neuropro-
tection so can be clinically assessed for human use
(37). Neurotrophic effects of PCA on cultured corti-
cal neurons were investigated by real time PCR and
the signaling pathways activated by PCA were stud-
ied by antagonists. PCA-induced neurite outgrowth
and neuronal survival in cultured cortical neurons
were blocked by LY294002 (a PI3K inhibitor) and
ZM241385 (an A2A receptor antagonist) but phos-
phorylation of AKT (associated with neurotrophic
activity) was enhanced by PCA (38).

Anticancer activity

In cytotoxic assays, PCA causes cell death in
HepG2 cancerous cell line of liver showing that
PCA stimulates the c-Jun N-terminal kinase (JNK)
and p38 subgroups of the mitogen-activated protein
kinase (MAPK) family (39). The effect of PCA on
apoptotic cell death in PC12 cells and on MPP-
induced mitochondrial dysfunction was studied. The
loss of mitochondrial membrane potential and reac-
tive oxygen species (ROS) was the cause of apopto-
sis in MPP-induced PC12 cells. Mitochondrial dys-
functioning was significantly reduced when PC12
cells were treated with PCA (40).

The effects of PCA on H2O2 or MPP-induced
apoptosis in in vitro rotenone model were observed
through treatment of PC12 cells with PCA. PCA had
the capacity to block the retinone induced apoptotic
death of cells (41). Neural stem cells (NSC)
obtained from the embryos of old rats were propa-
gated and then cultured with and without PCA. Cell
proliferation was detected by bromodeoxyuridine
(BrdU) labeling. In fact, PCA also reduces apoptot-
ic activity and ROS level in NSC (42).

Evaluation of PCA as a degradation product of
cyanidin 3-O-β-D-glucopyranoside (Cy-3-G) in
plasma of rats was done by high performance liquid
chromatography (HPLC) but formation of PCA was
not detected in rats revealing that PCA was not the
major metabolite in liver of rats (43). Major human
metabolite of cyanidin glucosides (CyG) is PCA. It
was found by analysis of blood, fecal and urine sam-
ples of healthy people who consumed 6 liters of
blood orange (a variety of orange with crimson hav-
ing blood like color) juice. Native CyG were evalu-
ated by HPLC/MS/MS and the found major metabo-
lite was PCA out of 73% injected CyG (43).

It has been observed that PCA derived from
Alpinia was found to enhance migration capacity of
human adipose tissue-derived stromal cells
(hADSCs), used in transplantation for regeneration
of injured tissues. The presence of PCA increased
the rate of migration of hADSCs, dependent on dose
and time. It also enhanced the movement of
hADSCs in vitro because of expression of MT1-
MMP and the increase of matrix metalloproteinase-
2 (MMP-2) zymogen activation. Thermophillic bac-
teria were used as a degrading agent for naphthalene
and the pathway for naphthalene formation passes
through the PCA production. The metabolites were
determined by GC-MS, protocatechuic intermedi-
ates detected in supernatant culture showed that the
degradation of naphthalene by Geobacillus sp. G27
occurred through PCA by ortho-cleavage pathway
(44).
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Moreover, PCA was found to be beneficial
against reproductive toxicity due to 2,3,7,8-tetra-
chlorodibenzo-p-dioxin (TCDD), a pollutant of
environment. The study was done on rats by bio-
chemical assay. Toxic effects of TCDD were
reduced by treating rats with PCA (21). Action of
PCA in hADSCs was found to increase the cell pro-
liferation in dose dependent manner and elevation in
expression of cyclin D1. When DNA content was
analyzed by flow cytometric analysis, the cell cycle
progressed from G0/G1 phase to the S phase showing
retention of functional characteristics of cells (45).

Anti-anginal effect

It is observed that when rat heart perfusion
with PCA was performed, it undergoes methylation
in microsomes and cytosol. It is followed by diffu-
sion of methylated metabolite into mitochondria that
ultimately lead to conversion into acetyl-CoA
thioester. The decrease in fatty acid oxidation
(FAO) lead to conversion of fatty acid to glucose,
which is beneficial for ischemic heart thereby giving
anti-anginal effect (46).

Anti-aging potential

In a study, PCA showed anti-inflammatory and
anti-glycative effects on mice brain when treated
with D-galactose (DG). PCA could reduce level of
ROS, sorbitol and fructose produced by increased
levels of DG reducing the ageing phenomenon (47).
Intraperitoneal injection of PCA was given to young
and aged rats at a single dose. It was found that PCA
raised weights of spleen, raised the activities of
GSH-PX (glutathione peroxidase) and CAT (cata-
lase) and lowered MDA level of aged rats; it
revealed the scope of PCA in age associated disor-
ders (48). PCA, isolated from Veronica peregrina,
was found to decrease the aging in wild type worms
and increase the progeny production due to decrease
in ROS. So PCA can be studied as an anti-aging
agent for human (49).

Anti-athrogenic effect

It was found that cyanide-3-O-β-glucoside
(Cy-3-G) and its metabolites have anti-athrogenic
property and PCA efficiently increases Cy-3-G level
in apolipoprotein E deficient mouse model (50).

Anti-inflammatory, antioxidant and antitumoral

activities

In vivo protective effect on acute lung injury
was investigated. In fact, PCA inhibited inflamma-
tory cytokinins tumor necrosis factor α (TNF-α),
interleukin-1 β (IL-1β), and IL-6 in mice having

lipolysaccharide induced lung injury through NF-κB
inhibition pathway (51).

Effect of PCA on histological injury caused by
intestinal ischemia/reperfusion (I/R) was studied in
murine intestinal I/R model. After pretreatment with
PCA, I/R induced lung injury was reduced by
decrease in tumor necrosis factor, interleukin 6, and
caspase-3 expression level and by down-regulation
of p66shc expression and phosphorylation (52).
From the result of heat-treated Chinese quince
polyphenols (CP) on plasma antioxidant action and
the plasma levels of aromatic acids after oral appli-
cation to rats, significant increase in antioxidant
activity was observed by the ferric reducing ability
of plasma (FRAP) method when heat treatment is
given to CP for 2 hours (CPT-2) (49).

Outcome of PCA pretreatment of defending
intestinal I/R-induced local intestine and distant
liver injury in mice was investigated. Intestinal I/R
was established and PCA-induced adaptor protein
p66shc inhibition was the main phenomenon that
protects intestine from I/R injury. These defensive
result of PCA might be credited to the repression of
p66shc and the regulation of p66shc-related antiox-
idative and antiapoptotic phenomenon (53).

Toxic effects of TCDD and preventive effects
of PCA on heart tissues of rats were investigated
revealing that toxic effects caused by TCDD were
partially prevented by PCA treatment. This treat-
ment improved the histopathological alterations e.g.,
necrosis through its antioxidant effect (54). The role
of PCA on human brain microvascular endothelial
cell line (HBMEC) proliferation, invasion and tube
formation in vitro was studied and MTT was used to
test proliferation of HBMEC by scratch adhesion
tests. Resultantly, PCA enhanced angiogenesis in
vitro by enhancing proliferation, invasion and tube
formation (55).

Anti-asthma activity

Anti-asthma activity of PCA in mice sensitized
to ovalbumin (OVA) was studied. Treatment with
PCA decreased OVA-induced airway hyper-respon-
siveness to inhaled methacholine. Cell inflammation
and mucus hypersecretion was also decreased by
PCA. Thus, PCA can be useful for treating the asth-
ma (56).

CONCLUSION

As a conclusion, PCA is an excellent natural
compound which possesses anti-inflammatory,
antioxidant, anti-hyperglycemia, antibacterial, anti-
cancer, anti-ageing, anti-athrogenic, anti-tumoral,
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anti-asthma, antiulcer, antispasmodic and neurolog-
ical properties. It can further be explored for its
potential to be assessed with other compounds for
any possible synergestic effect.
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Renal failure is a condition in which the kid-
neys fail to adequately filter waste products from the
blood. The two main types are acute renal damage,
which is often reversible with adequate manage-
ment, and chronic kidney damage, which is often
not reversible. Renal failure is mainly determined by
a decrease in glomerular filtration rate. Long term
kidney problems are coupled with an increased risk
of heart diseases (1).

Acute renal damage is accompanied with rapid
and progressive loss of renal function characterized
by decreased urine production, quantified as less
than 400 mL per day in adults (2). On the other
hand, diuretics are the agents which cause an
increase in the urinary output. These drugs are gen-
erally used in the treatment of hypertension, pul-
monary and systemic edema (3). Overuse of several
drugs such as aspirin, ibuprofen and acetaminophen
may lead to chronic renal damage (4).

Many indigenous drugs have been claimed to
have diuretic effect in Ayurvedic system of medi-
cine but they were not properly investigated (5).
Pakistan, especially northern areas of Pakistan, is a

rich source of medicinal plants and a number of
plants extracts are used against diseases in various
systems of medicine as Ayurveda, Unani, and
Siddha. Only a few of them have been scientifically
explored. Plant derived natural products such as
flavonoids, terpenes, alkaloids, carbohydrates and
tannins have got considerable attention in recent
years due to diverse pharmacological properties.
Several indigenous plant extracts were found effec-
tive against various renal diseases according to the
literature search, including the most important two,
i.e., Cucumis melo and Berberis vulgaris.

Therefore, in this article, the two renal impor-
tant medicinal plants of Pakistan, namely, Cucumis
melo and Berberis vulgaris were crucially, pharma-
cologically reviewed to elaborate their importance
in health care.

METHODOLOGY

Data were collected through internet search on
Science direct, PubMed and Google (6). The key
words used for this search were: renal damage, herbs
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used in Pakistan for the treatment of renal disease,
Cucumis melo and Berberis vulgaris. Indigenous
medicinal herbs were selected on the basis of their
importance in the treatment of renal damage. All the
references and claims were thoroughly rechecked
with the literature. 

RESULTS AND DISCUSSION

Cucumis melo Linn. belongs to the family
Cucurbitaceae. It is a beautiful, juicy and delicious
fruit known for its medicinal and nutritional proper-
ties. The origin of the plant has been disputed, but
literature indicates south and east Africa. However,
it is found and cultivated throughout the world.
Fruits vary in size, shape and rind. The outer skin
may be smooth or netted. The leaf is large, dark
green and rough. It has somewhat heart shape, ovate
or angled with 5-7 lobes. The petioles are 4-10 cm
long with simple tendrils. Male and female, yellow
flowers are present on a same plant. Flowers are sta-
minate, clustered, pistillate, solitary or hermaphro-
dite with 1-3 cm diameter. Calyx is 5 lobed; 6-8 mm
long. Petals are free, round in shape, 2 cm long with
3 stamens (7). Phytochemical studies revealed that
the seeds of Cucumis melo contain chromone deriv-
atives, phenolic glycoside, arginine, aspartic and
glutamic acids, α-galactosidases, dihydroxytriter-
penes, sitosterol 2, and β-sitosterol etc. (8-12). The
active principles in these vegetal extracts are princi-
pally water soluble or lipophilic antioxidant mole-
cules. Mops of these plant extracts contained vari-
ous amounts of vitamin E, C, carotenes, triter-
penoids and other flavonoids (13) and were used as
potential antioxidant prophylactic agents for both
health and disease management (14). The seeds are
having lithotriptic, laxative, demulcent and cooling
properties. In traditional medicine seed kernel is
commonly used in renal disorders such as kidney
and bladder stones, painful and burning micturation,
ulcers in the urinary tract, suppression of urine,
jaundice, vitiligo, ascites, chronic fevers, inflamma-
tion of the liver and kidney, and in general debility
(15-17). 

Its seeds are commonly used as diuretic. These
are also cooling and nutrient. The pulp of fruit is
also diuretic (18) useful in chronic eczema (19) and
as anthelmintic (20). Further, it is used in painful
micturition and suppression of urine (21). The plant
has been reported with strong antiulcer activities,
due to its antioxidant potential (22). Anti-hyperlipi-
demic activity of C. melo fruit peel extract in triton
induced hyperlipidemia has also been reported in
rats as equipotent as atorvastatin (23).

Earlier studies on the Cucurbitaceae family
showed that C. melo pulp extract possesses high
antioxidant and anti-inflammatory properties (24).
Anti-diabetic properties of the seed extract on strep-
tozotocin induced diabetic rats have also been
reported (25). Concludingly, C. melo fruit has been
traditionally used for their diuretic, antihelmentic
and cooling effect. It is a good source for appetite,
weight loss, urinary tract infections, constipation,
acidity, and ulcers (26). It is recommended for the
treatment of cardiovascular diseases, anti-tussive,
stomachic, as a vermifuge, as analgesic and anti-
inflammatory (7). Adekunle and Oluvo reported the
anti-fungal effect of C. melon var agrestis, on A.
flavus, A. niger, A. wenti, Botrodiplodia theobromae,
Penicillium pinophylum, Mucor species,
Phycomyces species and Rhizopus species (27).

Barberry (Berberis vulgaris L. family Berberi-
daceae), which grows in Asia and Europe, is a shrub
with yellow wood and obovate leaves, bearing pen-
dulous yellow flowers succeeded by oblong red col-
ored fruits. The constituents reported in this plant
are berberine, berbamine, palmatine, oxyacanthine,
malic acid and berberubin (28). The plant is a shrub,
1-3 m tall, spiny, with yellow wood and obviate
leaves, bearing pendulous yellow flowers succeeded
by oblong red berries (28, 29). It has leathery leaves
that are egg-shaped and little red fruits in the form of
clusters hanging from the branches. Barberry has a
long history of use in traditional eastern and western
herbalism (30). Berberis vulgaris as well as other
berberine (BER) containing plants (31) are used
medicinally in virtually all-traditional medical sys-
tems, and have a history of usage in Ayurvedic,
Iranian and Chinese medicine dating back at least
3,000 years (32). Barberries contain organic acids
and phenol compounds that contain anthocyanin and
carotenoid pigments as well as phenolase, polyphe-
nolase and glycosidase enzymes. Medicinal proper-
ties for all parts of the plant have been reported,
including tonic, antimicrobial, antiemetic, antipyret-
ic, antipruritic and cholagogue actions and it has
been used in some cases like cholecystitis,
cholelithiasis, jaundice, dysentery, leishmaniasis,
malaria and gall stones (28, 29, 33).

In Iranian traditional medicine, several proper-
ties such as antibacterial, antiemetic, antipyretic and
antipruritic has been reported for different parts of
B. vulgaris (28, 33, 34). Meanwhile, several phar-
macological studies on berberine, an isoquinoline
alkaloid found in the root, bark and fruit of B. vul-
garis, have demonstrated that it possesses anti-
inflammatory, antinociceptive, hypoglycemic and
hypolipidemic effects (35-39). 
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Barberry fruit is extensively used as food additive
and its juice is recommended to cure cholecystitis
(28). Nevertheless, little pharmacological studies
have been performed on barberry fruit. It has been
shown that the crude extract of barberry fruit pos-
sesses the antihistaminic and anticholinergic activi-
ties (40).

Further, the pharmacologic actions of berber-
ine also include metabolic inhibition of certain
organisms, inhibition of bacterial enterotoxin forma-
tion, inhibition of intestinal fluid accumulation and
ion secretion, inhibition of smooth muscle contrac-
tion, reduction of inflammation, platelet aggregation
inhibition, platelet count elevation in certain types
of thrombocytopenia, stimulation of bile and biliru-
bin secretion, and inhibition of ventricular tachy-
arrhythmias (41, 42).

Ancient Egyptians used barberry fruit with fen-
nel seeds to ward off pestilent fevers (30). Indian
ayurvedic physicians used barberry in the treatment
of dysentery and traditional Iranian medicine uses
its fruit as a sedative (30, 43). In northern Europe,
barberry was used to treat gall bladder and liver
problems, while it was used in the treatment of
abnormal uterine bleeds and rheumatism in Russia
and Bulgaria (44, 45). In North America, the
Eclectics used barberry for treatment of malaria and
as a general tonic (46). Also, the American Indians
found it effective in improving appetite and used its
dried fruit as a gargle (47, 48).

CONCLUSION

The present article demonstrates the pharmaco-
logical importance of two selected indigenous
medicinal plants in renal diseases, with a prospec-
tive pharmacological review. According to the stud-
ied literature, Cucumis melo, was found with both
nutritive and medicinal properties. Therefore, the
kidney patients are advised to use more and more
fruits of this particular specie, especially their seeds
are crushed and take with plenty of water; to
increase the working tone of kidneys.

Acknowledgment

The University of Swabi, has been highly
acknowledged for support. 

REFERENCES

1. Liao M.T., Sung C.C., Hung K.C., Wu C.C., Lo
L., Lu K.C.: J. Biomed. Biotechnol. 691369
(2012).

2. Klahr S., Miller S.B.: New Eng. J. Med. 338,
671 (1998).

3. Danamma B., Kumari K.A., Goud B.J., Basha
S.N.: Int. J. Pharm. Biol. Sci. 1, 160 (2011).

4. Perneger T.V., Whelton P.K., Klag M.J.: New
Eng. J. Med. 331, 1675 (1994).

5. Samuilla D.S., Harsh M.S.: Indian J.
Pharmacol. 32, 112 (2000).

6. Nasim M.J., Hasan bin Asad M.H., Sabih D.E.,
Ikram R.M., Hussain M.S. et al.: Acta Pol.
Pharm. Drug Res. 71, 3 (2014). 

7. Milind P., Kulwant S.: Int. Res. J. Pharm. 2, 52
(2011).

8. Chen C., Qiang S., Lou L., Zhao W.: J. Nat.
Prod. 72, 824 (2009). 

9. Ibrahim S.R.: Nat. Prod. Commun. 5, 403
(2010). 

10. Mian-hao H., Yansong A.: Int. J. Food Sci.
Tech. 42, 1397 (2007). 

11. Gao Z., Schaffer A.A.: Plant Physiol. 119, 979
(1999). 

12. Akihisa T., Kimura Y., Kasahara Y., Kumaki
K., Thakur S., Tamura T.: Phytochemistry 46,
1261 (1997).

13. Aruoma O.I.: Mutation Res. 523, 9 (2003).
14. Peng J., Jones G.L., Watson K.: Free Radic.

Biol. Med. 28, 1598 (2000).
15. Baitar I.E.: Aljamaiul Mufradat-ul Advia Wal

Aghzia, p. 248, CCRUM, New Delhi 2003. 
16. Kabiruddin M.: Makhzanul Mufradat, p. 273,

Sheikh Mohammad Bashir & Sons, Lahore,
Pakistan 1951. 

17. Ibn-e-Rushd A.W.M.B.: Kitabul kulliyat, p.
255, CCRUM, New Delhi 1980. 

18. Nadkarni A.K.: Indian Materia Medica, p. 338,
3rd edn., Popular Book Depot, Bombay 1954.

19. Kirtikar K.R., Basu B.D.: Indian Medicinal
Plants, p. 179, 2nd edn., Mohan Basu,
Allahabad, India 1933.

20. Zinchenko T.V., Mindlin M.Z., Prokopovich
N.N.: Farmakol. Toksikol. 18, 41 (1955).

21. Chopra R.N., Chopra I., Hand K.L., Kapur
L.D.: Indigenous drugs of India, p. 67, Dhur and
Sons Private Ltd., Calcutta 1958.

22. Yuan Y., Padol I.T., Hunt R.H.: Nat. Clin.
Pract. Gastroenterol. Hepatol. 3, 80 (2006).

23. Ghanwat D.D., Bidkar J.S., Bhujbal M.D.,
Dama G.Y.: Int. J. Univers. Pharm. Bio Sci. 1,
1 (2012).

24. Vouldoukis I., Lancan D., Kamate P., Coste P.,
Calenda A., Mazier D.: J. Ethnopharmacol. 94,
67 (2004).

25. Sathishsekar D., Subramanian S.: Asia Pac. J.
Clin. Nutr. 14, 153 (2005).



654 NAVEED ULLAH et al.

26. Desai B.B.: Seeds Handbook: Biology,
Production, Processing and Storage, 2nd edn.,
p. 103, CRC Press, New York 2004.

27. Adekunle A.A., Oluvo A.A.: Am. J. Food
Technol. 3, 141 (2008).

28. Zargari A.: Medicinal Plants, p. 68, Tehran
University Press, Tehran 1983. 

29. Amin Gh.: Popular Medicinal Plants of Iran, p.
114, Health Ministry Press, Tehran 1991.

30. Chevallier A.: The Encyclopedia of Medicinal
Plants, St. Leonards, Dorling Kindersley 2001.

31. Souri E.A.G., Dehmobed-Sharifabadi A., Nazifi
A., Farsam H.: Iranian J. Pharm. Res. 3, 55
(2004).

32. Timothy C.B.N., Gregory S., Kelly N.D.:
Altern. Med. Rev. 2, 94 (1997).

33. Nafissi A.: Foods and Drinks Properties, p. 150,
Isfehan University Press, Isfehan 1990.

34. Aynehchi Y.: Pharmacognosy and Medicinal
Plants of Iran, p. 1041, Tehran University Press,
Tehran 1986. 

35. Kupeli E., Kosar M., Yesilada E., Husnu K.,
Baser C.: Life Sci. 72, 645 (2002). 

36. Leng S.H., Lu F.E., Xu L.J.: Acta Pharmacol.
Sin. 25, 496 (2004). 

37. Ko B.S., Choi S.B., Park S.K., Jang J.S., Kim
Y.E., Park S.: Biol. Pharm. Bull. 28, 1431
(2005). 

38. Pan G.Y., Huang Z.J., Wang G.J., Fawcett J.P.,
Liu X.D., Zhao X.C., Sun J.G., Xie Y.Y.: Planta
Med. 69, 632 (2003). 

39. Kong W., Wei J., Abidi P., Lin M., Inaba S., Li
C., Wang Y. et al.: Nat. Med. 10, 1344 (2004). 

40. Shamsa F., Ahmadiani A., Khosrokhavar R.: J.
Ethnopharmacol. 64, 161 (1999).

41. Birdsall T.C., Kelly G.S.: Altern. Med. Rev. 2,
94 (1997).

42. Akhter M.H., Sabir M., Bhide N.K.: Indian J.
Med. Res. 70, 233 (1979). 

43. Kunwar R.M., Nepal B.K., Kshhetri H.B., Rai
S.K., Bussmann R.W.: J. Ethnobiol. Ethnomed.
2, 27 (2006).

44. Fatehi-Hassanabad Z., Jafarzadeh M., Tarhini
A., Fatehi M.: Phytother. Res. 19, 222 (2005).

45. Ivanovska N., Philipov S.: Int. J.
Immunopharmacol. 18, 553 (1996).

46. Imanshahidi M., Hosseinzadeh H.: Phytother.
Res. 22, 999 (2008).

47. Mills S., Bone K.: Principals and Practice of
Phytotherapy, Churchill Livingstone,
Edinburgh 2000.

48. Bone K.: A Clinical Guide to Blending Liquid
Herbs: herbal formulations for the individual
patient, Churchill Livingstone, St Louis,
Missouri 2003.

Received: 31. 12. 2014



Acta Poloniae Pharmaceutica ñ Drug Research, Vol. 72 No. 4 pp. 655ñ661, 2015 ISSN 0001-6837
Polish Pharmaceutical Society

Herbal medicines are often in focus of extensive
research. The reason for this is the fact that medicinal
plants are rich sources of not only biologically active
substances, and also of vast pool of macro- and
microelements. These essential elements together
with the organic compounds create natural complex-
es, in which all constituents are balanced, and can act
simultaneously on the human organism. Therefore
nowadays, an important problem for researchers is to
recognize not only total concentration of essential ele-
ments or separated secondary metabolites present in
herbal medicines, but rather their interactions and the
species, which are eventually absorbed from natural
drugs by human organism (1, 2).

An alternative for the complete identification
and monitoring of potentially relevant chemical
species present in medicinal plants, so called ìtar-
geted approachî, can be the non-targeted metabolic
profiling (fingerprinting) approach. This non-target-
ed approach is particularly important for detecting
effects, which are based upon interactions of inor-
ganic and organic plant constituents, because neither

the identity of interested species nor the exact mech-
anism of interaction is previously known. A typical
example of such an interaction is the interaction of
electro-active metals with flavonoids, which could
have an impact on therapeutic effects of plants. 

In plant kingdom, flavonoids are ubiquitous
secondary metabolites with numerous positive
impacts on human organism. Among them are scav-
enging effects on superoxide radicals (3), antioxi-
dant and antimutagenic activities, and reducing the
risk of cardiovascular disease and stroke (4).
Flavonoids, among other polyphenolic compounds,
can also be preventive agents against cancer,
because they have ability to modulate enzyme activ-
ities resulting in decreased carcinogenicity of xeno-
biotics that are responsible for oxidative stress
induced cancer (5). The main sources of flavonoids
in humanís diet constitute vegetables, fruits, juices
from fruits, red wine, as well as black and green tea
(6). However, herbal infusions prepared from sever-
al medicinal plant, drunk by patients regularly, can
be rich sources of flavonoids, too.

ANALYSIS

ELECTROCHEMICAL FINGERPRINT STUDIES OF SELECTED MEDICINAL
PLANTS RICH IN FLAVONOIDS

PAWE£ KONIECZY—SKI* 

Department of Analytical Chemistry, Medical University of Gdansk, Gen. J. Hallera 107, 
80-416 GdaÒsk, Poland

Abstract: The combination of a size-exclusion column (SEC) with electrochemical (voltammetric) detection at
a boron-doped diamond electrode (BDDE) was applied for studying the correlations between electroactive Cu
and Fe species with phenolic groups of flavonoids. For comparison with electrochemical results, SEC-HPLC-
DAD detection was used. The studied plant material comprised of: Betula verrucosa Ehrh., Equisetum arvense
L., Polygonum aviculare L., Viola tricolor L., Crataegus oxyacantha L., Sambucus nigra L. and Helichrysum
arenarium (L.) Moench. Based upon the results, high negative correlation was found for the chromatographic
peak currents at 45 min with the sum of Cu and Fe for the aqueous extracts of Sambucus, Crataegus and Betula
species, and for the peak currents at 65 min of the aqueous extracts of Sambucus, Crataegus, Helichrysum and
Betula botanical species. This behavior confirms that it is mainly the flavonoids with easily oxidizable pheno-
lic groups which are strongly influenced by the presence of Cu and Fe. Moreover, the electrochemical profiles
obtained thanks to the use of HPLC hyphenated with voltammetric detection can be potentially applied for fin-
gerprint studies of the plant materials used in medicine.

Keywords: electrochemical profiling, medicinal plants, voltammetric detection, boron-doped diamond elec-
trode (BDDE), redox-active metals (Fe and Cu)

655

* Corresponding author: e-mail: pawelkon@gumed.edu.pl; phone: +48 58 3491523



656 PAWE£ KONIECZY—SKI

The investigations leading to establishing the
metabolic fingerprints of plant extracts using ESI-
MS hyphenated technique have already been done
(7), as well as there were some studies based on
HPLC fingerprinting of traditional Chinese herbal
drugs (8, 9). The application of HPLC fingerprint
based on selected phenolic acids analysis in Melissa
officinalis L. medicinal herb has recently been
reported (10). Several studies were also conducted,
in which electrochemical techniques were applied in
order to study the metabolic profiles of herbal drugs.
Among them were potentiometric fingerprint tech-
niques used for the analysis of liquid extracts of
Eurycoma longifolia, a medicinal plant originating
from Malaysia (11), and cyclic voltammetry used
for studying of interactions among flavonoids and
Cu(II) and Fe(III) species in the roots of Brazilian
plant Dioclea grandifolia, used in folk medicine
(12). Cyclic and differential pulse voltammetry were
also applied as analytical tools for characterization
of electrochemistry of flavonoids in order to detect
their interactions with Cu (13). The working elec-
trodes used in this investigation were pencil graphite
electrodes.

Among different electrodes used in electro-
chemical profiling studies, one of particular impor-
tance has been boron doped diamond electrode
(BDDE), which was applied for estimation of total
phenols in food (tea and fruit juice samples) (14).
BDDE as working electrode has several advantages,
such as its high sensitivity to electrochemically
active natural substances, high electrochemical and
mechanical stability and minimized fouling effects,
which assures good reproducibility. This latter point
is advantageous for the application to medicinal
plant extracts, because they contain high amounts of
compounds that normally, when glassy carbon elec-
trode is used, result in electrode fouling by irre-
versible adsorption to the electrode. Interactions of
flavonoids with electro-active species of metals
have been studied previously in leaves of Ginkgo
biloba L. (15) Several complexes of selected
flavonoids with Cu(II), Fe(II) and Fe(III) were also
identified by Malesev and Kuntic (16). 

Therefore, the main objectives of the investiga-
tion were to establish an electrochemical metabolic
profiling (fingerprint) method for medicinal plants
rich in flavonoids, and to apply this method to plants
with different flavonoid and electro-active metals
(Fe and Cu) contents. Moreover, the goal was also to
find correlations between electrochemical profiles
and these metals, in order to reveal possible interac-
tions which potentially could be related to biological
activity of the studied plants.

EXPERIMENTAL

Plant material

The studied plant material comprised of the
following botanical species of medicinal plants:
Betula verrucosa Ehrh., Equisetum arvense L.,
Polygonum aviculare L., Viola tricolor L., Crataegus
oxyacantha L., Sambucus nigra L. and Helichrysum
arenarium (L.) Moench. All of them were bought at
a pharmacy and originated from ìKawonî Polish
herbal firm. Prior to analysis, they were ground
using Knifetec (Foss Tecator, Denmark) sample mill
and were kept in plastic containers.

Extraction

The samples of 1.0 g of each plant material
were weighed using the analytical balance. Then to
each of the samples 25.0 mL of deionized water at
90OC was added, stirred with electromagnetic stirrer
during 20 min, and filtered immediately through
Selecta ìfalten filterî. The obtained filtrate was used
for HPLC determinations always freshly prepared.

Ultrafiltration
The samples were ultrafiltrated by centrifuga-

tion at 3000 rpm for 20 min, then 3900 rpm for 60
min, then 4500 rpm for 120 min using Rotixa/P cen-
trifuge (Hettich, Germany) with Centriprep
Millipore YM-10 (10,000 nmwl) filters and ana-
lyzed by SEC-HPLC-DAD.

SEC-HPLC-DAD detection

For dilution of the filtrates obtained as
described above, 0.1 mol/L phosphate buffer of pH
= 7.0 was used. It was prepared each week by dis-
solving of appropriate amount of Na2HPO4 ◊ 2 H2O
in deionized water.

For the separation, the size-exclusion chro-
matographic column Shodex OHpak SB-802HQ
with 20 µL sample loop, and with the Merck-Hitachi
L-4500 Diode Array Detector, were used. The same
SEC column was applied in our earlier investiga-
tions of aqueous extracts of medicinal plants (17).
The plant sample (filtrate) was diluted (1 + 1) with
0.1 mol/L phosphate buffer, and before injection to
the chromatographic column, it was filtered through
Osmonics Cameo 3N syringe filter of 0.22 micron.

SEC-HPLC-ELC detection

Two electrochemical detectors of the same
type: Metrohm 641-VA, were used, connected to the
same chromatographic column, as in case of HPLC-
DAD. Knauer HPLC K-1001 pump was used.
Electrochemical cell comprised of working elec-
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trode ñ 3 mm Boron Doped Diamond Electrode
(Windsor Scientific, UK), reference electrode ñ
Ag/AgCl/Cl electrode, and auxiliary electrode ñ
gold electrode. The potentials applied were as fol-
lows: +0.4 V, +0.5 V, +0.6 V, +0.7 V, +0.8 V.

Microwave digestion
In the preparation of the plant material before

determining Fe and Cu, microwave digestion of
accurately weighed plant samples (circa 1.0 g) was
performed by the use of the following mixture: 30%
H2O2 (POChem, Poland)/concentrated 65% HNO3

(Selectipur, Merck, Germany) (3 : 5, v/v). The
digestion process was done in the Uniclever BM-1z
(Plazmatronika, Poland) unit applying temperature
from 250 to 350OC and pressure from 31 to 45 atm.
After this process, the samples were transferred to
50 mL volumetric flasks and diluted with redistilled
water obtained from the quarz-glass system
(Heraeus, Switzerland). Accuracy (92.1 and 96.1%)
and precision as RSD (5 and 9%) of FAAS tech-
nique used for the determination of Fe and Cu,
respectively, were tested earlier using IC-CTA-
VTL-2 certified reference material and they were
satisfactory (18).

FAAS determination of Cu and Fe

All determinations were performed using stan-
dardized analytical methods. Iron (at λ = 248.3 nm)
and copper (at λ = 324.8 nm) were determined using
flame-AAS with a 250 Plus Atomic Absorption
Spectrometer (Varian, Australia), after microwave
digestion (total concentration) or directly in the aque-
ous extracts themselves (extractable concentration).

RESULTS AND DISCUSSION

Results of Fe and Cu determination

The reproducibility of all FAAS measurements
presented in Table 1 is good, and the measured con-

centrations are consistent with the expected values
in medicinal plants (18). Looking at the relative dif-
ference of extractable and total concentrations of Fe
and Cu, it is noticeable that only very little (0.3-
3.2%) of total Fe level is extractable, which is in
agreement with the literature data (19). In the case of
Cu, much more (4.6ñ35.4%) of this metal is water-
extractable. In particular, the high percentage of
extractable Cu in the sample of Betula is interesting,
especially because this plant material is the one in
which the lowest amount of total Cu was found. This
is a first hint that Betula behaves quite differently
compared to other studied plants.

Application of SEC-HPLC-DAD to the selected

medicinal plants

The optimized electrochemical profiling
method, i.e., size-exclusion-chromatography with
voltamperometric detection at BDDE electrode was
applied to all plant extracts, and in parallel the same
separation was done with diode-array detection sys-
tem at 200-600 nm (SEC-DAD).

Analyzing the results obtained thanks to the use
of SEC-HPLC-DAD, it can be noticed that the plants
can be grouped into three subgroups, which differ
significantly in their phenolic and flavonoid con-
tents. These substances were eluted well after the
SEC elution range below, which was between 5 and
18 min. The first group comprised of Crataegus,
Sambucus and Helichrysum aqueous extracts, which
are characterized by several SEC-DAD peaks at the
retention times less than 20 min. The second group
includes Polygonum, Equisetum and Viola extracts,
which have practically no peaks in the retention
range less higher than 20 min. The sample of Betula
can be regarded as intermediate position between the
two groups of plants, because it can be characterized
by several peaks at retention times higher than 20
min, but not such high as obtained for Crataegus,
Sambucus and Helichrysum aqueous extracts.

Table 1. Results of determination of total and water-extractable iron and copper. The arithmetic mean ± SD is given (n = 10).

Sample Plant Total Fe Extr. Fe Extr. Fe/ Total Cu Extr. Cu Extr. Cu/
No.  sample  [mg/kg]  [mg/kg] total Fe [%]  [mg/kg] [mg/kg] total Cu [%]

1 Betula 91.3 ± 0.98 2.64 ± 0.02 2.9 6.86 ± 0.41 2.43 ± 0.30 35.4

2 Equisetum 249.9 ± 19.4 1.75 ± 0.10 0.7 7.39 ± 0.40 0.55 ± 0.03 7.4

3 Polygonum 233.1 ± 8.9 0.75 ± 0.05 0.3 8.77 ± 0.05 0.47 ± 0.02 5.4

4 Viola 287.1 ± 14.6 2.21 ± 0.09 0.8 6.04 ± 0.21 0.35 ± 0.02 5.8

5 Crataegus 122.8 ± 11.4 2.46 ± 0.05 2.0 12.7 ± 0.20 0.62 ± 0.02 4.9

6 Sambucus 123.7 ± 3.4 0.51 ± 0.07 0.4 10.8 ± 0.11 0.61 ± 0.02 5.6

7 Helichrysum 98.6 ± 4.1 3.11 ± 0.19 3.2 11.8 ± 0.48 0.54 ± 0.02 4.6 

Extr. = water-extractable species
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Electrochemical results obtained by using the

SEC-HPLC-ELC

The electrochemical SEC-HPLC-ELC data
fully confirm the data obtained for SEC-HPLC-
DAD. In particular, for Crataegus, Sambucus and

Helichrysum aqueous extracts, and also for
Betula, but with lower intensity, high concentra-
tions of flavan- and flavon-compounds were
detected. This also confirmed the earlier findings
concerning the use of the combination of SEC-

Figure 1. Chromatogram obtained by SEC-HPLC-ELC at +0.4 V

Figure 2. Chromatogram obtained by SEC-HPLC-ELC at +0.8 V
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HPLC technique with AAS detection for medici-
nal plant extracts (17). For the other extracts
(Polygonum, Equisetum and Viola), only small
peaks were detected in the respective retention
range. There are typical chromatograms regis-
tered for selected plants at +0.4 V vs. Ag/AgCl,
shown in Figure 1, as well as for all plants regis-
tered at +0.8 V (Fig. 2).

Figure 1 shows only the samples of Crataegus,
Sambucus and Betula, since only for these plants the
peaks at retention times higher than 30 min were
found. For the other analyzed plant extracts,
Polygonum, Equisetum, Helichrysum and Viola, prac-
tically no peaks were found at this potential. This also
indicates the selectivity of SEC-HPLC-ELC at lower
detection potential (+0.4 V), which is obvious taking
into consideration the fact that these plants contain
flavonoids with easy oxidizable phenolic groups (i.e.,
o-diphenolic groups), which are also potential inter-
action sites for electro-active metals. In contrast to
Figure 1, the chromatogram registered for the poten-
tial +0.8 V (high oxidation potential) shows the peaks
obtained for all plants. So it easily can be concluded
that for distinguishing the differences of electrochem-
ical behavior of all the studied plants, lower potentials
are more suitable. Moreover, trying to point out the
differences between the SEC-HPLC-DAD and SEC-
HPLC-ELC, it can be stated that the electrochemical
detection is much more sensitive, more peaks are
detected using electrochemical detection at +0.8 V,
and electrochemical detection at lower potentials,
+0.4 V, is more selective.

Correlation of the SEC-HPLC-DAD and SEC-

HPLC-ELC detection with Fe and Cu

Firstly, correlation analysis was performed for
the investigated electro-active metals and their
water-extractable species. It was revealed that a neg-
ative correlation of total Cu versus total Fe exists, as
shown in Figure 3. It is not clear, if this correlation
is somehow related to the flavonoids. It could be due
also to some metal uptake and/or transport mecha-
nism. The inverse correlation (if Cu decreases, Fe
increases and vice versa) could point to some limita-
tion in binding sites or competition for them, also in
transport capacity etc. Therefore, the following dis-
cussion was not focused in Cu and Fe separately, but
the sum (in mol/L) of both metals, too.

As anticipated from the well-known electro-
chemical properties of flavonoids (15, 16) and other
phenolic compounds (12), the SEC-HPLC-ELC
analyses confirmed the possibility to detect selec-
tively those phenolic functional groups that are most
important for the interaction with metals. These
phenolic groups include the easily oxidizable o-
diphenolic groups at potentials lower than +0.5 V.
Together with the chromatographic separation,
which separates chemically similar compounds
(e.g., flavons and flavans), it should be possible to
find statistically significant correlations between
metals and different types of easily oxidizable
flavonoids. This is demonstrated in Figures 4 and 5,
using the ìflavan-peakí (at 45 min) and the ìflavon-
peakî (at 65 min), respectively. In both figures the
peak current at the detection potential +0.5 V (Ip in

Figure 3. Correlation of Fe and Cu concentrations (both in mol/L) in the studied plants
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nA) was plotted versus the sum of extractable Cu
and Fe.

A very good correlation coefficient (r = 0.99)
was found for the peak currents registered at 45 min

with the sum of Cu and Fe for Crataegus (1),
Sambucus (2) and Betula (3) (Fig. 4), and also a
good correlation (r = 0.97) for the peak currents at
65 min with the sum of Cu and Fe for Crataegus (1),

Figure 4. Correlation of the electrochemical detection at 45 min with the sum of extractable Fe and Cu. Crataegus (1), Sambucus (2) and
Betula (3)

Figure 5. Correlation of the electrochemical detection at 65 min with the sum of extractable Fe and Cu. Crataegus (1), Sambucus (2),
Betula (3), and Helichrysum (4)
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Sambucus (2), Betula (3), and Helichrysum (4), as
shown in Figure 5. For the other plants (Polygonum,
Equisetum, Viola and, for Figure 4, also
Helichrysum) there was absolutely no correlation,
and the respective data points are on the x-axis. The
difference in the behavior of Helichrysum included
in the good correlation of Figure 5, but excluded in
Figure 4 can be explained by the fact that
Helichrysum extract has no electrochemically
detectable flavonoids at 45 min.

It should be noted that the good correlation for
the three (Fig. 4) or four plants (Fig. 5) is not
obtained, if the detection potential is raised above
+0.5 V or if another chromatographic peak is used.
This behavior confirms the assumption that these are
mainly the flavonoids with easily oxidizable pheno-
lic groups which are strongly influenced by the pres-
ence of Fe or Cu. There is an inverse correlation,
which means that the detectability of flavonoids
decreases with increased metalís concentrations.
This can be explained by the fact that redox interac-
tion with metals would lead to oxidized phenols, and
that complexation would lead to less available phe-
nolic groups and higher oxidation potentials.
Summing up, both effects result in a decrease of the
electrochemical signals for the easily oxidizable
phenols. 

CONCLUSIONS

Based upon the investigation, it was demon-
strated that the combination of a SEC column with
electrochemical (voltammetric) detection at a
BDDE is capable of detecting correlations with Fe
and Cu. These correlations can be explained by the
presence of flavonoids containing easily oxidizable
phenolic groups. As these flavonoids are important
for antioxidant effects (4, 6), it is very likely that the
metal-flavonoid interaction influences biological
effect of the studied plants. Hence, it can be con-
cluded that electrochemical profiling (fingerprint
analysis) is a valuable tool for indirect detecting the
metal-flavonoid interactions in medicinal plant
extracts. This can be helpful in future studies of
medicinal plants profiling analysis, including joint
research of their electrochemical and spectral prop-
erties.
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Theophylline - discovered in the nineteen thir-
ties - is a measure commonly used in the treatment
of bronchial asthma and other respiratory diseases;
diseases caused by airways obstruction. The
observed effects of theophylline are the result of a
number of biochemical mechanisms such as the
binding towards adenosine receptors, non-selective
inhibition of the various phosphodiesterases (PDE),
increasing the supply of intracellular calcium ions
and indirect effects on different biochemical and
enzymatic pathways (1, 2). Theophylline has a
strong pharmacological effect on central nervous
system (CNS) that causes the improvement of asso-
ciative processes, suppression of fatigue and drowsi-
ness, stimulates the sensory centers, including the
respiratory center. Theophylline works as psycho-
stimulant but its influence is weaker than the influ-
ence of caffeine as penetration of the brain through
the blood-brain barrier is weaker as well.
Theophylline is rapidly and completely absorbed
after oral administration in solution or immediate-
release solid oral dosage form. The estimation of
pharmacokinetic of theophylline shows that nearly
60% is binding to human plasma proteins, primarily

to albumin. Disadvantages of theophylline in the
treatment are of a small range between therapeutic
and toxic dose and the dependence of blood concen-
trations of creatinine clearance. The observed side
effects depend on the concentration of theophylline
in the blood and manifest themselves as headache,
nausea, vomiting, insomnia, cardiac arrhythmia, in
the case of acute poisoning - convulsions and car-
diac arrest (3). Modifications of the structure of
theophylline, which can be seen as a pharma-
cophore, lead to compounds with targeted pharma-
cological effect and/or with improved physicochem-
ical properties, especially solubility, which has a
decisive influence on the pharmacokinetics and
bioavailability. 

Studies carried out on the synthesis and deter-
mination of pharmacological properties of new tri-
cyclic theophylline derivatives, showed that intro-
duction in 7,8-position of theophylline five or six
membered, heterocyclic rings (imidazole or pyrimi-
dine) caused the change of the action profile of these
compounds in the CNS compared to the activity of
the theophylline (4, 5). For instance, derivatives of
imidazo[2,1-f]purine-2,4-dione showed high in vitro
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activity at 5-HT1A receptors and its intrinsic in vivo
activity at this receptor subtype was diversified (6,
7). Preclinical studies indicated that some of com-
pounds exerted anxiolytic-like activity in the four-
plate test on mice and behaved like antidepressants
in the forced swimming test on mice. The results
suggest that tricyclic derivatives of theophylline,
especially with the long chain arylpiperazines
(LCAPs) substituent, remain a worthy and interest-
ing field for future research to obtain new com-
pounds with potential anxiolytic/antidepressant
activity.

In medicinal chemistry numerous measured or
calculated parameters have been used for character-
ization of the lipophilicity but the logarithm of the n-
octanol/water partition coefficient (logP) is still gen-
erally accepted and primarily applied descriptor of
the lipophilicity in quantitative structure-activity
relationships (QSAR) studies. Lipophilicity of drug
candidate can affect both the pharmacokinetic and
pharmacodynamic properties. In particular, the abil-
ity of a molecule to cross the cell membrane
depends on its partition coefficient. Transport across
the blood-brain barrier (BBB) is the most important
feature of new drugs intended to be active in the
central nervous system (8). 

In the paper, we describe the estimation of the
lipophilicity of some LCAPs and tetrahydroiso-
quinoline (THIQ) derivatives with imidazo[2,1-
f]purine-2,4-dione moiety (1-23) (9) by using
reversed-phase high-performance liquid chromatog-
raphy (RP-HPLC) method. It shows that pharmaco-
logical profile of compounds 1-23 can be explained
by different features than theophylline physico-
chemical properties. The relationship between the
concentration of the organic modifier in the mobile
phase and the chromatographic properties of the
investigated compounds; as well as the influence of
substituent on the lipophilicity of compounds, were
studied. Moreover, partition coefficients values
were obtained using software packages. Next step of
investigation was to establish the relationship
between logk0 and theoretically calculated parame-
ters using principal component analysis (PCA)
method. For analysis of pharmacokinetic properties,
the selected absorption, distribution, metabolism or
elimination (ADME) parameters were obtained by
the use of computational methods. The relationships
between logk0 and values of passive diffusion/per-
meability (LogPS), brain penetration (LogBB), pas-
sive absorption (PA%), and plasma protein binding
(PB%) were establish by PCA method.

Table 1. The structures of compounds 1-23.

Comp R R1 n Z Comp R R1 n Z

1 H A 1 H 13 C6H5 A 1 3-Cl

2 H A 1 2-OCH3 14 H A 2 H

3 H A 1 3-Cl 15 H A 2 2-OCH3

4 H A 1 2,3-diCl 16 H A 2 3-Cl

5 H B 1 - 17 H B 2 -

6 CH3 A 1 H 18 CH3 A 2 H

7 CH3 A 1 2-OCH3 19 CH3 A 2 2-OCH3

8 CH3 A 1 3-Cl 20 CH3 A 2 3-Cl

9 CH3 A 1 2,3-diCl 21 CH3 B 2

10 CH3 B 1 - 22 C6H5 A 2 H

11 C6H5 A 1 H 23 C6H5 B 2 -

12 C6H5 A 1 2-OCH3
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EXPERIMENTAL

Materials and methods

Analytical grade chemicals were used, unless
indicated otherwise. Acetonitrile, water (HPLC
grade) and trifluoroacetic acid (TFA) were supplied
by Merck (Darmstad, Germany). Water was deion-
ized by use of a Milipore system. The investigated
LCAPs and THIQ derivatives of imidazo[2,1-
f]purine-2,4-dione were synthesized according to
the methods described in the literature (6, 7). The
chemical structures of these compounds are present-
ed in Table 1.

Chromatography

RP-HPLC analysis was performed on a Waters
Alliance HPLC instrument with Waters 2695
Separation Module with photodiode array detector
Waters 2998, absorbance was measured at wave-
length 230 nm. Separation was performed on a C18

HPLC column (LiChrospher 100 R, 100 ◊ 4.6 mm,
5 µm, Merck) fitted with a C18 guard column. A con-
stant flow rate of 1 mL/min was used, the injection
volume was 10 µL. Mobile phase A consisted of
0.01% trifluoroacetic acid (TFA) in water and
mobile phase B consisted of 0.01% TFA in acetoni-
trile. Elution was isocratic with acetonitrile content
between 65% and 35% (v/v) in 5% increments. The
compounds were dissolved in methanol (0.5

mg/mL) and 10 µL solutions were separately inject-
ed on the column. The dead time was measured by
injection of methanol. The retention times (tr) and
dead times (t0) were the means of three independent
determinations. 

The isocratic capacity factors logk, were calcu-
lated from the experimental, retention times (tr) and
dead time (t0) according to Eq. (1): 

logk = log[(tr - t0)/t0] (1)
The log k values were extrapolated to zero acetoni-
trile concentration by use of equation 2:

logk = logk0 - SΦ (2)
where, Φ is the concentration of acetonitrile in the
mobile phase [v/v].

Calculations 

The coefficients AlogPs, milogP, logPKOWIN and
XlogP2 were calculated from the Virtual
Computational Laboratory website (10), logPPallas by
Pallas 3.1 and XlogP by CAChe 7.75. ADME prop-
erties were prepared with ACD/Percepta trial ver-
sion Build 2254 software. The SMILES codes were
drawn in ACD/Labs.

Bartlettís test was performed, which verifies
the null hypothesis that the correlation matrix is the
identity matrix (coefficients between variables are
zero). The coefficient of Kaiser-Mayer-Olkin
(KMO) was also calculated, to verify the degree of
correlation of the original variables. Before PCA has

Figure 1. The dependence between log k values and concentration of acetonitrile in mobile phase for compound 12
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been started, were evaluated the merits of its appli-
cation. The resulting value of the statistics U Bartlet
was 145.5 and the associated level of p < 0.000001,
could rejected the null hypothesis. The resulting
ratio for coefficient of KMO test was more than the
average - 0.65. It was concluded that there was suf-
ficient grounds for the use of principal components
analysis (11).

All graphs and regression analysis was per-
formed with the Statistica program (Statistica ver-
sion 10.0, StatSoft Inc., 2011). The significance
level of performed calculations was above 95%.

RESULTS

The retention factors logk of the compounds
decreased linearly with increasing concentration of
acetonitrile in the mobile phase. The obtained
results enabled calculation of polycratic logk0 values
with equation (2). The dependence of the logk value
on the concentration of acetonitrile for compound 12

is presented in Figure 1. The relative lipophilicity,
expressed as logk0 values and parameters obtained
from the regression analysis, such as the correlation
coefficients (r), the standard errors of estimation (s)
and values of F-test of significance (F), are listed in
Table 2. The significance level of performed calcu-
lation was p ≤ 0.05

The linear correlation between the volume
fraction of acetonitrile and the logk values was
established with moderately low values of correla-
tion coefficients (0.9072 < r < 0.9785) for com-
pounds 1, 2, 3, 5, 10, 15, 21, 23 and high for other (r
> 0.9815). The relative lipophilicity of the investi-
gated compounds (1-23) was low, the lowest for
compound 5 (logk0 = 0.217) and the highest for
compound 13 (logk0 = 1.339). The logk0 values were
also compared with the theoretical values of parti-
tion coefficients (Table 3). Noteworthy there is the
large difference between the values set calculated by
the computer programs and obtained experimental-

Table 2. Data for linear correlation (equation 2) between logk values and the concentration of acetonitrile [C (%, v/v)] in the mobile phase
for compound 1-23.

Compound logk0 r s F n Compound logk0 r s F n

1 0.485 0.9106 0.0986 20 7 13 1.339 0.9718 0.0401 105 6

2 0.597 0.9354 0.0736 20 6 14 0.475 0.9624 0.0281 128 7

3 0.697 0.9371 0.0425 59 6 15 0.513 0.9251 0.0218 69 6

4 0.876 0.9869 0.0614 31 6 16 0.529 0.9577 0.0327 90 6

5 0.217 0.9412 0.0114 45 7 17 0.260 0.9611 0.0168 24 6

6 0.266 0.9815 0.0370 17 7 18 0.716 0.9860 0.0243 280 6

7 0.271 0.9950 0.0517 34 7 19 0.687 0.9764 0.0309 165 6

8 0.708 0.9642 0.0309 107 7 20 0.787 0.9785 0.0245 182 6

9 0.312 0.9686 0.0079 62 5 21 0.492 0.9279 0.0181 64 7

10 0.370 0.9072 0.0614 20 7 22 0.733 0.9868 0.0581 72 6

11 0.715 0.9764 0.0268 206 7 23 0.707 0.9450 0.0186 85 7

12 1.140 0.9971 0.0005 135 6 Theophylline -0.95 0.9529 0.0491 87 6

Correlation coefficient (r), the standard error of estimation (s) and value of F-test of significance (F), n - number of data points.

Figure 2. Comparison of the logk0 and calculated coefficients by
PCA. 1 - AlogPs; 2 - milogP; 3 - logPKOWIN; 4 - XlogP2; 5 -
logPPallas; 6 - logPCAChe; 7 - logk0. Vector log k0 lies in the second
quarter, shows a positive correlation with the third component, a
negative correlation with the first component. It also has the high-
est values of the vector coordinates of the end as high (about 0.7)
for the first and third component
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ly. For example, values of logP obtained for com-
pounds 13 were 4.13, 9.93, 5.06, 4.45, 3.67 and
3.48, respectively.

The multivariate comparison of the experimen-
tally obtained values and the coefficients calculated
by the computational methods was made by PCA.
PCA searches for a few uncorrelated linear combi-
nations of the original variables that capture most of
the information in the original variables. The graph-
ical interpretation of the multidimensional space of
the data set used by the PCA transformation is
obtained with a smaller number of new dimensions
of space. The number of principal components (PC)
was selected using the criterion of Kaiser.
Considering the above eigenvalues and proportions
of explained variance it would be reasonable to
investigate first two components, which explained
more than 78.89% of the variability of the data set.
The PC1 is determined by AlogPs, milogP,
logPKOWIN, XlogP2 and logPPallas, when PC2 is deter-
mined by XlogPCAChe and logPPallas. 2D-dimensional

projection (Fig. 2) shows that all of original vari-
ables are strongly associated with their constituents
and negatively correlated with PC1. Moreover, vari-
ables logk0 is not well explained by PC1 and PC2. 

The next part of our study was to establish the
nature of relationship between selected ADME
parameters and log k0. The absorption process was
characterized by protein bound (PB%) and passive
absorption (PA%) parameters. The lowest values of
PB% were calculated for compounds 5 and 17

(59.24%, 58.58%, respectively) with THIQ moiety
and were similar to theophylline. For the rest of com-
pounds PB% was much higher, from approximately
60 to 95 percent. For all compounds the percent of
passive absorption is very high and has the same
value (100%). For determinant of brain barrier pene-
tration the values of automatically calculated param-
eters of rate of brain penetration (LogPS) and extent
of brain penetration (LogBB) were taken. For all
compounds values of LogPS were in the range of -
2.2 to -1.3 and were higher than for theophylline (-

Table 3. Six logP values obtained by the use of computational methods.

Compound AlogPs MlogP logPKOWIN XlogP2 logPPALLAS logPCAChe

1 2.16 2.12 2.65 2.02 1.50 1.96

2 2.41 2.11 2.71 1.91 1.57 1.70

3 2.95 2.97 1.29 2.64 2.24 2.48

4 2.01 2.12 2.85 1.76 0.77 1.76

5 2.71 2.54 1.20 2.48 0.99 1.52

6 2.80 2.55 1.28 2.19 1.05 1.27

7 1.26 1.19 1.84 1.10 1.71 2.04

8 2.41 2.14 2.40 2.22 1.28 1.11

9 1.65 1.99 4.41 1.81 2.91 2.96

10 1.65 4.0 4.49 1.75 1.00 2.71

11 4.11 4.64 5.06 4.45 1.67 1.48

12 3.65 3.20 4.49 3.75 3.00 2.71

13 4.13 3.93 5.06 4.45 3.67 3.48

14 2.82 2.67 3.14 2.38 2.02 2.41

15 2.81 2.42 3.22 2.29 2.09 2.16

16 3.33 3.15 3.78 3.00 2.76 2.93

17 3.09 3.19 4.48 2.94 1.28 2.21

18 3.15 2.88 3.69 2.84 1.50 1.97

19 3.20 2.63 3.77 2.75 1.57 1.72

20 3.66 4.33 3.46 3.46 2.24 2.49

21 3.63 3.41 5.03 3.40 1.80 1.78

22 3.95 3.93 4.90 4.19 3.45 3.41

23 4.68 4.48 6.25 4.75 2.23 3.21
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2.7). Moreover, contrary to theophylline, for all com-
pounds the LogBB parameter is positive (Table 4).

Results of simulations for compounds 1-23

suggest the possibility of good their brain - plasma
penetration. The PCA analysis showed that the two
principal components (PC1, PC2) explain 90.79% of
the total variance (Fig. 3). The PC1 is determined by
logk0, PB%, LogP, logPS and those variables had
been strongly interlinked and constituted a homoge-
neous group. The second component represents the
only variable LogBB. All variables are strongly
associated with their constituents. The first compo-
nent is negatively (-0.73; -0.92; -0.95; -0.96) corre-
lated with variables logk0, PB%, LogP, logPS.

DISCUSSION AND CONCLUSION

Having analyzed the impact of chemical struc-
ture on the relative lipophilicity, it was found that it
depends on three chemical factors: firstly, the length
of alkylene chain linking the nitrogen atom of the
tricyclic system with nitrogen atom of the arylpiper-
azine group; secondly, the presence and type of sub-
stituent in the LCAP system or replacement LCAP
with THIQ moiety and thirdly, type of substituent at
the 7-position of the imidazo[2,1-f] theophylline.
The analyses revealed that the length of the alkylene
chain, connecting the nitrogen atom N8 of the tri-
cyclic secondary amine nitrogen atom, had no sig-
nificant effect on the value of the relative lipophilic-
ity for the compounds. Logk0 were in the range of
0.217 to 1.339 for compounds with three methylene
unit spacer between imidazo[2,1-f] theophylline and
arylpiperazinyl moiety. Unexpectedly, for their
analogs with four carbon chain, obtained logk0 val-
ues were in the similar range (0.226-0.787). There
was no significant effect of the type of substituent in
phenyl ring in LCAP fragment on the relative value
of lipophilicity but the number of substituents (e.g.,
comp. 2 vs. 3 and comp. 3 vs. 4) and replacement
LCAP with THIQ were significant (e.g., comp. 1 vs.
5). Derivatives of THIQ demonstrated the lowest
values of logk0 (comp. 5, 10, 17, 21) with one excep-
tion of compound 23. The greatest impact on
lipophilicity seems to have a substituent at the 7-
position of the imidazo[2,1-f] theophylline.
Compounds 13 and 22 (derivatives of LCAP and
THIQ, respectively) with the highest relative
lipophilicity, contain phenyl ring at 7-position of
imidazo[2,1-f]theophylline. This trend was mani-

Table 4. The selected ADME values.

Comp LogPS LogBB PB % PA % log k0 Comp LogPS LogBB PB % PA % log k0

1 -2.1 0.27 62.70 100 0.485 13 -1.3 0.63 95.49 100 1.339

2 -2.2 0.21 64.65 100 0.597 14 -2.0 0.41 65.91 100 0.475

3 -1.7 0.50 77.30 100 0.697 15 -2.2 0.38 62.89 100 0.513

4 -1.5 0.45 87.85 100 0.876 16 -1.7 0.64 77.75 100 0.529

5 -2.1 0.50 59.24 100 0.217 17 -2.0 0.72 58.58 100 0.226

6 -2.0 0.36 68.12 100 0.266 18 -1.9 0.51 68.15 100 0.716

7 -2.1 0.35 65.24 100 0.271 19 -2.0 0.53 65.49 100 0.687

8 -1.6 0.59 80.50 100 0.708 20 -1.5 0.85 81.09 100 0.787

9 -1.4 0.67 88.39 100 0.312 21 -1.8 0.90 60.82 100 0.492

10 -2.0 0.67 61.30 100 0.370 22 -1.5 0.54 93.04 100 0.733

11 -1.5 0.47 91.31 100 0.715 23 -1.5 0.94 90.28 100 0.707

12 -1.6 0.49 90.21 100 1.140 Theophylline -2.7 -0.04 60.64 100 0.950

Figure 3. Comparison of the logk0 and ADME parameters by PCA
1 - logk0; 2 - PB%; 3 - LogBB; 4 - LogPS
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fested strongly in the group of THIQ derivatives,
where compound 23 with phenyl ring at 7-position
of annelated theophylline demonstrated two times
higher logk0 value than their analogue with methyl
group. The most of the available computer algo-
rithms for calculation of logP do not recognize well
enough new created system, based on the fusion of
an additional ring (imidazole) to an already existing
one (theophylline). It can be assumed that the results
of the rings junction - cyclic guanidine group - sig-
nificantly alters the properties of the imidazo[2,1-
f]theophylline. The significant differences between
logk0 and theoretical values (AlogPs, milogP,
logPKOWIN, XlogP2 and logPPallas) were the reasons for
seeking statistical methods that allow an appropriate
way to present relationships between logk0 and are
obtained by use of computational algorithms. PCA
analysis showed that none of the computers algo-
rithm gives high correlation with experimental data.
The results of ADME assay were compared to
experimental logk0 values by PCA technique and it
has showed a high correlation between logk0 and
brain barrier penetration. Moreover, those studies
indicate that for the THIQ derivatives of imida-
zo[2,1-f] theophylline values of logk0 were lower
than for LCAPs analogs. So far, THIQ was treated
as isostere, with comparable to 1-arylpiperazine
moiety physicochemical properties (12) but
deprived of receptor 5-HT1A activity. 

Summing up, the present study described a
simple method for determination of lipophilicity
parameters by RP-HPLC of a model series of tri-
cyclic theophylline derivatives. The results above,
confirm the legitimacy of the determination of
lipophilicity for the investigated compounds by the
use of the experimental method. The RP-HPLC
technique can be regarded as the better one for the
determination of the lipophilicity of tricyclic theo-
phylline derivatives than the computational proce-
dures. 
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Betamethasone (9α-fluoro-16β-methyl-11β,
17α,21-trihydroxy-1,4-pregnadiene-3,20-dione) is
a synthetic glucocorticoid (GC). Some esters and
salts of this compound are widely used as anti-
inflammatory, immunosuppressive and antiprolifer-
ative agents, and also in dermatological therapy of
different skin diseases (1, 2). Despite minor differ-
ences in chemical structures, betamethasone deriv-
atives may have various pharmacological effects.
From the data which are available in literature, it is
obvious that among different physicochemical
properties, lipophilicity of drugs including skin
preparations has significant impact on their biolog-
ical activity and dermal permeation (3, 4). The
quantitative descriptor of lipophilicity is the parti-
tion coefficient (P) or its decimal logarithm (logP)
which is usually determined by traditional, but time
consuming shake-flask method. Theoretically, logP
value can be calculated from molecular structure
with the use of commercial computational pro-
grams (5, 6). Recently, a new possibility in predic-
tion of the lipophilicity parameters was opened by

use of the following chromatographic methods: RP-
TLC, RP-HPTLC and also RP-HPLC. The main
advantages of the chromatographic methods are:
decreasing of development time and small amount
of compounds needed for the determination of
lipophilicity parameters. Numerous research papers
involved the application of reversed thin-layer
chromatography and high-performance chromatog-
raphy to determine the lipophilicity of various
organic compounds (7-13). Many of the original
works which were focused on QSAR study (quanti-
tative structure-activity relationship) indicated that
the lipophilicity parameter determined using vari-
ous methods (including liquid chromatography)
correlates well with other physicochemical descrip-
tors such as dissociation constant, polarity and also
with topological indices and plays important role in
predicting of drug behavior in biological system
(e.g., in biological membranes and tissues).
Significant correlations obtained between the chro-
matographic lipophilicity parameters of different
organic compounds (determined by means of RP-
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TLC or RP-HPLC techniques) and their biological
activity, e.g., antitumoral, antibacterial and also
cardiovascular, are widely presented in literature
from the last decade (10-13). 

The present work is continuation of earlier
investigations concerning TLC lipophilicity study of
selected steroid compounds which have different
pharmacological effect such as free and conjugated
(with taurine or glycine) bile acids present in bile,
other bile acids like ursodeoxycholic acid and dehy-
drocholic acid, which are widely applied in hepatic
diseases in form of respective pharmaceutical for-
mulations and also some anabolic steroids:
stanozolol, 19-nortestosterone and mesterolone (14-
23). Previous papers allowed to confirm the com-
patibility of the lipophilicity parameter RMW (deter-
mined by RP-TLC and RP-HPTLC) of abovemen-
tioned compounds with their theoretical partition
coefficients (logP) calculated by use of various com-
putational programs: AlogPs, logPKOWWIN, xlogP2,
xlogP3, milogP, AlogP, MlogP and also with meas-
ured (by shake-flask method) n-octanol-water parti-
tion coefficient (logPexp). 

Continuing research in this field, the objective
of the current study was to evaluate and compare
the lipophilicity (RMW) of betamethasone (B) and
its related compounds such as: betamethasone-
17,21-dipropionate (BP), betamethasone-17-valer-
ate (BV17), betamethasone-21-valerate (BV21)
and also betamethasone disodium phosphate (BPh)
by means of reversed phase high performance thin-
layer chromatography (RP-HPTLC) under differ-
ent chromatographic conditions. Moreover, the
theoretical determinations of logP values obtained
using the internet module (AlogPS 2.1-vcclab):
AlogPs, AClogP, AlogP, MlogP, KOWWIN,
xlogP2, and xlogP3 and by software Cambridge
ChemDraw were performed. According to our
knowledge, until today the lipophilicity parameters
obtained by chromatographic methods of
betamethasone derivatives such as BP, BV17,
BV21 and also BPh have not yet been published in
the literature and in DrugBank (24). Therefore, the
main objective of this work was to determine and
compare the lipophilicity parameters of betametha-
sone and its four related compounds obtained by
means of RP-HPTLC under various chromato-
graphic conditions and also using the computation-
al methods. 

Moreover, the influence of the chromatograph-
ic conditions such as the kind of mobile phase sys-
tem and the type of chromatographic plates on
lipophilicity measurements of investigated com-
pounds by RP-HPTLC method was discussed. 
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EXPERIMENTAL

Chemicals and reference standards
Mobile phase components: methanol, dioxane

and acetonitrile for liquid chromatography were pur-
chased from POCh (Gliwice, Poland). Distillated
water was obtained from Department of Analytical
Chemistry (Medical University of Silesia,
Sosnowiec, Poland). The reference standards of
betamethasone (CAS No. 378-44-9), betametha-
sone-17,21-dipropionate (CAS No. 5593-20-4),
betamethasone-17-valerate (CAS No. 2152-44-5),
betamethasone-21-valerate (CAS No. 2240-28-0)
and also betamethasone disodium phosphate (CAS
No. 151-73-5) were from commercial source
(Sigma-Aldrich, St. Louis, MO, USA). Standard
solutions of five examined compounds at concentra-
tion of 5 mg/mL each were prepared in ethanol
(96%, pure for analysis) from POCh (Gliwice,
Poland). 

Determination of chromatographic parameter of

lipophilicity (RMW) by use of RP-HPTLC

Lipophilicity of betamethasone and its related
compounds was determined by thin-layer chro-
matography on 10 ◊ 10 cm RP-HPTLC plates: RP-
8F254 (E. Merck, Darmstadt, Germany, Art.
1.15424), RP-2F254, (E. Merck, Darmstadt,
Germany, Art 1.13726) and also on RP-18WF254 (E.
Merck, Darmstadt, Germany, Art. 13124). The
solutions of examined compounds were spotted
separately onto chromatographic plates in quantity
of 3 µL (15 µg per spot). The chromatograms were
developed using the mixtures of organic modifier-
water in different volume compositions. The con-
tent of organic modifier (e.g., methanol, dioxane,
acetonitrile) in mobile phase was gradually varied
by 5% (v/v) from 20 to 100 (%, v/v). Fifty mL of
respective mobile phase was placed into a classical
chromatographic chamber (Camag, Muttenz,
Switzerland). The chamber was saturated with sol-
vent vapor for 30 min. The chromatograms were
developed to distance of 80 mm at temperature of
20 ± 2OC. After development, the plates were dried
at room temperature. Each chromatogram was run
in triplicate. The spots were localized in UV at λ =
254 nm (Camag, Muttenz, Switzerland). For subse-
quent calculations, mean RF values obtained for B,
BP, BV17 BV21 and also BPh on three chromato-
graphic plates: RP-2F254, RP-8F254, RP-18WF254 and
using mobile phases: methanol-water, dioxane-
water, acetonitrile-water in various compositions
were converted to RM values according to the
expression:

1RM = log (ññññññ ñ 1) [1]
RF

Linear correlation between RM and volume
fraction of organic modifier in mobile phase (ϕ) per-
mits an extrapolation of calculated RM values to the
zero concentration of organic modifier accordance
with SoczewiÒski-Wachtmeisterís equation [2] and
it allowed to determine the relative chromatograph-
ic parameter RMW (3):

RM = RMW - S ◊ ϕ [2]
where: RM is the RM value of examined compound,
RMW is the RM value extrapolated to zero concentra-
tion of organic modifier in mobile phase, S is the
slope of the regression plot, ϕ is the volume fraction
of organic modifier (e.g., methanol, dioxane, ace-
tonitrile) in mobile phase.

Determining the theoretical partition coefficients

(logP)

The computationally calculated logP values
expressed as AlogPs, AClogP, AlogP, MlogP,
KOWWIN, xlogP2, xlogP3, their mean value (aver-
age logP) and also experimental logPexp for all
examined compounds were determined via on line at
VCCLAB.org website (25). Additionally, in order to
determine the logP value of examined compounds
the software Cambridge ChemDraw 13.0 Ultra was
applied.

Regression and cluster analysis

Regression and cluster analysis of obtained
results were performed with the use of computer
software STATISTICA 10.0. 

RESULTS AND DISCUSSION

In order to estimate the lipophilic properties of
five examined compounds: B, BP, BV17, BV21 and
also BPh, the partition coefficient (logP) determined
on the basis of their chemical structures by use of
various computational programs from internet data-
base (via on-line at VCCLAB.org website) and by
software Cambridge ChemDraw 13.0 Ultra were
compared. The values of logP: AlogPs, AClogP,
AlogP, MlogP, KOWWIN, xlogP2, xlogP3, their
mean value (average logP), measured logP value
(determined by shake flask method) and also logP
calculated by software Cambridge ChemDraw 13.0
Ultra (logPChemDraw) are presented in Table 1.
Analysis of obtained logP results: AlogPs, xlogP2,
logPaverage and also logPChemDraw, which are available
for all (five) tested compounds (Table 1), indicates
that generally the theoretical log P value obtained
for each investigated compound, especially for BPh,
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differed depending on the powers of calculated pro-
grams. On the basis of logP values determined by
means of the algorithm xlogP2 and also by software
ChemDraw (logPChemDraw), it could be observed that
the lipophilicity of the examined compounds
decreases in the following order: BP ≅ BV17 ≅
BV21 > B > BPh and BP > BV17 ≅ BV21 > B >
BPh, respectively. Thus, it shows the lowest
lipophilicity of betamethasone disodium phosphate
(BPh) among all tested compounds. In the case of
logP predicted using the procedure AlogPS, the the-
oretical logP value for this compound (BPh) indi-
cates relatively a higher value in comparison with

those predicted as xlogP2 and logPChemDraw and is evi-
dently comparable with logP obtained for BV17,
BV21 and BP (Table 1). Further interpretation of the
theoretical logP values obtained from databases as
logPavarage (± SD) confirms the fact that the theoreti-
cal lipophilicity factors such as logPavarage of exam-
ined compounds should be critically discussed on
the basis of statistical parameters like, for example,
standard deviation (SD). Taking into account the
standard deviation of estimate of logPaverage, particu-
larly that obtained for previously discussed
betamethasone disodium phosphate (BPh), it may be
noted that including the SD value to arithmetic mean

Table 2. Parameters of the linear correlations (± SD) between RM and ϕ values of examined compounds obtained on different chromato-
graphic plates and by use of various content of organic modifier in mobile phase: methanol-water, Eq. RM = RMW - S ◊ ϕ*.

Parameters of linear correlations (± SD) RM = RMW - S ◊ ϕ*

Compound RMW S r s F n

RP-2F254

Betamethasone 2.255 (± 0.158) 3.627 (± 0.203) 0.995 0.060 320.4 8

Betamethasone-17,21- 3.418 (± 0.218) 4.478 (± 0.275) 0.992 0.084 265.9 9
dipropionate

Betamethasone-17- 3.258 (± 0.179) 4.345 (± 0.226) 0.995 0.069 370.9 7
valerate

Betamethasone-21- 3.583 (± 0.138) 4.748 (± 0.174) 0.997 0.053 745.9 8
valerate

Betamethasone 2.448 (± 0.351) 3.773 (± 0.406) 0.983 0.078 86.3 6
disodium phosphate

RP-8F254

Betamethasone 3.093 (± 0.325) 4.407 (± 0.445) 0.989 0.080 98.1 9

Betamethasone-17,21- 3.876 (± 0.421) 4.666 (± 0.505) 0.983 0.116 85.3 8
dipropionate

Betamethasone-17- 4.093 (± 0.325) 4.896 (± 0.389) 0.991 0.089 158.1 8
valerate

Betamethasone-21- 4.457 (± 0.398) 5.338 (± 0.477) 0.988 0.109 125.1 9
valerate

Betamethasone 0.776 (± 0.091) 1.699 (± 0.114) 0.996 0.034 224.0 6
disodium phosphate

RP-18WF254

Betamethasone 2.090 (± 0.135) 3.066 (± 0.171) 0.994 0.052 322.7 9

Betamethasone-17,21- 3.027 (± 0.178) 3.714 (± 0.222) 0.993 0.071 278.9 8
dipropionate

Betamethasone-17- 3.027 (± 0.195) 3.714 (± 0.243) 0.992 0.078 232.8 9
valerate

Betamethasone-21- 2.958 (± 0.089) 3.699 (± 0.011) 0.998 0.034 1056.2 8
valerate

Betamethasone 1.980 (± 0.383) 2.781 (± 0.458) 0.962 0.110 36.9 5
disodium phosphate

n - number of points used to derive the particular regressions; r - correlation coefficient; s - standard error; F - value of Fisher test, SD -
standard deviation, * - for all equations the significance level p < 0.001.
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value of log P (logPaverage) of BPh and other studied
compounds (B, BV17, BV21, BP) has significant
impact on logPaverage value and changes the relation
between lipophilicity properties of five examined
substances in comparison with those, which were
obtained by means of arithmetic mean value of log
Paverage only. The values of logPaverage obtained after
adding to them the SD value allow to perform the
studied compounds in the following order of
decreased lipophilicity: BP > BV21 ≅ BV17 > BPh
> B. Subtracting the SD value from arithmetic mean
value of log P (logPaverage) of each compound result-
ed in obtaining the following relation between
lipophilicity properties: BV17 ≅ BV21 > BP > B >

BPh. The results which were presented above have
shown that computational methods are still in devel-
opment phase and they are imperfect (26) in com-
parison with experimental methods e.g., chromatog-
raphy. From this fact the following conclusion can
be made that the theoretical determination of logP
allows for preliminary estimation of lipophilicity
range of betamethasone and its related compounds.
In order to obtain more reliable and accurate
lipophilicity values of betamethasone derivatives,
correlation of the theoretical lipophilicity parameter
(logP) with experimental values should be executed. 
Finally, to describe the relationship between
lipophilic properties of all examined compounds on

Table 3. Parameters of the linear correlations (± SD) between RM and ϕ values of examined compounds obtained on different chromato-
graphic plates and by use of various content of organic modifier in mobile phase: dioxane-water, Eq. RM = RMW - S ◊ ϕ*.

Parameters of linear correlations (± SD) RM = RMW - S ◊ ϕ*

Compound RMW S r s F n

RP-2F254

Betamethasone 2.325 (± 0.313) 3.932 (± 0.414) 0.989 0.135 90.3 9

Betamethasone-17,21- 3.068 (± 0.826) 4.597 (± 1.060) 0.908 0.464 18.8 8
dipropionate

Betamethasone-17- 2.803 (± 0.789) 4.333 (± 1.013) 0.906 0.444 18.3 9
valerate

Betamethasone-21- 4.178 (± 0.237) 5.909 (± 0.314) 0.997 0.102 355.2 7
valerate

Betamethasone 0.426 (± 0.262) 1.743 (± 0.301) 0.971 0.072 33.5 5
disodium phosphate

RP-8F254

Betamethasone 1.762 (± 0.356) 3.042 (± 0.457) 0.958 0.200 40.2 9

Betamethasone-17,21- 2.998 (± 0.567) 4.222 (± 0.688) 0.962 0.230 37.6 9
dipropionate

Betamethasone-17- 2.803 (± 0.581) 4.034 (± 0.705) 0.957 0.236 32.7 9
valerate

Betamethasone-21- 3.197 (± 0.605) 4.438 (± 0.735) 0.961 0.246 30.8 8
valerate

Betamethasone 0.266 (± 0.253) 1.709 (± 0.349) 0.943 0.122 23.9 6
disodium phosphate

RP-18WF254

Betamethasone 2.451 (± 0.606) 4.154 (± 0.736) 0.956 0.246 70.7 9

Betamethasone-17,21- 3.907 (± 0.489) 5.688 (± 0.593) 0.984 0.198 91.9 8
dipropionate

Betamethasone-17- 3.694 (± 0.511) 5.467 (± 0.621) 0.981 0.208 77.6 9
valerate

Betamethasone-21- 3.932 (± 0.507) 5.709 (± 0.616) 0.983 0.206 85.9 8
valerate

Betamethasone 0.248 (± 0.298) 1.984 (± 0.353) 0.956 0.134 31.6 5
disodium phosphate

n - number of points used to derive the particular regressions; r - correlation coefficient; s - standard error; F - value of Fisher test, SD -
standard deviation, * - for all equations the significance level p < 0.001.
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the basis of obtained theoretical parameters of
lipophilicity (logP), the computationally predicted
logP values were analyzed by means of cluster
analysis (CA). Dendrogram of the similarity analy-
sis (single-bond method, Euclidean-distance) of the-
oretically determined lipophilicity parameters
(AlogPs, xlogP2, logPChemDraw, logPaverage (± SD)) in
Figure 1 demonstrates that the biggest similarity in
lipophilicity parameters (logP) is between BV17,
BV21 and BP which form one characteristic cluster.
Similar dependence could be observed between B
and BPh which form the second cluster on this den-
drogram. It could be suggested that the applied clus-

ter analysis permits grouping the studied compounds
into two subgroups (Fig. 1). The first subgroup form
BV17, BV21 and BP. To the second subgroup
belong B and BPh. 

In order to confirm the lipophilic properties of
four steroid compounds of betamethasone as well as
betamethasone which have been predicted by theo-
retical procedures, an experimental method such as
high performance thin layer chromatography in
reversed phase system (RP-HPTLC) was applied.
The RF values measured for all examined com-
pounds under different chromatographic conditions:
on the chromatographic plates RP-2F254, RP-8F254,

Table 4. Parameters of the linear correlations (± SD) between RM and ϕ values of examined compounds obtained on different chromato-
graphic plates and by use of various content of organic modifier in mobile phase: acetonitrile-water, Eq. RM = RMW - S ◊ ϕ*.

Parameters of linear correlations (± SD) RM = RMW - S ◊ ϕ*

Compound RMW S r s F n

RP-2F254

Betamethasone 3.410 (± 1.189) 5.820 (± 1.578) 0.934 0.249 13.6 9 

Betamethasone-17,21- 1.787 (± 0.287) 2.768 (± 0.348) 0.970 0.100 63.1 9
dipropionate

Betamethasone-17- 1.990 (± 0.212) 3.188 (± 0.270) 0.989 0.056 139.6 9
valerate

Betamethasone-21- 2.362 (± 0.133) 3.605 (± 0.169) 0.997 0.035 455.6 9 
valerate

Betamethasone 0.814 (± 0.119) 1.256 (± 0.152) 0.986 0.014 68.3 5
disodium phosphate

RP-8F254

Betamethasone 1.332 (± 0.444) 2.620 (± 0.518) 0.963 0.116 25.5 9

Betamethasone-17,21- 1.956 (± 0.345) 2.769 (± 0.407) 0.969 0.105 46.4 9
dipropionate

Betamethasone-17- 1.141 (± 0.188) 1.897 (± 0.223) 0.980 0.058 72.6 9
valerate

Betamethasone-21- 1.566 (± 0.295) 2.388 (± 0.348) 0.970 0.090 47.2 9
valerate

Betamethasone 0.974 (± 0.370) 2.649 (± 0.543) 0.974 0.058 23.8 5
disodium phosphate

RP-18WF254

Betamethasone 0.698 (± 0.097) 1.502 (± 0.124) 0.993 0.018 146.2 9

Betamethasone-17,21- 0.782 (± 0.037) 1.143 (± 0.037) 0.998 0.017 972.7 9
dipropionate

Betamethasone-17- 0.502 (± 0.047) 0.796 (± 0.059) 0.994 0.016 182.7 9
valerate

Betamethasone-21- 0.674 (± 0.010) 1.064 (± 0.012) 0.999 0.003 7400.3 9
valerate

Betamethasone 0.490 (± 0.056) 0.384 (± 0.060) 0.976 0.023 40.6 5
disodium phosphate

n - number of points used to derive the particular regressions; r - correlation coefficient; s - standard error; F - value of Fisher test, SD -
standard deviation, * - for all equations the significance level p < 0.001.
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Figure 1.Cluster analysis of logP values of examined compounds determined by the use of selected computational procedures: AlogPS,
xlogP2, logPChemDraw and logPaverage. B = Betamethasone, BV17 = Betamethasone-17-valerate, BV21 = Betamethasone-21-valerate, BP =
Betamethasone-17,21-dipropionate, BPh = Betamethasone disodium phosphate

Figure 2. Cluster analysis of RMW values for examined compounds obtained on applied chromatographic plates developed using mobile
phases: methanol-water (a), dioxane-water ( b) and acetonitrile-water (c). B = Betamethasone, BV17 = Betamethasone-17-valerate, BV21
= Betamethasone-21-valerate, BP = Betamethasone-17,21-dipropionate, BPh = Betamethasone disodium phosphate

RP-18WF254 and mobile phases: methanol-water,
dioxane-water, acetonitrile-water in various volume
compositions were used to calculate the RM values.
The relative chromatographic parameter of
lipophilicity (RMW) was determined for each com-
pound by extrapolation of RM values to zero content

of organic modifier (methanol, dioxane or acetoni-
trile, respectively) in mobile phase. Important
parameters of obtained linear correlations between
RM and ϕ (the content of organic modifier in mobile
phase used) such as r - correlation coefficient, s -
standard error, p - significance level and F-value of
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Fisher test are presented in Tables 2-4. The best lin-
ear correlations were found by use of methanol-
water as mobile phase. The high correlation coeffi-
cients (r) and also small values of the standard errors
of the estimates (s) indicated that all obtained equa-
tions [2] are highly significant and can be used to
calculate the RMW values of examined steroids
(Table 2). Additionally, the data in Table 2 demon-
strate that similarly like in the case of previously
presented logP values, the lowest RMW value
obtained by methanol-water system on three applied
chromatographic plates is shown by BPh.
Dendrogram of similarity of RMW values performed
for studied compounds indicates that regardless of
applied chromatographic plates (RP-2F254, RP-8F254,

RP-18WF254) and using mixture of methanol-water
mixture as mobile phase, the biggest similarity in
lipophilic properties have: BV17, BP and BV21.
Betamethasone (B) and betamethasone disodium
phosphate (BPh) indicate poorer similarity in RMW

values in comparison with them (Fig. 2a). 
The linear dependencies between RM and ϕ

obtained by means of other mobile phase systems:
dioxane-water and also acetonitrile-water are pre-
sented in Tables 3 and 4. It can be noted that the
change of the kind of organic modifier in mobile
phase used from methanol to dioxane and also to
acetonitrile has impact on RMW values of tested
steroids, especially for disodium phosphate (BPh).
For both mobile phases: dioxane-water and acetoni-
trile-water a significant decrease in RMW values for
BPh in comparison with methanol-water mixture is
shown. The data confirm some difficulties observed
in determination of lipophilicity parameter for BhP
by experimental methods, similarly like in the case
of computed logP values which were determined for
this compound by selected algorithms only: AlogPs,
AClogP, xlogP2, xlogP3, logPChemDraw, logPaverage.

Increasing of standard error of linear estimates
between RMW and ϕ obtained for acetonitrile-water
as mobile phase indicates that this mobile phase is
not suitable for describing the lipophilicity of di-
sodium phosphate. This fact can be explained by
different solubility of BPh in applied solvent sys-
tems and the differences in their power of elution.
According to research paper prepared by Komsta et
al. (26), the chromatographic parameters should be
determined by means of optimum chromatographic
conditions including suitable mobile phase and a
proper kind of chromatographic plates. As was
reported (26), among numerous mobile phases
which are widely used in lipophilicity study the best
are methanol-water and dioxane-water. Comparison
of RMW results obtained in our experiment (Tables 2,

3 and 4) confirms this suggestion. Dendrogram of
the similarity analysis of RMW values estimated using
dioxane-water (Fig. 2b) shows that this mobile
phase system gives similar results in RMW values of
five examined steroids like previously described
methanol-water. It could be noted that similarly like
by methanol-water, the solvent system: dioxane-
water gives the greatest similarity in RMW value
between: BV17, BP and also B21 which form one
cluster (one subgroup) (Fig. 2b). Dendrogram of the
similarity analysis of RMW values of examined com-
pounds obtained by the use of acetonitrile-water
mixture as mobile phase is similar, but indicates the
small differences in Euclidean distance between
BV17, B21 and BP in relation to those obtained by
methanol-water and also by dioxane-water. In this
case, the smallest distance indicates not BP and BV
17, but rather BV17 and BV21 (Fig. 2c). Generally,
it could be said that the three described steroids: BP,
BV17 and BV21 form one cluster (one subgroup) on
the dendrogram, which confirms their comparable
lipophilic properties. Despite of this fact, about the
usage of acetonitrile-water as the potential mobile
phase, suitable for lipophilicity study decides com-
parison of RMW values obtained by this mobile phase
with theoretical lipophilicity parameters (logP) and
with experimental logP for examined compounds
which are summarized in Table 1. Big differences
observed between RMW results obtained by acetoni-
trile-water and logP values as well as with other RMW

values (determined by methanol-water and dioxane-
water) demonstrate that this mobile phase is not suit-
able to obtain the reliable value of RMW for examined
compounds. 

Next dendrogram of similarity analysis of all
chromatographic parameters (RMW) determined for
five examined compounds under all variants of
chromatographic systems used (different mobile
phases and various chromatographic plates), which
is presented in Figure 3, could be helpful to estimate
the impact of the two components of chromato-
graphic systems on lipophilicity study of betametha-
sone derivatives. Dendrogram of similarity analysis
of RMW results obtained on the following chromato-
graphic plates: RP-2F254, RP-8F254 and also RP-
18WF254 by respective mobile phases: methanol-
water, dioxane-water and acetonitrile-water descri-
bes the greatest similarity in RMW results for all
examined compounds which were predicted by
methanol-water and dioxane-water solvent systems,
because they form one cluster on dendrogram (first
subgroup). To the second subgroup belong the RMW

values obtained on all types of chromatographic
plates used in this experiment and by acetonitrile-
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water as mobile phase. Of all RMW values presented
in Figure 3 the smallest Euclidean distance (greatest
similarity) indicate those RMW values which were
determined on RP-2F254 and RP-18WF254 plates and
by methanol-water. It could be suggested that RP-
2F254 plates may be alternatively applied to RP-
18WF254 when mobile phase methanol-water is used. 
To sum the results of experimental lipophilicity
parameters of five examined compounds determined
by use of different RP-HPTLC systems: on various
chromatographic plates and mobile phases (desig-
nated as RMW values), the correlation matrix
obtained between all measured RMW values was con-
structed (Table 5). The data presented in Table 5
confirm previous conclusions that the most similar

RMW results to the best mobile phase system
(methanol-water) gives dioxane-water because the
highest correlation coefficients were obtained for
the relationships between RMW values predicted by
methanol-water and also by dioxane-water systems.
Therefore, it may be suggested that dioxane-water
could be applied as alternative mobile phase system
in determining of chromatographic parameter of
betamethasone derivatives by means of RP-HPTLC
method. Additionally, the results of correlation
matrix obtained for RMW values in Table 5 show that
the best agreement in RMW values were obtained by
mobile phase: dioxane-water and chromatographic
plates: RP-18WF254 and RP-8F254 (r > 0.99).
Therefore, it could be said that it is possible to use

Table 5. Correlation matrix between all RMW values obtained for examined compounds under various chromatographic conditions.

RMW RP2(m) RP2(d) RP2(a) RP8(m) RP8(d) RP8(a) RP18W(m) RP18W(d) RP18W(a)

RP2(m) 1.000 0.780 0.121 0.753 0.843 0.594 0.954 0.799 0.269

RP2(d) 1.000 0.517 0.962 0.956 0.670 0.800 0.940 0.568

RP2(a) 1.000 0.541 0.406 0.246 0.022 0.452 0.512

RP8(m) 1.000 0.984 0.616 0.850 0.987 0.498

RP8(d) 1.000 0.699 0.916 0.996 0.527

RP8(a) 1.000 0.593 0.696 0.915

RP18W(m) 1.000 0.898 0.286

RP18W(d) 1.000 0.542

RP18W(a) 1.000  

RP2, RP8 and RP18W are the RMW values obtained on the following chromatographic plates: RP-2F254, RP-8F254 and RP-18WF254 which
were developed by use of mobile phases: (m) - methanol-water, (d) - dioxane-water, (a) - acetonitrile-water.

Figure 3. Cluster analysis of RMW values of examined compounds obtained on chromatographic plates: RP-2F254, RP-8F254 and RP-18WF254

developed using all mobile phases used in the experiment. RP2, RP8 and RP18W are the RMW values obtained on the following chro-
matographic plates: RP-2F254, RP-8F254 and RP-18WF254 which were developed by use of mobile phases: (m) - methanol-water, (d) - diox-
ane-water, (a) - acetonitrile-water
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of RP-8F254 plates as alternative to the RP-18WF254 in
the case of mobile phase system: dioxane-water. For
methanol-water, the best correlations between RMW

results are observed in the case of RP-2F254 and RP-
18WF254 plates. It could be concluded that RP-2F254

and RP-8F254 plates are a good alternative to RP-
18WF254 in lipophilicity study of betamethasone
compounds depending on mobile phase system
used. The results of cluster analysis indicate that
chemometric methods such as CA are excellent
tools in describing the lipophilicity of steroid com-
pounds e.g., betamethasone derivatives. Moreover,
they are helpful in optimization of chromatographic
conditions needed to determine the reliable RMW val-
ues for examined compounds. 

Further investigations are in progress and con-
cern the use of described lipophilicity parameters in
QSAR study of examined steroids. 

CONCLUSIONS

From the analysis of obtained data it can be
concluded that: 
● liquid chromatography in reversed-phase system

such as RP-HPTLC is rapid, cost-effective
method of describing the lipophilic properties of
betamethasone and its related compounds;

● computational methods can be helpful in deter-
mining of partition coefficient (logP) for
betamethasone derivatives as the measure of their
lipophilicity;

● theoretically predicted lipophilicity parameter
(logPaverage) of examined betamethasone deriva-
tives should be critically discussed on the basis of
statistical parameters (e.g., standard error) in term
of its application in lipophilicity study of these
compounds;

● chromatographically determined RMW values
(lipophilicity parameters) for five examined
betamethasone compounds depend strongly on
chromatographic conditions (e.g., the kind of
mobile phase system);

● methanol-water in different volume compositions is
the best mobile phase system for determining of the
chromatographic lipophilicity parameters (RMW) of
betamethasone and its related compounds; 

● dioxane-water gives the similar RMW values for
examined compounds in comparison with those
predicted by methanol-water, therefore it can be
used as alternative mobile phase system in
lipophilicity study of betamethasone derivatives;

● chemometric methods such as cluster analysis are
excellent tool in describing the lipophilicity of
betamethasone derivatives;

● CA is helpful in optimization of chromatographic
conditions needed to determine the reliable RMW

values for examined compounds. 
● the results of lipophilicity parameters (RMW) pre-

sented in this work may be applied in QSAR
(quantitative structure-activity relationship) of
betamethasone and its related compounds: 17,21-
dipropionate (BP), betamethasone-17-valerate
(BV17), betamethasone-21-valerate (BV21) and
also betamethasone disodium phosphate (BPh).
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Free radicals are very reactive species and they
may be responsible for toxic effects in human organ-
ism (1). Free radicals appear in the materials
exposed to interactions of the external physical fac-
tors, such as high temperature or irradiation (2-10).
Both the above mentioned factors are used to steril-
ization of drugs (11, 12). Because of rupturing of
chemical bonds, it is expected that sterilized drugs
may contain unpaired electrons. Conditions of ster-
ilization process should be so chosen that free radi-
cals will not be produced or their amount will be as
low as possible. The temperature of sterilization or
the dose of radiation should be strong enough to kill
microorganisms in drugs, but their values should
give the lowest free radicals concentrations in the
samples. 

The aim of this work was to determine free rad-
ical properties and concentrations in the exemplary
thermally sterilized acidum boricum (AB). The
influence of sterilization conditions on the free rad-
icals formations in this drug was tested. The norma-
tive temperatures and times of heating of AB were
used. The application of electron paramagnetic res-
onance spectroscopy (EPR) to optimization of ther-
mal sterilization process of AB was proposed. The
lowest amounts of free radicals are formed in drugs
at the best conditions of thermal sterilization. 

EXPERIMENTAL

Samples

Free radicals in AB sterilized at different con-
ditions according to the pharmaceutical norms (11)
were examined. The AB powdered samples were
heated at temperature 160OC for 120 min, 170OC for
60 min and 180OC for 30 min. Sterilization was per-
formed in hot air oven with air circulation. 

Chemical structure of AB is shown in Figure 1
(13). AB is used as a drug for inflammation of the
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Figure 1. Chemical structure of acidum boricum (13)
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skin and the external urogenital organs, eczema,
burns, bruises, edema, epidermal damage (14-17).
AB is applied externally for washing the skin with
liquid 2-3 times a day. The fluid can also be used for
rinses. It can not be used in infants and children up to
11 years, as well as when extensive open wounds and
cuts occur (14-17). AB can cause side effects: long-
term use on broken skin or mucous membranes may
cause rashes, redness, peeling, and systemic toxicity
(especially in infants and young children), whose
symptoms include vomiting, diarrhea, convulsions,
damage internal organs (liver, kidney) (14-17).

EPR measurements 

Free radicals were examined by the use of elec-
tron paramagnetic resonance (EPR) spectroscopy.
For EPR measurements the powdered samples of
original and sterilized AB were placed in the thin
wall glass tubes with the external diameter of 3 mm.
Mass of these samples located in the tubes were
measured. EPR signals were not observed for the
empty tubes. Free radicals properties and their con-
centrations in the samples were tested. 

EPR spectra of AB were measured by an X-
band (9.3 GHz) electron paramagnetic resonance

Table 1. Amplitude (A), linewidths (∆Bpp) and g-factor of EPR spectra of the tested thermally sterilized acidum boricum. Data for the EPR
spectra measured 15 minutes, 2, 8, 10, 13, 16, 22, 32 and 40 days after sterilization. 

Parameters of sterilization

Sample 160OC/120 min 170OC/60 min 180OC/30 min

(Times after A ∆Bpp A ∆Bpp A ∆Bpp

sterilization) [a. u.] [mT]
g

[a. u.] [mT]
g

[a. u.] [mT]
g

[+0.1]  [+0.02]
[+0.0002]

[+0.1]  [+0.02]
[+0.0002]

[+0.1]  [+0.02]
[+0.0002]

15 min 0.8 1.02 1.8822 0.9 0.69 1.8821 1.0 0.55 1.8820

2 days 0.7 0.69 1.9953 1.0 0.63 1.9950 1.0 0.46 1.9946

8 days 0.7 0.69 1.9937 0.9 0.72 1.9941 1.1 0.35 1.9940

10 days 0.8 0.70 1.9940 1.0 0.95 1.9937 0.9 0.62 1.9940

13 days 0.3 0.46 2.0001 0.2 0.62 1.9979 0.1 1.00 1.9977

16 days 0.3 0.46 1.9947 0.2 0.27 1.9961 0.2 0.77 1.9962

22 days 0.9 0.73 1.9994 1.2 0.81 1.9993 0.9 0.54 1.9996

32 days 1.0 0.69 1.9924 1.3 0.74 1.9931 0.8 0.58 1.9929

40 days 0.3 0.31 1.9960 0.2 0.57 1.9964 0.2 0.65 2.0011

Table 2. Parameters A1/A2 and B1/B2 of EPR spectra of the tested thermally sterilized acidum boricum. Data for the EPR spectra measured
15 minutes, 2, 8, 10, 13, 16, 22, 32 and 40 days after sterilization.

Parameters of sterilization

Sample 160OC/120 min 170OC/60 min 180OC/30 min 

(Times after A1/A2 B1/B2 A1/A2 B1/B2 A1/A2 B1/B2

sterilization) [+0.02] [+0.02] [+0.02] [+0.02] [+0.02] [+0.02]

15 min 0.73 1.03 1.00 0.62 0.94 0.67

2 days 0.67 0.42 0.81 1.00 0.60 1.88

8 days 1.03 0.92 1.02 1.10 0.91 0.99

10 days 0.44 0.82 1.57 1.77 0.89 0.77

13 days 0.62 0.80 0.92 0.69 0.87 1.71

16 days 0.63 0.86 1.33 2.45 1.37 0.74

22 days 0.60 0.76 0.5 1.48 1.10 0.65

32 days 1.12 1.11 0.66 0.83 0.64 0.78

40 days 1.69 0.67 1.20 0.51 0.82 1.31
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spectrometer with magnetic modulation of 100 kHz
produced by Radiopan (PoznaÒ, Poland). To avoid
microwave saturation, EPR lines were recorded at
low microwave power of 0.7 mW and high attenua-
tion of 20 dB. 

For the original and sterilized AB samples the
line shape and the parameters of the EPR spectra
were analyzed. For the studied samples the follow-
ing parameters of EPR spectra were determined: g-
factors, amplitudes (A), integral intensities (I), and
line widths (∆Bpp). Amplitude and integral intensity
are dependent on free radicals concentration in the
samples (18). Line width depends on magnetic inter-
actions in the samples (18).

g-Values were calculated from the equation of
resonance condition according to the formula (18):

g = hν / µBBr

where: h ñ Planck constant, ν ñ microwave frequen-
cy, µB ñ Bohr magneton, Br ñ resonance magnetic
field. 

Microwave frequency (ν) was directly meas-
ured by MCM101 recorder produced by Eprad
(PoznaÒ, Poland). The Br values were obtained from
the EPR spectra.

Effect of microwave power in the range of 2.2-
70 mW on EPR spectra were examined. Changes of
A, I and ∆Bpp with microwave power were obtained. 
Spin-lattice relaxation processes in the samples were
characterized by observation of microwave satura-
tion of their EPR lines. Power of microwave satura-

tion of EPR lines increases with fastening of spin-
lattice relaxation processes (18).

The parameters A1/A2 and B1/B2 of line shape
of the EPR spectra were analyzed. The values of A1,
A2, B1 and B2 are presented in Table 2. 

The line shape parameters A1/A2 and B1/B2

were determined for the EPR spectra recorded in the
range of microwave power 2.2-70 mW. The changes
of the shape of EPR spectra with microwave power
were tested. The shape of EPR spectra changes with
the increasing of microwave power for the samples
with the several types of free radicals (18, 19). The
complex character of the free radicals system of the
sterilized samples was checked.

Concentrations of free radicals (N) in the stud-
ied samples were compared. The concentration was
determined as the value proportional to the integral
intensity (I) of EPR spectrum (18, 20). The I values
were obtained by double integration of the first-
derivative EPR spectra. Ultramarine was used as the
reference for concentration of free radicals. The
integral intensities of the EPR lines of the examined
AB and the integral intensity of the ultramarine line
were compared. The second reference ñ a ruby crys-
tal (Al2O3:Cr3+) was permanently placed in a reso-
nance cavity. For each sample and for the reference
- ultramarine, the EPR line of a ruby crystal was
detected. The same receiver gain and the same
microwave power were used. The free radicals con-
centration (N) was determined as follows:

Figure 2. EPR spectra of acidum boricum sterilized at 160OC (120 minutes) (a), 170 OC (60 minutes) (b), and 180OC (30 minutes) (c). The
measurement was done 15 minutes after sterilization with microwave power of 2.2 mW
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N = Nu[(WuAu)/Iu]/[I/(WAm)]
where: Nu - the number of paramagnetic center (1.2
◊ 1019 spin) in the ultramarine reference, W and Wu

- the receiver gains for sample and ultramarine, A
and Au - the amplitudes of ruby signal for the sam-
ple and ultramarine, I and Iu - the integral intensities
for the sample and ultramarine, m - the mass of the
sample.

RESULTS AND DISCUSSION

The performed electron paramagnetic reso-
nance and infrared studies indicate that these spec-
troscopic methods are very useful in the process of
AB preparation. The process of production of AB
should be accompanied by the minimal free radicals
formation and their chemical structures should be
unchanged. These two aspects, low contents of free
radicals and the pure chemical units, are the impor-
tant condition to proper interaction of the drugs in
the human organism during pharmacotherapy. 

The first stage of examination of the sterilized
AB is to check its paramagnetic or diamagnetic

character. Our EPR analysis shows that AB is dia-
magnetic before sterilization. This result is the con-
firmation of the chemical purity of the tested sam-
ples which were taken as the representative AB.
The EPR spectra are observed only for paramag-
netic samples, which contain unpaired electrons,
for example unpaired electrons of free radicals
(18). The paramagnetic samples located in the res-
onance cavity of the electron paramagnetic reso-
nance spectrometer absorb microwaves of the
proper frequency fitted to the energy levels of the
unpaired electrons in magnetic field. The absorbed
energy increases with increasing of the amount of
unpaired electrons in the paramagnetic samples
(18). Chemical structure of the analyzed AB (Fig.
1) (13) indicates that the absence of unpaired elec-
trons is expected in the original samples. The rup-
tured chemical bonds, so also the unpaired elec-
trons, were not detected in the original AB,
because for all the tested samples EPR spectra
were not obtained. 

Paramagnetism appears in the analyzed AB
during the thermal sterilization process. The EPR

Figure 3. Change of free radical concentration (N) and integral intensity (I) in the storage thermal sterilized acidum boricum
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spectra were obtained for AB (Fig. 2) sterilized at
160, 170 and 180OC. 

The parameters of the spectra: amplitudes (A)
and line widths (∆Bpp) and g-factor depend on the
sterilization conditions (Tab. 1). 

It can be seen that independently on the sterili-
zation conditions free radicals are formed in the ana-
lyzed AB. The sterilizations conditions were chosen
according to the pharmaceutical norms (11), but the
transformation from dia- to paramagnetic form of
this drug is clearly visible. This aspect of the unex-
pected paramagnetism of the thermally sterilized
AB is not included in the norms (11). The existence
of free radicals in the sterilized drugs is one of the
main problems, which should be resolved. Free rad-
icals may be responsible for the dangerous interac-

tions in tissues (1), so their concentrations in the
substances, which contacts with them should be
minimized. We propose to search the conditions of
thermal sterilization, such as temperature and time,
which give in the effect the lowest free radicals con-
centrations in the AB after sterilization. These
examination may be done in laboratories by the use
of electron paramagnetic resonance spectrometer, or
in the future in the industrial firms before steriliza-
tion of the individual AB samples by the EPR spec-
trometer of the smaller dimensions. The EPR spec-
troscopic analysis is proposed as additional to exam-
ination of microorganisms presence in the drugs.

The main value, which is interested for the
sterilized AB, is the free radicals concentration (N)
and integral intensity (I). Free radicals concentra-

Figure 4. Influence of microwave power (M) on amplitude (A) (a, b, c) and linewidth (∆Bpp) (d, e, f) of EPR spectra of acidum boricum
sterilized at 160OC (120 minutes) (a, d), 170OC (60 minutes) (b, e), and 180OC (30 minutes) (c, f). The measurement was done 15 minutes
and 2 days after sterilization. M is microwave power used during the measure of the EPR spectrum. Mo is the total microwave power pro-
duced by klystron (70 mW)
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tions for the tested thermally sterilized AB are com-
pared in Figure 3. 

The highest free radicals concentrations were
obtained for AB sterilized at 160OC during 120 min.
The lowest free radicals concentrations were
obtained for AB sterilized at temperature of 170OC
during 60 min, so these temperature and time of ster-
ilization may be proposed for this drug. 

Free radicals concentrations formed during the
sterilization process of AB are not stable during the
storage of these drugs after heating (Fig. 3). This
effect should be taken to account in the practical
applications of drugs storage. It is possible that the
interactions of free radicals of the sterilized AB with
oxygen molecules are responsible for the evolution
of the concentrations of unpaired electrons in the
samples (Fig. 3). The interactions of free radicals
with paramagnetic oxygen molecules O2 were
observed for other organic samples (21-23). The
paramagnetic organic samples interact with oxygen
molecules via their unpaired electrons. 

It was shown that free radicals in the analyzed
sterilized AB have the specific properties. The main
feature of the paramagnetic system in the heated AB
is its complex character, which is responsible for the
complex shape of the unsymmetrical EPR spectra.
The EPR parameters A1/A2 and B1/B2 changes with
time of storage (Table 2), so it can be concluded that
several groups of free radicals were formed during
thermal sterilization of AB. 

It is the expected effect, because the different
chemical bonds may be ruptured at the used temper-
atures. The chemical structure of the tested AB (Fig.
1) (13) points out that mainly free radicals with
unpaired electrons localized on oxygen atoms are
formed. The oxygen free radicals are responsible for
the obtained apparent g values (Table 1). 

The continuous microwave saturation of the
EPR lines (Fig. 4) indicates the homogeneous
broadening of these lines (18). It is characteristic for
the samples with homogenous distribution of the
free radicals in their molecular units. The spin
islands do not exist in the heated AB. This feature is
the confirmation of the well performed sterilization
of AB, this process was interacting in the whole vol-
ume of the drug samples. 

Microwave power (M/Mo) effect on amplitudes
(A) of the EPR lines of AB sterilized at 160, 170,
and 180OC (Fig. 4 a, b, c) points out the fast spin-lat-
tice relaxation processes in the samples. The
microwave saturation of the EPR lines are not
observed, the amplitudes increase with the increase
of microwave power in the used range of its values
(up to 70 mW) (Fig. 4 d, e, f). For the fast relaxing

systems, unpaired electrons excited by microwaves
fast come back to the ground energy levels (18).
Similar fast spin-lattice relaxation processes were
observed for thermally sterilized clarithromycin (6),
neomycin (8) and sisomicin (8).

Spectroscopic analyses performed in this work
show that EPR methods may be proposed as the
additional ones to obtain the best conditions of the
thermal sterilization of AB. The aim of the EPR
measurements is to choose the optimal temperature
and time of sterilization of the individual AB from
the proposed by the pharmaceutical norms. EPR
spectroscopy may be applied to compare chemical
structure and free radicals in the original and ther-
mally treated AB. Sterilization process should not
modify the chemical structure of AB and should not
form free radicals in its samples. 

CONCLUSIONS

The performed EPR studies of the thermally
sterilized AB indicate that: 
1. Free radicals are formed in AB during thermal

sterilization at temperatures 160OC (120 min),
170OC (60 min) and 180OC (30 min), as evi-
denced by EPR spectra.

2. Free radicals in the sterilized AB reveal the fol-
lowing properties:
- complex character of free radicals system with

the complex shape of EPR spectra;
- mainly oxygen free radicals exist in the tested

heated AB;
- homogeneous broadening of EPR lines, proved

by the continuous microwave saturation of the
resonance signals, and

- fast spin-lattice relaxation processes exist in
AB sterilized at 160, 170 and 180OC for 120,
60 and 30 min, respectively.

3. Free radicals concentrations in AB (~1017 spin/g)
depend on the temperature and time of steriliza-
tion. The highest free radicals concentrations
characterize thermally sterilized AB at 180OC for
30 min.

4. Free radicals concentrations change during stor-
age of the examined AB, and probably interac-
tions with oxygen molecules may be responsible
for this effect. 
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Electron paramagnetic resonance (EPR)
spectroscopy was used for examination of free
radicals in thermally treated vaselinum album
(VA). Thermal treatment in hot air as sterilization
process was tested. Sterilization is expected to
exterminate microorganisms in drugs (1), but
chemical structure and therapeutic interactions of
drugs with tissues should not be modified.
Conditions of thermal sterilization are described in
the pharmaceutical norms (2, 3). It is expected that
thermal sterilization breaks chemical bonds and
produce free radicals in drugs depending on tem-
peratures. A lot of our works deals with formation
of free radicals in organic pharmaceutical sub-
stances at high temperature (4-11). The aim of this
work was to determine concentration and free rad-
ical properties of thermally sterilized VA. In the
literature, information about free radicals in VA
was not found. The EPR measurements are pro-
posed to optimize sterilization process. The opti-
mal temperature and time of heating of the VA are
those that produce the lowest amount of free radi-
cals in the sample.

Free radicals should not exist in VA, because
they may cause a lot of toxic effects in tissues (12).

Free radicals may interact with dia- and paramag-
netic molecules in organism. These reactions may
cause large modifications of structures and destroy
living functions. 

EXPERIMENTAL

Samples

VA is a greasy, translucent, odorless, low melt-
ing, white color substance (13-15). It is obtained
from the distillation of crude oil (13-15). VA is a
mixture of paraffinic hydrocarbons (alkanes) from
the border of the solid and liquid state of matter at
room temperature, docosane and tricozane (13-15).
VA is used as a sterile base for prescribed antibiotics
ointment and other biologically active substances
and ophthalmic ointments (13-15).

VA was sterilized according to the Polish
Pharmacopoeia recommendationss (2) at the follow-
ing temperatures: 160OC (during 120 min), 170OC
(during 60 min), and 180OC (during 30 min), respec-
tively. Sterilization process was performed in a
dryer with hot air.

The samples of VA were measured in the thin-
wall glass tubes. EPR signals were not obtained for

EPR STUDIES OF THERMALLY STERILIZED VASELINUM ALBUM *

PAWE£ RAMOS** and BARBARA PILAWA

Medical University of Silesia in Katowice, School of Pharmacy with the Division of Laboratory Medicine,
Department of Biophysics, Jednoúci 8, 41-200 Sosnowiec, Poland

Abstract: Electron paramagnetic resonance (EPR) spectroscopy was used for examination of free radicals in
thermally treated vaselinum album (VA). Thermal treatment in hot air as sterilization process was tested.
Conditions of thermal sterilization were chosen according to the pharmaceutical norms. Vaselinum album was
heated at the following conditions (T ñ temperature, t ñ time): T = 160OC and t = 120 min, T = 170OC and t =
60 min and T = 180OC and t = 30 min. The aim of this work was to determine concentration and free radical
properties of thermally sterilized VA. EPR analysis for VA was done 15 min after sterilization. EPR measure-
ments were done at room temperature. EPR spectra were recorded in the range of microwave power of 2.2-70
mW. g-Factor, amplitudes (A) and line width (∆Bpp) of the spectra were determined. The shape of the EPR spec-
tra was analyzed. Free radical concentration (N) in the heated samples was determined. EPR spectra were not
obtained for the non heated VA. EPR spectra were detected for all thermally sterilized samples. The spectra
revealed complex character, their asymmetry depends on microwave power. The lowest free radicals concen-
tration was found for the VA sterilized at 180OC during 30 min. EPR spectroscopy is proposed as the method
useful for optimization of sterilization process of drugs. 

Keywords: free radicals, thermal sterilization, vaselinum album, EPR spectroscopy

691

*Paper presented at IX MKNOL Conference, May, 2014 
**Corresponding author: e-mail: pawelramos@sum.edu.pl



692 PAWE£ RAMOS and BARBARA PILAWA

empty tubes, they do not contain paramagnetic
impurities. 

VA was obtained from Sigma-Aldrich. 

EPR measurements

The electron paramagnetic resonance (EPR)
measurements were performed 15 minutes, 2, 8, 10,
13, 16, 22, 32 and 40 days after sterilization. The
samples were examined at room temperature. The
first-derivative spectra were recorded by the use of
an X-band (9.3 GHz) EPR spectrometer of
Radiopan (PoznaÒ). Magnetic modulation was 100

kHz. Microwave frequency was directly measured
by MCM 101 recorder of Eprad (PoznaÒ). 

The first-derivative EPR spectra were meas-
ured with microwave power in the range 2.2-70
mW. g-Factor, amplitudes (A) and line width (∆Bpp)
of the EPR lines were analyzed (Fig. 1a). The
parameters A1/A2 , B1-B2, B1/B2, and B1-B2 of asym-
metry of line shape of EPR spectra were determined
(Fig. 1b).

g-Factor was calculated from the resonance
condition according to the formula (16):

g = hν/µBBr,

Figure 1. The analyzed parameters of the EPR spectra (a): amplitude (A), line width (∆Bpp), Br ñ resonance magnetic induction, and the
asymmetry of line shape parameters (b): A1, A2, B1, B2

Figure 2. EPR spectra of vaselinum album sterilized at 160OC (120 min) (a), 170OC (60 min) (b), and 180OC (30 min) (c). The measure-
ment was done 15 min after sterilization with microwave power of 2.2 mW. B - induction of magnetic field
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where: h ñ Planck constant, ν ñ microwave frequen-
cy, µB ñ Bohr magneton, Br ñ resonance magnetic
induction. 

Continuous microwave saturation of EPR lines
was applied to examination of spin-lattice relaxation
processes (16-18).

Free radical concentration (N) in the samples
was determined as follows: 

N = Nu[(WuAu)/Iu][I/(WAm)],
where: Nu - the number of paramagnetic centers in
ultramarine, W, Wu - the receiver gains for sample
and ultramarine, A, Au - the amplitudes of ruby sig-
nal for the sample and ultramarine, I, Iu - the integral
intensities for the sample and ultramarine, m - the
mass of the sample. 

Ultramarine with the strong stable EPR line was
the reference for free radicals concentration in the
samples. A ruby crystal was permanently placed in the
resonance cavity, and it was used as the secondary ref-
erence during measurements of the concentration.

RESULTS AND DISCUSSION

EPR spectra were not measured for the origi-
nal, non-heated samples and were obtained for all

the thermally sterilized VA. The original samples
are free of paramagnetic impurities. Free radicals
were found in VA sterilized at 160OC (120 min),
170OC (60 min) and 180OC (30 min). The EPR spec-
tra of the sterilized VA are presented in Figure 2a-c.
Free radicals are formed in VA as the result of ther-
molysis. Thermal energy breaks chemical bonds in
the tested VA. It is expected that thermal transfor-
mation changes the therapeutic interactions of VA.
The interactions of free radicals of VA and tissues
may be the source of toxic effects. The EPR spectra
changed with temperature of sterilization. The
parameters of the EPR spectra of the samples steril-
ized at different temperatures and times are shown
in Figure 2a-c.

Concentrations (N) of free radicals, g-factors,
and line widths (∆Bpp) of EPR spectra of VA steril-
ized at different conditions are presented in Table 1.
The tested EPR spectra were broad lines with line
widths in the range 1.69-2.64 mT. Dipolar interac-
tions are probably responsible for such line broad-
ening. The apparent g-factors 1.9948-1.9953 indi-
cate that unpaired electrons in the heated VA are
located on carbon atoms. The high free radical con-
centration (~1017 spin/g) characterized all the sam-

Figure 3. Change of free radical concentration (N) in the stored thermally sterilized vaselinum album

Table 1. Free radical concentration (N) in the sterilized vaselinum album, g factor and linewidth (∆Bpp) of its
EPR spectra. T ñ temperature of sterilization of vaselinum album, t ñ times of sterilization of vaselinum album.

Sterilization
Samples

T t 
N ◊ 1017 g ∆Bpp

[OC] [min]
[spin/g] [± 0.0002] [± 0.02 mT]

Vaselinum
160 120 19.2 1.9948 2.16

album 170 60 18.8 1.9953 1.69

180 30 15.6 1.9949 2.64
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Figure 4. Influence of microwave power (M) on the asymmetry parameter (A1-A2) of EPR spectra of vaselinum album sterilized at 160OC
(120 min) (a), 170OC (60 min) (b), and 180OC (30 min) (c). The measurement was done 15 min after sterilization. M is microwave power
used during the measure of the EPR spectrum. Mo is the total microwave power produced by klystron (70 mW)
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Figure 5. Influence of microwave power (M) on amplitude (A) of EPR spectra of vaselinum album sterilized at 160OC (120 min) (a), 170OC
(60 min) (b), and 180OC (30 min) (c). The measurement was done 15 min after sterilization. M is microwave power used during the meas-
ure of the EPR spectrum. Mo is the total microwave power produced by klystron (70 mW)
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Figure 6. Influence of microwave power (M) on line width (∆Bpp) of EPR spectra of vaselinum album sterilized at 160OC (120 min) (a),
170OC (60 min) (b), and 180OC (30 min) (c). The measurement was done 15 min after sterilization. M is microwave power used during the
measure of the EPR spectrum. Mo is the total microwave power produced by klystron (70 mW)
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ples. The lowest free radicals concentration was
obtained for VA sterilized at 180OC during 30 min.
Such conditions of sterilization are proposed as the
optimal for VA.

Free radicals concentrations change during
storage of the examined VA samples and probably
interactions with oxygen molecules may be respon-
sible for this effect (Fig. 3). 

Several types of free radicals are formed in VA
during sterilization. Free radicals system in thermal-
ly sterilized VA was complex. Line shape of EPR
spectra changed with the increasing of microwave
power. The changes of the asymmetry parameters
(A1-A2 of the EPR spectra of VA sterilized at 160OC
(120 min), 170OC (60 min) and 180OC (30 min) are
shown in Figures 4a-c, respectively. The correla-
tions presented in Figure 4 resulted from the differ-
ent changes of the individual EPR component lines
with increasing of microwave power. 

The changes of amplitudes and line widths of
the EPR spectra of VA with an increase of
microwave power are shown in Figures 5a-c and 6a-
c, respectively. The amplitudes reached the maxi-
mum at low microwave powers, so it can be con-
cluded that slow spin lattice relaxation processes
exist in the analyzed samples. EPR lines of all the
sterilized VA samples increase with increasing of
microwave power and they reach the maximal val-
ues (Fig. 5). For VA sterilized at 170 and 180OC at
the higher microwave powers amplitudes started to
decrease (Fig. 5b, c). The slowest spin-lattice relax-
ation processes exist in VA sterilized at the highest
temperature 170OC and 180OC. The slow spin-lattice
relaxation processes were also found in thermally
sterilized betamethasone (4), crystal penicillin (5),
verapamil (6), famotidine (7), cefaclor (8), drotaver-
ine (9) and streptomycin (10). The EPR spectra of
VA are homogeneously broadened. The increase of
line widths (Fig. 6) with the increasing microwave
power was observed. 

The obtained results indicate usefulness of
electron paramagnetic resonance (EPR) studies to
optimization of sterilization process. The EPR
analysis of drugs should be done during the produc-
tion of drugs. The Polish Pharmacopoeia recom-
mendations (2) should be respected and the lowest
amount of free radicals should be formed in VA. 

CONCLUSIONS

EPR studies of thermally sterilized VA pointed
out that:
1. Free radicals (1017 spin/g) are formed during ther-

mal sterilization of VA at 160, 170 and 180OC.

2. The best thermal sterilization conditions of VA
with the lowest concentration of free radicals are
temperature 180OC and time of heating 30 min. 

3. Complex system of free radicals exists in ther-
mally sterilized VA.

4. Slow spin-lattice relaxation processes and strong
dipolar interactions exist in thermally sterilized
VA.

5. Continuous microwave saturation of EPR lines
of VA indicated that the spectra are homoge-
neously broadened.
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Malignant melanoma is highly resistant to
chemotherapy and radiotherapy, particularly in the
metastatic or relapse phase. Median survival time
of metastatic patients is 6-9 months and the 5-year
survival rate does not exceed 1-2%. In Poland,
according to data from 2011, melanoma occupies
12th place in incidence of cancer among men and
13th place among women. Over the period 1990-
2011, annual mortality among men suffering from
melanoma increased from 301 to 679, and among
women from 350 to 580. Predictions of cancer
prevalence and mortality up to the year 2025 indi-
cate that the number of melanoma cases in Poland
will grow, especially in people over 65 years of
age (1). Therefore, new possible treatment strate-
gies are still searched for. Inhibition, delay or
reversal of carcinogenesis using natural or semi-
synthetic compounds seems to be a promising
approach (2, 3). Betulin 1 is a natural compound
with cytotoxic activity against cancer cells. It can
be easily converted to various semisynthetic deriv-
atives (4, 5).

Boryczka et al. (5) have synthesized a series of
new acetylenic derivatives of betulin (containig one
or two acetylenic groups at carbons C-3 and/or C-
28. Their cytostatic activity was tested on human
cell lines: SW707 (colorectal adenocarcinoma),

CCRF/CEM (leukemia) and T47D (breast cancer).
Additionally, some murine cell lines were used:
P388 (leukemia), Balb3T3 (normal fibroblasts). All
the tested acetylenic derivatives of betulin exhibited
stronger antiproliferative action than the parent
compound and 28-O-propynoylbetulin was the most
effective.

Betulin [lup-20(29)-ene-3β,28-diol] 1 belongs
to the pentacyclic triterpenes of the lupane group.
Betulin molecule is composed of four six-membered
rings and one five-membered ring, and has three
reactive moieties, which include isopropenyl group
at C-19, the primary hydroxyl group at C-28, and the
secondary hydroxyl group at C-3 (6, 7). Pentacyclic
triterpenes constitute a group of substances exten-
sively tested for their antitumor properties (8, 9). An
important advantage of betulin 1 and its derivatives
is low toxicity against normal cells. The usefulness
of betulin 1 is limited by its poor solubility in water,
which is 0.08 mg/mL (10, 11).

The use of G-361 melanoma cell line is a con-
sequence our previous study showing that betulin
and 28-O-propynoylbetulin inhibit proliferation and
induce apoptosis and differentiation in melanoma
cells (9). Accumulation of melanin as well as its
structure are the main differentiation markers of the
skin pigment cells. G-361 cells belong to melanotic
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cell lines, therefore, they are useful in studies of
mechanisms controlling the cell differentiation.
Moreover, that cell line enables studies of the role of
melanin in melanoma etiology and therapy.

The aim of the study was to investigate the
effect of acetylenic derivatives of betulin 2-7: 28-O-
propynoylbetulin 2; 28-O-propargyloxycarbonylbe-
tulin 3; 28-O-(3-butynyloxycarbonyl)betulin 4;
3,28-O,Oí-dipropynoylbetulin 5; 3,28-O,Oí-di(pro-
pargyloxycarbonyl)betulin 6; 3,28-O,Oí-di(3-butyn-
yloxycarbonyl)betulin 7 (Fig. 1) on cell proliferation
in G-361 human melanoma cell line.

EXPERIMENTAL

Synthesis of acetylenic derivatives of betulin 2-7

Compounds 2-7 were obtained at the
Department of Organic Chemistry, Medical
University of Silesia in Katowice. All reactions
were monitored by thin layer chromatography
(TLC) using silica gel 60 254F plates (Merck) and a
mixture of chloroform and ethanol (20 : 1 or 40 : 1,
v/v) as an eluent. Spots were visualized on the plates
by spraying with 5% sulfuric acid (VI) solution in
ethanol and heating at 110OC. Derivatives of betulin
2-7 were purified by column chromatography on sil-
ica gel 60, < 60 µm (Merck) using a mixture of chlo-
roform and ethanol (20 : 1 or 40 : 1, v/v) as an elu-
ent. The chemical structure of compounds 2-7 was
confirmed by the 1H-NMR, 13C-NMR, IR and MS
(EI) spectral data and described in the paper by
Boryczka et al. (5).

The esterification of betulin 1 with propynoic
acid in dichloromethane in the presence of dicyclo-
hexylcarbodiimide (DCC) and 4-dimetylaminopyri-
dine (DMAP) afforded mixtures of compounds 2

and 5. Derivatives 2 and 5 were separated by col-
umn chromatography to give pure 2 and 5 in 60%
and 12% yields, respectively. The reactions of
betulin 1 with the propargyl chloroformate and 3-
butyn-1-yl chloroformate in benzene in the pres-
ence of pyridine gave a mixture of mono- 3, 4 and
diesters 6, 7. The resulting mixtures were separated

by column chromatography to afford pure products
3, 4 and 6, 7 in 64ñ69% and 23ñ27% yields, respec-
tively.

Cell culture

The G-361 human malignant melanoma cell
line (LGC Promochem, £omianki, Poland) was used
in this study. G-361 melanotic cells were derived
from the skin of 31-year-old Caucasian man. The G-
361 cell line was grown in 90% McCoyís medium
(Sigma-Aldrich), supplemented with 10% fetal
bovine serum (Sigma-Aldrich), 100 U/mL peni-
cillin, and 100 µg/mL streptomycin. Cultures were
maintained at 37OC in a humidified atmosphere of
95% air and 5% CO2.

Cell proliferation

Stock solutions were prepared by dissolving
the tested compounds 2-7 in dimethyl sulfoxide
(DMSO, Sigma-Aldrich) at a concentration of 5
mg/mL. They were used to prepare working solu-
tions in culture medium immediately before use. To
determine the cytotoxicity of acetylenic betulin
derivatives 2-7, In Vitro Toxicology Assay Kit, sul-
forhodamine B based (Sigma-Aldrich) was used.
Sulforhodamine B is an anionic dye which binds to
amino acid residues of cellular proteins. The amount
of bound dye in particular wells is proportional to
the total cell biomass. 

Cells were seeded in 96-well plates (NuncTM

Micro Well Plates) at a density of 103 cells per well.
After 24 h of incubation, the culture medium was
removed and replaced with the fresh one containing
the tested compounds 2-7 in the concentration range
of 0.1-20 µg/mL. Then, the cells were cultured for
the next 72 h. At the end of incubation period, cells
were washed with phosphate-buffered saline (PBS,
Sigma-Aldrich), fixed in trichloroacetic acid (10%
TCA) and stained with sulforhodamine B. After the
dissolution of the incorporated dye, absorbance was
measured at 570 nm and 690 nm (reference wave-
lengh) using the MRX Revelation plate reader
(Dynex Technologies).

Figure 1. Structure of betulin 1 and acetylenic derivatives of betulin 2-7
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Figure 2. Growth of G-361 cell line cultured in the presence of various concentrations of acetylenic derivatives of betulin 2-7: A) 28-O-
propynoylbetulin 2 and 3,28-O,Oí-dipropynoylbetulin 5, B) 28-O-propargyloxycarbonylbetulin 3 and 3,28-O,Oí-di(propargyloxycar-
bonyl)betulin 6, C) 28-O-(3-butynyloxycarbonyl)betulin 4 and 3,28-O,Oí-di(3-butynyloxycarbonyl)betulin 7. (Each bar represents the
mean ± SD; *p < 0.05 compared with control)



702 EWA B BENEK et al.

Statistical analysis

Differences in cell proliferation were analyzed
for statistical significance using analysis of variance
(ANOVA) and the Kruskal-Wallis test. The p-value
of < 0.05 was considered significant. Analysis was
performed using Statistica 10.0 software for
Windows (StatSoft, Poland).

RESULTS 

In this study, the proliferation of G-361 melan-
otic melanoma cell line, was evaluated using the
assay with sulforhodamine B. The range of concen-
trations of the tested compounds was from 0.1 to 20
µg/mL and the cells were treated for 72 h. It has
been shown that 28-O-propynoylbetulin 2, 28-O-
propargyloxycarbonylbetulin 3, and 28-O-(3-
butynyloxycarbonyl)betulin 4 have an impact on G-
361 cells proliferation, and this effect depends on
the concentration of the tested compounds (Fig. 2).
28-O-Propynoylbetulin 2 at low concentrations (0.1
and 0.3 µg/mL) did not exert any influence on the
growth rate of the cells as compared to control cul-
ture. Statistically significant inhibition of prolifera-
tion of the tested cell line was found in cultures
exposed to higher concentrations of this compound
(≥ 1 µg/mL). 

The strongest growth inhibition was observed in
cultures of G-361cells exposed to 3, 10 and 20 µg/mL
of derivative 2 (Fig. 2A). 28-O-Propargyloxy-
carbonylbetulin 3 at concentrations of 0.3, 1 and 3
µg/mL did not cause significant inhibition of cellular
growth. Compound 3 significantly inhibited the cell
proliferation (compared to control) at concentrations
of 10 and 20 µg/mL (Fig. 2B). A similar effect was
observed when cells were incubated with 28-O-(3-
butynyloxycarbonyl)betulin 4 (Fig. 2C).

Treatment of G361 cell line with 3,28-O,Oí-
dipropynoylbetulin 5, 3,28-O,Oí-di(propargyloxy-
carbonyl)betulin 6 and 3,28-O,Oí-di(3-butynyloxy-
carbonyl)betulin 7 did not cause significant changes
in cell proliferation in the whole range of tested con-
centrations (0.1-20 µg/mL) (Fig. 2A-C). 

DISCUSSION

Melanoma is a malignant tumor derived from
the melanocytic neuroectodermal cells, which
undergo malignant transformation (12). The aggres-
siveness of melanoma is determined by their ability
to metastasize rapidly, a high degree of proliferation
of tumor cells, the broad genetic and epigenetic
changes, and high resistance to conventional treat-
ments (13).

Triterpenes are a group of compounds which
can potentially inhibit the proliferation of tumor
cells and induce their apoptosis. Betulin 1, as a rep-
resentative of pentacyclic triterpenes, is widely dis-
tributed in nature (14-17). Li et al. (18) showed that
betulin 1 is a potent inducer of cell death in human
cervical carcinoma (HeLa), hepatoblastoma
(HepG2), breast cancer (MCF7) and lung adenoma
cells (A549). 

Our studies have shown that fundamental to
the cytotoxic effects of acetylenic derivatives of
betulin is a hydroxyl group at C-3 position. It has
been shown that monoesters 2-4, obtained by a
replacement of the hydroxyl group at C-28 position
of betulin 1 by alkynyl groups, exhibited the most
potent cytotoxicity. The strongest cytotoxic activity
against G-361 cell line showed 28-O-propynoylbe-
tulin 2. These results are consistent with our previ-
ous observations, that 28-O-propynoylbetulin 2 has
stronger apoptotic and cytotoxic effect on G-361
cells than betulin 1 (9). Boryczka et al. (5) demon-
strated that 28-O-propynoylbetulin 2 was the most
strongly acting compound on human leukemia cells
(CCRF/CEM) compared with betulin 1 and other
acetylenic derivatives of betulin and cis-platinum.

In our work, weaker cytotoxic effect with
respect to the derivative 2 showed monoesters: 28-
O-propargyloxycarbonylbetulin 3 and 28-O-(3-
butynyloxycarbonyl)betulin 4, which only at a con-
centration of 10 and 20 µg/mL significantly inhibit
growth of G-361 cells. The present study demon-
strated that cytotoxicity of derivatives 3 and 4 at the
highest concentration (20 µg/mL) was similar to 2.
Instead, simultaneous esterification of the C-3
hydroxyl group (diesters 5-7) completely abolished
the cytotoxic action of the compound (in concentra-
tion range 0.1-20 µg/mL). 

The scientists are currently looking for new
derivatives of betulin, in order to obtain the com-
pounds with high anticancer activity in human
melanoma cells. The present study demonstrated
that simple changes in the structure of betulin 1 may
provide new interesting compounds with potentiated
antitumor activity. 

The addition of the propynoyl group at the C-
28 position of betulin 1 led to an increase in
proapoptotic and cytotoxic effect against G-361
cells, in comparison to betulin 1 (9). Cytotoxicity of
acetylenic derivatives of betulins 2-7 with respect to
melanoma malignum cells, requires further studies.
Understanding the mechanisms of action of the ana-
lyzed compounds can contribute to the development
of new treatment strategies for melanoma. Another
aspect requiring additional study is the influence of
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these substances on the composition and structure of
pigment produced by melanocytes and its implica-
tions for the effectiveness of antineoplastic therapy.
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Inflammatory bowel disease (IBD), which
include Crohnís disease (CD) and ulcerative colitis
(UC), is defined as a chronic inflammation of the
gastrointestinal tract, characterized by intestinal
mucosa infiltration of monocytes and neutrophils,
prolonged and exaggerated activity of pro-inflam-
matory cytokines and frequently by genetic predis-
position and environmental contributory factors (1).
The association of cancer with chronic inflammation
in cancer patients has been recognized for some time
and become the focus of experimental tumor sys-
tems (2, 3). Cancers associated with chronic inflam-
mation include colorectal cancer (CRC), the fourth
most common cause of death from cancer world-
wide. The risk of developing CRC increases with
longer duration, greater anatomic extend and sever-
ity of colitis (4, 5). Several inflammation-associated
genes show up-expression in inflamed mucosa and
remain elevated in colonic neoplasms (6). One of the

genes, which are related both to inflammation and
cancer encodes inducible nitric oxide synthase. 

Nitric oxide synthase family catalyzes the syn-
thesis of nitric oxide (NO) in the reaction of oxida-
tive deamination of L-arginine. It consist of two
constitutively expressed isoforms: endothelial
(eNOS) and neural nitric oxide synthase (nNOS),
and an inducible NOS (iNOS) isoform expressed
under inflammatory conditions (7). iNOS is regulat-
ed at the transcriptional level in response to
cytokines (IFN-γ, TNF-α, IL-1β and IL-6) and bac-
terial lipopolysaccharides (LPS), and does not
require calcium for its activity (8). As opposed to
constitutive isoforms, iNOS produces large quanti-
ties of nitric oxide (9).

NO synthesized by constitutive isoforms of
NOS has vital functions in various physiological
processes, such as regulation of blood pressure,
smooth muscle relaxation, neurotransmission, gene
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Abstract: Inflammatory bowel disease (IBD) is chronic inflammatory condition associated with increased risk
of developing colorectal cancer. A number of mediators of inflammation, such as pro-inflammatory cytokines,
prostaglandins and nitric oxide have been involved in carcinogenesis, especially in the promotion and progres-
sion stages. NO is synthesized from L-arginine by constitutively expressed endothelial and neuronal nitric oxide
synthases (eNOS and nNOS, respectively) and an inducible NOS (iNOS) isoform expressed under inflamma-
tory conditions. A selective inhibitors of iNOS could be, therefore, considered to be good candidates as chemo-
preventive agents against colon cancer. In this study, the effect of inositol hexaphosphate (IP6), dietary phyto-
chemical, on the mRNA expression of iNOS stimulated with bacterial lipopolysaccharides (Escherichia coli
and Salmonella typhimurium) and IL-1β in intestinal cells Caco-2 for 6 and 12 h was investigated. A transcrip-
tion level of iNOS with the use real time QRT-PCR technique was determined in cells treated with 1 and 2.5
mM IP6. Stimulation of Caco-2 with pro-inflammatory factors (LPS and IL-1β) resulted in an up-expression of
iNOS mRNA at 6 and 12 h. Cells exposed to IP6 only revealed significant reduction in iNOS gene transcrip-
tion after 12 h. A decrease in iNOS transcription by IP6 following the gene induction by proinflammatory
agents in 6 and 12 h lasting cultures was also determined. The findings of this study suggest that one of the anti-
cancer and anti-inflammatory abilities of IP6 can be realized by suppressing the expression of gene encoding
inducible nitric oxide synthase isoform at the transcriptional level.
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transcription, mRNA translation and protein post-
translational modifications (10). However, its over-
load, resulting from iNOS activity, can be detrimen-
tal and may damage healthy tissues, leading to up-
regulation of inflammatory response. NO can exert
cytotoxic effect via contribution to membrane lipid
peroxidation, increased membrane permeability as
well as DNA damage and suppression of DNA
repair enzymes (11). NO plays a role in carcinogen-
esis, especially in the promotion and progression
stages by stimulating cell proliferation, regulating
angiogenesis and migration of tumor cells (12). 

Overexpression of iNOS has been reported in
chronic inflammatory diseases as well as in various
types of cancers (13). Some clinical studies have
shown that in patients with active UC and CD there
is a substantial increase of iNOS activity (14). Up-
regulation of the iNOS gene at both mRNA and pro-
tein level has also been revealed in the colorectal
cancer as compared with normal mucosa (15).
Therefore, selective inhibitors of iNOS could be
considered to be good candidates as chemopreven-
tive agents against IBDs and colon cancer. 

In recent years, it has been shown that some
plant-derived compounds demonstrate anti-inflam-
matory activity by controlling the levels of various
inflammatory cytokines or mediators, including IL-
1, IL-6, IL-10, TNF-α, NF-κB, NO, iNOS and
COX-2 (16). Inositol hexaphosphate (IP6) is a natu-
ral fiber-associated dietary component, especially
abundant in cereals, legumes and wheat bran. It has
been involved in a variety of cellular functions such
as signal transduction, regulation of cell prolifera-
tion, and differentiation (17). Its anticancer efficacy
has been proved both in vivo and in vitro on various
cancer cells lines. IP6 is also known for its antioxi-
dant action, resulting from inhibition of free radical
production and lipid peroxidation in the colon (18).
Due to its limited toxicity on normal cells and
noticeable lack of side effects IP6 is worth of con-
sidering as a preventic agent for inflammatory
bowel diseases and colorectal cancer (19). 

In this study the effect of inositol hexaphos-
phate on the mRNA expression of iNOS stimulated
with bacterial lipopolysaccharides (Escherichia coli
and Salmonella typhimurium) and IL-1β in intestin-
al cells Caco-2 was investigated.

EXPERIMENTAL

Cell culture

The human intestinal epithelial cells of Caco-2
line (DSMZ, Braunschweig, Germany) were grown
in RPMI 1640 medium (Sigma Aldrich) supple-

mented with 10% fetal bovine serum (GibcoBRL),
100 U/mL penicillin and 100 (µg/mL streptomycin
(both from Sigma Aldrich) and 10 mM HEPES
(GibcoBRL). Cultures were incubated at 37OC in a
humidified atmosphere of 5% CO2. Cells were seed-
ed into six-well plates (Nunc International) at a den-
sity of 4.5 ◊ 105 per well in 3 mL of medium. After
three days, the culture media were changed to media
with 2% FBS and cells were then cultured for 2
days. They were stimulated with 100 (µg/mL LPS
(Escherichia coli serotype 055:B5, Salmonella
enterica serotype typhimurium; both from Sigma
Aldrich), or 1 ng/mL IL-1β (Sigma Aldrich) for 30
min. Subsequently, cells were treated with 1 and 2.5
mM IP6 as dipotassium salt (pH 7.4) (Sigma
Aldrich) for 6 and 12 h. In separate cultures, cells
were incubated with LPS or IL-1β under the same
conditions. The untreated Caco-2 cells were used as
the control.

Real-time RT-QPCR assay
Total RNA was extracted from cells using

TRIzol reagent (Invitrogen) following the manufac-
turerís instruction. The quality and quantity of the
extracts was determined spectrophotometrically
using a GeneQuant pro (Amersham Biosciences).
The transcription level of iNOS gene was evaluated
by the use of real-time RT-QPCR technique with
SYBR Green Quantitect RT-PCR Kit (Qiagen)
according to the producerís specifications. The
analysis was carried out using an Opticonô DNA
Engine Continuous Fluorescence detector (MJ
Research). Oligonucleotide primers specific for
mRNA iNOS were designed on the basis of refer-
ence sequence (GenBank accession no.
NM_000625) by Primer ExpressTM Version 2.0 soft-
ware (PE Applied Biosystems, USA). The following
primer sequences were used: 5í-CAAGCCTACCC-
CTCCAGATG-3í (forward), 5í-CATCTCC-
CGTCAGTTGGTAGGT-3í (reverse). The thermal
profile for one-step RT-PCR was as follows: 50OC
for 30 min for reverse transcription and 95OC for 15
min followed by 45 cycles at 94OC for 15 s, 55OC for
30 s and 72OC for 45 s for amplification. Each gene
analysis was performed in triplicate. The mRNA
copy numbers of examined genes were determined
on the basis of the commercially available standard
of β-actin (TaqMan DNA Template Reagent Kit,
Applied Biosystems). The obtained results of
mRNA copy number were recalculated per mg of
total RNA. The expression level of examined genes
in cultured cells was expressed as the fold change
relative to the control. The value of fold change > 1
reflects increased expression of the target gene, and
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a value of fold change < 1 points to a decrease in the
gene expression. 

Specificity of RT-PCR reaction was confirmed
by determining the characteristic temperature of
melting for all amplimers (Tm = 79OC).
Additionally, the RT-PCR products were separated
on 6% polyacrylamide gels and visualized with sil-
ver salts. Gel electrophoresis revealed the presence
of single products of 161 bp size.

Statistical analysis

The results were obtained from three inde-
pendent experiments. Statistical analysis was per-
formed with the use of Statistica PL 10.0 software.
All the results are expressed as the means ± SD.
Comparison of data sets was performed by one-way
ANOVA followed by post-hoc Tukey test.
Significance level was assumed for p < 0.05.

RESULTS

The colon cancer cells Caco-2 exhibited basal
expression of the gene encoding inducible nitric
oxide synthase. IP6 at concentration of 1 mM had no
effect on the transcriptional activity of iNOS after 6
h treatment (p = 0.764). The treatment of cells with
higher dose of IP6 (2.5 mM) decreased the amount
of mRNA in comparison to control, however, statis-
tical analysis revealed a trend towards significance
(p = 0.07). Cells exposed to IP6 at both concentra-

tions showed significant reduction in iNOS gene
transcription after 12 h (p < 0.05) (Fig. 1). 

Over the period of the experiment, stimulation
of cells with pro-inflammatory factors (LPS and IL-
1β) resulted in an up-expression of iNOS mRNA
compared to control culture (p < 0.001). The
obtained results revealed that all the pro-inflamma-
tory agents induced transcriptional activity of this
gene at a similar level. At 6 h, above 2-fold increase
in the expression of iNOS was observed and the pro-
longation of time to 12 h led to its about 6-fold
enhancement (Fig. 2). IP6 in a dose-independent
manner was able to down-regulate iNOS transcrip-
tion in cells treated with pro-inflammatory agents
for 6-12 h (p < 0.05). The longer IP6 action (12 h)
affected the stronger suppression of iNOS expres-
sion (Figs. 3-5).

DISCUSSION and CONCLUSION

Inflammatory bowel diseases are characterized
by inflammatory activity of intestinal mucosa.
Initiation and maintenance of inflammation is, in
part, a result of sustained and elevated level of NO
and inducible nitric oxide synthase (14). A number
of inflammatory mediators, such as cytokines,
prostaglandins and NO have been involved in car-
cinogenesis, especially in its promotion and pro-
gression stages. NO enhances tumor cell prolifera-
tion and promotes angiogenesis, possibly by stimu-

Figure 1. The effect of 1 and 2.5 mM IP6 on the expression of iNOS mRNA in Caco-2 cells. The results are presented as the mean ± SD
of three separate experiments; (*p < 0.05 vs. control Caco-2 cells)
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lating the production of proangiogenc factors (20-
22). In colorectal cancer iNOS activity was correlat-
ed with increased VEGF expression and microvessel
density (15). Furthermore, NO up-regulated MMP-2
and MMP-9 (matrix metalloproteinases), and down-
regulated their inhibitors TIMP-2 and TIMP-3 (22).

Thus, iNOS was suggested to play a crucial role in
metastasis and cancer invasiveness, and metastatic
tumors manifested its higher activity than non-
metastatic ones (15). 

Strategies aiming at inhibiting of iNOS gene
expression and NO generation during chronic

Figure 2. Changes in iNOS mRNA expression in Caco-2 cells treated with IL-1β, E. coli LPS and S. typhi. LPS for 6 and 12 h. The results
are presented as the mean ± SD of three separate experiments; (*p < 0.05 vs. control Caco-2 cells)

Figure 3. Changes in iNOS mRNA expression in Caco-2 cells treated with IL-1β and IP6 (1 and 2.5 mM) for 6 h and 12 h. The results are
presented as the mean ± SD of three separate experiments; *p < 0.05 versus IL-1β-stimulated cells)
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inflammation may appear effective in decreasing the
risk of cancer development in chronic inflammatory
gastrointestinal diseases. Recently, many naturally
ocurring phytochemicals have been shown to exert
their anti-cancer properties through modulation of
inflammatory responses (16, 20, 21). To date, vari-
ous compounds from dietary sources including

resveratrol (23-25), epigallocatechin-3-gallate (26),
demethoxycurcumin (27) or proanthocyanidins
from grape seeds (28) have been identified as
inhibitors of iNOS. These plant derived products
were observed to attenuate the synthesis of both
mRNA and protein of iNOS and subsequent NO
generation in different cell lines stimulated with

Figure 4. Changes in iNOS mRNA expression in Caco-2 cells treated with E. coli LPS and IP6 (1 and 2.5 mM) for 6 h and 12 h. The results
are presented as the mean ± SD of three separate experiments; *p < 0.05 versus LPS-stimulated cells)

Figure 5. Changes in iNOS mRNA expression in Caco-2 cells treated with S. typhi. LPS and IP6 (1 and 2.5 mM) for 6 h and 12 h. The
results are presented as the mean ± SD of three separate experiments; *p < 0.05 versus LPS-stimulated cells)
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LPS and various cytokines (IL-1β, INF-γ). Inositol
hexaphosphate, a bioactive constituent of high fiber
diet (29) showed immunoregulatory and anti-
inflammatory properties, which may contribute to
its chemopreventive action (30-32). In the last years,
direct and indirect effect of IP6 on the expression of
nitric oxide synthases in in vivo models has been
investigated (19, 33, 34). Liao et al. (19) showed
that the activation of iNOS leads to prolonged pro-
duction of NO in high, potentially cytotoxic concen-
trations. In tissues exposed to high concentrations of
NO over long periods of time, such as in long-stand-
ing UC, genetic instability and accumulation of
mutations could occur either through the direct
action of NO or through the interaction of NO with
superoxide to form highly reactive peroxynitrite.
Nitrotyrosine, a biomarker of NO-mediated protein
modification, is commonly used to detect NO-medi-
ated cellular damage and its formation was reduced
in mice treated with IP6. In terms of angiogenesis,
the finding of Gu et al. (33) indicated that IP6 treat-
ment of PC-3 tumor xenografts mice exerted potent
antiangiogenic response by inhibiting the expression
of both VEGF and eNOS, and subsequent NO-medi-
ated signaling events. In turn, Raina et al. (34) eval-
uated a dose-dependent effect of IP6 TRAMP mice
feeding on biomarkers associated with survival and
angiogenesis in prostatic gland. The data indicated
that IP6 significantly decreased iNOS expression in
tumor tissues. 

The aim of the present study was to evaluate the
influence of IP6 on transcriptional activity of iNOS
in Caco-2 cells in steady-state and inflammatory con-
ditions. This is the first report on the potent inhibito-
ry activity of IP6 on expression of this gene in an in
vitro inflamed human intestinal cell model. In order
to generate inflammatory microenvironment, Caco-2
cells were exposed to IL-1β and LPS derived from
Escherichia coli and Salmonella typhimurium. The
Caco-2 exhibited the basal expression of gene encod-
ing inducible isoform of NOS and it has been
enhanced with the exposure of cells to external stim-
uli. That effect was continued in a time-dependent
manner. Our observation remains in agreement with
the findings of Panaro et al. (23) and Somchit et al.
(27), which have demonstrated the presence of iNOS
mRNA in unstimulated Caco-2 cells and the increase
of its level following IL-1β, TNF-α, INF-γ and LPS
treatment. Jenkins et al. (35) showed that in human
colon cancer DLD-1 cells contained iNOS mRNA
regardless of whether or not the cells had been
exposed to cytokines. In this case, it would appear
that small amounts of RNA had been constitutively
transcribed but that active enzyme was present only

after its induction by LPS and/or cytokines. Our
study indicated that IP6 inhibits constitutive and
proinflammatory agents-induced transcriptional
activity of iNOS gene in Caco-2 cells in time-
dependent and dose-independent manner. Treatment
of Caco-2 cells with IP6 alone resulted in significant
inhibition of iNOS transcription. This effect was
observed after long incubation with IP6 (12 h). Its
inhibitory effect on iNOS transcription was more
evident in cells stimulated with pro-inflammatory
agents. Along with increasing duration of IP6 action
on Caco-2 cells, the down-regulation of iNOS
expression was stronger. It indicates that IP6 is able
to counteract the response of intestinal cells to
inflammation, probably by diminishing detrimental
action of NO. 

IP6 is suggested to exert anti-cancer influence
on tumor cells via several mechanisms, including
modulation of intracellular signaling cascades that
involve phosphatidylinositol-3 kinase (PI3K),
MAPK, PKC, AP-1, and NFκB (17, 18). IP6 was
shown to inhibit NFκB activation in cervical cancer
HeLa cells (36) and prostate cancer DU-145 cells
(37). Also, our early studies demonstrated that IP6
modulated the expression of genes encoding the sub-
units of NFκB in the intestinal epithelial cells (31,
38). According to previously published data, IP6 was
found to decrease the transcriptional activity of NF-
κB, possibly resulting in decreased expression of its
downstream targets, such as iNOS (33, 34). 

The findings of this study suggest that one of
the anti-cancer and anti-inflammatory abilities of
IP6 can be realized by suppressing the expression of
gene encoding inducible nitric oxide synthase iso-
form at the transcriptional level. Thus, iNOS could
be another molecular target responsible for IP6
chemopreventive or chemoprotective action. 
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In the last few years, the increasing production
of electromagnetic (EMF) and static magnetic
(SMF) fields due to the expanding use of electronic
devices in everyday life and also in medicine, has
led to a number of studies on the effects of these
fields on living organisms. There are fewer studies
conducted on SMF than on EMF. SMFs are usually
classified as weak (< 1 mT), moderate (1 mT to 1 T),
strong (1ñ5 T), and ultrastrong (> 5 T). SMFs have
a variety of effects on living organisms ranging from
an enhanced rate of enzymatic reaction to increased
transcription levels and alteration in cellular growth
(1). They can change biophysical properties of
membranes that include hyperpolarization, redox
potential, and fluidity, thereby altering flux through
sodium (Na+) and calcium (Ca2+) channels (2-6). The
biological effects of magnetic field depend on its
properties and on different cell types (transformed
or primary cells), which are exposed as single cell

suspensions, monolayers or spheroids (7). The best
documented in medicine are the anti-inflammatory
properties of magnetic field (8).

Inflammation in inflammatory bowel diseases
(IBD) is histologically characterized by a predomi-
nantly polymorphonuclear infiltrate. The recruited
and activated neutrophils and macrophages are
thought to be responsible for the mucosal damage
(9). Intestinal subepithelial myofibroblasts play a
crucial role in the growth and development of the
intestine, its protection from noxious agents and
repair after damage, they also contribute to wound
healing and fibrosis. They are located in the lamina
propria under the epithelial cells layer (10). Much
attention in IBD has been focused on epithelial cells
damage and TNF-α and IL-1β production by T cells
and macrophages (9). These cytokines can affect the
other cells of the intestinal mucosa, e.g., myofibro-
blasts. Many factors are secreted by the activated
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Abstract: Intestinal subepithelial myofibroblasts play a crucial role in the growth and development of the intes-
tine. Colitis, small bowel injury, gastric ulcer disease and inflammatory bowel disease (IBD) accompany the
increase in the count of activated myofibroblasts. In the last few years, the increasing production of electro-
magnetic (EMF) and static magnetic (SMF) fields due to the expanding use of electronic devices in everyday
life, has led to a number of studies on the effects of these fields on living organisms. Because of its anti-inflam-
matory properties, EMF therapy may be of medical use as an IBD treatment. This mechanism has not been elu-
cidated yet. In the present work normal human colon myofibroblasts were exposed to SMF with a flux density
of 300 mT for 96 h and then the cells were cultured for 24 and 48 h with 25 mM sodium butyrate (NaB) and
10 mM 5-aminosalicylic acid (5-ASA) in either the presence or absence of SMF. Tumor necrosis factor α
(TNF-α ) ñ dependent IL-8 secretion was determined with ELISA kit. Cell viability was determined with XTT
assay. It was shown that SMF has no effect on TNF-α ñ dependent IL-8 secretion in control cells and in cells
cultured in the presence of 5-ASA and NaB.
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myofibroblasts in the intestine in various disease
states: experimental colitis, small bowel injury, gas-
tric ulcer models or disease and also in naturally
occurring IBD. Examples include prostaglandins,
TNF-α, epidermal growth factor, transforming
growth factor β, basic fibroblast growth factor,
interleukins (IL-1β, IL-6, IL-10) and chemokines
(IL-8) (11, 12). IL-8 play a complementary and
sequential role in neutrophil recruitment in the
inflamed tissue in ulcerative colitis patients (13). IL-
8 secretion depends on nuclear factor κB (NF-κB)
activity which is increased in the intestinal lamina
propria of patients with IBD. According to
Lushnikov et al. (7), a therapy involving magnetic
waves may be used in medicine in IBD treatment
because of its anti-inflammatory properties,. Its
mechanism has not been elucidated yet. Our earlier
studies showed that the anti-inflammatory proper-
ties of SMF may depend on the influence on the IL-
6 secretion (14). The aim of these investigations was
to evaluate the SMF influence on viability, and IL-8
production in normal human colon myofibroblasts.

EXPERIMENTAL

The source of static magnetic field

The source of SMF was 48 small arranged
sequentially neodymium cylinder magnets S-N-S (7
mm diameter and 3 mm thickness). The individual

magnets were placed next to each other with alter-
nating polarity. Each 96-well plate was placed over
the magnets. Both, the exposed and the control sam-
ples were kept in the same incubator at 37OC. The
magnetic flux density measured near the surface
inside the wells using a teslameter, model LZ-641H
(ENES Magnesy, Pawe≥ Zientek Sp. k., Poland) was
equal to 300 ± 30 mT.

Cell cultures

Normal human colon myofibroblasts CCD-
18Co were obtained from American Type Culture
Collection. The cells were cultured in a minimum
essential medium (MEM, Sigma) supplemented
with 10% fetal bovine serum (FBS, Sigma), 100
IU/mL penicillin G, 100 mg/mL streptomycin and
10 mM HEPES buffer (Gibco). The cell cultures
were maintained at 37OC in 5% CO2 atmosphere.

Cytotoxicity assay 

The XTT (In Vitro Toxicology Assay Kit XTT
Based, TOX-2, Sigma) assay was used to assess cell
viability. The method is based on the ability of mito-
chondrial dehydrogenases of live cells to cleave the
tetrazolium ring of XTT (2,3-bis[2-methoxy-4-
nitro-5-sulfophenyl]-2H-tetrazolium-5-carboxy-
anilide inner salt), yielding orange formazan crys-
tals, which are soluble in aqueous solutions. After
removing the supernatant, the cells were washed

Figure 1. The effects of the SMF with a flux density of 300 mT on the myofibroblasts viability. Cell viability was expressed as a value of
absorbance. Myofibroblasts were cultured for 48 h with 50 ng/mL TNF-α in the presence of 25 mM NaB and 10 mM 5-ASA. The results
represent the mean ± SD (n = 6); * p < 0.05 compared with the control (C)
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three times with RPMI (without phenol red dye) and
then 150 µL XTT solution was added into each well
for 4 h. The absorbance of samples was measured at
450 nm (reference 690 nm) using a plate reader
(MRX Revelation, Dynex). The absorbance was
directly proportional to amount of the live cells.

IL-8 assay 

Myofibroblasts were dispensed with a density
of 20000 cells / 0.2 mL into 96-well plates. The cells
were grown for 4 days with MEM supplemented
with 10% FBS in either the presence or absence of
300 mT SMF. Twenty four hours before initiation of
the proper experiment, the medium was replaced
with a medium containing 1% FBS and then the
cells were cultured with 50 ng/mL TNF-α, 25 mM
sodium butyrate (NaB) and 10 mM 5-aminosalicylic
acid (5-ASA) for 24 and 48 h in the presence and
abstence of SMF. After this time, the supernatants of
the cells were frozen at -70OC. The concentrations of
IL-8 in the supernatants (diluted 1 : 10) were deter-
mined by measuring an ELISA MAXô according
to the instructions of the manufacturer (Biolegent).
The absorbance at 450 nm (570 nm reference) was
measured after stop reaction with the plate reader
(MRX Revelation, Dynex). IL-8 concentration was
determined on the basis of a standard curve and the
resulting values were converted to the amount of liv-
ing cells.

Statistics

The difference between independent sample
means were tested using the analysis of variance

(ANOVA, post hoc Tukeyís test) or by a nonpara-
metric Kruskal-Wallis test. A value of p < 0.05 was
considered statistically significant. The results are
expressed as the mean values ± standard deviation
from number of experiments. Statistical analysis
was performed using data analysis software system
STATISTICA 10 (StatSoft, Inc. 2011).

RESULTS

The cells were incubated in the presence and
absence of magnetic field for 6 days, while for the
last two they were additionally exposed to 50 ng/mL
TNF-α, 25 mM NaB and 10 mM 5-ASA. All of the
medicinal products have shown a proven favorable
action in the treatment of IBD. In response to TNF-
α, the cells secreted IL-8. No significant impact of
magnetic field was seen on the robustness of both
control myofibroblast and those exposed to NaB and
5-ASA (Fig. 1). The detected action of 25 mM NaB
on the secretion of IL-8 was differentiated and
depended on incubation duration. Upon 24 h, NaB
inhibited the secretion of IL-8, however to a minor
degree (Fig. 2A). Following 48 h, it proved to have
no significant effect (Fig. 3). In the latter case, the
amount of IL-8 protein was assessed per live cell
count. The apparent decrease in the amount of IL-8
(Fig. 2B) may be due to the simultaneous impact of
NaB on cell viability. Ten mM 5-ASA probably had
a slight inhibitory effect on the seretion of IL-8 after
both 24 and 48 h. However, under no circumstances
was magnetic field found to affect the aforemen-
tioned processes.

Figure 2. Influence of the SMF with a flux density of 300 mT on TNF-α-dependent IL-8 secretion in myofibroblasts. The cells were cul-
tured for 24 h (A) and 48 h (B) in the medium containing 50 ng/mL TNF-α, 25 mM NaB and 10 mM 5-ASA in the presence and absence
of SMF. The results represent the mean ± SD (n = 6); * p < 0.05 compared with the control (C)
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DISCUSSION AND CONCLUSIONS

Active ulcerative colitis (UC) and Crohnís disease
(CD) belong to inflammatory bowel diseases which are
characterized by increased monocyte secretion of pro-
inflammatory cytokines. Experimental models of IBD
and remission of CD induced by chimeric anti-TNF-α
antibodies have demonstrated that TNF-α has a major
role in mucosal inflammation. In IBD, TNF-α action
extends beyond pro-inflammatory properties. TNF-α
can activate endothelial cells, induce chemokines,
recruit neutrophils to the inflamed gut mucosa, induce
edema, activate coagulation and participate in granulo-
ma formation (15). Intestinal subepithelial myofibro-
blasts, because of their location, can play a crucial role
in IBD (10). In response to the TNF-α, activated myofi-
broblasts secrete numerous pro-inflammatory cytokines
such as IL-8. In general, the influence of EMFs on
wound healing and inflammatory processes in tissue are
the best documented. Magnetic field exposure enhances
wound healing by reducing inflammatory cell infiltra-
tion (16). According to Kaszuba-ZwoiÒska et al. (17),
the direct effect of EMF on inflammatory cells viability
may offer additional therapeutic opportunities in the
management of CD. 

Our previous studies on the same cells have
shown anti-inflammatory properties of SMF associ-
ated with reduced TNF-α-induced IL-6. TNF-α (50
ng/mL)-stimulated myofibroblasts exposed to 300

mT SMF showed decreased IL-6 secretion. The
same effect was observed in present mixture of
Fe2+/ascorbate. The exposure to SMF for 72 h caused
also an increase of myofibroblast proliferation (14).
The aim of these investigations was to evaluate the
influence of SMF on IL-8 secretion in myofibro-
blasts cultured additionally in the presence or
absence of 5-ASA and NaB. Both of the agents
show anti-inflammatory properties on the intestinal
mucosa and are used in IBD therapy. 5-ASA is a
first-line drug in the treatment of IBD (18) and NaB
is a product of fiber fermentation in colon (19). Both
of them had influence on myofibroblasts viability
after 48 h. Ten mM 5-ASA and 25 mM NaB weak-
ly inhibited TNF-α-dependent IL-8 secretion. In the
concentration used, i.e., 25 mM, NaB inhibited the
secretion of IL-8 only upon 24 h, whereas, within 48
h of incubation, the effect was not seen probably due
to its impact on cell viability. In any case, there was
no effect of the static magnetic field on cell viabili-
ty and TNF-α-induced IL-8 secretion.

Not many publications are available on the effect
of SMF on the intestinal mucosa cells. Vianale et al.
(20), showed that the exposure of human keratinocytes
(HaCat cell line) to 50 Hz EMFs induced an early
reduction of NF-κB levels, down-regulating mRNA
expression and release of IL-8, MCP-1, MIP-1 and
RANTES. Also, they reported an increase in ker-
atinocyte growth. According to the authors, a selective

Figure 3. Influence of SMF with a flux density of 300 mT on TNF-α-dependent IL-8 secretion in myofibroblasts. The cells were cultured
for 48 h in the medium containing 50 ng/mL TNF-α, 25 mM NaB and 10 mM 5-ASA in the presence and absence of SMF. The amount
of IL-8 was converted into the number of live cells by means of a dedicated XTT test. The results represent the mean ± SD (n = 6); * p <
0.05 compared with the control (C)
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inhibition of the NF-κB signalling pathway by
extremely low frequencies EMF may be involved in
the decrease of chemokine production (20). Several
studies show that field exposure also has anti-inflam-
matory effects on fibroblast-like cell populations.
Ongaro et al. (21) demonstrated that EMF at 75 Hz (1.5
mT) decreased PGE2 and the production of pro-inflam-
matory cytokines IL-6, respectively, by 42 and 29% in
human synovial fibroblasts activated with IL-1β. EMF
had no effect on IL-8 secretion (21). The pulsing elec-
tromagnetic field decreased viability of human periph-
eral blood mononuclear cells (PBMC) isolated from
CD patients and healthy donors by about 10 and 5%,
respectively. PBMC from CD patients were character-
ized by lower production of pro-inflammatory
cytokine such as interferon γ and higher concentration
of anti-inflammatory cytokine such as IL-10 (17).
Some studies report that repetitive SMF exposure had
no effect on cell growth rate, whereas others show that
SMF alone altered cell proliferation or cell death bal-
ance. Wiskirchen et al. (5), for example, found that
repetitive exposure to SMF of 1.5 T exerted no effects
on proliferation of human fetal lung fibroblast cells,
while Raylman et al. (6) reported that prolonged expo-
sure to 7 T SMF produced a reduction in live cell num-
ber in melanoma, ovarian carcinoma, and lymphoma
cell lines. SMF exposure significantly reduced
lipopolysaccharide (LPS)-induced cytotoxicity. No
statistically significant differences in cell count were
demonstrated upon cell exposure to SMF without LPS
treatment (22). It seems that the effect of magnetic field
on live cells depends upon cell type, cell line, strength
and wave form of the magnetic field, time of exposure
and range of radiofrequency in case of EMF. Our stud-
ies imply that SMF has no effect on IL-8 secretion in
human colon myofibroblasts. Nor does it affect the
action of either 5-ASA or NaB on IL-8 secretion.
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Chronic rhinosinusitis (CRS) is considered to
be one of the most common chronic diseases in
developed countries. Besides significant reduction
in patientís quality of life, negative effect on lower
airway, cardiovascular system and general health
CRS causes severe medical costs of treatment (1).
The pathophysiology of CRS which is largely
unknown involves eosinophils infiltration, with dys-
function of mucociliary apparatus, thinning of the
epithelium, accumulation of fluid, pseudocyst and
nasal polypsí (NP) formation. Eosinophils are the
driving force of inflammatory process affecting the
function of structural cells through the spectrum of
mediators and cytotoxic granule proteins.
Fibroblasts due to their secretory activity are also
considered to play an important role in airways
remodelling.

At present, topical or systemic glucocorticoids
are the first line therapy for CRS that provide tran-

sient relief and require periodical reapplication.
Therefore, medicines derived from plants are
attracting increasing interest. Due to the often lower
cytotoxicities they are often more suitable for long-
term therapy. Proposed idea is to administrate into
CRS management natural agents that inhibit or
reduce cellsí proliferation. The isoflavonoid genis-
tein (4í,5,7-trihydroxyisoflavone; GST), the agly-
cone of the heteroside genistin represents a major
biologically active compound from soybean, the
vegetal product from Glycine max (Fabaceae). This
phytoestrogen being a non-specific inhibitor of tyro-
sine kinases is responsible for the health promoting
effects of soy. The in vitro studies have shown that
GST is a highly pleiotropic molecule capable of
interacting with various molecular targets involved
in inflammation, including transcription factors,
growth factors and their receptors, cytokines,
enzyme and genes regulating cell proliferation (2).
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Abstract: In developed countries, chronic rhinosinusitis with nasal polyps is one of the diseases that diminish
patientsí quality of life most significantly. Treatment of that often incurable disease is based on the steroids and
surgery in patients who had failed thorough conservative management. It appears that the introduction of new
treatment agents suppressing inflammation process and inhibiting cellsí proliferation would be a valuable ther-
apeutic option. The aim of the present study was to evaluate the in vitro effect of genistein and phytic acid on
the viability and growth rate of fibroblasts derived from nasal polyps. Cells were incubated with various con-
centrations of genistein (5-500 µM) and phytic acid (100-20 000 µM). After 72 h incubation, cells survivabili-
ty and cellsí growth rate were estimated by combination of WST-1 and LDH methods. QRT-PCR technique
was used to determine the expression of histone H3, BCL -2, BAX and P53 genes. Caspase-8 and -9 expressions
were evaluated by ELISA assay. Genistein and phytic acid significantly and in dose-specific manner decreased
nasal polyps fibroblasts survivability and growth rate. Both agents in similar way decreased cell proliferation
as measured by the expression of histone H3. They induce apoptotic machinery by modulating the expression
of BCL-2, BAX and caspase-8 activity. Genistein and phytic acid have significant potential for a therapeutic role
in the treatment of chronic rhinosinusitis. 
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Mechanisms underlying the anti-inflammatory
action of GST were best identified in cancer where
it has been reported to significantly inhibit cell
growth, induce cell cycle arrest and apoptosis (3).
Anti-inflammatory properties of GST were shown in
asthma where it attenuated OVA-induced airway
inflammation, decreased Th2-type cytokines and
increased Th1-type cytokines (4).

Phytic acid, a hexaphosphorylated inositol
(IP6) is a naturally occurring polyphosphorylated
carbohydrate which has been found in whole grains,
cereals, nuts leguments and oil seeds. IP6 has sever-
al roles in mammalian cells. It has been implicated
in regulating growth, inflammation and neurotrans-
mission, and is even thought to be involved in export
of mRNAs from the nucleus (4). It might specifical-
ly bind to, and thus induce, conformational changes
in a series of particular proteins, thereby altering
their activity and substrate binding. Anti-prolifera-
tive and anticancer activity of IP6 has been demon-
strated both in vivo and in vitro models (5).

Several observations, especially reported in
asthma and allergic diseases, indicate that both
agents through the modulation of immune responses
and neutralization inflammatory processes may have
positive therapeutic effects in CRS with nasal
polyps (4, 6). The potential role of GST and IP6 in
the treatment of CRS has not been examined sys-
tematically to date. 

The aim of the present study was to analyze the
effect of GST and IP6 on the viability and growth
rate of cells derived from nasal polyps. The present
study sought to elucidate the molecular mechanism
of GST and IP6-induced apoptosis.

EXPERIMENTAL

Patients

The examinations were performed on the cells
isolated from NP obtained from three patients with
CRS during routine surgical procedure performed in
the Deptartment of Otolaryngology, Wroclaw
Medical University in Poland. All the subjects met
diagnostic criteria for CRS as established by the
European position paper on rhinosinusitis and nasal
polyps (EPOS 2012). Patients had been free of any
medication for at least 4 weeks before surgery and
had bilateral polyps in the nasal cavities on endo-
scopic examination and computed tomography. The
study was approved by Local Ethical Committee of
Wroclaw Medical University.

Nasal polypsí specimens were immediately
rinsed in phosphate buffered saline (PBS), cut into
small fragments and placed into a sample tubes con-
taining 1 mL of PBS. The tubes were directly trans-
ported on ice to the laboratory for further investiga-
tions. A part of each sample was fixed in 10%
buffered neutral formalin (Chempur, Piekary ål.,
Poland), processed routinely, and embedded in
paraffin wax (Bio-Plast, Wroc≥aw, Poland) for sub-
sequent immunohistochemical examination to
establish diagnosis and to exclude other pathologies.

Cell culture

Polyp tissues were milled mechanically and
then separated in a solution containing 0.25%
trypsin (Sigma-Aldrich, St. Louis, USA). The cells
were placed in vessels with RPMI 1640 medium
(Lonza, Basel, Switzerland) supplemented with

Figure 1. Influence of genistein (GST) on survivability and growth rate of NP fibroblasts determined by WST-1 assay. The cells were cul-
tured for 72 h in the presence of GST at various concentrations. Data are shown as the mean percentages (± SD) of the control culture (C).
*Significant difference from the respective untreated control culture (p < 0.05)



Impact of genistein and phytic acid on the viability and... 721

10% fetal bovine serum (FBS) (Biological
Industries Ltd., Kibbutz Beit-Haemek, Israel), peni-
cillin (10000 U/mL) and streptomycin (10 mg/mL)
(Biological Industries Ltd., Kibbutz Beit-Haemek,
Israel). Cell cultures were incubated in the laborato-
ry incubator at 37OC in humidified atmosphere con-
taining 5% CO2. Cultures grew to confluence and
then were passaged. Cells from IV-VI passage were
used for further studies. Before the appropriate
experiment, cells were stimulated in a medium with
10 ng/mL lipopolysaccharide (LPS) from E. coli
(Sigma-Aldrich, St. Louis, USA) for 24 h. 

Survivability assay

The effect of increasing doses of GST (5-500
µM) and IP6 (100-20000 µM), both purchased from
Sigma-Aldrich (St. Louis, USA) on NP cells surviv-
ability was evaluated by WST-1 assay (Roche
Molecular Biochemicals, Mannheim, Germany)
after 72 h treatment in medium without FBS. The
intensity of the colorimetric reaction was measured
by microplate reader UVM340 (Biogenet, Piasecz-
no, Poland) at 440 nm. The control group consisted
of the cells incubated without GST and IP6 under
the same conditions.

Growth rate assay

The effect of GST (5-500 µM) and IP6 (100-
20000 µM) on the growth rate was assessed after 72
h of incubation with each agent in medium with
FBS. The number of cells was examined by WST-1
assay (Roche Molecular Biochemicals, Mannheim,
Germany) and the absorbance was measured using a
microplate reader UVM340 (Biogenet, Piaseczno,

Poland) at 440 nm. The control group consisted of
the cells incubated without GST and IP6 under the
same conditions.

Lactate dehydrogenase assay

Cytotoxic effect of GST (5-500 µM) and IP6
(100-20 000 µM) was determined by lactate dehy-
drogenase (LDH) release in culture medium with a
diagnostic kit (Roche Diagnostics, Mannheim,
Germany) according to the manufacturerís instruc-
tions after 72 h incubation. The activity of LDH was
calculated after detection of absorption at 440 nm
with an ELISA reader UVM340 (Biogenet,
Piaseczno, Poland). All the assays were run in trip-
licate and averaged. The data were normalized to the
control group and expressed as a percentage.

Transcriptional activity of histone H3, BCL -2,
BAX and TP53 gene

The evaluation of transcriptional activity of
genes encoding histone H3, proteins involved in
mitochondrial control of apoptosis signaling path-
way (BCL-2 and BAX) and p53-cell cycle regulator
was performed by QRT-PCR technique with SYBR
Green I chemistry (QuantiTectÆ SYBRÆ Green RT-
PCR Kit, Qiagen, Hilden, Germany). The analysis
was carried out using OpticonTM DNA Engine (MJ
Research, San Francisco, USA). The cells in the cul-
tures were exposed to GST at 50 µM and IP6 at
5000 µM. RNA extraction was performed by col-
umn based method using Quick-RNATM MiniPrep
kit from Zymo Reseach (Irvine, CA, USA). RNA
extracts were evaluated in terms of quality and
quantity. The integrity of total RNA was checked by

Figure 2. Influence of phytic acid (IP6) on survivability and growth rate of NP fibroblasts determined by WST-1 assay. The cells were cul-
tured for 72 h in the presence of IP6 at various concentrations. Data are shown as the mean percentages (± SD) of the control culture (C).
* Significant difference from the respective untreated control culture (p < 0.05)
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electrophoresis on 1.2% agarose gel with ethidium
bromide. The quantity and purity of total RNA in the
extracts were determined by spectrophotometry with
HP8452A spectrophotometer (Hewlett Packard).

Caspase-8 and -9 expression levels

The cells in the cultures were exposed to GST at
50 µM and IP6 at 5000 µM. Quantitative assessment
of the presence of caspase-8 and -9 were performed
using ELISA assays (BioVendor, Candler, NC,
USA). The measurements were done with microplate
reader UVM340 (Biogenet, Piaseczno, Poland).

Statistical analysis

Statistical analysis was performed with the use
of Statistica PL 7.0 Software (StatSoft, KrakÛw,
Poland). The data were presented as the mean ± SD.
To demonstrate statistically significant differences
in the numbers of cells, mRNA copy number of his-
tone H3, BCL-2, BAX, TP53, caspase-8 and -9 lev-
els between the control and the cells exposed to GST
or IP6 one-way analysis of variance (ANOVA) and
post-hoc Duncan test were applied. A level of p <
0.05 was considered to be significant.

RESULTS

The effects of GST an IP6 on survivability of the

NP cells

GST and IP6 decreased NP fibroblastsí surviv-
ability in dose-dependent manner in FSB-free medi-
um cultures (Figs. 1, 2). Lack of growing stimuli
(FBS) limited cells divisions. The results showed
that NP cells survivability decrease significantly

after exposure to GST at the concentration over 50
µM and IP6 over 5000 µM compared to the control
(p < 0.05). The most pronounced decline in NP cells
survivability was recorded to be 22% at 500 µM of
GST and 20% at 20000 µM of IP6.

The influence of GST and IP6 on NP cellsí growth

rate

To evaluate not only cytotoxic properties of
GST and IP6 but also the impact of both agents on
cellsí cycle progression and cellsí divisions, WST-1
assay was performed after culturing the cells in medi-
um with FBS (Figs. 1, 2). Under such conditions, the
growth rate of NP cells was inhibited in a dose-
dependent manner. Statistically significant decrease
in cells number compared to the control was noted
after exposing to GST at concentrations over 50 µM
and IP6 over 100 µM (p < 0.05). The most pro-
nounced decline in NP cells survivability was record-
ed to be 36% at 500 µM of GST and 28% at 10000
and 20000 µM of IP6. Both GST and IP6 at the lower
concentrations (5, 10 µM and 100, 500, 1000 µM,
respectively) suppressed cells number more efficient-
ly in medium containing FSB than in FSB-free medi-
um. At the higher concentrations (GST at 200 and
500 µM; IP6 at 10000 and 20000 µM) both agents
revealed more pronounced cytotoxic effect. 

Quantification of LDH release after treatment

with GST and IP6

The lactate dehydrogenase (LDH) is a stable
cytoplasmic enzyme presents in all cells. LDH is
rapidly released into the cell culture supernatant
upon cell damage or lysis. Strong and concentration-

Figure 3. Quantification of lactate dehydrogenase (LDH) release in NP cell cultures after treatment with various concentrations of genis-
tein (GST) and phytic acid (IP6). Data are shown as the mean percentages (± SD) of untreated control culture (CNT). CNT-LPS - CNT
stimulated with LPS. * Significant difference from the respective control culture (p < 0.05)
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dependent increase of LDH release from NP fibrob-
lasts exposed to GST and IP6 was measured (Fig. 3).
Number of death cells statistically grew after treat-
ment with higher concentrations of GST and IP6
(GST at 50, 100, 200 and 500 µM, IP6 at 1000,
5000, 10000 and 20000 µM) (p < 0.05) as measured
by LDH leakage. LDH content rose to 374% of the
control at 500 µM of GST and to 294% of the con-
trol at 20000 µM of IP6.

Quantification of BCL-2, BAX, histone H3 and

TP53 mRNA copy number after treatment with

GST and IP6

The levels of pro-apoptotic BAX and anti-
apoptotic BCL-2 mRNA expression in NP cells fol-

lowing treatments with IP6 and GST were deter-
mined (Fig. 4). BAX was upregulated and BCL-2
was downregulated at the mRNA level after incu-
bation with GST at 50 µM in NP cells. Treatment
with IP6 caused minor BCL-2 and major BAX gene
expression increase. The alterations in expression
levels of two members of the Bcl-2 family may
direct the cells to the path leading to apoptosis.
Herein, both GST and IP6 treatment caused
BAX/BCL-2 mRNA ratio decrease, however only
GST modulated the ratio significantly compared to
the control (p < 0.05).

Analysis of histone H3 mRNA level is consid-
ered to be a valuable marker of cells proliferation.
Our results showed that both GST at 50 µM and IP6

Figure 4. The effect of genistein (GST) at 50 µM and phytic acid (IP6) at 5000 µM on BCL-2/BAX mRNA ratio in NP fibroblasts. Data
are shown as the mean (± SD). CNT-LPS - control stimulated with bacterial LPS. * Significant difference from the respective control cul-
ture (CNT) (p < 0.05) 

Figure 5. Histone H3 mRNA copy number in NP fibroblasts after exposure to genistein (GST) at 50 µM and phytic acid (IP6) at 5000 µM.
Data are shown as the mean (± SD). CNT-LPS - control stimulated with LPS. * Significant difference from the respective control culture
(CNT) (p < 0.05) 
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at 5000 µM decreased significantly histone H3
mRNA level (p < 0.05) (Fig. 5). 

TP53 gene that codes for p53 protein through
the regulation of crucial cell cycle events is involved
in growth arrest and apoptosis. GST at 50 µM and
IP6 at 5000 µM showed significant decrease of
TP53 transcripts compared to the control (p < 0.05).
GST and IP6 revealed similar effect and reduced the
number of TP53 transcripts by half from 96635 to
50116 and 51641, respectively.

The effects of GST an IP6 on caspase-8 and -9

levels

To determine which apoptotic pathway is
involved, the levels of caspase-8 and -9 mediated by
GST and IP6 was examined. Both GST and IP6
treatment led to an increase of caspase-8 expression
measured by ELISA assay but only IP6 at 5000 µM
was sufficient to cause significant change (twofold)
(p < 0.05). Neither GST at 50 µM nor IP6 at 5000
µM influenced the caspase-9 level significantly.
GST upregulated the caspase-9 level from 11790 in
the control to 12370 in NP. Contrary, IP6 slightly
decreased the caspase-9 level to 10330.

DISCUSSION AND CONCLUSION

In the present paper, for the first time, we
revealed significant antiproliferative, cytotoxic and
pro-apoptotic effects of both GST and IP6 against
nasal polypsí fibroblasts. 

Supplementation of soy isoflavones and IP6
was shown to lower the risks of some cancers,
inflammatory diseases, cardiovascular, allergic and
metabolic disorders (3, 4, 6, 7, 8). IP6 has been
demonstrated to prevent the mucosa from inflamma-
tory state or may even contribute to the clearance of
infection (9). Subcutaneous injection of GST exert-
ed anti-inflammatory properties on collagen-
induced arthritis (10). Although the influence of
both substances has been tested on many models,
new attempts are worth to undertake due to the fact
that cells from different origins show different sen-
sitivities to IP6 and GST. Both agents hypothesized
to target inflammation tissue through multiple path-
ways, including inhibition of cell cycle progression
and activation of apoptosis, what might be con-
firmed by the outcomes of our study. GST and IP6
significantly increased the number of nasal polypsí
cells alive and impaired cells proliferation as was
measured indirectly by histone H3 expression. The
precise molecular pathways mediating GST and IP6
action have remained obscure. Inhibition of the tran-
scriptional activity of NF-κB, a key regulator of the

inflammatory response, is thought to explain the
effects of GST on cell proliferation and cell cycle
progression (11). Activation of NF-κB is regarded
as an important event in the airway inflammation,
including regulation of multiple pro-inflammatory
genes likely to participate in the etiology of CRS
(12). Another transcription factor inhibition of
which may lead to decreased proliferation of NP
fibroblasts is an activator protein 1 which has been
recognized to be a molecular target of both soya
flavonoids and IP6 (13, 14). Recently, IP6 has been
showed to reduce the cell number by modulating the
wnt/β-catenin pathway (15). 

Using WST-1 assay we showed in the present
study that GST and IP6 at lower concentrations
affect very efficiently dividing cells but at the high-
er concentrations both agents revealed more pro-
nounced cytotoxic effect what fits also the results
from the LDH assay.

GST-induced apoptosis in cancer cells has
been shown to be due to the ability to control
expression of apoptosis-related genes including
BCL-2 family members (16). The ratio between
BCL-2 and BAX is a reliable indicator of enhanced
apoptotic processes and is more important than the
expression levels. Herein, GST and IP6 modulated
expression of pro-apoptotic BAX and anti-apoptotic
BCL-2 levels cause a decrease in BCL-2/BAX ratio
what may initiate the intrinsic mitochondria-apopto-
some pathway. In such a way both GST and IP6
cause the collapse of mitochondrial membrane
potential (∆Ψm), resulting in the release of
cytochrome c in combination with caspase-9, -3
activation and induction of DNA fragmentation
(17). In our study, GST treatment increased and IP6
decreased the caspase-9 level insignificantly com-
pared with the control. 

The second extrinsic pathway for apoptosis or
cell death receptor pathway is mediated distinctive-
ly by active caspase-8 that is characterized by bind-
ing cell death ligand and cell death receptors fol-
lowed by activation of caspase-8 and -3. Our data
showed that caspase-8 is involved in both GST and
IP6 induced apoptosis in NP fibroblasts. This is con-
sistent with report by Shafie et al. (18), who
described significant increase of caspase-8 and BAX
after treatment with IP6 in HT-29 cells. GST has
been also reported to promote apoptosis via activa-
tion of casapse-8 in ovarian cancer and neuroblas-
toma cells (19, 20). Although some reports indicat-
ed that GST and IP6 could induce apoptosis through
both extrinsic and intrinsic pathways, the results of
our study suggest that in NP fibroblasts tested agents
act rather via death receptor dependent pathway.
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We did not observe up-regulation of the pro-
apoptotic TP53 gene, which was described to be
component of GST and IP6 mediated apoptosis (21).
Activated p53 upregulates expression of down-
stream target genes, including BAX, P21/WAF1,
proapoptotic proteins such as NOXA and PUMA
(21, 22). It might be partially explained by the insuf-
ficient tested agentsí concentration. Data would be
consistent with observations where apoptosis was
seen only at higher concentrations of GST or even
no induction of apoptosis was observed like in
melanoma and leukemia cells (23, 24).

An attempt to complement the treatment of
chronic inflammatory diseases with biologically
active plant chemicals is consistent with present
trends in prevention and management of CRS (25).
In some of the clinical entities, simple diet modifi-
cation according to the concept of functional foods
can improve not only patient overall health but also
reduce symptoms. In patients with asthma, condition
having a great similarity with CRS, consumption of
moderate to high amounts of soy GST was associat-
ed with better lung function and better asthma con-
trol (26).

The anti-proliferative and pro-apoptotic effects
of GST and IP6 towards NP fibroblast presented
herein may attenuate the re-growth of polyps.
Further studies are mandatory to assess the ability of
those agents to modulate immune responses and
neutralize inflammatory processes within the
paranasal sinuses and the influence of GST and IP6
supplementation in the diet.
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The presented work is a continuation of our stud-
ies on the synthesis of new isoxazolopyridine deriva-
tives. The derivatives obtained by our team, namely
isoxazolo[5,4-b]pyridine and isoxazolo[4,5-b]pyri-
dine showed antiproliferative activity (1-3). Based on
a literature review it could be stated that the isoxazo-
lo[5,4-b]pyridine derivatives constitute a broad-spec-
trum group of biologically active compounds. Many
studies have confirmed their anti-inflammatory (4, 5),
hypotensive (6), analgesic (7), antisclerotic (8) anti-
convulsant (9), and psychotropic (10, 11) activity. In
contrast, antimicrobial activity has been observed in
the group of isoxazolopyridine carboxylic derivatives
(12), and sulfonamide derivatives have shown anti-
inflammatory activity (4). Sulfonamides are a group of
compounds that are used as antibacterial (Sulfanil-
amidum derivatives), antidiabetic (Tolbutamidum),
diuretic (Furosemidum), analgesic (Celecoxibum),
anti-inflammatory (Sulfasalazinum) and neuroleptic
(Thiotixenum) drugs. 

Derivatives of the heterocyclic systems with a
sulfonamide moiety, being a subject of research,
exhibited different biological activity: antitumor (4,
13-17), antiparasitic (18), anti-inflammatory (19),
antidiabetic (20, 21), antiallergic (16), neuroleptic
(22) and antibacterial (23-25). The sulfonamide
derivative of indole (Indisulam) (26) and sulfon-
amide pyridine derivative (ABT 51) (27) - cell cycle
inhibitors, in clinical trials have shown antitumor
activity against a broad spectrum of cancer cells,
including those resistant to other conventional
chemotherapy.

Due to the emergence of bacterial resistance to
antibiotics, there is still a need to develop new effec-
tive antibacterial drugs. We were interested to find
whether the new sulfonamide derivatives of isoxa-
zolo[5,4-b]pyridine show antibacterial and antipro-
liferative activity. In the presented paper, the con-
ventional and microwave synthesis of new sulfon-
amide derivatives of isoxazolo[5,4-b]pyridine and
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the preliminary results of their biological studies are
presented.

EXPERIMENTAL

Chemistry

Melting points were determined with a Boethius
apparatus and are uncorrected. Elemental analyses
were performed on a Perkin Elmer 2400 analyzer
(Waltham, MA, USA), and the results are within ±
0.4% of the theoretical values obtained for the new
compounds. Infrared (IR) spectra were recorded with a
Specord M80 spectrophotometer (Zeiss/Analytic Jena,
Germany) for KBr pellets. Hydrogen-1 NMR (1H
NMR) spectra were recorded with a Bruker Avance
ARX-300 instrument (Bruker Analytic, Karlsruhe,
Germany) using DMSO-d6 or CDCl3 as internal stan-
dards. Chemical shifts are reported in ppm from the
internal tetramethylsilane reference. The progress of
the reaction and the purity of the compounds were
monitored using thin layer chromatography (TLC) on
analytical silica gel plates (Merck F254, Darmstadt,
Germany). Microwave-assisted synthesis was per-
formed in a laboratory microwave RM 800PC reactor
(Plazmatronika, Wroc≥aw, Poland). Water was purified
using an Aquadem SDF-Ion exchanger system (TKA,
Thermo Scientific). All chemicals and reagents for the
synthesis were obtained from Alfa Aeser (Karlsruhe,
Germany), Lancaster Synthesis (Morecambe,
England), and Chempur (Piekary ålπskie, Poland).

Synthesis of N-isoxazolo[5,4-b]pyridin-3-yl-ben-

zenesulfonamide (2), 4-bromo-N-isoxazolo[5,4-

b]pyridin-3-yl-benzenesulfonamide (3), 4-chloro-

N-isoxazolo[5,4-b]pyridin-3-yl-benzenesulfon-

amide (4), N-isoxazolo[5,4-b]pyridin-3-yl-4-meth-

ylbenzenesulfonamide (5), N-isoxazolo[5,4-b]pyrid-

in-3-yl-4-methoxybenzenesulfonamide (6)

Conventional conditions (general procedure A) 
To a solution of 3-aminoisoxazolo[5,4-b]pyri-

dine (1) (1.35 g, 0.01 mol) (1) in 100 mL of tetrahy-
drofurane, a few drops of anhydrous pyridine and
0.01 mol of the appropriate arylsulfonyl chlorides:
benzene-, 4-bromobenzene-, 4-chlorobenzene-, 4-
methyl- and 4-methoxybenzenesulfonyl chlorides
were added. The reaction mixture was heated under
reflux for 6 h. The solvent was evaporated under
vacuum and the residue obtained was triturated with
water, filtered, dried and crystallized from ethanol.

Microwave conditions (general procedure B) 
To a solution of 3-aminoisoxazolo[5,4-b]pyri-

dine (1) (1.35 g, 0.01 mol) in 100 mL of tetrahydro-

furane, a few drops of anhydrous pyridine and 0.01
mol of the appropriate arylsulfonyl chlorides: ben-
zene-, 4-bromobenzene-, 4-chlorobenzene-, p-
toluene- and 4-methoxybenzenesulfonyl chlorides
were added. The reaction mixture was heated under
reflux while being stirred in the microwave reactor
in an aluminum bath at 60-65OC for 15 min (3 ◊ 5
min with 5 min breaks) at microwave power P = 240
W. The solvent was evaporated under vacuum and
the residue obtained was triturated with water, fil-
tered, dried and crystallized from ethanol.

N-Isoxazolo[5,4-b]pyridin-3-yl-benzenesulfon-

amide (2)

Yield 70% (A), 75% (B); m.p. 188-189OC. IR
(KBr, cm-1): 2900-3300 (NH,CH), 1600, 1580, 1450
(C=C, C=N), 1330, 1160 (SO2); 1H NMR (CDCl3, δ,
ppm): 7.35 (dd, 1H, H-5), 7.52-7.94 (m, 6H, H-4 +
Ph), 8.68 (dd, 1H, H-6), 10.82 (s, br, 1H, NH).
Analysis: calcd. for C12H9N3O3S (275.28): C 52.36, H
3.30, N 15.26%; found: C 52.27, H 3.05, N 15.15%.

4-Bromo-N-isoxazolo[5,4-b]pyridin-3-yl-ben-

zenesulfonamide (3)

Yield 60% (A), 75% (B); m.p. 211-212OC; IR
(KBr, cm-1): 2790ñ3150 (NH, CH), 1610, 1500,
1450 (C=C, C=N), 1350, 1175 (SO2), 1070 (p-
ArBr); 1H NMR (CDCl3, δ, ppm): 7.42 (dd, 1H, H-
5), 7.73ñ7.94 (m, 6H, H-4 + Ph), 8.72 (dd, 1H, H-6),
10.93 (s, br, 1H, NH). Analysis: calcd. for C12H8

BrN3O3S (354.18): C 40.69, H 2.28, N 11.86%;
found: C 40.53, H 2.21, N 11.65%.

4-Chloro-N-isoxazolo[5,4-b]pyridin-3-yl-ben-

zenesulfonamide (4)

Yield 60% (A), 75% (B); m.p. 210ñ212OC; IR
(KBr, cm-1): 3250 (NH, CH), 1610, 1500, 1450
(C=C, C=N), 1350, 1165 (SO2); 1H NMR (CDCl3, δ,
ppm): 7.42 (dd, 1H, H-5), 7.73ñ7.94 (m, 6H, H-4 +
Ph), 8.72 (dd, 1H, H-6), 10.93 (s, br, 1H, NH).
Analysis: calcd. for C12H8ClN3 O3S (309.73): C
46.54, H 2.60, N 13.57%; found: C 46.25, H 2.72, N
13.36%.

N-Isoxazolo[5,4-b]pyridin-3-yl-4-methylbenzene-

sulfonamide (5)

Yield 66% (A), 72% (B); m.p. 172ñ174OC; IR
(KBr, cm-1): 3100 (NH, CH), 1600, 1510, 1450
(C=C, C=N), 1310, 1160 (SO2), 780 (CH3); 1H NMR
(CDCl3, δ, ppm): 2.48 (s, 3H, CH3), 7.34 (m, 3H, H-
5 + Ph), 7.77 (m, 3H, H-4 + Ph), 8.67 (dd, 1H, H-6),
10.83 (s, br, 1H, NH). Analysis: calcd. for
C13H11N3O3S (289.31): C 53.97, H 3.83, N 14.52%;
found: C 53.65, H 3.52, N 14.35%.
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N-Isoxazolo[5,4-b]pyridin-3-yl-4-methoxyben-

zenesulfonamide (6)

Yield 63% (A), 76% (B); m.p. 195ñ197OC; IR
(KBr, cm-1): 3150 (NH, CH), 1610, 1500, 1450
(C=C, C=N), 1350, 1170 (SO2), 1270 (ArC-O-C),
780 (CH3); 1H NMR (CDCl3, δ, ppm): 3.91 (s, 3H,
CH3), 6.96 (m, 2H, Ph), 7.37 (dd, 1H, H-5), 7.81 (m,
3H, H-4 + Ph), 8.67 (dd, 1H, H-6), 10.96 (s, br, 1H,
NH). Analysis: calcd. for C13H11N3O4S (305.31): C
51.14, H 3.63, N 13.76%; found: C 51.02, H 3.57, N
13.37%.

Synthesis of N-(isoxazolo[5,4-b]pyridin-3-yl-)-N-

(phenylsulfonyl)benzenesulfonamide (7), 4-bromo-

N-[(4-bromophenyl)sulfonyl]-N-(isoxazolo[5,4-

b]pyridin-3-yl-)benzenesulfonamide (8), 4-chloro-

N-[(4-chlorophenyl)sulfonyl]-N-(isoxazolo[5,4-

b]pyridin-3-yl-)benzenesulfonamide (9), 4-methyl-

N-[(4-methylphenyl)sulfonyl]-N-(isoxazolo[5,4-

b]pyridin-3-yl-)benzenesulfonamide (10)

Conventional conditions (general procedure A)
To a solution of 3-aminoisoxazolo[5,4-b]pyri-

dine (1) (1.35 g, 0.01 mol) in 100 mL of tetrahydro-
furane, a few drops of anhydrous pyridine and 0.02
mol of the appropriate arylsulfonyl chlorides: ben-
zene-, 4-bromobenzene-, 4-chlorobenzene- and 4-
methylbenzenesulfonyl chlorides were added. The
reaction mixture was heated under reflux for 6 h.
The solvent was evaporated under vacuum and the
residue obtained was triturated with water, filtered,
dried and recrystallized from ethanol.

Microwave conditions (general procedure B) 
To a solution of 3-aminoisoxazolo[5,4-b]pyri-

dine (1) (1.35 g, 0.01 mol) in 100 mL of tetrahydro-
furane, a few drops of anhydrous pyridine and 0.02
mol of the appropriate arylsulfonyl chlorides: ben-
zene-, 4-bromobenzene-, 4-chlorobenzene- and 4-
methylbenzenesulfonyl chlorides were added. The
reaction mixture was heated under reflux while
being stirred in the microwave reactor in an alu-
minum bath at 60-65OC for 15 min (3 ◊ 5 min with
5 min breaks) at microwave power P = 240 W. The
solvent was evaporated under vacuum and the
residue obtained was triturated with water, filtered,
dried and recrystallized from ethanol.

N-(Isoxazolo[5,4-b]pyridin-3-yl-)-N-(phenylsul-

fonyl)benzenesulfonamide (7)
Yield 70% (A), 82% (B); m.p. 189-191OC; IR

(KBr, cm-1): 3100 (NH, CH), 1600, 1500, 1450
(C=C, C=N), 1170 (SO2 N=); 1H NMR (CDCl3, δ,

ppm): 7.36 (m, 3H, H-5 + Ph), 7.52ñ7.94 (m, 6H, H-
4 + Ph), 8.69 (dd, 1H, H-6). Analysis: calcd. for
C18H13N3O5S2 (415.44): C 52.04, H 3.15, N 10.11%;
found: C 52.03, H 3.22, N 10.39%.

4-Bromo-N-[(4-bromophenyl)sulfonyl]-N-(isoxa-

zolo[5,4-b]pyridin-3-yl-)benzenesulfonamide (8)
Yield 62% (A), 70% (B); m.p. 229-230OC; IR

(KBr, cm-1): 3100 (NH, CH), 1600, 1500, 1450
(C=C, C=N), 1170 (SO2N=), 1070 (p-ArBr); 1H
NMR (CDCl3, δ, ppm): 7.41 (dd, 1H, H-5), 7.69-
7.80 (m, 6H, H-4 + Ph), 8.72 (dd, 1H, H-6).
Analysis: calcd. for C18H11Br2 N3 O5S2 (573.23): C
37.72, H 1.93, N 7.33%; found: C 37.61, H 1.97, N
7.42%.

4-Chloro-N-[(4-chlorophenyl)sulfonyl]-N-(isoxa-

zolo[5,4-b]pyridin-3-yl-)benzenesulfonamide (9)
Yield 60% (A), 67% (B); m.p. 208-209OC; IR

(KBr, cm-1): 3120 (NH, CH), 1610, 1500, 1450
(C=C, C=N), 1350, 1170 (SO2N), 1070 (p-ArCl); 1H
NMR (CDCl3, δ, ppm): 6.97 (m, 2H, Ph), 7.38 (dd,
1H, H-5), 7.82 (m, 3H, H-4 + Ph), 8.68 (dd, 1H, H-
6). Analysis: calcd. for C18 H11Cl2N3O5S2 ( 484.33):
C 44.64, H 2.29, N 8.68%; found: C 44.33, H 2.27,
N 8.65%.

4-Methyl-N-[(4-methylphenyl)sulfonyl]-N-(isoxa-

zolo[5,4-b]pyridin-3-yl-)benzenesulfonamide (10)

Yield 68% (A), 75% (B); m.p. 199-201OC; IR
(KBr, cm-1): 3100 (NH, CH), 1600, 1500, 1450
(C=C, C=N), 1170 (SO2N=), 825 (p-Ar-CH3); 1H
NMR (CDCl3, δ, ppm): 2.48 (s, 3H, CH3), 7.36 (m,
5H, H-5 + Ph), 7.70 (m, 5H, H-4 + Ph), 8.67 (dd,
1H, H-6). Analysis: calcd. for C20H17N3O5S2

(443.49): C 54.17, H 3.86, N 9.47%; found: C 54.10,
H 3.75, N 9.37%.

Synthesis of N-isoxazolo[5,4-b]pyridin-3-ylbenza-

mide (11), 4-bromo-N-isoxazolo[5,4-b]pyridin-3-

ylbenzamide (12) and 4-chloro-N-isoxazolo[5,4-

b]pyridin-3-ylbenzamide (13)

Conventional conditions (general procedure A)
To a solution of 3-aminoisoxazolo[5,4-b]pyri-

dine (1.35 g, 0.01 mol) (1) in tetrahydrofurane (100
mL) a few drops of pyridine and benzoyl chloride or
4-bromobenzoyl chloride or 4-chlorobenzoyl chlo-
ride was added. The reaction mixture was heated
under reflux for 10 h. The solvent was then removed
in vacuum and the residue obtained was triturated
with water, filtered, dried and recrystallized from
ethanol.
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Microwave conditions (general procedure B)
To a solution of 3-aminoisoxazolo[5,4-b]pyri-

dine (1) (1.35 g, 0.01 mol) in tetrahydrofurane (100
mL) a few drops of pyridine and benzoyl chloride or
4-bromobenzoyl chloride or 4-chlorobenzoyl chlo-
ride was added. The reaction mixture was heated
under reflux while being stirred in the microwave
reactor in an aluminum bath at 60-65OC for 15 min.
(3 ◊ 5 min. with 5 min. breaks) at microwave power
P = 240 W. The solvent was removed under reduced
pressure. The residue obtained was triturated with
water, filtered, dried and crystallized from ethanol.

N-Isoxazolo[5,4-b]pyridin-3-ylbenzamide (11)
Yield 70% (A), 75% (B); m.p. 213-214OC; IR

(KBr, cm-1): 2880ñ3100 (NH, CH), 1680, 1560
(NHCO), 1600, 1500, 1450 (C=C, C=N); 1H NMR
(CDCl3, δ, ppm): 6.37 (dd, 1H, H-5), 7.49ñ7.55 (m,
5H, Ph), 8.15 (dd, 1H, H-4), 8.43 (dd, 1H, H-6),
12.40 (s, br, 1H, NH). Analysis: calcd. for
C13H9N3O2 (239.23): C 65.27, H 3.79, N 17.56%;
found: C 65.27, H 3.94, N 17.95%.

4-Bromo-N-isoxazolo[5,4-b]pyridin-3-ylbenza-

mide (12)
Yield 63% (A), 70% (B); m.p. 263-266OC; IR

(KBr, cm-1): 2800ñ3100 (NH, CH), 1670, 1570,
1420 (NHCO), 1620, 1520, 1420 (C=C, C=N),
1065, p-Ar-Br); 1H NMR (CDCl3, δ, ppm): 6.40 (dd,
1H, H-5), 7.66 (dd, 1H, H-4), 7.63ñ7.86 (m, 2H,
Ph), 8.03ñ8.07 (m, 2H, Ph), 8.27 (dd, 1H, H-6),
10.21 (s, br, 1H, NH). Analysis: calcd. for
C13H8BrN3O2 (318.13): C 49.08, H 2.53, N 13.21%;
found: C 48.29, H 2.43, N 12.92%.

4-Chloro-N-isoxazolo[5,4-b]pyridin-3-ylbenza-

mide (13) (1)
Yield 65% (A), 70% (B); m.p. 278-280OC; IR

(KBr, cm-1): 2780ñ3080 (NH,CH), 1680, 1560
(NHCO), 1610, 1500, 1450 (C=C, C=N), 1090 (p-
Ar-Cl). 1H NMR (CDCl3, δ, ppm): 6.48 (dd, 1H, H-
5), 7.60 (dd, 1H, H-4), 7.65ñ7.87 (m, 2H, Ph),
8.05ñ8.09 (m, 2H, Ph), 8.27 (dd, 1H, H-6), 10.20 (s,
br, 1H, NH). Analysis: calcd. for C13H8ClN3O2

(273.68): C 57.05, H 2.95, N 15.35%; found: C
56.94, H 2.95, N 15.12%.

Synthesis of 3-(isoxazolo[5,4-b]pyridin-3-ylcar-

bamoyl)benzenesulfonyl chloride (14), 2-bromo-

5-(isoxazolo[5,4-b]pyridin-3-ylcarbamoyl)ben-

zenesulfonyl chloride (15) and 2-chloro-5-(isoxa-

zolo[5,4-b]pyridin-3-ylcarbamoyl)benzenesul-

fonyl chloride (16)
Conventional conditions (general procedure A)

N-Isoxazolo[5,4-b]pyridin-3-ylbenzamide (11)
or 4-bromo-N-isoxazolo[5,4-b]pyridine-3-ylbenza-
mide (12) or 4-chloro-N-isoxazolo[5,4-b]pyridine-3-
ylbenzamide (13) (0.01 mol) was taken in a two-
necked flask with a dropping funnel and reflux con-
denser with CaCl2 guard tube. Chlorosulfonic acid
(0.01 mol) was added through a dropping funnel in a
small portion with occasional shaking. The reaction
mixture was heated in a water bath for 1 h, cooled
and poured onto crushed ice. The separated solid was
filtered off, washed with water, dried, and the crude
products were used for the subsequent synthesis.

Synthesis of 4-bromo-3-[(3-methoxyphenyl)sul-

famoyl]-N-isoxazolo[5,4-b]pyridine-3-yl)benza-

mide (17), 4-bromo-3-[(4-methoxyphenyl)sul-

famoyl]-N-isoxazolo[5,4-b]pyridine-3-yl)benza-

mide (18) and 4-chloro-3-[(3-trifluoromethyl-

phenyl)sulfamoyl]-N-isoxazolo[5,4-b]pyridine-3-

yl)benzamide (19)

Conventional conditions (general procedure)
To a mixture of the appropriate sulfonyl chlo-

rides: 3-(isoxazolo[5,4-b]pyridin-3-ylcarbamoyl)ben-
zenesulfonyl chloride (14), 2-bromo-5-(isoxazo-
lo[5,4-b]pyridin-3-ylcarbamoyl)benzenesulfonyl
chloride (15) and 2-chloro-5-(isoxazolo[5,4-
b]pyridin-3-ylcarbamoyl)benzenesulfonyl chloride
(16) in DMF and equimolar amounts of the appro-
priate aromatic amines: 3-methoxy-, 4-methoxy- or
3-(trifluoromethyl)aniline were added. The mixture
reaction was stirred for about 3-5 h and heated under
reflux for 1 h. The solvent was removed under
reduced pressure and the residue was triturated with
water and filtered. The obtained solid was dried and
crystallized from ethanol. 

4-Bromo-3-[(3-methoxyphenyl)sulfamoyl]-N-

isoxazolo[5,4-b]pyridin-3-yl)benzamide (17)
Yield 59%; m.p. 279-281OC; IR (KBr, cm-1):

2700ñ3100 (NH, CH), 1670, 1570 (NHCO), 1620,
1530, 1400 (C=C, C=N), 1380, 1140 (SO2NH),
1240 (C-O-C), 1070 (p-Ar-Br). 1H NMR (CDCl3, δ,
ppm): 3.91 (s, 3H, CH3), 6.40 (dd, 1H, H-5), 7.65
(dd, 1H, H-4), 7.83ñ8.08 (m, 7H, 2◊Ph), 8.28 (dd,
1H, H-6), 10.21 (s, br, 1H, NH), 12.22 (s, 1H, NH).
Analysis: calcd. for C20H15BrN4O5S (503.33): C
47.73, H 3.00, N 11.13%; found: C 47.53, H 3.12, N
11.04%.

4-Bromo-3-[(4-methoxyphenyl)sulfamoyl]-N-

isoxazolo[5,4-b]pyridin-3-yl)benzamide (18)
Yield 65%; m.p. 269-271OC; IR (KBr, cm-1):

2900ñ3100 (NH, CH), 1670, 1570 (NHCO), 1620,
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1520, 1400 (C=C, C=N), 1380, 1140 (SO2NH),
1240 (C-O-C), 1070 (p-Ar-Br). 1H NMR (DMSO-d6,
δ, ppm): 3.91 (s, 3H, CH3), 6.41 (dd, 1H, H-5), 7.65
(dd, 1H, H-4), 7.83ñ8.03 (m, 7H, 2◊Ph), 8.30 (dd,
1H, H-6), 10.20 (s, br, 1H, NH), 12.21 (s, 1H, NH).
Analysis: calcd. for C20H15BrN4O5S (503.33): C
47.73, H 3.00, N 11.13%; found: C 47.48 H 3.02, N
11.21%.

4-Chloro-3-[(3-trifluoromethylphenyl)sul-

famoyl]-N-isoxazolo[5,4-b]pyridine-3-yl)benza-

mide (19)
Yield 70%; m.p. 259-261OC; IR (KBr, cm-1):

3100 (NH, CH), 1670, 1570 (NHCO), 1620, 1520,
1400 (C=C, C=N), 1380, 1140 (SO2NH), 1090 (p-
Ar-Cl). 1H NMR (DMSO-d6, δ, ppm): 6.42 (dd, 1H,
H-5), 7.67 (dd, 1H, H-4), 7.84ñ8.00 (m, 7H, 2◊Ph),
8.30 (dd, 1H, H-6), 10.20 (s, br, 1H, NH), 12.20 (s,
1H, NH). Analysis: calcd. for C20H12Cl F3N4O4S
(496.85): C 48.35, H 2.43, N 11.28%; found: C
48.25, H 2.35, N 11.26%.

Biology

In vitro antibacterial activity

Antibacterial activity was tested against four
strains: Escherichia coli (ATCC 25922), Staphylo-
coccus aureus (ATCC 25923), Pseudomonas aerug-
inosa (ATCC 27853), Bacillus subtilis (ATCC
6033) and two clinical isolates: Salmonella enterica
and Klebsiella pneumoniae. All bacterial strains
were obtained from the Polish Collection of
Microorganisms (PCM). Screening tests were per-
formed by the disc diffusion method on Mueller-
Hinton agar, according to the recommendations of
the Clinical and Laboratory Standards Institute (29),
with sulfanilamide and sulfadiazine as references.
Tested compounds were dissolved in DMSO and
applied on Whatman GF/F glass microfibre 5 mm
sterile disks. The size of the inhibition zone was
determined after 20 h of incubation at 37OC.

MIC (minimum inhibitory concentration) val-
ues were determined for strain selected in the

screening test using the serial dilutions method with
rezazurine as a marker of bacterial growth (30). 

In vitro cytotoxicity

Toxicity of compounds 2 and 5 was tested
using the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) proliferation assay on
breast cancer cell line (MCF7). Levofloxacin was
used as a reference. 

RRSULTS AND DISCUSSION 

Chemistry

The synthesis of the new sulfonamide deriva-
tives of isoxazolo[5,4-b]pyridine is presented in
Figure 1. In the first step, 3-aminoisoxazolo[5,4-
b]pyridine (1) (1) was subjected to arylsulfonation
reaction using selected arylsulfonyl chlorides: ben-
zenesulfonyl, 4-bromo-, 4-chloro-, 4-methyl- and 4-
metoxybenzenesulfonyl chloride in tetrahydrofuran
in the presence of a catalytic amount of anhydrous
pyridine. As a result of these condensation reactions,
appropriately substituted phenyl-, 4-chloro-, 4-
bromo-, 4-methyl- and N-isoxazolo[5,4-b]pyridin-
3-yl-4-methoxybenzenesulfonamides (2-6) were
obtained. Reactions were carried out in a conven-
tional way through 6 h heating in a heating mantle.
For comparison, the reaction mixtures were heated
in a Plazmatronika RM 800 microwave reactor at
60-65O C in 3 cycles for 5 min with 5 min intervals
using microwave power of P = 240 W.

The heating time for the reaction mixtures in
the microwave reactor was much shorter compared
to the heating in the heating mantle. Reaction yield
was higher by 35% on average when microwave
radiation was applied. The structures of the obtained
new derivatives were determined by elemental
analysis and spectral spectra. In the IR spectra of 2-
6 derivatives two characteristic absorption bands of
secondary sulfonamide moiety in the range between
1160 and 1350 cm-1 were observed. In the IR spec-
trum for the N-isoxazolo[5,4-b]pyridin-3-yl-4-

Table 1. Bacterial strains used in this work.

Bacteria PCM number ATCC number

1. Escherichia coli PCM 2057 ATCC 25922

2. Staphylococcus aeureus PCM 2054 ATCC 25923

3. Pseudomonas aeruginosa PCM 2058 ATCC 27853

4. Bacillus subtilis PCM 2021 ATCC 6033

5. Salmonella enterica PCM 2565 ATCC 13311

6. Klebsiella pneumonie clinical strain
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methoxybenzenesulfonamide (6) an absorption band
representing an ether moiety at 1270 cm-1 is also
observed.

In the 1H NMR spectra of compounds 2-6, sig-
nals of aromatic protons of pyridine and phenyl ring
are observed in the range of δ = 7.3-8.6 ppm. In the
field of low intensity, single signals at δ = 10.8 ppm
corresponding to the NH proton of ñSO2NH- moiety
are present. For comparison, the abovementioned
reactions were carried out via a two-stage process.
After a quick heating of the reaction mixture in a
heating mantle, in order to dissolve the reactants in
the solvent, further heating was performed in a
microwave reactor at 50-60OC in three cycles for 3
min with 5 min. intervals. The applied microwave
power was P = 160 W. The resulting reaction yields
were higher by 5% on average compared to yields
obtained via a one-stage method.

However, after adaptation of the excess of
selected aryl sulfonyl chlorides in the above reac-
tions disulfonamides isoxazolo[5,4-b]pyridine 7-10

derivatives presented in Figure 1 were extracted. In
the IR spectra of these compounds, an intense
absorption bands at 1170  cm-1 characteristic for the
secondary sulfonamides moiety (= NSO2-) were
observed.

In the second stage of the study, 3-aminoisox-
azolo[5,4-b]pyridine (1) was the substrate for the
synthesis of 4-bromo-, 4-chloro-N-(isoxazolo[5,4-
b]pyridin-3-yl)benzamide and N-(isoxazolo[5,4-
b]pyridin-3-yl)benzamide 11-13, which were previ-
ously obtained using the classical method (1), and
for comparison their syntheses were also done using
the microwave method.

Subsequently, the obtained amides 11-13 were
subjected to sulfonation reaction with sulfonic acid

yielding the appropriate sulfochlorides 14-16. The
extracted sulfochlorides were subjected to amonoly-
sis with selected amines: 3- and 4-methoxyaniline
and 3-trifluoromethylaniline, in the presence of cat-
alytic amount of triethylamine yielding the appro-
priate sulfonamide derivatives presented as struc-
tures 17-19. In the IR spectra of the compounds two
characteristic absorption bands for sulfonamides are
observed at 1160 and 1370 cm-1. However, in the
spectra of compounds 17-19, except for signals from
aromatic protons in the range of δ = 6.5-8.5 ppm,
additional signals of the phenyl rings appeared in the
range of δ = 7.5-8.24 ppm. In the spectra of com-
pounds 17-18, in the magnetic field of high intensi-
ty, at δ = 3.9 ppm signals of the methoxy protons are
observed.

Antibacterial activity 

In order to assess the activity of the synthe-
sized compounds, series of disk diffusion test were
performed. The assays were performed as described
in the material and methods section, with four strain
types. In the first test, all compounds were adminis-
tered at a dose of 500 µg per disc. In the case of
compounds 17 and 18 doses were reduced to 440 µg
and 250 µg, respectively. Reduced doses were
caused by poor solubility. For strains which showed
sensitivity to the tested compound, doses in the
range from 20 to 250 µg/disc were examined, and
all tests were done in triplicate. Surprisingly, com-
pounds 2 and 5 inhibit the growth of strains of P.
aeruginosa and E. coli. A dose of 500 µg/disc of 2
gave the inhibition zone of 31 mm 5 of 32 mm on
P. aeruginosa plate and 22 mm for both compounds
on the E. coli plate. Lower doses gave smaller inhi-
bition zones. All results are summarized in Table 2.

Table 2. The antimicrobial activity of isoxazole derivatives[5,4-b]pyridines. 

dose E. coli P. aeruginosa B. subtilis S. aureusCompound
[µg/disc] d [mm] d [mm] d [mm] d [mm]

2
500 22 31 no activity no activity

250 6 13 not tested not tested

3 500 no activity no activity no activity no activity

5
500 22 32 no activity no activity

250 6 14 not tested not tested

6 500 no activity no activity no activity no activity

17 250 no activity no activity no activity no activity

18 440 no activity no activity no activity no activity

Sulfanilamide 500 no activity no activity 25 no activity

Sulfadiazine  500 14 no activity  22 12
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Figure 1. Synthesis of sulfonamides of isoxazolo[5,4-b]pyridines
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Administration of 125 µg on disc caused a 6 mm
slower growth zone on the P. aeruginosa plate.
Because the effect on the growth of E. coli was vis-
ible but explicitly weaker, we also tested other
Enterobacteriaceae bacteria: Salmonella enterica
and Klebsiella pneumoniae, but we did not observe
any inhibition of growth (data not shown). We also
determined a minimal inhibitory concentration
(MIC) for 2 and 5 in tests against P. aeruginosa.
The values obtained are 2 ñ 47 µg/mL, 5 ñ 44
µg/mL. 

As shown, the tested compounds 2 and 5 are
characterized by antibacterial activity against
Gram-negative bacteria Escherichia coli and
Pseudomonas aeruginosa, do not show such activi-
ty against representatives of Gram-positive bacteria
Bacillus subtilis and Staphylococcus aureus, and
interestingly, are inactive against other tested
Gram-negative bacteria Salmonella enterica and
Klebsiella pneumoniae. Such differences in activity
against bacteria of the same taxonomic family indi-
cate a high specificity of these compounds against
the bacteria Pseudomonas. A number of antibacter-
ial compounds specific against Gram-positive bac-
teria is known while there are few factors that selec-
tively inhibit the growth of Gram-negative bacteria.
In medicine, particularly valuable compounds
specifically inhibit bacterial narrow taxon and do
not affect the species closely related. Comparison
of the effects of all the tested antimicrobial com-
pounds allow to suspect that a key problem limiting
the activity of the resulting compounds is the solu-
bility. Further studies are needed to explain the
mechanism of action and base of the compound
specificity.

MTT cytotoxicity activity

Levofloxacin has proven anti-Pseudomonas
activity and is administered as a drug of choice in
humans; its cellular toxicity must therefore be negli-
gible in the human cell line. With the antibacterial
activity of 2 and 5 and their potential use in phar-
maceutical practice shown in this work, it was nec-
essary to demonstrate that they also lack any sub-
stantial cellular toxicity in humans. Here we show
that after 48 h of incubation, the IC50 of 2 was
190.67 µg/mL; 5 ñ 163.35 µg/mL while levo-
floxacin showed IC50 at 131.9 µg/mL in the MCF7
cell line. After 72 h of incubation, the IC50 of 2 was
152.56 µg/mL, 5 - 161.08 µg/mL, while IC50 of levo-
floxacin was at the level of 114.92 µg/mL. Both test-
ed compounds showed even lower antiproliferative
activity in the MCF7 cell line than the levofloxacin
control.

CONCLUSIONS

The use of microwave radiation in conducted
syntheses allowed to obtain products with a higher
yield and in shorter time. Compounds 2 and 5 are not
cytotoxic, as they do not exert adverse effects on the
cell cycle of the human MCF7 cell line. The com-
pounds tested are potentially of higher therapeutical
value in anti-Pseudomonas antibiotic treatment than
commercially available specifics since they show a
high level of specificity against the Pseudomonas
strains and a lower cytotoxicity than levofloxacin
with the MTT test in the MCF7 cell line. The prob-
lem is their poor solubility in water. Perhaps an
appropriate solvent composition or other additives
would allow the use of the presented compounds in
medicine.
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Acetylcholinesterase (AChE, EC 3.1.1.7) and
butyrylcholinesterase (BuChE, 3.1.1.8) are enzymes
belonging to a group of serine hydrolases. AChE is
a key enzyme involved in the hydrolysis of acetyl-
choline (ACh) in cholinergic synapses, while
BuChE is able to hydrolyze ACh as well as other
esters. Both enzymes are differentiated on the basis
of their structures, substrate specificities, tissue dis-
tribution and sensitivity to inhibitors (1). The inhibi-
tion of these enzymes causes an increase in the level
of ACh in cholinergic synapses and can therefore
influence different pathological processes. Defects
in cholinergic neurotransmission are significant for
the progression of Alzheimerís disease (AD) and
other pathological processes. According to the
cholinergic hypothesis of AD, many symptoms of
dementia, especially learning and memory difficul-
ties, were explicable by the lack of ACh (2). Thus,
cholinesterase inhibitors that improve cholinergic
neurotransmission in the synaptic cleft were devel-
oped as therapeutic agents for the treatment of AD.
The first drug approved for the treatment of AD was
tacrine. Currently, three other cholinesterase
inhibitors: rivastigmine, donepezil and galantamine
are available on the market and are used as sympto-
matic therapy of AD (3). In spite of limited efficacy

of cholinergic therapy, both cholinesterases still
remain valuable targets in search for new agents
against AD (4, 5). That is due to their additional,
non-hydrolytic properties associated with β-amyloid
(Aβ) and neurofibrillary tangles formation, which
are important for AD pathogenesis (6-8). In recent
years, many inhibitors of AChE or both AChE and
BuChE have been developed (9, 10). Among differ-
ent approaches for the design of novel
cholinesterase inhibitors virtual screening tech-
niques have also been applied (11-13). Our studies
focus on the design, synthesis and biological evalu-
ation of potential cholinesterase inhibitors and mul-
tifunctional ligands with cholinesterase inhibitory
activity (14-18). The aim of this study was to design
new potential dual binding site cholinesterase
inhibitors using a virtual screening method, synthe-
size the selected compounds, test their AChE and
BuChE inhibitory activity and select hits for further
development.

RESULTS AND DISCUSSION

Data set for virtual screening

A two-step virtual screening of the ZINC data-
base was applied for the identification of new
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cholinesterase inhibitors. The ZINC database is a
free data set of commercially available compounds,
serving to virtual screening. The latest version of the
database (ZINC 12) contains over 35 million com-
pounds and is provided by the Shoichet Laboratory
from the University of California (19). The ZINC
database is a huge source of compounds to search
for new active substances and therefore it was cho-
sen to search for new cholinesterase inhibitors.
ZINC 8, which was available at the time of the
screening carried out for this study, contained 8.5
million compounds. The two-step virtual screening
was preceded by a prefiltering of compounds, which
was based on the physicochemical properties,
important for proper absorption and distribution to
the central nervous system (20, 21), as described in
the Experimental part. This prefiltering left 65396
compounds for the subsequent virtual screening. 

Creation of pharmacophore models

Wolber suggested application of crystal struc-
tures from PDB (22) for creation of pharmacophore
models (23, 24). As similar methodology was
applied in the presented studies. Different PDB files
were used to assign pharmacophore features with
the MOE program (25). In the case of acetyl-
cholinesterase, for creation of pharmacophore mod-

els we utilized crystal structures of the enzyme com-
plexes with four inhibitors: donepezil, bis-tacrine,
decamethonium and tacrine (Fig. 1).

The biologically active conformation, derived
from the crystal complexes was used directly to gen-
erate the models. Based on how these four inhibitors
bound with AChE, the specific interactions were
included in the pharmacophore models. The model
for donepezil took into account two aromatic fea-
tures and one cation ñ donor, the model for bis-
tacrine two aromatic and two cation ñ donor fea-
tures, the model for decamethonium two cation fea-
tures and the model for tacrine one aromatic and one
cation ñ donor feature (Fig. 2).

To generate a pharmacophore model for
butyrylcholinesterase inhibitors, a different method
was used due to the lack of crystal structures of
BuChE complexes with inhibitors interacting in a
non-covalent manner at that time. The research was
undertaken on the basis of bis-nor-meptazinol, which
is a potent inhibitor of both cholinesterases (Fig. 1)
(26). The possible interactions of this compound
with both enzymes, determined by molecular model-
ing techniques were widely described in the literature
(27). The structure of this inhibitor was optimized
with the program MOE (27) using the MMFF94
force field and then used for creation of a pharma-

Figure 1. Chemical structure of the selected cholinesterase inhibitors used for the development of pharmacophore models
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cophore model, taking into account two aromatic and
two cationic / H-bond donors features (Fig. 3).

Screening with the pharmacophore models
The compounds from the ZINC database were

optimized with MOE program, using the MMFF94
force field and then screened with the previously
created pharmacophore models. As a measure of a
fit quality of the compounds the root-mean-square

deviation (rmsd) value was used with respect to the
center of each feature of the model (Table 1).

The pharmacophore screening yielded 88 com-
pounds for the donepezil model, 12 for decametho-
nium and 5102 for tacrine. Models for tacrine and
decamethonium were two-point pharmacophores
and screening with them resulted in too many com-
pounds. Therefore, only compounds chosen with the
donepezil model were used in further studies.

Figure 2. The pharmacophore models for donepezil, tacrine, bis-(7)-tacrine and decamethonium (the features were marked as follows: aro-
matic ring - Aro, cation and H-bond donor ñ Cat&Don, cation - Cat)

Table 1. The results of virtual screening with the pharmacophore models for the selected AChE and BuChE inhibitors.

Enzyme Pharmacophore model Number of hits Rmsd value range [�]

Donepezil 88 0.13 - 0.79

bis-7-Tacrine 0 - 
AChE 

Decamethonium 12 0.28 - 0.91

Tacrine 5102 0.015 - 1.00

BuChE bis-nor-Meptazinol 0 -

Rmsd = root-mean-square deviation
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Screening with docking

The 88 compounds, which passed the pharma-
cophore screening with the donepezil model, were
selected for docking to acetylcholinesterase. The
aim of this procedure was an accurate selection of
hits and search for additional interactions in the
active gorge of the enzyme. The next criterion for
compound selection was the score obtained with the
scoring function ChemScore. Donepezil, used as a
reference, obtained a ChemScore value of 49.48.
Compounds with a scoree above 43 were chosen for
further studies, and the results are summarized in
Table 2. Comparison of the scoring function value
for the selected hits with the result for donepezil
suggested that all of them would probably be less
active than the reference compound.

Structures of the selected hits 1-7 are shown in
Figure 4. According to literature data, they have not
been tested against cholinesterases so far, therefore
the chosen compounds were a good starting point to
search for new inhibitors. Compounds 2 and 4 were
selected for synthesis, while the remaining com-
pounds were purchased. 
Chemistry 

Scheme 1A describes the procedure used for the
synthesis of compound 2. At first, 1H-indole-3-car-
baldehyde 8 was obtained by the formylation of 1H-
indole, using POCl3 and DMF as a reagent and a sol-

vent (28). In the next step, the reductive condensation
of compound 8 with piperazine was carried out in the
presence of acetic acid and NaBH4 in methanol (29).
In the parallel pathway phenol was converted into
sodium phenoxide using sodium hydroxide and then
reacted with iodoacetic acid giving phenoxyacetic
acid 10. Compound 10 was subsequently converted
into the acid chloride 11 in the reaction with thionyl
chloride, and was used as an acylation agent. The
final product was obtained in the reaction of 3-(piper-
azin-1-ylmethyl)-1H-indole 9 with the phenoxyacetic
acid chloride 11. The reaction was carried out in dry
THF at room temperature followed by the purifica-
tion by silica gel column chromatography. The final
compound 1-[4-(1H-indol-3-ylmethyl)piperazin-1-
yl]-2-phenoxyethanone 2 was isolated as a red oil and
then converted into a hydrochloride salt. The synthe-
sis of compound 4 was accomplished in two steps and
it is presented in Scheme 1B. In the first step, 2-
bromo-1-phenylethanol 12 was synthesized from
styrene by bromination of the alkyl chain. The reac-
tion was carried out using N-bromosuccinamide as a
brominating agent in a mixture of water and acetoni-
trile at room temperature. In the next step, compound
12 was used for alkylation of 1-benzylpiperidine-4-
amine. The reaction was performed in acetonitrile, in
the presence of potassium carbonate under reflux
(30). Then the crude product was purified by silica

Figure 3. The pharmacophore model for bis-nor-meptazinol (aromatic ring - Aro, cation and H-bond donor ñ Cat&Don)

Table 2. Compounds from the ZINC database selected in virtual screening with the donepezil pharmacophore
model and docking.

Comp. No. Symbol ChemScore

1 ZINC00207679 45.57

2 ZINC0015483 45.22

3 ZINC00146717 44.17

4 ZINC00152443 44.04

5 ZINC00110981 43.99

6 ZINC00087269 43.81

7 ZINC00212881 43.26 
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gel column chromatography. The final compound 4
was isolated as colorless oil, and then converted into
a hydrochloride salt. 

Biological activity

The activity of the compounds selected from vir-
tual screening (1ñ7) was tested against EeAChE
(AChE from Electrophorus electricus) and EqBuChE
(BuChE from horse serum) in the spectrometric

method established by Ellman et al. (29). Ellmanís test
is based on the reaction of 5,5í-dithiobis-(2-nitroben-
zoic) acid (DTNB, Ellmanís reagent) with thiocholine,
which is the product of hydrolysis of acetylthiocholine
(ATC) or butyrylthiocholine (BTC), by AChE or
BuChE, respectively. The screening concentration
was 100 µM for the compounds soluble in water (1, 2,
4, 5 and 7) and 1 µM for the compounds tested with
addition of DMSO (3, 6). The obtained results for the

Figure 4. Structures of potential cholinesterase inhibitors selected from the ZINC database by virtual screening technique

Table 3. Inhibitory activity of the tested compounds against EeAChE and EqBuChE.

Compound EeAChE EqBuChE

% inhibition IC50 [µM] % inhibition  IC50 [µM]

1 8.47a - n. a.a -

2 8.87a - 50.09a -

3 n. a.b - n. a.b -

4 17.71a - 79.48a -

5 n. a.a - n. a.a -

6 n. a.b - n. a.b -

7 n. a.a - n. a.a -

Donepezil 93.06b 0.031 24.36b 2.84

Tacrine 93.77b 0.050 99.44b 0.0054  

a The screening concentration of 100 µM. b The screening concentration of 1 µM; n. a. ñ not active, the percentage of inhibition lower than 5%.
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tested compounds and the references (tacrine and
donepezil) are presented in Table 3.

Very low activity or complete lack of activity of
the tested compounds in a relatively high concentration
of 100 µM (except for 3 and 6, which were tested at 1
µM due to solubility problems) makes us define them as
inactive towards AChE. On the other hand, two of the
compounds, 2 and 4, exhibited above 50% of inhibition
at the concentration of 100 µM against BuChE.
Compounds 2 and 4 belong to different structural class-
es. Compound 2 is an indole derivative with a piperazine
group and an additional phenyl ring, whereas compound
4 contains N-benzylpiperidine moiety, which is a char-
acteristic pharmacophore fragment occurring in the
cholinesterase inhibitors like donepezil. The obtained
results indicate that compounds 2 and 4 could be
described as relatively weak inhibitors of BuChE.
However, structures of these compounds provide ample
opportunities for modifications that can improve their
activity so that they can become good lead structures for
the search of new cholinesterase inhibitors. 

SUMMARY

Virtual screening performed on the compounds
from the ZINC database enabled us to select over 
65 000 potential cholinesterase inhibitors with opti-
mal physicochemical properties. An application of a
pharmacophore model for donepezil and then dock-
ing to AChE led to a selection of 7 structures for fur-

ther studies. The activity of the selected compounds
against AChE and BuChE was tested using the
Ellmanís test. None of the compounds displayed
activity against AChE and two of them, 2 and 4,
were weak inhibitors of BuChE. The lack of the
activity against AChE is probably the result of a too
tolerant selection criterion based on a scoring func-
tion value, which was lower than that for the refer-
ence compound - donepezil. Moreover, the number
of the tested compounds was very limited. However,
it is worthy to note that the applied method of dock-
ing to AChE has been previously used with success
and led to the design of potent AChE inhibitors in
the group of isoindoline-1,3 derivatives (17, 18).

The identification of compounds 2 and 4 as
BuChE inhibitors is an interesting result of this
study. Even though their activity is rather weak
when compared with the reference compounds, they
can be subject to further modifications, which may
increase their activity. Such methodology is accept-
ed during a drug discovery project, where at the
beginning, even a low activity of a hit compound is
a good starting point for further development. 

EXPERIMENTAL

Molecular modeling

Virtual screening
The initial selection of compounds was based

on physicochemical properties, important for proper

Scheme 1. The synthesis of compounds 2 and 4. Reagents and conditions: A. (a) POCl3, DMF, 0-35OC, 2 h; (b) piperazine, NaBH4,
CH3COOH, CH3OH, 65OC, r.t., 24 h; (c) ICH2COOH, NaOH, H2O, 10-100OC, 1.5 h; (d) SOCl2, 75OC, 4 h; (e) THF, r.t., 2 h. B. (a) N-bro-
mosuccinimide, CH3CN/H2O, r.t., 20 h; (b) K2CO3, CH3CN, 81OC, 48 h
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absorption and distribution to the central nervous
system (20, 21). Accordingly, structures were cho-
sen for which:

1 ≤ charge after ionization ≤ 3
1 ≤ logP ≤ 3
number of rotatable bonds ≤ 8
1 ≤ number of hydrogen bond donors ≤ 5
1 ≤ number of hydrogen bond acceptors ≤ 10
100 ≤ molecular weight (MW) ≤ 500.
This led to 65396 compounds, including their

isomers. They were downloaded from the ZINC
database (19) in SMILES format, which further
served to build 3D structures by the Corina stand-
alone version (32). Finally, the compounds were
saved in the mol2 format. At this step of the study,
a two-stage screening methodology was applied.
The first stage used pharmacophore models and the
second one was based on the docking process of the
selected molecules. Pharmacophore models were
generated with the MOE 2008.10 program (25).
Features were assigned based on the interactions
pattern of the reference inhibitors, some features
were assigned. The active conformations of AChE
ligands were obtained directly from PDB crystal
complexes (22), and in case of butyryl-
cholinesterase inhibitor it was drawn and optimized
in MMFF94 force field with MOE 2008.10.
Structures of the compounds selected for screening
were also optimized in the same way. As a measure
of fit quality of the compounds, the rmsd value with
respect to the center of each model feature was
used. Dockings to acetylcholinesterase were per-
formed according the procedure described previ-
ously (18). During the protein preparation (PDB:
1EVE) (22) all the histidine residues were protonat-
ed at Nε, hydrogen atoms were added, ligands were
removed, the binding site was defined as all amino
acid residues within 10 � from donepezil and three
water molecules (1159, 1249, 1254) were included.
Dockings were performed with Gold 4.0 (33). A
standard setting of the genetic algorithm with a
population size 100, a number of operations of
100000 and a clustering with a tolerance of 1� was
applied. ChemScore was used for evaluation of the
docking results. For each ligand the final results
involved 10 poses, arranged on the ranking list
according to the scoring function values.

Chemistry

All solvents and reagents were purchased from
commercial suppliers and were used without further
purification. Compound 1 was purchased from
Vitas-M Laboratory Ltd., compounds 3, 5, 6 and 7
were purchased from Molport. Column chromatog-

raphy was performed on Merck silica gel 60
(63ñ200 µm). Analytical thin layer chromatography
was done using aluminum sheets precoated with sil-
ica gel 60 F254. Analytical RPLC-MS was performed
on Waters Acquity TQD with a mass spectrometer
(Waters TQD, Milford, MA, USA) with detection
by UV (DAD) using an Acquity UPLC BEH C18
column (1.7 µm, 2.1 ◊ 100 mm). CH3CN/H2O gra-
dient with 0.1% HCOOH was used as the mobile
phase at a flow rate of 0.3 mL/min. 1H NMR spectra
were recorded on Varian Mercury 300 at 300 MHz.
The chemical shifts for 1H NMR are referenced to
TMS via residual solvent signals (1H, CDCl3 at 7.26
ppm, (CD3)2SO at 2.50 ppm). All the compounds
showed purity above 95%. Compounds 4, 8 and 9
were previously reported (28ñ30).

1H-Indole-3-carbaldehyde (8)

To a solution of POCl3 (5.00 mmol, 767 mg) in
DMF (8.5 mL) at 10OC, a solution of indole (5.00
mmol, 586 mg) in 5 mL of DMF was added. The
reaction mixture was stirred at this temperature for 1
h and then for 1 h at 35OC. To the resulting mixture
20 g of ice was added and then it was alkalized by
aqueous solution of NaOH (5.65 g in 15 mL). The
precipitate was filtered, washed and recrystallized
from water to give 1H-indole-3-carbaldehyde 8 as a
pink solid (yield: 71%). Rf (chloroform/methan-
ol/NH3; 8 : 1 : 0.1, v/v/v) 0.51; 1H NMR (300 MHz,
DMSO-d6, δ, ppm): 9.93 (s, 1H, CHO), 8.25-8.31
(m, 1H, H2), 8.03-8.13 (m, 1H, H9), 7.45-7.57 (m,
1H, H6), 7.16-7.33 (m, 2H, H7,8), 1NH - not detect-
ed; MS: m/z 146.03 [M + H+]; purity: 100% (by
HPLC); Mol. form. C9H7NO. 

3-(Piperazin-1-ylmethyl)-1H-indole (9)

To a solution of 1H-indole-3-carbaldehyde 8

(1.03 mmol, 150 mg) and piperazine (5.17 mmol,
445 mg) in 7.0 mL of methanol, acetic acid (2.07
mmol, 118 µL) was added. The reaction mixture was
stirred under reflux for 1 h. In the next step, after
cooling the reaction mixture to room temperature,
sodium borohydride (1.55 mmol, 58 mg) was added
and then the mixture was stirred at room tempera-
ture overnight. Subsequently, the solvent was evap-
orated and the residue was purified by column chro-
matography on silica gel (chloroform/methan-
ol/NH3; 8 : 1 : 0.1, v/v/v) to give the desired product
as a red oil (yield: 52%). Rf (chloroform/methan-
ol/NH3; 8 : 1 : 0.1, v/v/v) 0.21; 1H NMR (300 MHz,
CDCl3, δ, ppm): 8.25 (s, 1H, 1NH), 7.74 (qd, J =
0.73, 7.82 Hz, 1H, H4), 7.31-7.44 (m, 1H, H7),
7.04-7.23 (m, 3H, H2,5,6), 3.73 (d, J = 0.77 Hz, 2H,
CH2α), 2.83-3.00 (t, 4H, 3CH2í, 5CH2í), 2.52 (br. s.,
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4H, 2CH2í, 6CH2í), 4íNH - not detected; MS: m/z
216.22 [M + H+]; purity: 98% (by HPLC); Mol.
form. C13H17N3.

Phenoxyacetic acid (10)

To a solution of iodoacetic acid (12.50 mmol,
2328 mg) in 15.0 mL of water an aqueous solution of
NaOH (535 mg in 2.0 mL) was added dropwise at
10OC. Subsequently, phenol (12.50 mmol, 1178 mg)
was added and then, again the same amount of an
aqueous solution of NaOH was added dropwise. The
reaction mixture was refluxed for 1-2 h. After the
reaction was finished, the mixture was cooled by the
addition of 10.0 mL of water and then the resulting
precipitate was filtered. The crude residue was
recrystallized from water to give phenoxyacetic acid
10 as a white solid (yield: 28%); Rf (DCM/methan-
ol/acetic acid; 9 : 1 : 0.1, v/v/v) 0.41; 1H NMR (300
MHz, CDCl3, δ, ppm): 7.27-7.37 (t, 2H, H2,3), 6.99-
7.08 (t, 1H, H4), 6.88-6.97 (d, 2H, H3,5), 4.69 (s, 2H,
CH2α), COOH - not detected; MS: m/z 153.07 [M +
H+]; purity: 100% (by HPLC); Mol. form. C8H8O3.

1-[4-(1H-Indol-3-ylmethyl)piperazin-1-yl]-2-phe-

noxyethanone (2)

A solution of phenoxyacetic acid 10 (0.99
mmol, 150 mg) in 1.0 mL of thionyl chloride was
refluxed for 3 h under argon atmosphere. Then, the
solvent was removed and the residue was dissolved
in 1.0 mL of THF. The resulting solution of the
obtained 2-phenoxyacetyl chloride 11 was added
dropwise to a solution of 3-(piperazin-1-ylmethyl)-
1H-indole 9 (1.00 mmol, 215 mg) in 5.0 mL of THF.
Subsequently, the reaction mixture was stirred at
room temperature for 2 h. The solvent was evapo-
rated and the residue was purified by column chro-
matography (DCM/methanol, gradient from 1 : 0 to
0.9 : 0.1, v/v) to afford the pure product as a red oil
(yield: 89%); Rf (DCM/methanol 0.9 : 1, v/v) 0.37;
1H NMR (300 MHz, methanol-d4, δ, ppm): 7.65 (dt,
J = 0.93, 7.89 Hz, 1H, H4íí), 7.33-7.43 (d, 1H,
H7íí), 7.03-7.27 (m, 4H, H3,5,2î,6î), 6.78-6.98 (m,
4H, H2,4,6,5íí), 4.75 (s, 2H, CH2α), 4.21 (s, 2H,
NCH2), 3.64-3,77 (br. s., 4H, H2í,6í), 2.86-3.10 (br.
s., 4H, H3í,5í), 1ííNH - not detected; MS: m/z
350.30 [M + H+]; purity: 97% (by HPLC); Mol.
form. C21H23N3O2.The final product was converted
into a hydrochloride salt.

2-Bromo-1-phenylethanol (12)

To a stirred solution of styrene (8.70 mmol,
906 mg) in 18.0 mL of acetonitrile the solution of N-
bromopyrrolidine-2,5-dione (8.70 mmol, 1550 mg)
in 18.0 mL of water was added dropwise at room

temperature. After stirring at room temperature for
20 h, acetonitrile was evaporated and then 20.0 mL
of water was added. The resulting mixture was
washed with DCM (1 ◊ 20.0 mL, 2 ◊ 15.0 mL) and
ethyl acetate (1 ◊ 20.0 mL). The organic phase was
dried over anhydrous sodium sulfate and evaporated
to dryness. The obtained residue was purified on a
silica gel by column chromatography (petroleum
ether/ethyl acetate 9.6 : 0.4, v/v) to provide the pure
product as a colorless oil (yield: 37%); Rf (petrole-
um ether/ethyl acetate 9.6 : 0.4, v/v) 0.23; 1H NMR
(300 MHz, CDCl3, δ, ppm): 7.28-7.44 (m, 5H,
H2,3,4,5,6), 4.93 (dd, J = 3.33, 8.98 Hz, 1H, CHα),
3.61-3.70 (m, 1H, CHβ), 3.46-3.60 (m, 1H, CHíβ),
2.66 (s, 1H, OH); MS: m/z 183.05 [M - 18 + H+];
purity: 95% (by HPLC); Mol. form. C8H9BrO.

2-[(1-Benzylpiperidine-4-yl)amino]-1-phenyl-

ethanol (4)

A solution of 2-bromo-1-phenylethanol 12

(1.49 mmol, 300 mg), 1-benzylpiperidine-4-amine
(1.49 mmol, 284 mg) and potassium carbonate (4.47
mmol, 615 mg) in 20.0 mL of acetonitrile was
stirred under reflux for 20 h. After the reaction was
finished, acetonitrile was evaporated and the result-
ing mixture was dissolved in DCM and washed with
water (1 ◊ 15.0 mL, 2 ◊ 10.0 mL). The organic
phase was dried over anhydrous sodium sulfate and
evaporated to dryness. The obtained crude product
was purified by column chromatography (DCM/
methanol 0.9 : 0.1, v/v) to provide the pure product
as a colorless oil (yield: 58%); Rf (DCM/ methanol
0.9 : 0.1, v/v) 0.26; 1H NMR (300 MHz, CDCl3, δ,
ppm): 7.16-7.43 (m, 10H, H2,3,4,5,6,2íí,3íí,4íí,
5íí,6íí), 4.75 (dd, J = 3.33, 9.23 Hz, 1H, CHα),
3.48-3.51 (s, 2H, NCH2), 2.66-3.15 (m, 7H, CH2

2í,6í,β, OH), 2.49-2.65 (m, 1H, CH 4í), 1.81-2.11
(m, 4H, CH2 3í,5í), NH - not detected; MS: m/z
311.25 [M + H+]; purity: 99% (by HPLC); Mol.
form. C20H26N2O. The final product was converter
into a hydrochloride salt. 

Biological activity - Ellmanís test (31)
Reagents and chemicals: 5,5í-dithiobis(2-

nitrobenzoic) acid (DTNB, Ellmanís reagent),
acetylthiocholine iodide (ATCh), butyrylthiocholine
iodide (BTCh), AChE from Electrophorus electricus
(425.96 U/mg solid), and BuChE from horse serum
(2.5 units/1 mL) were purchased from Sigma-
Aldrich. The measurement of absorbance was per-
formed using the Perkin Elmer Lambda 12 appli-
ance or EnSpire Multimode Microplate Reader
PerkinElmer. The detection wavelength was 412
nm. Due to different solubility, compounds 1, 2, 4, 5
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and 7 were dissolved in water and measured at 100
µM concentration, while compounds 3 and 6 were
dissolved in 1% solution of DMSO and experiments
were carried out in a 1 µM concentration. The test-
ed compounds were incubated with an enzyme at
25OC for 5 min before starting the reaction. The
experiment was performed in 100 mM phosphate
buffer (pH 8.0) containing 0.25 units of AChE or
BuChE using 0.45 mmol ATCh or BTCh and 0.2
µM DTNB as substrates. The experiments were per-
formed in triplicate.
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Psychotria viridis Ruiz & Pavon from the
Rubiaceae family is known as a popular hallucino-
genic plant derived from the Amazon lowlands (1).
Leaves of P. viridis known also as chacruna contain
N,N-dimethyltryptamine (DMT), an indole alkaloid
responsible for the psychoactive properties of the
plant. The action of DMT resembles to some extent
LSD, however, the caused sympathomimetic effects
are more intense and onset and duration of effects
are much shorter (2). As LSD, DMT belongs to the
group of serotonergic hallucinogens activating sev-
eral 5-HT receptors. Although the mechanism of
action of DMT is not yet fully understood, its hallu-
cinogenic effects are attributed to its agonist activi-
ty to 5-HT2A and 5-HT2C receptors (3). 

DMT is not active orally due to oxidative
deamination by monoamine oxidase A (MAO) to

indole-3-acetic acid which is not able to cross the
blood-brain barrier and produce hallucinogenic
effects (4). In the Amazon region, leaves of P. viridis
are used in combination with stems of Banisteriopsis
caapi in the form of a drink called Ayahuasca (5).
The alkaloids included in B. caapi block MAO and
thus allow for the hallucinogenic effect after drink-
ing Ayahuasca beverage. The dry leaves of P. viridis
are also smoked by recreational users and can be
used for extraction of DMT (6). 

P. viridis is controlled in France and Poland (7,
8). In the other countries not the plant, but its main
active compound DMT is illegal. According to US
law live plants and seeds can be legally bought and
sold (9).

Identification of plant material is difficult due to
the fact that the genus Psychotria comprises nearly
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Abstract: Psychotria viridis (chacruna) is a hallucinogenic plant with psychoactive properties associated with
the presence of N,N-dimethyltryptamine (DMT). This species is primarily known as an ingredient of the bev-
erage Ayahuasca, but dry leaves are also smoked by recreational users. The plant is controlled in Poland and
France and its proper identification poses many challenges due to the fact that genus Psychotria is relatively
large and there are other species that are easily confused with chacruna. The aim of the present work was to
develop an effective authentication procedure for the dried and shredded leaves of P. viridis, to be used in com-
parison of chemical and botanical characteristics of its commercial products. Dried leaves of P. viridis origi-
nating from Brazil, Peru and Hawaii were purchased from Internet providers. For DMT identification, thin layer
chromatography (TLC) and high performance liquid chromatography (HPLC) methods have been elaborated,
validated and applied. In order to clarify the existing differences among samples, chemometric methods have
been used. Botanical features and the gas chromatography tandem mass spectrometry (GC-MS) chromatograms
have been analyzed using hierarchical cluster analysis (HCA). Our studies revealed significant variety among
plant material marketed as P. viridis. Grouping of samples based on their micromorphology features and GC-
MS results did not correspond well with the presence of DMT. Based on our results an indisputable identifica-
tion of dried specimens as P. viridis is very problematic. It is necessary to postulate changes in legislation
regarding regulation of P. viridis and replace it with DMT as controlled substance. 
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2000 species (10, 11), moreover, some other genera in
South American flora are being confused with
chacruna. The problem with proper plant identification
results also from the divergent information about the
contents of DMT. The list of Psychotria spp. contain-
ing DMT varies depending on the literature source.
There are reports that some Psychotria species suppos-
edly containing DMT are actually lacking it (12-14).

Nevertheless, P. viridis is always recognized as
being the one that possesses hallucinogenic proper-
ties associated with DMT presence. 

The aim of the present work was to develop an
effective authentication procedure for the dried and
shredded leaves of P. viridis. We based our method
on DMT detection and microscopic confirmation of
identity of the plant material. In the search for diag-
nostic features of P. viridis we used micromorpho-
logical examination of live plant material. To con-
firm the presence of DMT in the samples, the low
cost chromatographic methods commonly used in
police laboratories were developed: thin layer chro-
matography as a first screening tool and high per-
formance liquid chromatography method when the
highest sensitivity is required.

The known methods of DMT identification in
P. viridis and in Ayahuasca involve use of gas chro-
matography tandem mass spectrometry (GC-MS)
(15, 16), capillary electrophoresis (CE) (17), liquid
chromatography tandem mass spectrometry (LC-
MS) (18, 19) and nuclear magnetic resonance spec-
troscopy (NMR) (20). Currently popular, barcoding
methods, can be a good solution for the species iden-
tification of powdered plant material. However, they
are still in the process of development and charac-
teristic DNA sequences have to be found. This is
challenging in case of P. viridis as the genus com-
prises a large number of species.

At the same time, there is a lack of fast and
simple methods like thin layer chromatography
(TLC) or high performance liquid chromatography
(HPLC), for identification of DMT in P. viridis. One
of the difficulties in HPLC analysis of DMT in plant
samples may be attributed to relatively strong basic
character of the compound. Utilizing basic proper-
ties of DMT the ion pair chromatography method
has been developed, as well as fast and cost effective
method of thin layer chromatography. Both methods
had been validated and successfully applied in the
analysis of all seven chacruna samples.

Our studies revealed significant variety among
plant material marketed as P. viridis. In order to clar-
ify the existing differences among samples, pharma-
cognostic examination and chemometric methods
have been used. Botanical features and the chro-

matograms obtained with GC-MS method for
methanol, ethyl acetate, dichloromethane, chloro-
form and hexane extracts have been analyzed with
hierarchical cluster analysis (HCA).

EXPERIMENTAL

Plant materials

The examined products were purchased from
the Internet through the http://www.maya-ethno-
botanicals.com/ website. The shredded leaves of P.
viridis originated from Brasil (samples 1 and 2),
Hawai (sample 3) and Peru (samples 4-7) according
to the providerís declaration. 

Reagents and materials

Chloral hydrate was purchased from Carl Roth
GmbH (Germany), Sudan III from Merck
(Germany), isopropanol pure p.a. from Chempur
(Poland) and glycerol pure p.a. from Standard
(Poland). Sudan III reagent was prepared according
to United States Pharmacopeia (USP).

Methanol, chloroform, ethyl acetate, dichloro-
methane and hexane pure p.a. were purchased from
POCH (Poland), triethylamine pure p.a. from Sigma
Aldrich (Belgium), anisaldehyde from Sigma
Aldrich (Germany), 99.9% acetic acid from POCH
(Poland), and 95% sulfuric acid pure p.a. from
Chempur (Poland). Anisaldehyde solution was pre-
pared according to European Pharmacopoeia. 

HPLC reagents such as acetonitrile (MeCN)
HPLC grade S were purchased from Rathburn
Chemicals Ltd. (UK), sodium hexanesulfonate pure
p.a. from Sigma Aldrich (Switzerland), and 85%
orthophosphoric acid from Merck (Germany).
Deionized water was obtained with deionizating filter
system Water PRO PS from Labconco Corp. (Kansas
City, USA). Membrane filters Chromafil Pet-45/25
from Macherey-Nagel GmbH & Co.KG (Germany).

N,N-Dimethyltryptamine (DMT) standard with
the purity 99.4% was purchased from Lipomed AG
(Switzerland) lot 00013890-9019.

Apparatus

Light microscope Biolar C Ti hal with digital
video optikam Pro5 from PZO (Poland) and Optica
Vision software; automatic TLC Sampler from
Camag (Switzerland); Video-scanner Desaga with a
software for video documentation ProVidoc
(Germany); HPLC Ultima 300 System Dionex, with
UV-VIS detector, 2 pumps, autosampler and Chrome-
leon Datasystem; GC-MS Agilent GC7890A+
5975C VLMSD instrument from Agilent Techno-
logies (USA) were used.
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For the statistical analysis ìStatistica 10î soft-
ware from StatSoft (USA) was applied.

Methods

Sample and standard preparation for the chro-
matographic analysis

Powdered dried plant material (0.5 g) was
extracted with 5.0 mL of methanol in an ultrasound
bath for 30 min and filtered through membrane fil-
ters. The standard solution was prepared as a 0.5
mg/mL ethanol solution of DMT. The solution for
the method validation in specificity parameter was
also prepared by mixing 1 mL of extract from the
Hawaii sample and 1 mL of the standard solution of
DMT (mix). For GC-MS analysis the same sample
preparation procedure was applied and different
extraction solvents were used: methanol (MeOH),
ethyl acetate (EA), dichloromethane (DCM), chloro-
form (TCM) and hexane (H).

TLC method
TLC silica gel plates G from Merck KGaA

(Germany) were used for analysis. Mobile phase
was chloroform/methanol/triethylamine (60 : 5 : 6,
v/v/v). Samples solution (10 µL), 10 µL of DMT
standard solution and 5 µL of prepared mixture
(mix) were applied as bands. Chromatograms were
developed to 4/5 of the plate height, then dried in
air, treated with the anisaldehyde solution, heated in
105OC, examined in daylight and photographed with
a video-scanner.

HPLC method
HPLC analysis was performed on Luna C18(2)

250 ◊ 4.6 mm, 5 µm column from Phenomenex
(USA). The mobile phases were: A: 10 mM solution of
sodium hexanesulfonate monohydrate adjusted to pH 2
with orthophosporic acid, B: acetonitrile. The analysis
was performed in gradient: A : B 80 : 20 (2 min), 65 :
35 (20 min), 20 : 80 (26 min), 80 : 20 (30 min). The
detection wavelength was λ 254 nm, injection volume
10 µL, flow rate 1 mL/min, time of analysis 30 min.
DMT standard solution, methanolic extracts from the
Psychotria viridis samples mixture of equal parts of
extract solution from Hawaiian Psychotria and stan-
dard solution (mix) and blank were injected.

Microscopic examination
Specimens prepared from the leaf surface and

powdered material were examined. Specimens were
boiled and observed in chloral hydrate solution, and
after the reaction with Sudan III reagent.

GC-MS method
GC-MS was performed with a 5% phenyl-

methylpolysiloxane capillary column HP-5MS (30
m ◊ 0.25 mm i.d.; film thickness, 0.25 µm; Agilent
J&W Scientific (USA). The temperature program
consisted of the initial temperature of 100OC held for
0.5 min, followed by a linear ramp up to 300OC at
12OC/min. The inlet temperature was set at 230OC,
and the injection was set in the split 1 : 80 mode.
The carrier gas was high purity helium at a flow rate

Figure 1. TLC chromatogram of DMT standard solution, sample solution (1-7), a mixture of equal volumes of the standard and sample
number 1
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Figure 2. HPLC chromatogram of DMT standard solution, sample solution (1-7), a mixture of equal volumes of the standard and sample
number 1 solutions and methanol as blank

Table 1. Micromorphological features of P. viridis observed in the examined plant material.

Feature 

number
Feature description 1 2 3 4 5 6 7

Origin Brazil Brazil Hawaii Peru Peru Peru Peru

I Color reddish reddish reddish grey grey green grey

II
Polygonal cells of the adaxial 
epidermis (surface view)

yes yes yes yes yes yes yes

III
Striated cuticule on the upper 
epidermis

yes yes yes yes no yes yes

IV Stomata on the adaxial surface no no no no no no no

Crystals of calcium oxalate in the 
V upper epidermis: styloids, small prisms yes yes yes no no rarely yes

and no bundled raphides

VI One-layer palisade parenchyma yes yes yes yes yes yes yes

VII Bundles of large raphides yes yes yes yes yes yes yes

Crystals of calcium oxalate in 
VIII parenchyma: styloids and single yes yes yes no no rarely yes

crystals 

IX Fat in cells yes yes yes yes yes yes yes

X
Polygonal cells of the abaxial 
epidermis (surface view)

yes yes yes yes yes yes yes

XI
Rubiaceus stomata in lower 
epidermis

yes yes yes yes yes yes yes

One-celled, non-glandular 
XII trichomes on the abaxial yes yes yes rarely yes yes yes

epidermis
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of 1.0 mL/min. The MS detector parameters used
were: interface temperature, 290OC; ion-source tem-
perature, 230OC; ionization mode, electron ioniza-
tion (EI); ionization voltage, 70 eV; scan time, 1.0
s/scan; scan range, m/z 40ñ550.

Data analysis method

Hierarchical cluster analysis (HCA) was cho-
sen as a statistical tool to interpret botanical and
chemical similarity among the plant samples. The

hierarchical agglomerative cluster analysis, divides
the data into similar groups (clusters). The aim of
the grouping is making a stable cluster from objects
located in closest neighborhood and to separate
them from other clusters.

The application of HCA is justifiable as the
objective of the present work is to evaluate the vari-
ation among Psychotria products and also because
the analysis concerns a small number of trials and a
small number of variables.

Figure 3. Micromorphological features of P. viridis: A ñ surface view of the upper epidermis: polygonal cells with the striated cuticule; B
ñ surface view of the lower epidermis with paracytic stomata; C ñ adaxial surface: styloids of calcium oxalate; D ñ transverse section of
the leaf: prisms of calcium oxalate; E ñ transverse section of the leaf: one-layer palisade parenchyma and bundle of raphides; F ñ one-celled
non-glandular trichomes
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In both cases, botanical and chemical charac-
terization of the samples, the data are discrete. The
occurrence or lack of botanical features and the
presence or absence of peaks on chromatograms has
been analyzed, so there was no need for data nor-
malization.

RESULTS 

TLC method 

The obtained chromatograms revealed the
presence of N,N-dimethyltryptamine in P. viridis
samples from Brazil (samples 1 and 2), Hawaii
(sample 3) and one sample from Peru (number 6). A
violet spot appears with the Rf 0.51 (Fig. 1). In three
samples from Peru (samples 4, 5 and 7) DMT spot
was not observed. 

The identification method was validated using
a mixture of equal parts of extract from sample 1
and DMT solution (mix). Limit of detection was
established for the concentration of DMT 10 µg/mL
The criterion of acceptance was 10% difference in
the values of Rf for DMT in the standard and sample
solution. 

HPLC method 

HPLC chromatograms of samples from Brazil
(samples 1 and 2), Hawaii (sample 3) and one sample
from Peru (sample 6) showed a distinct peak of DMT.
The obtained retention times were from 12.46 min to
12.56 min in accordance to standard solution where
the DMT retention time was from 12.54 min (Fig. 2).
Same as in TLC analysis, in three samples from Peru
(samples 4,5 and 7) no DMT was detected.

The areas of the DMT peak in 0.5 mg/mL stan-
dard solution was about 155 mAU while for the
Brazilian sample solutions: 157 mAU for sample 1

and 140 mAU for sample 2, respectively. Equally,
the area under the DMT peak of one Peruvian sam-
ple (sample 6) was 186 mAU. The highest concen-
tration of DMT was found in the Hawaiian sample
(sample 3) with the peak at 315 mAU. No DMT
peaks were detected in samples number 4, 5 and 7. 

The developed HPLC method was validated in
a specificity parameter using a blank sample of
methanol and a mixture of equal parts of sample
number 1 and DMT solution (mix). No interfering
with DMT peaks was detected in blank sample.
Limit of detection was determined on the base of
signal to noise ratio for the concentration of 2
µg/mL. Criteria of acceptance were established as:
5% deviation between standard and sample retention
time of DMT, resolution factor for DMT peak more
than 1.0 asymmetry factor from 0.8 to 1.6; number
of theoretical plates more than 11,000.

Microscopic examination 

Microscopic analysis of shredded fresh plant
material allowed for the selection of characteristic
micromorphological features of P. viridis leaves (Fig.
3). The botanical elements and their occurrence in
examined samples are presented in the Table 1.
Features used for HCA were: I, III, V, VIII, XII. 

The data were subjected to Wardís method of
linkage after using the Manhattan distance as simi-
larity measure and to single linkage method after
using the squared Euclidean distance. The obtained
clusters separated samples into three main groups
according to the Sneath criterion (21). The first
group is represented by samples from Brazil, Hawaii
and Peru, samples number 1, 2, 3 and 7. The second
group is determined by two Peruvian samples, num-
ber 4 and 5. The third cluster consists of one
Peruvian sample ñ number 6. The most significant

Figure 4. Dendrograms for hierarchical clustering of variables according to botanical features of the examined samples
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botanical similarity exists between Brazilian and
Hawaiian products. No relation between botanical
grouping and DMT content has been obtained.
Grouping by botanical variables is presented on den-
drograms (Fig. 4).

GC-MS
Five extracts, made with methanol (MeOH),

ethyl acetate (EA), dichloromethane (DCM), chloro-
form (TCM) and hexane (H), from each sample,
have been examined with the GC-MS method and
five chromatograms of each plant material have
been obtained. Every compound was represented by
a chromatographic peak and the mass corresponding
to this peak. Example chromatograms obtained for
EA and TCM extracts are presented in Figure 5.

For further HCA analysis, all retention times
assigned to a single mass, were used. 

The data were subjected to Wardís method of
linkage after using the Manhattan distance as similar-
ity measure. According to the Sneath criterion, three
clusters have been separated. The chemical variables
classify the samples in three groups. First cluster con-
sists of the plant material from Brazil and Hawaii
(samples 1-3), the second from three Peruvian sam-
ples (sample 4, 5 and 7). The third cluster is made of
one Peruvian sample (number 6). Grouping by chem-
ical variables is presented on dendrogram (Fig. 6).

DISCUSSION AND CONCLUSIONS

Psychotria viridis (chacruna) is a hallucino-
genic plant, with psychoactive properties associated
with the presence of N,N-dimethyltryptamine. This
species is primarily known as one of the two main
ingredients of the beverage Ayahuasca, however

Figure 5. Chromatograms of EA and TCM extracts from dried leaves of P. viridis
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dried leaves of chacruna are also smoked by recre-
ational users. 

In countries where the species is illegal, the
legislation requires identifying the plant material
that may be a challenge for the police experts.
Macroscopic and microscopic investigations are not
sufficient as they cannot bring an unequivocal
answer whether the examined leaves come from P.
viridis or not. There are reports that DMT can be
present in few species of Psychotria, but also in
other plants from South and Central America. List
of Psychotria that contain DMT has not been clear-
ly established yet, but all literature sources confirm
the occurrence of DMT in P. viridis. Therefore, the
detection of this compound in the examined plant
material is necessary for the species authentication. 

Chromatographic methods have been chosen to
determine DMT presence in the investigated plant
material. Thin layer chromatography is a simple and
cost effective technique which allows for a rapid detec-
tion of compounds. High performance liquid chro-
matography enables for the verification of presence of
chemical substances in tested materials with higher
accuracy. Both developed methods described in the
present work have been validated. Due to obtained high
specificity and selectivity, the methods were success-
fully applied for analyses of P. viridis plant material. 

Seven samples of dried P. viridis leaves pur-
chased through the Internet were examined botani-
cally and chemically. According to the providersí
declaration samples originated from Brazil, Peru and
Hawaii. Based on the appearance and micromorpho-

logical features similarity among samples from
Brazil, Hawaii and one sample from Peru (sample 7)
has been found. The same situation applies to the two
Peruvian samples. A surprisingly significant distinc-
tion between the third sample from Peru (sample 6)
and other Peruvian samples was found. Dried leaves
were reddish (samples 1 ñ 3) or grey (samples 4, 5
and 7). Only the plant material of sample 6 had green
color. The division into groups based on botanical
variables analysis didnít correspond to the division
based on the presence of DMT, since DMT was
detected in samples number 1-3 and number 6.

These results show that the micromorphologi-
cal analysis does not allow for a clear species iden-
tification. Many micromorphological characteristics
depend on the geographical region and environmen-
tal conditions. Two Peruvian samples separated on
the dendrogram as a middle cluster, did not reveal
the presence of DMT. These plant materials proba-
bly donít come from P. viridis. Another cluster con-
sisted of samples with DMT (Brazilian and
Hawaiian) and without DMT (Peruvian sample 7).
The third cluster was made only of sample number
6. This plant material even though containing DMT
demonstrated a significant botanical dissimilarity.

It is possible that sample 7 belongs to genus
Psychotria but because of lack of DMT it is not P.
viridis. Peruvian sample number 6 may come from P.
viridis but due to the geographical conditions this
material is different from the Brazilian and Hawaiian
ones. It is also possible that sample number 6 repre-
sents another Psychotria species with DMT.

Figure 6. Dendrograms for hierarchical clustering of chemical variables according to the GC-MS results
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To exclude the environmental effect and explain
if sample number 6 is P .viridis or not, the HCA for
chromatographic fingerprints was carried out. The
aim of the use of solvents with varying degrees of
polarity was to extract the greatest amount of com-
pounds according to their chemical nature. As a result
of HCA on chemical variables, again three main clus-
ters have been obtained. DMT-free samples are also
similar in the context of the total chemical composi-
tion and are grouped into one cluster. Therefore, sam-
ple 4, 5 and 7 donít come from P. viridis. 

Moreover, the DMT-containing group of samples
is not homogenous. The HCA revealed a significant
dissimilarity between sample number 6 and the rest of
plant material. Peruvian sample number 6 constitutes a
separate cluster on the dendrogram. This sample is dif-
ferent from all the examined samples regarding botan-
ical features and its chemical composition. 

A great chemical similarity among leaves from
Brazil (sample 1 and 2) and Hawaii (sample 3) was
found. This material is probably chacruna leaves. 

Wrong taxonomical identification of one plant
material sample from Peru (sample 7) illustrates a
challenge with the proper authentication of
chacruna. Sample number 7 is botanically similar to
the DMT containing ones but definitely is not P.
viridis. Also grouping by chemical variables links
this sample to the Peruvian group that was previous-
ly approved as not P. viridis.

Our studies revealed significant variety among
plant material marketed as P. viridis. Grouping of
samples based on their micromorphology features
and GC-MS results did not correspond well with the
presence of DMT. The performed studies have
shown that the indisputable identification of frag-
mented specimen as P. viridis is problematic. It is
necessary to postulate changes in legislation regard-
ing regulation of P. viridis and replace the plant with
DMT as controlled substance. 

The developed TLC and HPLC methods allow
for fast and cost effective detection of DMT in the
investigated material. 
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Herbs, especially these belonging to the
Lamiaceae family are popular aromatic plants grow-
ing in many regions of the world. Some of them are
extensively used to enhance the flavor and aroma of
foods, and to improve the overall quality of the
product (1). They are also the basic source of phyto-
chemical compounds which have a beneficial effect
on health or play an active role in amelioration of
diseases. Many studies showed that herbs from the
Lamiaceae family have a potent antioxidant and
antibacterial activities, mostly due to the quantity
and quality of phenolic compounds present in them
(2, 3). Among these, eugenol, carvacrol and thymol
which are the major components of essential oils,
are primarily responsible for their bactericidal/bac-
teriostatic properties (4). It was also observed, that
the antimicrobial effect of plant extracts varies from
one herb to another in different regions of the world.
This may be due to many factors such as: the effect

of climate, soil composition, the type of solvent used
in the extraction process, and also on the volume of
inoculum used and culture medium or the type of
strains within the same species of bacteria (5, 6).
Some microorganisms has also become resistant to
the present used antibiotics. The Gram-positive bac-
terium Staphylococcus aureus is still responsible for
post-operative wound infections, toxic shock syn-
drome, osteomyelitis and the Gram-negative bac-
terium Escherichia coli causes urinary tract infec-
tion (7). Therefore, one of the routine approaches to
the research of biologically active substances is the
systematic screening of microorganisms and plants
that are sources of many useful therapeutic agents
(8). The main purpose of this study was to verify and
compare the chemical composition and characterize
the antibacterial activities of selected herbs extracts
against Gram-positive and Gram-negative bacteria.
It is worth emphasizing, that herbs extracts were
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obtained by using methanol (70%) as the solvent
usually utilized for polyphenol extraction, and
ethanol (70%) which is an environmentally friendly
solvent and safe for human consumption. Because
the plant material may contain some varying
amounts of bacteria or protozoa, the extracts were
prepared by procedure involving the use of organic
solvents and elevated temperature.

EXPERIMENTAL

Chemicals

Reagents for GC-MS and HPLC analysis (ace-
tone, methanol, acetonitrile, phosphoric acid) were
obtained from Merck (Germany). Standards for
HPLC were obtained from ChromaDex. Methanol,
ethanol, toluene, dimethyl sulfoxide (DMSO), sodi-
um carbonate and Folin-Ciocalteu reagent were
purchased from POCH (Gliwice, Poland) and
Sigma-Aldrich Chemicals (PoznaÒ, Poland),
respectively. All solvents and chemicals were of
analytical grade. 

Plant material and extraction

The aerial part of thyme (Thymus vulgaris L.)
and rosemary (Rosmarinus officinalis L.), oregano
(Origanum vulgare L.), peppermint (Mentha piperi-
ta L.) and sage (Salvia officinalis L.) leaves were
collected at the beginning of flowering time from
the garden-plot near ZamoúÊ, in July 2013. They
were dried at room temperature and then extracted
with ethanol (70%) and methanol (70%), respective-
ly, according to the method described by Koz≥owska
et al. (9). Briefly, 10 g of each dried plant material
was mixed with 250 mL of aqueous ethanol and
aqueous methanol and heated on water bath for 10 h
at 45OC. Next, the filtration was carried to separate
the plant residue and then the solvent was removed
to dryness in a rotary evaporator at 40OC. Obtained
plant extracts were stored frozen until further use 
(-26OC). The yields of the herbs extracts were as fol-
lows: rosemary (aqueous ethanolic ñ E) ñ 21.2%,
rosemary (aqueous methanolic ñ M) ñ 19.4%,
oregano (E) ñ 26.6%, oregano (M) ñ 30.6%, thyme
(E) ñ 25.3%, thyme (M) ñ 31.2%, sage (E) ñ 18.4%,
sage (M) ñ 24.3%, peppermint (E) ñ 12.3%, pepper-
mint (M) ñ 19.2%,

Total phenolic content

Total amount of phenolic compounds was
measured in the herbs extracts with a standard
Folin-Ciocalteu reagent (10) which was added
(0.5 mL) to 1 mL of each spice extract solution
dilluted with water. The color was developed by

adding 5 mL of 20% sodium carbonate in distilled
water. The mixture was kept at room temperature
in the dark for 1 h and then the absorbance was
measured at 765 nm. Total phenolics were
expressed as mg gallic acid equivalents (GAE)
per gram of extract. All measurements were per-
formed in triplicate. 

HPLC analysis

Herbs extracts were dissolved in ethanol (70%)
and methanol (70%), respectively, and filtered with
Supelco Iso-Discô Syringe Tip Filter Unit, PTFE
membrane, diameter 25 mm, pore size 0.20 µm and
subjected to HPLC. The analyses were performed
using a Shimadzu chromatograph equipped with
autosampler SIL-20, photodiode array detector
SPD-M10A VP DAD and Class VP 7.3 chromatog-
raphy software. A modern C-18 reversed-phase col-
umn with core-shell technology (Phenomenex
KinetexÆ 2.6 µm, C18, 100A, 100 ◊ 4.60 mm i.d.)
was used as solid phase. The chromatographic sepa-
ration was carried out using deionized water as
mobile phase, adjusted to pH 3 with phosphoric acid
as solvent A and acetonitrile adjusted to pH 3 with
phosphoric acid as solvent B programmed in gradi-
ent. The following conditions were applied: flow
rate 1.3 mL/min, oven temperature 32OC, total time
of analysis 10 min, injection volume 1 µL. UV-spec-
tra were recorded between 190 and 450 nm. Peak
identification was confirmed by comparison of
retention time and spectral data with adequate
parameters of standards used. Hesperetin-7-gluco-
side, hesperetin-7-rutinoside and hesperetin were
detected at 285 nm, caffeic acid at 300 nm, ros-
marinic acid at 330 nm, apigenin-7-glucoside, api-
genin-7-rutinoside and apigenin at 336 nm, luteolin-
7-glucoside, luteolin-7-rutinoside and luteolin at
347 nm. The content of the determined compounds
was calculated in mg of each compound per gram of
dry weight (DW) of extract. 

Characteristic parameters of HPLC analysis
(calibration equation, linear range, LOD, LOQ, cor-
relation coefficient) are listed in Table 2.
Commercially available standards were separately
dissolved in methanol according to the
ChromaDexís Tech Tip 0003. The stock solutions
were injected (0.5, 1.0, 2.0, 5.0 and 10 µL) on a col-
umn in six replicates (n = 6) using SIL-20AC HT to
generate a five-point calibration curve for the each
standard compounds separately, using LC Solution
Version 1.21 SP1 chromatography software.
Standard curve parameters, LOD and LOQ were
calculated with statistical service e-stat (http://www.
chem.uw.edu.pl/stat/e-stat/).
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GC-MS analysis

Extracts were analyzed by GC-MS using an
Agilent 7890A gas chromatograph coupled with an
Agilent 5975C mass spectrometer. An HP-5MS cap-
illary column (30 m ◊ 250 µm ◊ 0.25 µm film thick-
ness) was used for gas chromatographic separation.
The GC oven temperature was maintained at 40OC
for 5 min, then programmed at 10OC/min to 300OC
for 10 min. The injection volume was 1 µL with a
split ratio of 1 : 5. Helium was used as carrier gas at
a flow rate 1 mL/min. The mass spectrometer was
operated in electron impact mode with ionization
electron energy of 70 eV. Acquired data were
processed with MSD Chemstation E. 02.00.493
software. All compounds were identified from their
mass spectra, by comparison of their retention times
(RT) with those of standard compounds and with the
spectrum of the known components stored in the
National Institute Standard and Technology (NIST)
library.

Antibacterial activity

Test microorganisms
Extracts were individually tested against a

panel of microorganisms including Gram-positive
bacteria: Staphylococcus aureus ATCC 6538P, S.
aureus NCTC 4163, S. aureus ATCC 25923, S. epi-
dermidis ATCC 12228, Enterococcus faecalis
ATCC 29212, E. hirae ATCC 10541, Bacillus sub-
tilis ATCC 6633, Geobacillus stearothermophilis
ATCC 7953 and Gram-negative bacteria:
Escherichia coli ATCC 25922, E. coli NCTC 8196,
Klebsiella pneumoniae ATCC 13883, K. pneumoni-
ae ATCC 700603, Proteus vulgaris NCTC 4635, P.
vulgaris ATCC 13315, P. mirabilis ATCC 12453,
Listeria monocytogenes 1043S, Pseudomonas
aeruginosa ATCC 27853, P. aeruginosa NCTC
6749, Stenotrophomonas maltophilia ATCC 13637,
Bordetella bronchiseptica ATCC 4617. The
microorganisms were obtained from the own collec-
tion of the Department of Pharmaceutical
Microbiology, Medical University of Warsaw
(Warszawa, Poland). 

Antimicrobial screening
Antibacterial activity of herbs extracts was

examined by the disc-diffusion method and the MIC
method under standard conditions using Mueller-
Hinton II agar medium (Beckton Dickinson) accord-
ing to the guidelines established by the CLSI (11,
12). For the disc-diffusion assay, the solutions of
tested herbs extracts were prepared in methanol
(70%) or ethanol (70%), respectively. Sterile filter
paper discs (9 mm diameter, Whatman No. 3 chro-

matographic paper) were dripped with tested herbs
extract solutions to load 2 mg of a given extracts per
disc, and were placed on the agar plates uniformly
inoculated with the test microorganisms. The paper
discs with 70% ethanol and 70% methanol were
used as negative control. Nitrofurantoin was used as
a positive control (300 µg/disc). The diameter of the
clear zone surrounding the disc after 18 h incubation
at 35 ± 2.5OC was the measure of antimicrobial
activity of a given extracts. For MIC (minimum
inhibitory concentration) determination, the solu-
tions of the tested spice extracts were prepared in
dimethyl sulfoxide (DMSO), and were added to liq-
uid solution of the agar medium to form two-fold
serial dilutions covering the range from 31.3 to 2000
mg/L. The plate of agar medium with DMSO was
used as a control of the bacterial growth in the pres-
ence of the solvent, the so-called negative control.
Next, solidified agar plates were inoculated using 2
µL aliquotos. The final inoculum of all studied
organisms was 104 colony forming units (CFU)/mL,
except the final inoculum of E. faecalis ATCC
29212 which was 105 CFU/mL.

Statistical analysis

Data were analyzed using analysis of variance
(ANOVA) with post-hoc Tukeyís HSD at the confi-
dence level α = 0.05 (Statgraphics Centurion XV
software, Statpoint Inc., Warrenton, Virginia, USA).

RESULTS AND DISCUSSION

Total phenolics content, HPLC and GC/MS

analysis

The total phenolics content in herbs extracts
was analyzed by the Folin-Ciocalteu method and
varied from 137.60 to 228.30 mg gallic acid per
gram of extract (Table 1). The highest phenolic con-
tent was found in aqueous ethanolic extract of R.
officinalis and aqueous methanolic extract of S.
officinalis but the lowest in aqueous methanolic
extract of O. vulgare. Generally, the aqueous
ethanolic extracts of plant spices extracts had the
slightly higher total phenolic content compared to
the aqueous methanolic extracts with the exception
of extracts from S. officinalis and M. piperita. The
values obtained in present study were slightly high-
er for rosemary extracts, and lower for thyme and
peppermint extracts, compared to those reported by
Gramza-Michalowska et al. (13). Gallego et al. (14)
reported a value of 219 mg GAE/g of lyophilized
powder after ethanol extraction of rosemary leaves
and 334 mg GAE/g of lyophilized powder for thyme
leaves. These results were higher for thyme extract
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than those found in the present study. However,
MarcinË·k et al. (15) indicated significantly higher
amount of total phenols in methanol extract from
oregano in comparison with thyme and sage. These
differences may be mainly attributed to diversities
of the analytical methods, extraction methods of
spices and herbs and their geographic origin.
Among selected phenolics, identified in both herbs
extracts by HPLC method (Table 1), rosmarinic acid
was the most predominant phenolic compound. The
highest content of rosmarinic acid was observed in
aqueous methanolic extract of T. vulgaris and S.
officinalis, while the extracts from oregano and pep-
permint showed the lowest values. Its content in
examined Lamiaceous species was comparable to
the results of other researchers (16, 17). Another
phenolic acid that was identified in all spices
extracts was caffeic acid (18). Its concentration was
similar in both, the aqueous ethanolic and aqueous
methanolic extracts. In addition to phenolic acids,
extracts from M. piperita contained the following
flavones and flavanones: hesperetin, hesperetin-7-
glucoside, hesperetin-7-rutinoside, apigenin, api-
genin-7-glucoside, apigenin-7-rutinoside, luteolin,
luteolin-7-glucoside, luteolin-7-rutinoside. However,
luteolin, apigenin, apigenin-7-glucoside and api-
genin-7-rutinoside were present in S. officinalis
extracts. These biologically active ingredients from
hydrophilic extracts of thyme, sage, oregano were
previously described by other researchers (16, 19).
Of special interest are flavones, which were evaluat-
ed as antioxidants using the linoleic acid oxidation
system and effectively protected biological systems
against various oxidative stresses by inhibition of
superoxidase anion production in the xanthine/xan-
thine oxidase system.

GC-MS analysis showed that among the
detected compounds in the aqueous ethanolic and
aqueous methanolic extracts of thyme, oregano
and peppermint 2,3-dihydro-3,5-dihydroxy-6-
methyl-4(H)-pyran-4-one (DDMP) was found.
This compound is not a typical constituent of alco-
hol extracts of herbs and spices from the
Lamiaceae family, but its presence in both leaf and
flower extracts of Lantana camara might be the
reason for their larvicidal activity (20). Other
important compounds identified in extracts (Table
3) from thyme, oregano and rosemary were thy-
mol, carvacrol, camphor, borneol and α-terpineol.
They are also major components of essential oils
obtained from spices and herbs exhibiting antibac-
terial activity (21). Moreover, the aqueous ethano-
lic extract of oregano contained n-heptanoic acid,
3-methoxy-2,4,6-trimethylphenol and 2-methyl-4-
(4-methylcyclohexyl)butanoic acid. However, in
M. piperita extract, palmitic acid, α-linolenic acid
and phytol were present. Phytol was also the char-
acteristic constituent of alcohol extract of
Plectranthus amboinicus (Lour) belonging to the
mint family (Lamiaceae) (22). It is a diterpene
which showed antibacterial activity against
Staphylococcus aureus by causing damage to cell
membrane, leading to a leakage of potassium ions
from bacterial cells (20). Generally, GC-MS
analysis showed that in comparison to aqueous
ethanolic extracts, the aqueous methanolic
extracts, except extract from peppermint, con-
tained several additional compounds such as
eugenol, 2,1,3-benzothiadiazole or ledol. Ledol, β-
cubebene and the sesquiterpenes are also the major
compounds in the essential oil composition of
Judean sage (Salvia judaica Boiss.) (23).

Table 2. Characteristic parameters of the HPLC analysis.

Standard Calibration equation R2  (n = 6) Linear range (mg/mL) LOD LOQ
(mg/mL) (mg/mL)

Caffeic acid y = 3E-07x + 0.2899 0.9997 0.4992 - 9.9840 0.3069 0.5115

Rosmarinic acid y = 3E-06x + 0.4653 0.9998 1.1210 - 22.418 0.5843 0.9739

Luteolin y = 1E-05x + 0.2504 0.9999 2.2700 - 45.400 0.7101 1.1835

Luteolin-7-O-glucoside y = 1E-05x + 0.2285 0.9999 2.3850 - 47.700 0.6425 1.0709

Luteolin-7-O-rutinoside y = 1E-05x + 0.2285 0.9999 2.3850 - 47.700 0.6425 1.0709

Apigenin y = 3E-06x + 0.4001 0.9998 0.9955 - 19.910 0.5136 0.8560

Apigenin-7-O-glucoside y = 1E-05x + 0.5126 0.9999 2.4425 - 48.850 0.6344 1.0574

Apigenin-7-O-rutinoside y = 1E-05x + 0.5126 0.9999 2.4425 - 48.850 0.6344 1.0574

Hesperetin y = 2E-06x + 0.4712 0.9997 0.9450 - 18.900 0.5764 0.9607

Hesperetin-7-O-glucoside y = 2E-06x + 0.4712 0.9997 0.9450 - 18.900 0.5764 0.9607

Hesperetin-7-O-rutinoside y = 2E-06x + 0.4712 0.9997 0.9450 - 18.900 0.5764 0.9607a



762 MARIOLA KOZ£OWSKA et al.
T

ab
le

 3
. C

om
po

un
ds

 id
en

tif
ie

d 
in

 a
qu

eo
us

 e
th

an
ol

ic
 (

E
) 

an
d 

aq
ue

ou
s 

m
et

ha
no

lic
 (

M
) 

he
rb

s 
ex

tr
ac

ts
 b

y 
G

C
-M

S.
 

[%
]

C
om

po
un

ds
 

R
T

M
W

M
ol

ec
ul

ar
R

. o
ffi

ci
na

lis
 

O
. v

ul
ga

re
T.

 v
ul

ga
ri

s 
S.

 o
ffi

ci
na

lis
M

. p
ip

er
ita

 
fo

rm
ul

a 
E

M
E

M
E

M
E

M
E

M

1
4-

H
yd

ro
xy

-4
-m

et
hy

l-
2-

pe
nt

an
on

e
7.

16
1

11
6

C
6H

12
O

12
72

.8
0

54
.5

8
32

.1
8

28
.8

7
73

.6
9

19
.7

2
90

.2
7

47
.6

9
88

.0
4

81
.0

6

2
2,

3-
D

ih
yd

ro
-3

,5
-d

ih
yd

ro
xy

-6
-m

et
hy

l-
4H

-
py

ra
n-

4-
on

e
13

.4
49

14
4

C
6H

8O
4

-b
-

2.
96

4.
22

2.
57

4.
43

-
-

2.
11

 
2.

36

3
C

am
ph

or
13

.5
07

15
2

C
10

H
16

O
1.

35
2.

03
-

-
-

-
-

-
-

-

4
B

or
ne

ol
13

.8
49

15
4

C
10

H
18

O
2.

31
2.

38
-

-
-

-
-

-
-

-

5
α-

T
er

pi
ne

ol
14

.2
23

15
4

C
10

H
18

O
1.

92
2.

25
-

-
-

-
-

-
-

-

6
5-

(H
yd

ro
xy

m
et

hy
l)

-2
-

fu
ra

nc
ar

bo
xa

ld
eh

yd
e

14
.7

70
12

6
C

6H
6O

3
-

-
-

2.
22

-
-

-
-

-
- 

7
T

hy
m

ol
15

.6
67

15
0

C
10

H
14

O
-

-
24

.3
6

16
.2

9
23

.7
4

3.
71

-
-

-
-

8
In

do
le

15
.7

68
11

7
C

8H
7N

-
-

1.
33

0.
82

-
-

-
-

-
-

9
2-

M
et

hy
l-

4-
(4

-m
et

hy
lc

yc
lo

he
xy

l)
bu

ta
no

ic
 a

ci
d

16
.0

01
19

8
C

12
H

22
O

2
-

-
4.

96
-

-
-

-
-

-
-

10
2,

6-
D

im
et

ho
xy

ph
en

ol
16

.5
42

15
4

C
8H

10
O

3
-

-
-

-
-

2.
74

-
-

-
-

11
2,

1,
3-

B
en

zo
th

ia
di

az
ol

e
17

.6
96

13
6

C
6H

4N
2S

-
5.

48
-

1.
89

-
4.

46
-

-
-

-

12
o-

M
et

ho
xy

-α
,α

-d
im

et
hy

lb
en

zy
l a

lc
oh

ol
17

.7
53

16
6

C
10

H
14

O
2

-
-

-
-

-
7.

85
-

-
-

-

13
L

ed
ol

19
.7

23
22

2
C

15
H

26
O

-
-

-
-

-
-

-
5.

62
-

-

14
Pr

op
yl

-p
ro

pa
ne

di
oi

c 
ac

id
19

.8
56

14
6

C
6H

10
O

4
-

14
.4

5
-

-
-

-
-

-
-

-

15
B

ut
yr

al
de

hy
de

 s
em

ic
ar

ba
zo

ne
19

.8
59

12
9

C
5H

11
N

3O
4.

63
-

-
-

-
5.

89
-

-
-

-

16
n-

H
ep

ta
no

ic
 a

ci
d

19
.9

38
13

0
C

7H
14

O
2

-
-

17
.0

6
-

-
-

-
-

-
- 

19
N

itr
o-

L
-a

rg
in

in
e

19
.9

67
21

9
C

6H
13

N
5O

4
-

-
-

15
.9

3
-

-
-

-
-

-

20
Pa

lm
iti

c 
ac

id
23

.4
23

25
6

C
16

H
32

O
2

-
-

1.
29

-
-

0.
60

-
1.

30
2.

24
3.

14

21
1-

N
ap

ht
ha

le
ne

pr
op

an
ol

, 
α-

et
he

ny
ld

ec
ah

yd
ro

 α
-5

,5
,8

a
te

tr
am

et
hy

l-
2-

m
et

hy
le

ne
-,

24
.5

84
29

0
C

20
H

34
O

-
-

-
-

-
-

6.
53

22
.7

1
-

-
[1

S-
[1

α(
S*

),
4a

β,
8a

. α
]]

-

22
Ph

yt
ol

24
.9

11
29

6
C

20
H

40
O

-
-

-
-

-
-

-
-

1.
64

3.
38

23
α-

L
in

ol
en

ic
 a

ci
d

25
.1

43
27

8
C

18
H

30
O

2
-

-
1.

29
-

-
1.

49
-

2.
09

2.
69

4.
92



Chemical composition and antibacterial acrivity of some... 763

Antibacterial activity

The antibacterial activities of the herbs
extracts from the tested samples in terms of
the minimum inhibitory concentrations (MIC)
and the diameters of inhibition zones (IZ) are
reported in Table 5 and Table 4, respectively.
The solvents used in this studies, 70%
methanol and 70% ethanol in the disc-diffu-
sion assay as well as DMSO in the MIC deter-
mination method, did not inhibit growth of
tested bacterial strains. According to the
results, aqueous methanolic and aqueous
ethanolic extract of R. officinalis showed the
broader spectrum activity against all tested
Gram-positive bacteria (IZ, 12-19 mm and
MIC, 0.125-0.5 mg/mL) and against four
Gram-negative bacteria (IZ, 11-17 mm and
MIC, 0.25-0.5 mg/mL). Among Gram-posi-
tive bacteria, E. faecalis and E. hirae were the
most sensitive bacteria to the aqueous ethano-
lic rosemary extract but among Gram-negative
bacteria, E. coli ATCC 25922, K. pneumoniae
ATCC 700603, P. vulgaris NCTC 4635, P.
aeruginosa ATCC 27853 and S. maltophilia
were more susceptible to aqueous methanolic
extract. On the other hand, the aqueous
methanolic extract of T. vulgaris appeared
more active against microorganisms studied
than the aqueous ethanolic extract. It is inter-
esting to note that aqueous methanolic extract
from T. vulgaris was the only effective extract
against K. pneumoniae with MIC value of 0.5
mg/mL. The distinct antibacterial activity of
both S. officinalis extracts was observed
against S. aureus strains, S. epidermidis and B.
bronchiseptica with a MIC value of 0.5
mg/mL and B. subtilis, and G. stearother-
mophilis with MIC value of 0.25 mg/mL.
Also, both M. piperita extracts were active
against G. stearothermophilis (MIC, 0.25
mg/mL) but the aqueous ethanolic extract was
more effective against P. aeruginosa NCTC
6749. However, the extracts from oregano
showed moderate antibacterial activity against
all tested bacteria. The growth of P. aerugi-
nosa, an opportunistic pathogen, responsible
in healthcare institutions, for serious and often
fatal nosocomial infections and an indicator of
environmental contamination, was inhibited
by both T. vulgaris extracts and aqueous
ethanolic extract from M. piperita. In turn, S.
maltophilia - a β-lactam antibiotics resistant
rods that is closely related to the Pseudomonas
species, was the most sensitive microorganism
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to the aqueous methanolic extracts from thyme and
rosemary. However, the growth of L. monocyto-
genes which is one of the most virulent foodborne
pathogen, was reduced by the aqueous ethanolic and
aqueous methanolic rosemary extracts (MIC, 0.25
and 0.5 mg/mL, respectively). In this paper, the
aqueous methanolic extract of T. vulgaris inhibited
the growth of S. aureus strains similarly to Al-Bayati
research (24). Its antibacterial activity could be
associated to the presence of phenolic compounds
such as carvacrol and thymol, which are the most
active constituents of many spices, especially essen-
tial oils. Moreover, the occurrence of different kind
of chemical compounds in plant extracts can pro-
mote their synergistic effect and results in a greater
antimicrobial activity. Shan et al. (25) also found
that the methanolic extracts of T. vulgaris, R. offici-
nalis and S. officinalis had significant inhibitory
properties against S. aureus and L. monocytogenes.
Kokoska et al. (26) reported that the ethanolic
extracts of S. officinalis had strong antimicrobial
activity against B. cereus, E. coli and S. aureus.
Weerakkody et al. (27) reported that the ethanolic
extracts of O. vulgare and R. officinalis exhibited
activity against S. aureus and L. monocytogenes.
Moreover, in the present study, peppermint aqueous
ethanolic extract showed the lower MIC values
against S. aureus, S. epidermidis, B. subtilis and P.
aeruginosa than in the Ert¸rk research (28). It
should be noted that differences in antimicrobial
properties of spices and herbs may depend on their
forms of use (dried, fresh or extracted) and may dif-
fer between strains within the same species of bac-
teria. Our results suggest that Gram-positive bacte-
ria are generally more sensitive to the spice and herb
extracts than Gram-negative ones. This was consis-
tent with the previous studies on other spices and
herbs (29, 30). A possible explanation for these
observations may lie in the significant differences in
the outer layers of Gram-negative and Gram-posi-
tive bacteria.

CONCLUSION

Due to the fact that bacteria can rapidly devel-
op resistance, the isolation of compounds with
potential antibacterial activity and exhibiting antiox-
idant activity from plant material, especially pheno-
lic compounds, is necessary. The results of this
research show that plant extracts obtained by using
less toxic and ecofriendly solvent such as the aque-
ous ethanolic solution have higher phenolic content
compared to the aqueous methanolic solution with
the exception of sage extract. However, the signifi-

cantly higher amount of rosmarinic acid that is the
predominant nonvolatile polyphenol is present in the
aqueous methanolic plant extracts. The aqueous
methanolic plant extracts also contained several
additional compounds that are important con-
stituents of plant essential oils exhibiting antibacter-
ial activity. The presence of these compounds may
have an influence on greater antibacterial activity of
thyme aqueous methanolic extract as compared to
the aqueous ethanolic extract. The antibacterial
activity of the remaining both types of extracts did
not show statistically significant differences.
Therefore, the aqueous ethanolic plant extracts
could also be used as natural antibacterial agents
instead of aqueous methanolic extracts. 
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Ballota nigra L. (black horehound) is a species
of perennial herb within the Lamiaceae that grows in
Europe, the Middle East and North Africa. The plant
is listed in the pharmacopoeias of many countries,
including the Polish pharmacopoeia (1) and the
European pharmacopoeia (2). The flowering aerial
parts of B. nigra are commonly known to be a neu-
rosedative drug (3). Good therapeutic results have
been achieved using Ballotae nigrae herba in the
treatment of depression, insomnia and neurasthenia
(4, 5), as well as gastrointestinal disorders and it is
used externally in the treatment of wounds and burns
(6). Due to the anti-inflammatory and expectorant
properties of black horehound, it is also used in the
treatment of colds, coughs and influenza (7). This
species is also known to have antioxidant, spasmolyt-
ic, antiemetic and antidiabetic properties (8, 9) and
has demonstrated antibacterial activity against
Proteus mirabilis and Staphylococcus aureus (10, 11). 

Phytochemical studies have shown that the
herb of B. nigra is rich in phenolic compounds such
as flavonoids (luteolin-7-lactate, luteolin-7-gluco-
syl-lactate, apigenin-7-glucoside, vicenin-2, tan-

geretin, ladanein) (12), phenylpropanoids (alyssono-
side, angoroside, arenarioside, ballotetroside, for-
sythoside B, lavandulifolioside, martynoside, ver-
bascoside) (10, 13-15) and phenolic acids (chloro-
genic, caffeic, caffeoyl malic acids) (4). Due to their
chemical structures and redox properties, phenolic
compounds have antioxidant activity and play an
important role in protection from oxidative stress
induced by reactive oxygen species (ROS).
Recently, it has been shown that reactive oxygen
species can induce degenerative diseases including
cardiovascular diseases, diabetes, cancer, neurode-
generative disorders and ageing (16, 17). Also, as
lipid peroxidation is initiated by ROS, and antioxi-
dants retard the oxidative degradation of lipids, phe-
nolics can be used to improve the nutritional value
of food (18). In this respect, research into the identi-
fication of plants which may be used as non-toxic
sources of natural antioxidants is very important in
the promotion of public health.

The antioxidant activity of B. nigra herb has
been characterized (4, 6, 8) but such studies only con-
cern plants from the wild population. In contrast, the

ANTIOXIDANT ACTIVITY OF TISSUE CULTURE-RAISED 
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Abstract: Antioxidant properties and total phenolic and flavonoid contents were evaluated in methanolic
extracts of shoots from Ballota nigra plants initiated in vitro (from nodal explants) and in vivo (from seeds). The
plants were grown in greenhouse and in the field, and were analyzed at the vegetative and flowering stages. The
shoot extract of wild-grown plants of B. nigra was also investigated. The results indicate that antioxidant poten-
tial of the B. nigra extracts seems to be due to their scavenging of free radicals (DPPH assay) and metal reduc-
ing (FRAP test), while they were less effective at the prevention of linoleic acid peroxidation (LPO test). The
extracts from shoots of in vitro derived plants were found to exhibit the greatest antioxidant properties. The
extracts were also characterized by the highest content of phenolic compounds and their level was affected by
plant developmental stage. The extracts of shoots collected at the flowering period exhibited higher amounts of
phenolics and flavonoids than in the extracts of immature plants. A close correlation between the total pheno-
lic content and flavonoid content and antioxidant activity using the DPPH and FRAP assays was obtained. The
results of the present study suggest the use in vitro-derived plants of B. nigra instead of using wild plants for
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current study estimates phenolic antioxidant activity
and its relation to total phenolic and flavonoid com-
pound contents in methanolic extracts of B. nigra
shoots from micropropagated plants at two different
stages of maturity: the vegetative and flowering
stages. For comparison, methanolic extracts of shoots
from seed-derived plants were also analyzed. The
plants were cultivated under identical conditions and
harvested after the same period as in vitro-derived
plants. The study also presents the antioxidant activi-
ty and total phenolic and flavonoid content of com-
mercially available samples of B. nigra herb.

MATERIALS AND METHODS

Plant materials 

Ballota nigra nodal explants were derived from
6-week-old in vitro cultured shoots initiated from
seeds obtained from The Medicinal Plant Garden of
the Department of Pharmacognosy, Medical
University of £Ûdü (Poland). Explants about 1 cm in
length were cultured on Murashige and Skoog (MS)
agar (0.7%) medium supplemented with 0.1 mg/L
indole-3-acetic acid (IAA) and 0.5 mg/L 6-benzyl-
aminopurine (BAP) for 12 cycles of 6 weeks each.
Each subculture was performed to fresh medium of
the same composition at the end of each cycle. The
cultures were maintained in a growth chamber at 26
± 2OC with a 16 h photoperiod (40 µmol/m2 s1 photo-
synthetic photon flux). The growth conditions were
not altered all through the experiment. 

For rooting, 6-week-old shoots, 3 to 4 cm in
length, were transferred into MS agar medium sup-
plemented with 0.5 mg/L indole-3-butyric acid
(IBA). After 5 weeks, the rooted shoots were trans-
ferred into pots containing a sterile mixture of soil,
sand and peat (4 : 3 : 3, v/v/v) and kept in a green-
house for 3 months before subsequent transfer into
the field at the Department of Pharmacognosy
Medicinal Plant Garden, Medical University of £Ûdü.

Greenhouse- and field-grown B. nigra plants
were also obtained from seeds derived from the
same source as those used for shoot culture initia-
tion. The classification of the plant specimen was
confirmed by Prof. Jan SiciÒski (Department of
Geobotany and Plant Ecology, University of £Ûdü).
Voucher specimen was deposited at the Department
of Biology and Pharmaceutical Botany, Medical
University of £Ûdü, Poland.

Sample collection and extract preparation 

For antioxidant assays and determination of
total phenolic and flavonoid content, the following
B. nigra materials were used: 

● shoots of micropropagated plants (SV-1, SV-2)
and seed-propagated plants (SS-1, SS-2). The
shoots were harvested at two different develop-
mental stages: at vegetative (after 3 months of
growth in the greenhouse) (SV-1, SS-1) and at
flowering (after 1 year of growth in open field
conditions) (SV-2, SS-2).

● a commercially-available sample of B. nigra herb
(WP) purchased from Nanga, ZlotÛw (Poland).
The material was originally collected from plants
growing wild in Poland, and is representative of
material used for medicinal purposes. 

The lyophilized and powdered plant materials
(1.1 g each) were extracted three times with 96%
methanol (3 ◊ 50 mL) for 15 min at room temperature
using an ultrasonic bath. The extracts were filtered,
combined and evaporated to dryness under reduced
pressure. Extraction yields (% w/w) were calculated
by the following formula: weight of the dry extract
(g) / weight of the original sample (g) ◊ 100%. The
percentage yields of methanolic extracts of B. nigra
shoots were as follows: SV-1 ñ 20.4%; SV-2 ñ
15.9%; SS-1 ñ 15.4%; SS-2 ñ 17.27%; WP ñ 16.45%.

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical

scavenging assay

The radical scavenging activity of plant
extracts against DPPH free radical (Sigma Aldrich)
was determined spectrophotometrically according to
Grzegorczyk et al. (19). Briefly, 2 mL of extracts (at
concentrations 2.0, 20.0, 100.0, 200.0, 500.0 and
1000.0 µg/mL) was added to 2 mL of 0.2 µM DPPH
solution, and the absorbance was measured after 30
min at 517 nm (spectrophotometer Beijing
Reyleigh, Corp. China). The results were expressed
as EC50 (the concentration of sample at which 50%
of maximum scavenging activity was recorded). 

Ferric-reducing antioxidant power assay (FRAP)

The FRAP was determined according to the
method modified by Pulido et al. (20). Three mL of
fresh prepared FRAP reagent was mixed with 300
µL of redistilled water and 100 µL of the sample
methanol extract. The FRAP reagent contained 2.5
mL 10 mM TPTZ (2,4,6-Tris(2-pyridyl)-s-triazine)
solution in 40 mM HCl, 2.5 mL of 20 mM aqueous
FeCl3 ◊ 6 H2O solution and 45 mL of 0.3 M acetate
buffer at pH 3.6. The reaction mixture was incubat-
ed at 37OC for 15 min. The absorbance was meas-
ured after 15 min at 595 nm relative to a blank: a
sample containing methanol instead of extract. The
antioxidant activity was determined against a stan-
dard of known FRAP value: ferrous sulfate calculat-
ed from a calibration curve of (0-2000 µM).
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Linoleic acid peroxidation inhibition 

Linoleic acid peroxidation (LPO) inhibition
was determined by the TBARS test according to
Choi et al. (21), with some modifications. Briefly,
150 µL plant extracts at concentrations of 250
µg/mL were mixed with 100 µL ascorbic acid (2
mM), 500 µL linoleic acid (20 mM) and 500 µL
TRIS-HCl buffer (100 µM, pH 7.5). Peroxidation
was initiated by the addition of 100 µL FeSO4 (4
mM). The mixture was incubated for 90 min at
37OC. The reaction was terminated by the addition
of 1.5 mL of ice cold 10% trichloroacetic acid
(TCA) (POCh) in 0.5% HCl. Following this, 3 mL
of 2-thiobarbituric acid (TBA) (Sigma Aldrich) in
50 mM NaOH was added. The mixture was heated
at 95OC for 60 min. After cooling, each sample (4
mL) was vortexed with an equal volume of butanol.
The mixture was centrifuged for 4000 rpm for 15
min and the upper colored layer was decanted into
spectophotometric cuvettes. The absorbance was
read at 532 nm. The percentage of linoleic acid per-
oxidation inhibition was calculated using the fol-
lowing equation:

% inhibition = (Abs control - Abs sample - 
Abs extract) ◊ 100/Abs control

where Abs control is the absorbance of methanol
instead of sample.

Total phenolic determination

Total phenolic content was measured using
Folin-Ciocalteu method described by Singleton

and Rossi (22). The extracts (400 µL) were mixed
with 2 mL of Folin-Ciocalteu reagent (POCh,
Poland) (diluted 10-fold) and 1.6 mL of 7.5%
sodium carbonate. The absorbance was deter-
mined after 30 min of incubation at room temper-
ature at 765 nm. The results were expressed as gal-
lic acid mg equivalents (GAE) per gram of dry
extract. The calibration curve was obtained by
preparing gallic acid solution in range of concen-
tration 1-400 mg/L.

Total flavonoid determination

The flavonoid content was estimated using col-
orimetry according to Lamaison and Carnat (23).
Briefly, 2 mL of extracts were mixed with 2 mL of
2% AlCl3. The absorbance of the reaction mixture
was measured after 15 min at room temperature at
415 nm. Quantification was performed with respect
to a standard calibration curve of quercetin at con-
centrations ranging from 1 to 100 mg/L. The results
were expressed as quercetin mg equivalents per
gram of dry extract. 

Statistical analysis

The estimated values are calculated as the
means (n = 6) ± standard error. The Kruskal-Wallis
test was used to assess the significance of the effects
of treatment, at p ≤ 0.05. The calculation was per-
formed using Statistica 10.0 software (Statsoft,
Poland). EC50 values and correlation coefficients
between antioxidant assays and the total phenolic

Table 1. The antioxdant properties of in vitro- and in vivoñderived plants and wild-grown plants of Ballota nigra L. methanolic extracts.

Assay
Plant material

DDPH (EC50)* FRAP**(µmol Fe Inhibition of linoleic
(µg/mL) (II)/g DW) %  acid (LA) peroxidation***

Shoots of in vitro propagated plants

SV-1 56.00 ± 0.44a 642.42 ± 1.72a 30.11± 5.18ab

SV-2 61.16 ± 0.35c 641.38 ± 0.93a 29.47± 3.49ab

Shoots of in vivo propagated plants

SS-1 202.62 ± 3.29b 331.46 ± 2.08b 23.30± 3.53a

SS-2 80.12 ± 1.75d 470.99 ± 1.61c 36.05± 2.35b

Shoots of wild-grown plants

WP 117.99 ± 3.91e 424.53 ± 3.07d 20.97± 4.0a

Plants were propagated from nodal explants (in vitro derived) and from seeds (in vivo derived). SV-1, SS-1 shoots harvested at vegetative
stage (after 3 months of growth in greenhouse), SV-2, SS-2 shoots harvested at flowering stage (1 year of growth in the field), WP shoots
of wild-grown plants from åwiÍtokrzyskie Province. *EC50 - the concentration of sample showing 50% of maximum DPPH radical scav-
enging activity; ** ferric reducing antioxidant power, 15 min of incubation; ***extract concentrations: 250 µg/mL.  Values are the mean
of 6 replicates ± standard error. Mean values followed by different letter in column are significantly different according to the Kruskal-
Wallis test (p ≤ 0.05).
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and flavonoid contents were calculated using MS-
Excel software. 

RESULTS AND DISCUSSION

In vitro plant regeneration

The in vitro propagation of B. nigra plants was
established by using nodal explants. Axillary shoots
were multiplied from nodal explants on MS medium
supplemented with 0.5 mg/L BAP and 0.1 mg/L
IAA. An average number of 11.5 buds and shoots,
which were about 3 cm in length, were formed from
one explant within 6 weeks. The explant type as well
as the type and concentration of growth regulators
were selected on the base of our preliminary studies
(data not shown). The shoots developed roots after 5
weeks on MS medium containing 0.5 mg/L IBA.
The plantlets were transferred into soil and grown in
pots in the greenhouse for 3 months. Following this,
they were transplanted into the field, where flow-
ered the following year.

Antioxidant activity

The antioxidant potentials were assessed of
methanolic extracts from shoots of in vitro-raised
B. nigra plants grown under ex vitro conditions
and harvested at two maturity stages: after 3
months of growth in the greenhouse (immature
plants at vegetative stage) and after 1 year of
growth in the field (mature plants at flowering
stage). The activity was compared to that of
extracts from shoots of seed-derived plants of B.
nigra, which were at the same developmental
stages and grown under identical conditions as in
vitro derived plants. Additionally, the methanolic
extract of aerial parts of wild-grown plants (com-
mercially available sample of B. nigra dried herb)
was also investigated. As there are several mecha-
nisms by which antioxidants can act (24-26), three
different types of in vitro assays were used to
determine the antioxidant capacities of the tested
types of plant materials. The free radical scaveng-
ing activity was evaluated by the discoloration of
DPPH, based on the reaction where a purple-col-
ored stable free radical DPPH (2,2-diphenyl-β-
picrylhydrazyl) is converted into a colorless form,
DPPH-H, (2,2-diphenyl-β-picrylhydrazine) in the
presence of hydrogen-donating antioxidants (16,
27). The degree of discoloration indicates the
scavenging potential of the antioxidant extract
(28). The FRAP assay was employed to measure
the ability of the antioxidant reductants present in
the extracts to reduce Fe3+ to Fe2+ (20). Finally, the
LPO method was used to determine the capacity of

the B. nigra extracts to inhibit LA peroxidation by
chain-breaking peroxyl radical scavenging. The
results are summarized in Table 1. 

As observed with DPPH, the methanolic
extracts in vitro-derived plant shoots (SV-1, SV-2)
were found to have a significantly (p ≤ 0.05) higher
free radical scavenging capacity than other tested
plant materials. The highest free radical scavenging
activity, with an EC50 value of 56 µg/mL, was exhib-
ited by the SV-1 extract (greenhouse-grown in vitro-
derived plants) followed by SV-2 extract (field-
grown in vitro-derived plants) with an EC50 value of
61 µg/mL. These values were 30-40% higher than
those achieved for the SS-2 extract (field-cultivated
seed-derived plants) with EC50 = 80 µg/mL, and 4-
times higher than the SS-1 extract (greenhouse-
grown seed-derived plants) with EC50 = 203 µg/mL
and the wild-grown B. nigra (WP) extract (EC50 =
118 µg/mL). Increasing radical scavenging activity
has been observed in the regenerated shoots of Piper
nigrum (29), Silybum marianum (30) and Aloe
arborescents (31). Perveen et al. (32) suggest that
micropropagated plants develop an antioxidant pro-
tective system to avoid oxidative stress during estab-
lishment under ex vitro conditions. Similar to the
DPPH assay, the highest ferric reducing potential
was observed in shoot extracts of micropropagated
plants of B. nigra, with a mean reducing ability of
640 µmol Fe (II)/g DW, which was significantly (p
≤ 0.05) higher than those remaining shoot extracts
tested (Table 1). However, when compared to BHT
and tocopherol, all studied extracts were less effec-
tive than these synthetic antioxidant agents (data not
shown).

The present study demonstrates that the inhibi-
tion of LA peroxidation in B. nigra extracts was not
very strong, ranging between 21-36% at a concen-
tration of 250 µg/mL. No significant difference was
observed in the type of antioxidant activity between
in vitro- and in vivo-derived shoot extracts (Table 1). 

Total phenolic and flavonoid contents 

The differences between the responses of
methanolic extracts of B. nigra prepared from in
vitro and in vivo propagated plants could be attrib-
uted to the differences in the chemical constituents.
Hence, colorimetric determinations of total phenolic
content and total flavonoid content in B. nigra
methanolic extracts were performed. The results in
Table 2 showed that extracts of tissue culture-
derived plants exhibited greater amounts of phenolic
compounds, expressed in gallic acid equivalents,
than extracts of plants propagated from seeds, in
spite of the fact that both plants were grown under
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the same environmental conditions, i.e., in the
greenhouse or the field. Elevated levels of total phe-
nolics have been also reported in other in vitro
obtained plants, such as Aloe arborescens (31),
Ceropegia santapaui (28) and Merwilla plumbea
(33). Amoo et al. (31) reported that the growth reg-
ulators (auxins, cytokinins) applied during the in
vitro propagation process demonstrated a significant
carry-over effect on the level of the secondary
metabolites upon transfer of plants to an ex vitro
environment. Our observations also demonstrate
that the capacity for B. nigra shoots to synthesize
phenolic compounds varied based on stage of matu-
rity. Shoots harvested during vegetative growth, i.e.,
3-month-old greenhouse-grown plants, were found
to have a lower level of phenolic compounds than in
field-grown plants during their flowering period.
Similarly, flavonoid levels, increased significantly
by 70% from 16.7 to 28.4 quercetin equivalents in

mg/g of plant material, from immature to mature B.
nigra shoots. Similar observations were reported by
Sreelatha and Padma (34) in Moringa oleifera, who
note the presence of highest phenolic and flavonoid
contents in mature leaf extract. Pandjaitan et al. (35)
also reported changes in the accumulation of total
phenolics and total flavonoids in spinach leaves at
different stages of maturation. 

A linear regression analysis was performed to
study the relationship between estimated values of
antioxidant activity of B. nigra extracts and total
phenolic and flavonoid contents (Table 3). A strong
correlation observed between DPPH and FRAP
assays and phenolic content (-0.862 and 0.804,
respectively) indicates that the phenolic compounds
in the methanolic extracts of B. nigra were responsi-
ble for their radical scavenging and reducing activi-
ties. Seidel et al. (15) and Deals-Rakotoarison et al.
(3) have reported that phenylpropanoids (verbasco-

Table 2. Total content of phenolics and flavonoids in methanolic extracts of B. nigra. 

Sample Phenolics* Flavonoids** 

Shoots of in vitro
propagated plants

SV-1 61.54 ± 0.75a 16.68 ± 0.14a

SV-2 93.41 ± 0.13c 28.37 ± 0.22c

Shoots of in vivo
propagated plants    

SS-1 28.09 ± 0.77b 12.41 ± 0.38b

SS-2 68.3 ± 1.47a 29.72 ± 0.63c

Shoots of wild-grown 
plants    

WP 56.04 ± 0.18d 17.42 ± 1.05a

*expressed as gallic acid equivalents in mg per g of dry extract; ** expressed as quercetin equivalents in mg per g of dry extract. Plants
were propagated from nodal explants (in vitro derived) and from seeds (in vivo derived. SV-1, SS-1 shoots harvested at vegetative stage
(after 3 months of growth in greenhouse), SV-2, SS-2 shoots harvested at flowering stage (1 year of growth in the field), WP shoots of
wild-grown plants from åwiÍtokrzyskie Province. Values are the mean of 6 replicates ± standard error. Mean values followed by different
letter in column are significantly different according to the Kruskal-Wallis test (p ≤ 0.05).

Table 3. Correlation between phenolic and flavonoid contents and antioxidant activities of methanolic extracts of B. nigra plants.

Parameter DPPH FRAP Inhibition of linoleic 
(EC50 µg/mL) (µmol Fe (II)/g DW) acid peroxidation

Total phenolic content
(GAE mg/g DW) 

- 0.862 0.804 0.529

Total flavonoid content
(quercetin mg/g DW) 

- 0.670 0.665 0.455

DW = dry weight
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side, ballotetroside, forsythoside B, arenarioside)
isolated from a hydroalcoholic B. nigra extract exert
an influence on ROS content. 

Our results are also consistent with numerous
previous findings which identify a correlation
between total phenolic content and antioxidant
activity for other plant species (19, 36). The moder-
ate correlation observed between total phenolic and
flavonoid content in B. nigra extracts and the results
of the inhibition of LA peroxidation test (0.529 and
0.455, respectively) suggests that also the non-phe-
nolic compounds, such as organic acids (4) and
diterpenoids (7, 13, 37) detected in B. nigra may
demonstrate capacity to inhibit LA peroxidation. 

A few studies have previously been reported
on the antioxidant potential of extracts from aerial
parts of wild grown plants of B. nigra (4, 6, 8, 15).
However, it is difficult to make any direct compari-
son of our antioxidant results with the literature data,
given the varying assay protocols and different
extraction solutions. From the pharmaceutical point
of view, the most important finding of the current
study is that extracts of in vitro raised plants display
higher antioxidant capacities and greater total of
phenolic compounds content compared to extracts
taken from a commercial sample of B. nigra herb.
This is advantageous in practical terms because
micropropagation allows better quality material to
be obtained for medicinal purposes. 
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Medicinal plants are a great source of second-
ary metabolites with antioxidant activities. Plant
extracts containing natural antioxidants are often
more effective than the synthetic antioxidants or
even isolated pure compounds due to synergistic
interactions between plant compounds that improve
the bioavailability of the individual antioxidant
agents (1). The second reason for the upsurge of
interest in plants as a source of natural antioxidants
is the fact that the commercial synthetic antioxidants
such as butylated hydroxytoluene (BHT) and gallic
acid esters have been associated with negative
effects on health (2).

Rehmannia Libosch. ex Fisch. et Mey is a
small genus consisting of 6 species belonging to the
Orobanchaceae family. Five of them are endemic to
China. The best known species is Rehmannia gluti-
nosa Libosch. which occurs in China as well as in
Korea and Japan. It was recorded in Chinese med-
ical classics ìShennongís Herbaî and is thought as a
ìtop gradeî herb in China (3). Roots of R. glutinosa

are listed in the Chinese Pharmacopoeia (4) and are
widely used in traditional chinese medicine as very
active agents affecting the blood system, cardiovas-
cular system, nervous system, immune system and
bone metabolism (5). The properties have been
attributed to secondary metabolites occuring in the
species. Iridoid glycosides, such as catalpol, aucu-
bin, loganin and phenylethanoid glycosides such as
verbascoside, isoverbascoside and echinacoside as
well as polysaccharides have been isolated from the
plant roots (5, 6). Little is known about the com-
pounds occurring in aerial parts. Albach et al. (7)
have described the presence of iridoid (catalpol, aju-
gol, 8-epiloganic acid) and phenylethanoid glyco-
sides - verbascoside and trace of rehmannoside A in
ethanolic extracts from dry leaves of R. glutinosa.
Zhang et al. (8) have isolated three ursane-type
triterpenes (glutinosalactone A-C) from leaves of
the plant species collected from natural locations in
China. Moreover, small amounts of phenolic acids
(cinnamic, salicylic, ferulic, syringic, caffeic, p-
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Abstract: Compounds with antioxidant activity may protect different elements of blood from damaging effects
of oxidative stress. The present in vitro study was designed to examine the antioxidant activity of methanolic
extracts from leaves and roots of R. glutinosa plants against damages induced by oxidative stress. Oxidative
stress was stimulated in human plasma and human blood platelet samples by the strong biological oxidant ñ
hydrogen peroxide (H2O2) or H2O2/Fe (the donor of hydroxyl radicals). In experimental trials, the level of bio-
marker of lipid peroxidation ñ TBARS was significantly decreased by the action of methanolic extracts from
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supplement for healthy subjects and for people with different diseases (cardiovascular diseases and cancer)
induced by oxidative stress.
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coumaric, chlorogenic, p-hydroxybenzoic acids)
and flavonoids (hesperidin, naringin, myricetin and
traces of quercetin, naringenin and kaempferol)
were found in R. glutinosa young plants by Chung et
al. (9). Most of studies have reported the antioxidant
activity of the roots from field-growing plants (10-
13). Piπtczak et al. (14) have recently reported the
total flavonoid and phenolic compound contents in
extracts from leaves and roots of R. glutinosa and
the antioxidant activity of using several in vitro
assays: scavenging of free radicals (DPPH and
ABTS), metal transition reduction (FRAP) and total
antioxidant power (P-Mo) in the tested extracts were
also determined. In the present study, other tests
were used to estimate antioxidant activity of leaf and
root extracts of the plant species. We have tested the
antioxidant activity of the methanolic extracts
against the effect of strong biological oxidant ñ
hydrogen peroxide (H2O2) or H2O2/Fe (the donor of
hydroxyl radicals) on human plasma proteins or
lipids, and the superoxide anion (O2

-ï) generation in
resting blood platelets in vitro. The experimental
models used in the study were similar to the reac-
tions which take place in human plasma and platelet
under oxidative stress conditions. Moreover, further
more detailed information on the type and quantity
of phytochemicals from iridoid and phenylethanoid
groups present in extracts tested were included in
the paper.

MATERIAL AND METHODS

Chemicals

Cytochrome c, dimethyl sulfoxide (DMSO),
5,5í-dithio-bis-(2-nitrobenzoic acid) (DTNB), thio-
barbituric acid (TBA), H2O2 were purchased from
Sigma (St. Louis, MO., USA). All other reagents
were of analytical grade and were provided by com-
mercial suppliers. Stock solution of plant extracts
tested was made in 50% DMSO. The final concen-
tration of DMSO in samples was lower than 0.05%
and in all experiments its effects were determined.

Extract preparation

Leaves and roots of 12-month old R. glutinosa
plants derived from seeds, growing in a field were
used in the experiments. Plant materials (leaves and
roots, separately) were powdered, lyophilized and
extracted with methanol (40 mL) as it was described
earlier (26). Dry plant tissue (500 mg) was used for
antioxidant experiments and 100 mg was weighted
for UHPLC analyses. The yields of extracts were as
follows: 42.8% (leaf extract) and 50.8% (root
extract).

Blood platelet and plasma isolation

Fresh human plasma was obtained from med-
ication free, regular donors at the blood bank (£Ûdü,
Poland) or peripheral blood was obtained from non-
smoking men (collected into ACD solution (citric
acid/citrate/dextrose; 5 : 1; v/v; blood/ACD); the
protocol was passed by the Committee for Research
on Human Subjects of the University of Lodz num-
ber KBBN-U£/I/4/2011. Platelet-rich plasma (PRP)
was prepared by centrifugation of fresh human
blood at 250 ◊ g for 10 min at room temperature.
Platelets were then sedimented by centrifugation at
500 ◊ g for 10 min at room temperature. Platelet pel-
let was washed twice with Tyrodeís buffer contain-
ing 10 mM HEPES, 140 mM NaCl, 3 mM KCl, 0.5
mM MgCl2, 5 mM NaHCO3, 10 mM glucose, pH 7.4
and then platelets were suspended in Tyrodeís
buffer. Concentration of platelets in platelet suspen-
sions estimated spectrophotometrically (16) was
about 5 ◊ 108/mL.

Suspensions of blood platelets or plasma were
incubated with:
● plant extract at the final concentrations of 0.5-50

µg/mL (15 min, at 37OC); 
● plant extract at the final concentrations of 0.5-50

µg/mL plus 2 mM H2O2 (15 min, at 37OC);
● plant extract at the final concentrations of 0.5-50

µg/mL plus 4.7 mM H2O2/3.8 mM FeSO4/2.5 mM
EDTA (15 min, at 37OC).

Lipid peroxidation measurement

Lipid peroxidation was quantified by measur-
ing the concentration of TBARS. Incubation of plas-
ma (control, plant extract and H2O2- or H2O2/Fe-
treated plasma) was stopped by cooling the samples
in an ice-bath. Samples of plasma were transferred
to an equal volume of 20% (v/v) cold trichloroacetic
acid in 0.6 M HCl and centrifuged at 1200 ◊ g for 15
min. One volume of clear supernatant was mixed
with 0.2 volume of 0.12 M thiobarbituric acid in
0.26 M Tris at pH 7.0 and immersed in a boiling
water bath for 15 min, then absorbance at 532 nm
(Spectrophotometer UV/Vis Helios alpha Unicam)
was measured (17). The TBARS concentration was
calculated using the molar extinction coefficient (ε =
156,000 M-1 cm-1).

Thiol group measurements

Thiol group content was measured spectropho-
tometrically (Spectrophotometer UV/VIS Helios
alpha Unicam) with Ellmanís reagent. The thiol
group concentration was calculated by using the
molar extinction coefficient (ε = 13,600 M-1cm-1)
(18, 19).
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Superoxide anion measurement

Cytochrome c reduction method as described
earlier (20) was used to test the O2

-ï generation in
control and in blood platelets incubated with tested
compounds. Briefly, an equal volume of modified
Tyrodeís buffer, containing cytochrome c (160 µM),
was added to suspension of platelets. After incuba-
tion, the platelets were sedimented by centrifugation
at 2000 × g for 5 min and the supernatants were
transferred to cuvettes. Reduction in cytochrome c
was measured spectrophotometrically at 595 nm. To
calculate the molar concentration of O2

-ï, the molar
extinction coefficient for cytochrome c of 18,700 
M-1 cm-1 was used. 

Chemical analysis

The UHPLC method was used to determine
iridoid (catalpol, aucubin, loganin, harpagide,
harpagoside, catalposide) and phenylethanoid gly-
coside (verbascoside, isoverbascoside) contents in
leaf and root extracts. The analyses were carried out
on Agilent Technologies 1290 Infinity apparatus
equipped with a diode array detector (DAD), binary
solvent delivery pump, vacuum degasser, autosam-
pler and thermostated column compartment. The
separation was performed on a Zorbax Eclipse Plus
C18 column (100 ◊ 3.1 mm i.d.; 1.8 µm Agilent
Technologies) at 27OC. The mobile phase consisted

of 0.1% formic acid in acetonitrile (v/v) (solvent A)
and 0.1% formic acid (v/v) in water (solvent B). A
gradient program was applied as follows: 0ñ1 min
1% A; 1ñ4 min 1ñ15% A; 4ñ6 min 15ñ21% A; 6ñ9
min 21% A; 9ñ11.5 min 21ñ90% A; 11.5ñ15 min
90% A. The column was equilibrated with 99% A
for 2 min between injections. The flow rate was 0.4
mL/min. The injection volume was 0.3 µL. The
detection wavelength was set at 204 nm (aucubin,
catalpol and harpagide), 237 nm (loganin), 265 nm
(catalposide), 280 nm (harpagoside) and 320 nm
(verbascoside, isoverbascoside). The identification
of determined compounds was made by comparing
their UV spectra and the retention times of the peaks
with those of the reference compounds purchased
from PHYTOPLAN (Diehm & Neuberger GmbH,
Heidelberg, Germany) and Roth (Karlsruhe,
Germany) and by spiking the sample with standard
solutions. The compound concentrations were esti-
mated by the interpolation of the peak areas with
calibration curves constructed for standard analytes.
The content of all analytes in the samples was
expressed as mg of the compound per gram of dry
weight (mg/g DW). 

Data analysis

The statistical analysis was done by several
tests. In order to eliminate uncertain data, the Q-

Figure 1. The effects of methanolic extracts from leaves and roots of R. glutinosa (0.5ñ50 µg/mL; 15 min) on plasma lipid autoperoxida-
tion (A), plasma lipid peroxidation induced by H2O2 (B) and plasma lipid peroxidation induced by H2O2/Fe (C). Data represent the means
± standard error (SE) of 8-12. Bars with the same letter are not statistically different in Kruskal-Wallis test (p ≤ 0.05)
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Dixon test was performed. All the values in this
study were expressed as the mean ± standard error
(SE) of 2ñ12 independent experiments (for antioxi-
dant properties) and 3 samples for each extract (for
UHPLC analyses). The statistically significant dif-
ferences were also assessed by applying the
Kruskal-Wallis test at significance level p ≤ 0.05
using STATISTICA 10 (STATSoft) software.

RESULTS

The effect of leaf and root methanolic extracts on

the oxidative stress

The antioxidative properties of methanolic
extracts from leaves and roots of R. glutinosa plants
were studied in vitro. The plant extracts were tested
at a dose range of 0.5ñ50 µg/mL. As shown in Fig.
1, the extract from leaves of R. glutinosa reduced
autoperoxidation of plasma lipids and plasma lipid
peroxidation induced by H2O2 or H2O2/Fe. The
reduction in TBARS level in plasma treated with the
extract at the presence of H2O2 or H2O2/Fe reached
about 30% when the highest concentration (50
µg/mL) of extract was used (Figs. 1b and 1c).
Compared to the extract from leaves, the extract
from roots of R. glutinosa did not have effect on
plasma lipid peroxidation in vitro (Fig. 1). 

In experiments (determined of thiols) with
plasma and the extracts only (without adding H2O2

or H2O2/Fe), plant extracts tested changed slightly
the level of thiol groups in plasma proteins (p ≤
0.05) (Fig. 2a) and reduced the level of thiol groups
in plasma proteins caused by H2O2 (Fig. 2b).
However, the results included in Fig. 2c show that
the extract from roots of R. glutinosa tested at the
lowest concentration of 0.5 µg/mL effectively
diminished the oxidation of thiol groups in plasma
proteins treated with H2O2/Fe by approximately
30% (p ≤ 0.05) (Fig. 2c). 

Comparative analysis of the effects of extracts
from leaves and roots of R. glutinosa (at the concen-
trations of 0.5ñ50 µg/mL) on inhibition of O2

-ï pro-
duction in resting blood platelets is presented in
Figure 3. Generation of O2

-ï in blood platelets was
reduced only by 50 µg/mL concentration of root
extract (p ≤ 0.05) (Fig. 3).

Analysis of extracts by UHPLC 

UHPLC analysis revealed the presence of four
or five iridoid glycosides: catalpol, aucubin,
loganin, catalposide, harpagide, harpagoside and
two phenylethanoid glycosides: verbascoside and
isoverbascoside in 1-year-old R. glutinosa plants.
The compounds were identified by comparison of

Figure 2. The effects of methanolic extracts from leaves and roots of R. glutinosa (0.5ñ50 µg/mL; 15 min) on plasma protein thiol (A),
plasma protein thiol oxidation induced by H2O2 (B) and plasma protein thiol oxidation induced by H2O2/Fe (C). Data represent the means
± standard error (SE) of 6-10. Bars with the same letter are not statistically different in Kruskal-Wallis test (p ≤ 0.05)
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their retention times, UV spectra and ion mass spec-
tra with authentic standards, as it was described pre-
viously (15). As shown in Table 1, production of
individual compounds was different in leaf and root
extracts. It was found that verbascoside was a pre-
dominant phenylethanoid glycoside in leaf extracts.
Its amount (18 mg/g DW) was 6 times higher than in
root extracts, while the content of isoverbascoside in
both extracts was similar (6.9 and 7.5 mg/g DW)
(Table 1).

The highest iridoid contents were recorded in
root extracts. The roots accumulated 36 mg/gDW of
catalpol i.e., 6-times more than leaves. 6-O-ester of
catalpol (catalposide) was detected only in root
extracts. Aucubin was present in roots as well as in
leaves but at much lower concentrations (0.04 mg/g
DW) than catalpol (Table 1). Another iridoid,

loganin was present both in roots and leaves, but a
higher amount of the iridoid was determined in leaf
extracts than in root extracts (0.5 mg/g DW vs. 0.15
mg/g DW). Two other iridoids: harpagide and
harpagoside were also detected in leaf and root
extracts of R. glutinosa. The contents of harpagide
in both extracts were similar (2.45 and 2.91 mg/g
DW), whereas the quantitative differences in
harpagoside content were found. The harpagoside
level in roots was two times higher than in leaves
(Table 1). 

DISCUSSION

The present study provides more information
on biological activity of methanolic extracts from
leaves and roots of R. glutinosa plants. The results

Figure 3. The effects of methanolic extracts from leaves and roots of R. glutinosa (0.5ñ50 µg/mL; 15 min) on O2
-ï generation in resting

blood platelets. Data represent the means of 2 donors ± standard error (SE). Bars with the same letter are not statistically different in
Kruskal-Wallis test (p ≤ 0.05)

Table 1. Iridoid (catalpol, aucubin, loganin, catalposide, harpagide, harpagoside) and phenylethanoid glycoside
(verbascoside, isoverbascoside) contents in leaf and root methanolic extracts of field-grown R. glutinosa plants.

Metabolite content 
Metabolite (mg/g DW) ± SE in

leaves roots

Catalpol 10.7292 ± 0.9 36.1074 ± 0.14

Aucubin 0.0401 ± 0.002 0.0406 ± 0.001

Loganin 0.4998 ± 0.03 0.1489 ± 0.01

Catalposide - 0.6565 ± 0.002

Harpagoside 0.0261 ± 0.0006 0.0607 ± 0.001

Harpagide 2.4485 ± 0.15 2.9145 ± 0.14

Verbascoside 18.1252 ± 1.0 2.9469 ± 0.01

Isoverbascoside 7.5093 ± 0.006 6.6829 ± 0.0004 

- not detected; presented data are the means ± standard error (SE) of three samples.
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demonstrate for the first time the antioxidative prop-
erties of the extracts when the oxidative stress model
of blood components (plasma and blood platelets)
was used. The oxidative stress was studied by using
the measurement of the level of well known oxida-
tive markers ñ the concentration of TBARS (the
marker of lipid peroxidation), the concentration of
protein thiol groups (the marker of oxidative dam-
ages in proteins), and the O2

-ï generation. We meas-
ured not only autoperoxidation of plasma lipids, but
we also provoked the lipid peroxidation and the oxi-
dation of protein thiols by using H2O2 (the physio-
logical bacteriostatic agent) and H2O2/Fe (the donor
of OHï). H2O2 is also involved in various pathologi-
cal processes such as cancer or atherosclerosis (21).
Moreover, we studied the effect of tested methano-
lic extracts on O2

-ï production in resting blood
platelets, which play an important function in the
pathogenesis of thrombosis, atherosclerosis and
metastasis. In the present experiments, the methano-
lic extract from leaves exhibited a stronger antioxi-
dant activity than root extracts, which was mostly
attributed to its direct hydroxyl radical scavenging
potency. Leaf extract was also able to protect plas-
ma lipid against peroxidation caused by hydrogen
peroxide. Earlier, Piπtczak et al. (14) have found that
methanolic extracts from R. glutinosa leaves also
possessed stronger antioxidant activity in DPPH,
ABTS, FRAP and P-Mo in vitro assays than root
extracts of the plant. It was also indicated that the
higher antioxidant activity of leaf extracts could be
connected with higher total levels of flavonoids and
total phenolic compounds. It is known that the phe-
nolic compounds possess a large capacity to neutral-
ize free radicals to trap singlet oxygen and to reduce
and chelate transition metal ions (22). The antiox-
idative properties of phenolic compounds are
believed to be partly responsible for the beneficial
effects of these compounds on human health.
Phenolic compounds may protect various elements
of circulatory system and prevent cardiovascular
diseases (23, 24). The comparative analysis per-
formed in the present study showed that the leaf
extracts of R. glutinosa were also characterized by a
higher level of phenylethanoid glycosides (calculat-
ed as the sum of verbascoside and isoverbascoside)
than root extracts. It is also known that verbascoside
and isoverbascoside revealed antioxidant activity
and a wide range of free radical scavenging against
DPPH, hydroxyl and superoxide anion activity (25-
30). Georgiev et al. (31) reported that verbascoside
isolated from Harpagophytum procumbens cell sus-
pension had strong antioxidative potential, similar to
that of the positive control - superoxide dismutase.

Moreover, the authors reported that concentrations
of verbascoside higher than 20 µg/mL displayed
higher superoxide anion scavenging activity than
rosmarinic acid used as a positive control (31).
Verbascoside isolated from Sideritis trojana was
also tested for their antioxidant activity by in vitro
TEAC assay by Kirmizibekmez et al. (32). The
authors reported strong activity of the compound
(1.03 mM) when compared with the reference com-
pound (quercetin ñ 1.86 mM). Shikanga et al., (33)
indicated that the EC50 values of verbascoside (89
µg/mL) and isoverbascoside (101 µg/mL) isolated
from aerial parts of Lippia sp. were close to those
of ascorbic acid (75 µg/mL), confirming reports
that caffeoyl-containing compounds such as ver-
bascoside and isoverbascoside are particularly
powerful antioxidant agents (34). Moreover, neu-
roprotective effect of verbascoside due to antioxi-
dant properties was also described by other authors
(35, 36). Isoverbascoside was also found to reduce
intracellular reactive oxygen species (ROS) pro-
duction induced by t-BOOH (a known prooxidant
agent) (32).

On the other hand, root extracts of R. glutinosa
produced more iridoid glycosides than leaf extracts.
The differences were observed mainly in respect to
concentration of catalpol (10.8 mg/g DW in leaves
vs. 36.1 mg/g DW in roots). Other iridoids were
present in lower amounts. Literature data indicated
that several iridoids were weakly active in DPPH-
radical scavenging assay (37). However, among iri-
doids detected in R. glutinosa only information
about antioxidant activity of harpagoside are avail-
able in the literature (38). These authors reported
that the administration of harpagoside isolated from
Scrophularia buergeriana roots to mice caused a sig-
nificant fall in TBARS (marker of lipid peroxida-
tion) concentration and scavenged ROS. This iridoid
exerted a protective effect against oxidative damage
induced by scopolamine by diminishing the reduc-
tion in the activities of glutathione reductase and
superoxide dismutase (SOD) in both cortex and hip-
pocampus of mice. Moreover, the authors reported
that treatment with harpagoside elevated SOD activ-
ity significantly higher than that found in normal,
control mice (38). The presence of harpagoside in
the tested R. glutinosa extracts suggest that it might
be partly responsible for decreasing plasma lipid
peroxidation, measured by the reduction in TBARS
concentration, showed in the study. However, fur-
ther investigations are needed for confirming the
antioxidant activity of the compound. 

The values of concentration of the R. glutinosa
extracts used in our experiments (5-50 µg/mL) cor-
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respond to the range of physiological compounds
after supplementation or dietary intake, therefore
may be potentially therapeutically useful in the pre-
vention of ìWestern diseasesî (cardiovascular dis-
eases and cancers), which are often induced by the
oxidative stress.
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Nowadays in medicine, a large number of
active substances, occurring in many forms and for-
mulations, is being used. There are solid, semi-solid
and liquid forms. Depending on the route of admin-
istration, the drug is liberated from formulation and
dissolved in water or body liquids. So, drugís solu-
bility and permeability are very important for the
bioavailability. In accordance with the above physi-
cal properties, the Biopharmaceutics Classification
System (BCS) categorizes drug into four classes (1).
Solubility and dissolution rate are the most essential
factors controlling the rate and extent of drug
absorption. Inadequate aqueous solubility of thera-
peutically active entities is a great concern in phar-
maceutical formulation, hence solubilization of
insoluble or practically insoluble drugs in the for-
mulation of various dosage forms, especially in par-
enteral medications has recently been in the centre
of attention (2).

A large group of substances used in medicine
are compounds which are difficult to dissolve in
water, so their bioavailability is not sufficient to
obtain the optimal therapeutic effect. Hence, using a
variety of techniques and methods, the aim is to
ensure that the drug substance dissolves in water or
body fluids. There are many techniques of increas-
ing solubility of solids, for example by change of pH

(1, 3, 4), using cosolvents (2, 5), hydrophilic addi-
tions (6, 7) or complex formation with cyclodextrins
(8, 9), hydrotropic solubilization (10, 11) and for-
mation of prodrugs (12, 13).

Unfortunately, the amount of data on formula-
tions containing starch hydrolysates is limited.
Therefore, the purpose of this study was to demon-
strate the effect of starch hydrolysis products on the
solubility of the substance practically insoluble in
water, such as ibuprofen and progesterone.

EXPERIMENTAL

Materials

Starch (potato starch) used in this study was
made by Nowamyl S.A. Lobez Poland. Progester-
one (PR) was purchased from Fluka Chemie,
Switzerland, ibuprofen (IB) IOL Chemicals and
Pharmaceuticals Ltd., Ludhiana, India. Citric acid
(CA), glacial acetic acid (GAA), ethanol (760 g/mL,
ET) and sodium hydroxide (4 g/L, SO) were pur-
chased from POCh Poland.

Hydrolysis of starch 

Starch was treated with solutions of CA, GAA
and water at 95OC for 2 or 4 h to obtain starch
hydrolysate SH2 or SH4 respectively. Received sed-
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iments were cleaned by ET and evaporated to elim-
inate the solvent (14). Molecular mass of obtained
hydrolysates were estimated in cryoscope (Trident
800 CL) by freezing point determination. Molecular
mass of SH2 amounts 2.356 kDa and 1.105 kDa for
SH4. 

Analytical methods

Analytical dilution of pure IB and PR were
prepared in SO and ET (10% w/w), respectively.

Their absorbances were taken at 263 nm for IB and
249 nm for PR on spectrometer Helios Omega UV-
VIS (Thermo Scientific) and were plotted against
their respective concentrations to obtain standard
curve. The amount of IB and PR was calculated
from standard curve.

Solubility determination 

The solubility extent of IB and PR in water was
measured in three steps. 

Figure 1. The effect of increasing amount of SH on dissolution of ibuprofen, (n = 5)

Figure 2. The effect of increasing amount of SH on dissolution of progesterone, (n = 5)
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In the first, solutions 10% w/v of SH2 and SH4
were made. Next, with constant quantity of IB or PR
(25 mg/mL), amount of SH solutions (v) were
increased from 0 mL up to 10 mL and water was
added to obtain the same volume. Test tubes were
closed for 24 h and shaken temporary, then, suspen-
sions were centrifuged with 5000 rpm (centrifuge
machine, MPW-223e Med. Instruments, Poland)
and 3 mL of the supernatant liquid was diluted up to
25 mL with suitable solvent - SO or ET (10% w/w).
The absorbance was determined spectrophotometri-
cally at appropriate wavelength. Determined con-

centrations of IB and PR (n = 5) are shown in
Figures 1 and 2. 

In the second step, with constant quantity of
SH2 or SH4 (50 mg/mL), the amount of IB and PR
were increased according to Table 1. Trials were
prepared and examined as above. Determined con-
centrations of IB and PR (n = 5) are shown in
Figures 3 and 4. 

In the third step, influence of addition of ET
was examined. Solutions of SH2 or SH4 (50
mg/mL) were prepared in ET 10%, 20% and 30%
(v/v). The amount of IB or PR were added accord-

Figre 3. The effect of constant amount of SH (50 mg/mL) on dissolution of ibuprofen, (n = 5)

Figure 4. The effect of constant amount of SH (50 mg/mL) on dissolution of progesterone, (n = 5)
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Figure 5. The effect of constant amount of SH (50 mg/mL) on dissolution of ibuprofen in ethanolic solution (10, 20, 30% v/v), (n = 5)

Figure 6. The effect of constant amount of SH (50 mg/mL) on dissolution of progesterone in ethanolic solution (10, 20, 30% v/v), (n = 5)

Table 1. Concentrations of ibuprofen and progesterone in trials

Trial No.
Concentration of ibuprofen Concentration of progesterone

C ref. (µg/mL) C ref. (µg/mL)

1 2.94 0.29

2 5.88 0.59

3 11.76 1.18

4 29.41 2.94

5 58.82 5.88

6 88.24 8.82

7 117.65 11.76
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ing to Table 1. Trials were prepared and examined
as above. Determined concentrations of IB and PR
(n = 5) are shown in Figures 5 and 6.

RESULTS AND DISCUSSION

The effect of starch hydrolysates in the process
of dissolution of drugs practically insoluble in water
was assessed. The best composition of the addition
of SH was tried to find, so it was decided to divide
tests in three steps. The first ñ with constant quanti-
ty of drug, the second ñ with constant quantity of
SH, and the third ñ with addition of solutions of
ethanol ñ 10%, 20% and 30% (v/v).

In the first phase, solubility of IB and PR
increased with increasing addition of SH2 or SH4
solution. It was noticed, that addition of 10 mL of
SH2 or SH4 solution caused the increase of solubil-
ity of IB ñ 3.22 or 3.54 times, respectively, and for
PR the increase was on level 2.97 or 2.71 times,
respectively, for SH2 or SH4. None of increases was
linear, so it was chosen the average amount of solu-
tion of SH ñ 5 mL which corresponding to 50
mg/mL of SH.

In the next phase, the presence of SH helped to
dissolve added IB in 100% up to 5.88 mg/mL,
greater amounts of IB were not completely dis-
solved, at the highest concentration of tested IB
(117.65 mg/mL), dissolution was on level of 17%.
The presence of SH2 also helped to dissolve 100%
added PR up to 5.88 mg/mL, while the presence of
SH4 caused complete dissolution of PR up to 1.18
mg/mL. At the highest concentration of PR (11.76
mg/mL), SH2 and SH4 helped to dissolve 62.2%
and 69.4% of drug, respectively. 

In the third phase, solutions of ET additionally
increased dissolution of tested drugs. Solution of ET
10% (v/v) did not affect on dissolution of IB and at
the highest concentration of IB only 11.3% was dis-
solved, for solutions of ET 20%, 30% it was 20.9%
and 27.3%, respectively. Better situation was
observed during dissolution of PR, with increasing
concentration of drug, in the presence of solution of
ET 10, 20 and 30%, increased concentration of dis-
solved PR. At the highest concentration of PR, it
was 69.9, 81.2 and 96.3% of dissolved PR, respec-
tively.

CONCLUSION

The presence of starch hydrolysates increases
three times dissolution of drug practically insoluble
in water. Differences between SH2 and SH4, in the
process of dissolution arenít significant. Solutions
of ET 10ñ30% additionally enhance dissolution of
drug. 

The use of starch hydrolysates in the process of
dissolution of drug practically insoluble in water
seems promising. 
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Tablets are one of the most prevalent and fre-
quently used drug forms. They are characterized by
number of advantages including convenient form to
use, ensure dosing accuracy, stability of the drug
substance and modification of its release. Moreover,
the process of compression is profitable and used on
large industrial scale (1).

The basis of modern technology of solid oral
drug form is preparation of optimal form that allows
suitable concentration of the active substances in the
human tissues, taking into consideration the physico-
chemical properties of both, the active ingredients
and excipients. Additionally, the drug form has to be
easy used as a medicament (2). 

Caffeine is a well-known psychoactive sub-
stance that is present mainly in coffee, tea, soft and
energy drinks, but it can be also used as an active
ingredient of medicaments (3). Caffeine is applied
in patients with hypotension, orthostatic hypoten-
sion, syncope or circulatory collapse. Together with
paracetamol, aspirin or codeine, it is an ingredient of
some analgesic preparations (Apap Extra,
Coffepirine, Solpadeine) (4). Caffeine increases
their analgesic effects by nearly 40%. Caffeine with

ergotamine is applied in treatment of migraine and
vasomotor headaches. It can replace conventional
non-steroidal anti-inflammatory drugs (NSAIDs) in
analgesic preparations, since it has fewer side
effects mostly associated with inhibition of
cyclooxygenase isoforms, e.g., it does not affect
platelet aggregation and coagulation (5, 6).

The aim of this study was to obtain and com-
pare the tablets with caffeine using the wet granula-
tion method. A series of tests were conducted to
determine the effect of different types and quantities
of excipients on the properties of tablets.

EXPERIMENTAL

Materials

The following substances were used in prepa-
ration of tablets and in further study: anhydrous caf-
feine (Sigma-Aldrich Chemie GmbH, Steinheim,
Germany), lactose monohydrate (Pharma Cosmetic,
KrakÛw, Poland), potato starch, ethanol 96 percent
v/v, the analytical sample with hydrochloric acid 0.1
mol/L (Avantor Performance Materials, Poland
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S.A., Gliwice, Poland), microcrystalline cellulose
Avicel PH-101 (FCM BioPolymer, Brussels,
Belgium), D-mannitol (Pharma-Zentrale GmbH,
Herdecke, Germany), polyvinylpyrrolidone K 30
(PVP) (Fluka Chemie AG, Buchs, Switzerland),
corn starch (Radix ñ Bis, Rotmanka, Poland) and
magnesium stearate (PPH ëíStandardíí Sp. z o. o.
Lublin, Poland). All the reagents and chemicals used
were of analytical grade.

Granulation and tabletting

Granules were prepared by wet granulation
method. The binder solution of polyvinylpyrrolidone
(PVP) in ethanol 96 percent and water (1 : 1, v/v) was
added to the mixture of caffeine and excipients. The
wet mass was granulated in rotary granulator (Erweka,
Germany) using a disc with a mesh size of 1.6 mm.
Then, the granules were dried in a dryer (Memmert
INB500, Germany) at 50OC for 5 h and unified.

Table 1. The composition of tablets with different excipients (concentration ñ % w/w)

Group Tablets Caffeine Potato Lactose Avicel D-Mannitol PVP Corn Magnesium
starch starch  stearate

I 40.00 33.95 14.55 1.00 10.00 0.50

II 40.00 32.90 14.10 2.50 10.00 0.50
1

III 40.00 31.15 13.35 5.00 10.00 0.50

IV 40.00 27.65 11.85  10.00 10.00 0.50

V 40.00 24.25 24.25 1.00 10.00 0.50

VI 40.00  23.50 23.50  2.50 10.00 0.50
2

VII 40.00 22.25 22.25 5.00 10.00 0.50

VIII 40.00 19.75 19.75 10.00 10.00 0.50

IX 40.00  48.50 1.00 10.00 0.50

X 40.00   47.00 2.50 10.00 0.50
3

XI 40.00   44.50 5.00 10.00 0.50

XII 40.00   39.50 10.00 10.00 0.50

Table 2. The average results of measuring the uniformity of the thickness, diameter and mass of the tablets (n = 20).

Series Thickness [mm] Diameter [mm] Mass [mg] SD [%]  

Group 1 

Tablets I 3.02 9.02 248.35 3.93

Tablets II 3.04 9.05 249.59 4.56

Tablets III 3.01 9.04 249.83 4.47

Tablets IV 2.96 9.02 246.46 3.75

Group 2

Tablets V 3.13 9.02 251.13 3.78

Tablets VI 3.19 9.04 248.54 4.81

Tablets VII 3.29 9.02 250.87 4.09

Tablets VIII 3.26 9.03 248.93 4.85

Group 3

Tablets IX 3.07 9.03 247.44 4.02

Tablets X 3.14 9.02 248.76 4.31

Tablets XI 3.27 9.06 245.13 4.30 

Tablets XII 3.28 9.03 248.48 3.83

SD - standard deviation of the mass
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The three groups of granules with different
excipients were prepared (Table 1). In each group four
series of granules containing an increasing amount of
binding solution were made. The granules were mixed
with the calculated proportional amounts of the lubri-

cant i.e., 10.00% w/w of corn starch and 0.50% w/w
of magnesium stearate. Their quantity in each series
was identical. The mixture was then tabletted using
punch tablet press (Erweka, Germany). Each tablet
contained 100.00 mg of caffeine.

Table 3. Mass of tablets before and after the friability test.

Series Mass before the test [g] Mass after the test [g] Mass loss [g] Mass loss [%]

Group 1

Tablets I 6.488 6.434 0.054 0.83

Tablets II 6.489 6.442 0.047 0.72

Tablets III 6.535 6.513 0.022 0.34

Tablets IV 6.594 6.573 0.021 0.32

Group 2

Tablets V 6.578 6.542 0.036 0.55

Tablets VI 6.490 6.464 0.026 0.40

Tablets VII 6.600 6.561 0.039 0.59

Tablets VIII 6.495 6.463 0.032 0.49

Group 3

Tablets IX 6.402 6.356 0.046 0.72

Tablets X 6.486 6.448 0.038 0.59

Tablets XI 6.560 6.530 0.030 0.46

Tablets XII 6.508 6.470 0.038 0.58  

Table 4. The average values of mass of the tablets before and after drying process, the time of the test and the moisture content (n = 10).

Series
Mass before Mass after Time Moisture SD
the test [mg]  the test [mg]  [min] [%]  [%] 

Group 1

Tablets I 245.44 224.13 2.02 6.44 0.96

Tablets II 246.98 228.76 1.58 7.38 1.05

Tablets III 248.32 230.87 2.08 7.78 1.05

Tablets IV 242.86 225.03 2.16 6.84 1.71

Group 2

Tablets V 250.89 239.14 1.54 5.56 1.09

Tablets VI 251.26 237.62 2.01 4.80 1.70

Tablets VII 254.47 242.41 1.46 6.01 0.84

Tablets VIII 247.83 237.80 1.47 4.81 0.74

Group 3

Tablets IX 237.05 234.75 1.51 4.64 0.70

Tablets X 248.33 241.33 1.38 3.89 0.78

Tablets XI 240.48 225.27 2.08 6.60 1.54

Tablets XII 243.55 226.12 2.28 8.29 0.92

SD - standard deviation of the moisture content.
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Uniformity of mass and size 

Uniformity of mass was checked on 20 ran-
domly selected tablets according to European
Pharmacopoeia 7.0 (7). They were individually
weighed using a precision balance (Mettler Toledo
AT 201 Fact, Switzerland). Diameter and thickness
(height) of tablets were measured by electronic
caliper (Limit, Sweden) with an accuracy of 0.1 mm.

Friability of tablets

The pharmacopoeia test of friability was con-
ducted in friability tester (Erweka TAR 120,
Germany) on randomly selected tablets with total
weight as close as possible to 6.5 g (7). The drum
speed was set at 25 rpm. Test time was 4 min.

Thermal analysis

Measurement of the moisture content of 10
randomly selected tablets was performed by direct
thermogravimetric method in a moisture analyzer
(WPS 210S Radwag, Poland) at 130OC (7, 8). The
samples were dried to a constant mass. Moisture was
determined relatively to the initial mass of the sam-
ple, as the loss of mass as per cent m/m.

Disintegration 

The study required by the European Pharmaco-
poeia 7.0 (7) was made in disintegration tester
(Erweka ZT 222, Germany) on six randomly select-
ed tablets. The disintegration time was measured in
water at 37 ± 2OC.

Table 5. The average tablet disintegration time.

Time [min]

Group 1 Group 2 Group 3  

Tablets I Tablets V Tablets V Tablets IX
3:00 18:02 15:00 * 8:19

Tablets II Tablets VI Tablets VI Tablets X
5:32 16:40 15:00 * 10:12 

Tablets III Tablets VII Tablets XI
7:37 15:00 10:18 

Tablets IV Tablets VIII Tablets XII
11:10 14:07 10:35

* The disintegration time of 12 more tablets. The 16 units from the group of 18 tablets met the requirements of
the pharmacopoeia. 

Table 6. The average content of caffeine in tablet (n = 10).

Series The average content [%] SD [%]

Group 1

Tablets I 102.74 2.74

Tablets II 100.49 0.49

Tablets III 101.81 1.81

Tablets IV 102.42 2.42

Group 2

Tablets V 103.07 3.07

Tablets VI 99.87 0.13

Tablets VII 107.12 7.12

Tablets VIII 96.31 3.96

Group 3

Tablets IX 99.73 0.27

Tablets X 109.20 9.20

Tablets XI 100.18 0.18

Tablets XII 100.41 0.41

SD - standard deviation.
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Uniformity of content 

The test was performed according to the Ph.
Eur. (7). Randomly taken 10 tablets were powdered
and dissolved in 0.1 mol/L hydrochloric acid. The
absorbance was measured at a wavelength of 272
nm (9). The amount of caffeine in solutions was
determined in UV-Vis spectrophotometer (Helios
Omega Thermo Scientific, USA) with Vision Pro
software.

Dissolution test for tablets

The pharmacopoeia test was conducted in stir-
rer type dissolution tester with paddles (Erweka DT

600, Germany) using 6 randomly taken tablets from
each series (7). Conditions were set as: 900 mL of
0.1 mol/L hydrochloric acid solution at 37 ± 0.5OC,
stirrer speed 50 rpm. Samples were taken at the fol-
lowing times: 2, 4, 6, 8, 10, 15, 20, 30, 45 and 60
min. The absorbance of the solutions was measured
at a wavelength of 272 nm (9). The solution of 0.1
mol/L hydrochloric acid was used as reference.

RESULTS AND DISCUSSION

A technology of tablets with caffeine using the
wet granulation method was presented. Physical

Figure 1. Dissolution profiles of caffeine from tablets of Group 1 in time (n = 6)

Figure 2. Dissolution profiles of caffeine from tablets of Group 2 in time (n = 6)
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properties of obtained tablets were evaluated using
various, mostly pharmacopoeial tests. Three groups
of tablets were made with 4 series in each group.
They contained different amounts of various excipi-
ents. In Group 1 potato starch and lactose in a ratio
of 7 : 3 were applied. Group 2 contained microcrys-
talline cellulose and lactose in a ratio 1 : 1, whereas
tablets from Group 3 were obtained using mannitol
alone. In each group, a subsequent series of increas-
ing binder content was applied as follows: 1.00,
2.50, 5.00 and 10.00% w/w of PVP. All series con-
tained one active ingredient - caffeine in constant
amount of 100.00 mg (40% w/w) in each tablet. The
same lubricants in constant quantities were added
just before the tableting process in all series. These
were: corn starch (10.00% w/w) and magnesium
stearate (0.50% w/w).

The uniformity of mass of single-dose prepara-
tions test showed that masses of tablets were includ-
ed in the range from 237.50 to 262.50 mg and did
not exceeded ± 5% deviation from the declared mass
of tablets that was 250.00 mg (Table 2), so they met
the criteria set by the Ph. Eur. (7). The diameter of
the tablets was also measured and for each series it
did not differ by more than 0.1 mm (Table 2). The
difference in the thickness of tablets did not exceed
deviation of ± 5% (Table 2). The external appear-
ance of tablets was assessed as well. They were
characterized by a uniform and smooth surface with-
out any mechanical defects.

Mechanical strength of the tablets were evalu-
ated; it was carried out by friability test. None of the
series exceed 1.0% the mass loss (Table 3) and it
was consistent with requirements of Ph. Eur. (7).
The largest loss of mass was noted for Group 1 com-

pared to other groups. Furthermore, in this group,
the loss of mass was parallel with amount of PVP
and was the highest in tablets with lower amount of
PVP. Generally, the mechanical strength of tablets
increased with binder content, what was also
observed by the others (10). 

The moisture and water content in the tablets
was also examined (Table 4). The highest moisture
content was in tablets containing starch and lactose
(Group 1) while the lowest in tablets with micro-
crystalline cellulose and lactose (Group 2). It is clear
that increased moisture content is the consequence
of hygroscopic properties of potato starch (11).

An important physical feature of tablets affect-
ing the pharmaceutical availability of the active sub-
stance is a disintegration time. This feature greatly
affects the rate of dissolution of active ingredient
from the drug form, and thereby provides the desired
therapeutic effect. Disintegration time was longer
for series V and VI from Group 2 (Table 5) than that
recommended by Ph. Eur. i.e., 15 min (7). After
repeating the study on the next 12 tablets of these
series, the obtained results were acceptable. In most
series disintegration time of tablets was prolonged
with increasing amount of binder - PVP. It is well
seen in Groups 1 and 3. Such relationship was not
observed for Group 2 with mixture of excipients,
i.e., microcrystalline cellulose and lactose. As
reported by Kolodziejczyk and Zgoda (10) as well
as Szumi≥o et al. (11), the combination of these two
components in the suitable ratio results in increased
stability and durability of tablets or granules.

It can be concluded that increased disintegra-
tion time of the tablets is associated with higher con-
tent of the binding components. That in turn, leads

Figure 3. Dissolution profiles of caffeine from tablets of Group 3 in time (n = 6)
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to longer release time of the active substance and
prolonged action of the drug. 

Uniformity of content test revealed that caf-
feine content in obtained tablets ranged from 96.31
to 109.20% (Table 6). The tablets meet the pharma-
copoeial criteria (85-115% of active substance con-
tent in one unit) (7). 

In the final part of the study the dissolution of
caffeine from tablets test was conducted. It allows
specifying the pharmaceutical availability that is the
rate of active substance released from the drug form,
which determines, among others, the rate of absorp-
tion of the drug in the organism (7).

The results are shown in figures as relation of
the quantity of caffeine dissolution over time. The
results of dissolution of tablets from Group 1 con-
taining lactose and potato starch are shown in Figure
1. These tablets are characterized by rapid release of
the active substance. The presented results showed
that the rate of drug dissolution decreased with
increasing amount of binder (PVP) and decreasing
amount of the disintegrant component - potato
starch. The largest amount of caffeine (91%) dis-
solved from series IV of this group.

The dissolution curves of caffeine from tablets
of Group 2 shown in Figure 2 are very diverse. The
fastest dissolution of the drug was observed from
series V tablets. More than 85% of the active ingre-
dient was dissolved after 20 min. In contrast, series
VI tablets were characterized by a slow dissolution
process. After 45 min only 75% of active ingredient
was dissolved. The final result was 96%.

The dissolution profiles of tablets from Group
3 showed a similar relationship as Group 1, except
slower dissolution of caffeine. As shown in Figure
3, the amount of active ingredient dissolved was get-
ting smaller in each successive series. Comparing
the results of dissolution and compositions of drug
forms, it can be concluded that the dissolution rate
of drug decreased with increasing amount of PVP in
the tablet.

Dissolution of caffeine from tablets did not
meet pharmacopoeial requirements only in two
series i.e., VI and VIII. More than 80% of the active
ingredient dissolved after 45 min from other series
of this group.

CONCLUSION

Uniformity of mass of the obtained tablets was
consistent with pharmacopoeial standards. Although
mannitol reduced the mechanical strength, the

tablets met their requirements for friability. An
increase in the amount of binder (PVP) caused pro-
longed disintegration of tablets, which resulted in
slower dissolution rate of active substance from the
drug form. Mixture of microcrystalline cellulose and
lactose (1 : 1) was associated with an increase in the
durability and prolonged tablet disintegration time
from 4 to 12 min; thereby the dissolution rate of the
active substance was reduced. However, two series
of this group did not meet the requirements of the
dissolution test.

Analysis of relationship between the received
dissolution profiles and the content of the binder
indicated that the fastest dissolution of the active
substance took place with the least amount of PVP
(1% w/w) in the tablet. The proposed compositions
of the tablets are suitable for administration of caf-
feine in this drug form, however, a combination of
microcrystalline cellulose and lactose with PVP may
cause inappropriately long dissolution of the active
ingredient from conventional release tablet.
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Captopril, an orally effective angiotensin I con-
verting enzyme inhibitor, is used in chronical treat-
ment of hypertension and congestive heart failure as
first agent, because of the absence of side effects in
the majority of patients. It has a relatively short
elimination half life in plasma (2 h) and low oral
bioavailability (60-75%) (1). For these reasons, by
applying this drug as a transdermal therapeutic sys-
tem, dosing time intervals will be expanded so that
patient compliance will be arised and side effects
will be minimized. Appropriate physicochemical
properties for potential transdermal delivery are:
low molecular weight, [217.29 Da], low polarity,
low melting point (105-108OC) and low daily thera-
peutic dose (50-75 mg) (2). Captopril possesses all
these properties except of low polarity.

Transdermal patches are flexible pharmaceuti-
cal preparations of varying sizes, containing one or

more active ingredients. They are designed to sup-
port the passage of drug substances from the surface
of the skin, through its various layers and into the
systemic circulation (3). They have been developed
with the objective of overcoming the hepatogas-
trointestinal first pass metabolism, duplicating the
benefits of intravenous drug infusion and achieving
systemic rate controlled drug delivery (4). Drug lev-
els can be maintained in the systemic circulation,
within the therapeutic window for prolonged peri-
ods. Thus, duration of drug action following a single
administration of the drug can be extended and the
frequency of dosing is reduced. Patient compliance
and acceptability of the drug therapy can be
improved. Another advantage is that the drug thera-
py can be terminated by simply removing the patch
from the skin. Also, in the cases where oral delivery
is contraindicated or when the drug is poorly
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Abstract: The objective of this study was to evaluate pharmacodynamical properties of transdermal therapeu-
tic systems (TTS) containing captopril together with synthetic and pH independent polymers, Eudragit RL 100
and RS 100. Optimum formulation was chosen according to the results of our previous study regarding in vitro
dissolution and ex vivo diffusion rate studies through excised human skin by using Franz Diffusion Cell.
Control group, hypertension group (HT) and TTS containing captopril hypertension group (HT-CAP) were
assessed for the pharmacodynamic activity of the study. Pharmacodynamic activity of transdermal patches con-
taining captopril was evaluated in rats by the measurement of systolic blood pressure for 24 h with the use of
the tail cuff method. Blood pressure, heart rate, body and heart weight, heart and body weight ratio were deter-
mined. Lactate dehydrogenase (LDH), creatinine phosphokinase (CPK), glutathione (GSH), malondialdehyde
(MDA), myeloperoxidase (MPO) and Na+, K+-ATPase were measured in the serum of rats. Histopathological
evaluation of the heart tissue was conducted in order to determine any tissue damage. Blood pressure values of
the TTS containing captopril hypertension group were decreased significantly and became almost similar with
the blood pressure values of the control group. These results indicated that matrix type transdermal patches pre-
pared with Eudragit RL 100 and RS 100 polymers containing captopril can be considered as transdermal ther-
apeutic systems for chronical treatment of hypertension and congestive heart failure. However, further in vivo
pharmacokinetic studies should be performed in order to determine the blood level of the drug.
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absorbed from the gastrointestinal tract, transdermal
route of drug administration may be used (5).

The aim of this study was to evaluate the phar-
macodynamical properties of transdermal therapeutic
systems (TTS) containing captopril. TTS formulations
were developed by using synthetic and pH independ-
ent polymers, Eudragit RL 100 and RS 100. Optimum
formulation was chosen according to the results of our
previous study regarding in vitro dissolution and ex
vivo diffusion rate studies through excised human skin
by using Franz Diffusion Cell. Matrix type of trans-
dermal formulations containing captopril were evalu-
ated by pharmacodynamic studies in rats based on the
measurement of changes in arterial blood pressure.
Blood pressure, heart rate, body and heart weight,
heart and body weight ratio were determined. Lactate
dehydrogenase (LDH), creatinine phosphokinase
(CPK), glutathione (GSH), malondialdehyde (MDA),
myeloperoxidase (MPO) and Na+, K+-ATPase were
measured in serum of the rats. Histopathological eval-
uation of the heart tissue was conducted in order to
determine any tissue damage.

MATERIALS

Captopril (Mustafa Nevzat Pharmaceuticals,
Turkey), Eudragit RL 100 and Eudragit RS 100
(Evonik Rˆhm Pharma, Germany), polyethylene
glycol 400 (Merck, Germany), acetone (Merck,
Germany), polyisobutylene (BASF), hexane
(Merck, Germany), Nω-nitro-L-arginine methyl ester
(L-NAME) (Sigma-Aldrich, USA) and other materi-
als were all of analytical grade.

METHODS

Preparation of matrix type transdermal therapeu-

tic systems containing captopril 

Plasticizer 0.4 g PEG 400, polymers 1.3 g
Eudragit RL 100 and 0.7 g Eudragit RS 100 were
dissolved in 7 mL of acetone, then 0.4 g captopril
was dissolved in 5 mL of acetone. Captopril solution
was added to polymer solution and stirred by using
a magnetic stirrer (RO 5 Power IKA Labortechnik).
A glass mould of 5 cm diameter was coated with
aluminium foil as impermeable backing layer. The
solution prepared was poured into this mould and
was allowed to dry at room temperature. Acetone
was used in the minimum amount enough to solve
the polymer and the drug. The formulations contain-
ing polyisobutylene (PIB) adhesive layer were pre-
pared by adding the solution of 0.2 g PIB in 10 mL
of hexane onto the dry transdermal film prepared
and was allowed to dry at room temperature (6). 

Animals

All experimental protocols were approved by
the Marmara University (MU) Animal Care and Use
Committee. Approval date and number: 26.03.2010-
14.2010.mar. Male or female Wistar albino rats
(250-300 g), supplied by the MU Animal Center
(DEHAMER), were kept at a constant temperature
(22 ± 1OC) with 12 h light and dark cycles. All ani-
mals in the study were nourished with pellet diet and
water ad libitum.

Experimental design

The rats (n = 24) were randomly divided into
three groups as: control, hypertension group (HT)
and TTS containing captopril hypertension group
(HT-CAP). In the HT group, Nω-nitro-L-arginine
methyl ester (L-NAME) (40 mg/kg) was adminis-
tered orally for a total of 4 weeks and hypertension
was maintained. In the HT-CAP group, following a
4 week L-NAME (40 mg/kg) administration orally
and confirming that they became hypertensive,
hairs of the abdominal region of the rats were
removed with a clipper and then, the animals were
administered TTS containing captopril (5 mg/cm2)
upon abdominal region. Body weight, systolic
blood pressure (BP), heart rate (HR) measurements
were recorded at the beginning of the study to
obtain the basal levels. Body weight, systolic blood
pressure (BP), heart rate (HR), heart weight,
heart/body weight ratio measurements were done at
the end of the study to compare with basal levels.
Then, the animals were decapitated, trunk blood
was collected and immediately centrifuged at 3000
◊ g for 10 min to assay lactate dehydrogenase
(LDH) and creatine phosphokinase (CPK) levels in
the plasma. In order to evaluate the presence of
oxidative tissue injury, cardiac samples were taken
and stored at -80OC for the determination of MDA
and GSH levels, MPO and Na+,K+-ATPase activi-
ties. Additional tissue samples were taken for histo-
logical analyses.

Measurement of blood pressure

Indirect blood pressure measurement was
made by the tail cuff method (Rhma-Labor
Technique, 2 channel blood pressure monitor 8002).
Initially, the rats were placed for 10 min in a cham-
ber heated to 35OC. Then, the rats were placed in
individual plastic restrainers and a cuff with a pneu-
matic pulse sensor was wrapped around their tails.
Blood pressure and heart rate values recorded during
each measurement period were averaged from at
least three consecutive readings on that occasion
obtained from each rat (7, 8). 
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Plasma assays

Plasma levels of LDH (9) and CPK (10) were
determined spectrophotometrically using an auto-
mated analyzer (Bayer Opera biochemical analyzer,
Germany).

Measurement of tissue malondialdehyde and glu-

tathione levels

Heart samples were homogenized with ice-
cold 150 mM KCl for the determination of MDA
and GSH levels. MDA measurements were per-
formed according to Beuge method (11). The MDA
levels were assayed for products of lipid peroxida-
tion by monitoring thiobarbituric acid reactive sub-
stance formation. Lipid peroxidation was expressed
in terms of MDA equivalents using an extinction
coefficient of 1.56 ◊ 105 Mñ1 cmñ1 and results are
expressed as nmol MDA/g tissue. GSH measure-
ments were performed using Beutler method, a
modification of the Ellman procedure (12). After
centrifugation at 3000 rpm for 10 min, 0.5 mL of
supernatant was added to 2 mL of 0.3 mol/L
Na2HPO4 ◊ 2H2O solution. A 0.2 mL solution of
dithiobisnitrobenzoate (0.4 mg/mL 1% sodium cit-
rate) was added and the absorbance at 412 nm was
measured immediately after mixing. GSH levels
were calculated using an extinction coefficient of
1.36 ◊ 104 Mñ1 cmñ1. Results are expressed in µmol
GSH/g tissue.

Myeloperoxidase activity

MPO activity was measured in tissues in a pro-
cedure similar to that documented by Hillegas et al.
(13). Tissue samples were homogenized in 50 mM
potassium phosphate buffer (PB, pH 6.0) and cen-
trifuged at 41,400 ◊ g (10 min); pellets were sus-
pended in 50 mM PB containing 0.5% hexade-
cyltrimethylammonium bromide (HETAB). After
three freeze and thaw cycles, with sonication
between cycles, the samples were centrifuged at
41,400 ◊ g for 10 min. Aliquots (0.3 mL) were
added to 2.3 mL of reaction mixture containing 50
mM PB, o-dianisidine, and 20 mM H2O2 solution.
One unit of enzyme activity was defined as the
amount of the MPO present that caused a change in
absorbance measured at 460 nm for 3 min. MPO
activity was expressed as U/g tissue.

Measurement of Na+, K+-ATPase activities in the

cardiac tissue

Measurement of Na+, K+-ATPase activity is
based on the measurement of inorganic phosphate
released by ATP hydrolysis during incubation of
homogenates with an appropriate medium. Since the

activity of Na+, K+-ATPase, a membrane-bound
enzyme required for cellular transport, is very sensi-
tive to free radical reactions and lipid peroxidation,
reductions in this activity can indicate membrane
damage indirectly. The total ATPase activity was
determined in the presence of 100 mM NaCl, 5 mM
KCl, 6 mM MgCl2, 0.1 mM EDTA, 30 mM Tris HCl
(pH 7.4), while the Mg2+-ATPase activity was deter-
mined in the presence of 1 mM ouabain. The differ-
ence between the total and the Mg2+-ATPase activi-
ties was taken as a measure of the Na+, K+-ATPase
activity (14, 15). The reaction was initiated with the
addition of the homogenate (0.1 mL) and a 5-min
pre-incubation period at 37OC was allowed.
Following the addition of 3 mM Na2ATP and a 10
min re-incubation period, the reaction was terminat-
ed by the addition of icecold 6% perchloric acid.
The mixture was then centrifuged at 3500 ◊ g and
the supernatant fraction was determined by the
method of Fiske and Subarrow (16). The specific
activity of the enzyme was expressed as µmol mg-1

protein h-1. The protein concentration of the super-
natant was measured by the Lowry et al. (17)
method.

Histopathological analysis

For light microscopic investigations, cardiac
tissue specimens were fixed in 10% formaldehyde,
dehydrated in alcohol series, cleared in toluene and
embedded in paraffin. Paraffin sections (5 µm) were
stained with hematoxylin and eosin (H&E) and
examined under a photomicroscope (Olympus BH
2, Tokyo, Japan). All tissue sections were examined
microscopically for the characterization of histo-
pathological changes by an experienced histologist
in blind fashion.

Statistical analysis

The results were expressed as the means ±
standard deviations. Unpaired, two-tailed t-tests
were performed at each time point. The threshold for
statistical significance was at p < 0.05.

RESULTS AND DISCUSSION

Preparation and optimization of matrix type

transdermal therapeutic systems containing cap-

topril 

TTS formulations were developed by using
synthetic and pH independent polymers, Eudragit
RL 100 and RS 100. All the formulations that are
mentioned in our previous study (6) were evaluated
for their macroscopic properties (general appear-
ance, transparency, color, softness, homogeneity
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and flexibility), thickness and captopril content.
Optimum formulation was chosen according to the
results of our previous study regarding in vitro dis-
solution and ex vivo diffusion rate studies through
excised human skin by using Franz Diffusion Cell.

Measurement of systolic blood pressure (BP),

heart rate (HR), body weight, heart weight and

heart/body weight ratio

According to the systolic blood pressure results,
blood pressure values of t2 (24 h after the time period

of t1 values) were increased significantly compared
with t1 values [following a 4 week L-NAME (40
mg/kg) administration orally and confirming that rats
became hypertensive] while HT-CAP group were
decreased significantly compared with HT group t2

values and became almost similar with control group
(p < 0.05). This result showed that our newly devel-
oped matrix type transdermal therapeutic system
containing captopril was effective for 24 h for
decreasing blood pressure. When the heart rates of t1

and t2 were compared, there was no significant dif-

Figure 1. Blood pressure and heart rate values of the control, HT and HT-CAP groups in which hypertension was induced experimentally
in rats by applying L-NAME. * p < 0.05, *** p < 0.001 according to control group, + p < 0.05, +++ p < 0.001 comparisons according to HT
group
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ference (p > 0.05) (Table 1, Fig. 1). There was an
increase of body weight of control, HT and HT-CAP
group at the end of the experiment but this increase
was not significant (p > 0.05) (Table 1). Heart weight
of HT group values increased significantly compared
with the control group, however HT-CAP group
heart weight values were found to be significantly
lower than HT group (p < 0.05). When heart/body
weight ratio values were evaluated, the values of HT
group were found to be higher compared with the
control group (p < 0.05). However, heart/body
weight ratios of HT-CAP group were found to be sig-
nificantly low compared with HT group (p < 0.05)
(Table 1). 

Plasma assays

Generally, the cytosolic enzymes lactate dehydro-
genase (LDH) and creatine phosphate kinase (CPK) as
well as lactate in the coronary effluent are important
biomarkers for myocardial ischemia in hypertension
(18). Plasma levels of LDH and CPK of HT group were
found to be significantly higher than control group (p <
0.05). However, this increase of HT group became sig-
nificantly lower in HT-CAP group and became almost
similar with control group (p < 0.05) (Fig. 2). This
decrease of LDH and CPK level in HT-CAP group
showed the antihypertensive effect of our formulation.

Measurement of tissue glutathione and malondi-

aldehyde levels

GSH levels measured from the cardiac tissue
were found out to be lower in the group of HT com-

Table 1. Blood pressure, heart rate, body weight, heart weight, heart/body weight ratio values of the control, HT and HT-captopril
groups in which hypertension was induced experimentally in rats by applying L-NAME. 

Control HT HT-CAP

Blood pressure 
(mmHg)

t1 119 ± 1.5 159 ± 3.8 &&& 168 ± 6.6 &&&

t2 124 ± 2.2 174 ± 4.1 &&& 131 ± 4.2 +++

Heart rate (beat/min)
t1 395 ± 6.6 400 ± 5,6 392 ± 11.8
t2 407 ± 3.8 413 ± 4.7 406 ± 14.4 

Body weight (g)
t3 212 ± 8.3 227 ± 12.7 212 ± 10.3
t4 240 ± 8.2 250 ± 14.5 242 ± 10.1

Heart weight (g) 473 ± 35 721 ± 50 && 534 ± 47 +

Heart/body weight 
ratio 1.96 ± 0.08 2.78 ± 0.20 && 2.01 ± 0.06 ++ 

(mg/g) 

t1: following a 4 week Nw-nitro-L-arginine methyl ester (L-NAME) (40 mg/kg) orally and confirming that they became hypertensive; t2:
24 h after the time period of t1; t3: before L-NAME administration; t4: 24 h after the time period of t1: + p < 0.05, ++ p < 0.01,+++ p < 0.001
according to HT group; && p < 0.01, &&& p < 0.001 comparison to control group.

Figure 2. Lactate dehydrogenase (LDH), creatinine phosphokinase
(CPK) values of the control, HT and HT-CAP groups in which
hypertension was induced experimentally in rats by applying L-
NAME. *** p < 0.001 according to control group, +++ p < 0.001 HT
comparisons with HT-CAP group
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Figure 3. Glutathione (GSH), malondialdehyde (MDA), myeloperoxidase (MPO) and Na+,K+-ATPase values of the control, HT and HT-
captopril groups in which hypertension was induced experimentally in rats by applying L-NAME. * p < 0.05, ** p < 0.01, *** p < 0.001
according to control group; + p < 0.05 comparison with HT-CAP group

Figure 4. a) control group, regular morphology of cardiac muscle bundles (*) with nuclei (arrow); b) hypertension group, widespread con-
gestion among the cardiac muscle bundles (arrows); c) treatment with captopril group, note the reduced congestion in the capillaries among
the cardiac muscle bundles
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pared with control group (p < 0.05). This decrease
was prevented in HT-CAP group significantly (p <
0.05) (Fig. 3a). MDA levels measured from the car-
diac tissue were found out to be higher in HT group
compared with control group (p < 0.05). Application
of TTS containing captopril (HT-CAP) decreased this
increase of MDA levels significantly (p < 0.05). (Fig.
3b). Similar results were found with Zuhairu et al.,
hypertension produced significant increases of heart
and kidney MDA indicating oxidative stress damage
without any detected alteration in plasma (19). 

Myeloperoxidase activity

One of the principal mediators secreted on
polymorphonuclear neutrophils (PMN) activation is
MPO, a hemoprotein traditionally viewed as a
microbicidal enzyme (20). However, there is accu-
mulating evidence that MPO also displays potent
proatherogenic properties. For example, MPO can
oxidize LDL cholesterol, thereby propagating
uptake by macrophages and perpetuating foam cell
formation (21). Furthermore, MPO has been shown
to activate metalloproteinases and promote destabi-
lization and rupture of the atherosclerotic plaque
surface (22). Also, MPO catalytically consumes
endothelium-derived nitric oxide, thereby reducing
nitric oxide bioavailability and impairing its
vasodilatory and anti-inflammatory functions (23,
24). In the hypertension group, neutrophil infiltra-
tion and related MPO levels increased significantly
in cardiac tissue compared with the control group (p
< 0.05). MPO activity decreased significantly in
captopril applied HT group (p < 0.05) and the results
were similar with the MPO levels measured in con-
trol group. In patients with acute coronary syn-
dromes, MPO serum levels powerfully predict an
increased risk for subsequent cardiovascular events
and extend the prognostic information gained from
traditional biochemical markers (25). In our formu-
lation, as seen in Figure 3c, MPO activity decreased
significantly in captopril applied HT group (p <
0.05) and the results were similar with the MPO lev-
els measured in control group.

Measurement of Na+, K+-ATPase activities in the

cardiac tissue

Decreased arterial Na+-K+ pump and cardiac
Na+, K+-ATPase activities have been demonstrated
in several types of experimental volume expanded
hypertension (26). Na+, K+-ATPase activity in car-
diac tissue were found out to be lower in HT group
compared with the control group. However, this
decrease was prevented with captopril applied HT
group significantly (p < 0.05) (Fig. 3d).

Histopathological analysis

The results of the control groups were
observed as regular alignment of cardiac muscle
bundles with capillaries (Fig. 4a) whereas the hyper-
tension group demonstrated congestion of capillar-
ies (Fig. 4b). The treatment with matrix type trans-
dermal therapeutic systems containing captopril
reduced the capillary congestion among the muscle
bundles (Fig. 4c).

CONCLUSION

Matrix type transdermal patches prepared with
Eudragit RL 100 and RS 100 polymers containing
captopril can be considered as transdermal therapeu-
tic systems for chronical treatment of hypertension
and congestive heart failure. However, further in
vivo pharmacokinetic studies should be performed
in order to determine the blood level of the drug.
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According to the analysis of the use of drugs in
the European countries, Poland occupies the fifth
position with respect to the consumption of antibi-
otics. The studies show that the use of drugs from
this group constantly increases. An overuse and irra-
tional administration of antibiotics creates the risk of
occurrence of bacterial mutations, which lead to the
development of their resistance to antibiotics.
Among other things, this is the reason why Polish
physicians increasingly more often find themselves
in situations in which they have no remedies to treat
patients with severe infections (1). An increase in
resistance to antibiotics creates the threat of an
increase in mortality rate due to, e.g., pneumonia.
The World Health Organization estimates that annu-
ally more than 15 million people worldwide die due
to infectious diseases (2). However, it should be also
mentioned that antibiotics have saved many human
lives. Antibiotics are drugs very frequently used
without justified indications, or inappropriately,

therefore producing unsatisfactory clinical effects
(3). While considering errors committed during
pharmacotherapy they may be divided as follows:
malpractice and medical, associated with the pro-
duction and storage of drugs as well as committed
by a patient resulting from the lack of observance of
doctorís orders (4). For this reason, knowledge and
awareness concerning antibiotic therapy in the soci-
ety is important.

Objective

Considering the occurrence on the pharmaceu-
tical market antibiotics with a wide spectrum of
action and risks related with their overuse, the
awareness of society is important concerning what
are antibiotics and what are benefits and threats
associated with their use. In 2010, a study was con-
ducted aimed at obtaining information concerning
the current knowledge, attitude and perception of
antibiotic therapy by Poles. The objective of the
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study was to determine in what way patients under-
stand this kind of therapy and what is an antibiotic
in the context of a drug of natural origin, how do
patients behave while administering antibiotics to
themselves and their children? An additional goal
was the highlighting of situations in which patients
use antibiotics and the frequency of use of antibi-
otics, compared to natural methods of treatment. 

MATERIALS AND METHODS

The study material consisted of data obtained
from a survey conducted among the adult population
living in the Lublin Region. The study was performed
among patients of randomly selected hospitals and
health centers. Selection of patients required the
expression of oral consent for the conversation. The
questionnaire was validated on the 10 people team,
which are not included in the analysis results.The
study was carried out in July and August 2010 in the
form of an individual conversation with each patient.
Six hundred and nine (609) questionnaire forms were
collected. The authorís questionnaire contained 16
open items, which accounted for assistance during the
interview. All interviews were used for analysis. The
data were analyzed statistically.

RESULTS

The study involved 609 respondents aged
between 18 to 85 years, including 412 women and
197 men. Four hundred and six (406) respondents
lived in rural areas, while from urban area were 203

persons. A university degree had 89 people, second-
ary education ñ 233 persons, elementary vocational
education ñ 160 persons and elementary education ñ
124 respondents. Characteristics of respondents is
shown in Figure 1.

While provided a reply to the question: ìWhat
do you understand by the term drug of natural ori-
gin?î, the patients expressed themselves in their
own words using several notions. Frequently, one
patient used 2 or even 3 notions to explain how
he/she understood this term. 

Analyzing the answers, it was observed that
most people answered that these are herbs or drug
manufactured based on herbs, which accounted for
44.7% of the respondents. During an interview,
some patients considered these drugs as without
chemical substances, which accounted for approxi-
mately 8.7% of the responses. Three percent of
patients surveyed, considered the natural origin drug
as more effective, and approximately 3.2% of peo-
ple said that such drug is safer. A number of respon-
dents (22.2%) declared no sufficient knowledge to
answer this question. It should be emphasized that in
spite of so accurate answers which gave patients,
until 133 people have said that they donít know,
what is the drug of natural origin. 

Analyzing the responses to the question ìWhat
do you understand by the term antibioticî it was
observed that most often response granted (22%
respondents) was that the antibiotic is a chemical
drug. Surprising is that 19.3% of respondents donít
know what is an antibiotic. Table 2 presents the
replies to this question. 

Figure 1. Characteristics of respondents
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The objective of the study was to discover how
patients understand the action of antibiotics. Table 3
presents the compilation of answers. 

Based on the analysis of the responses con-
tained in Table 3, it was found that 63% of respon-
dents indicated that antibiotic kills bacteria, 13% of
the patients said that the antibiotic has a preventive
effect and 11.2% of the declared research group
answered that antibiotic treatment immunizes the
organism, whereas 19.8% of people didnít know the
target of the antibiotic.

The subsequent question: ìAre antibiotics nec-
essary for the treatment of infection?î was aimed at
becoming familiar with the opinion concerning the
use of antibiotics and attract attention to the phe-
nomenon of overuse of these drugs. Analysis of this
question showed that 43 urban and 86 rural inhabi-
tants provided a positive answer to this question;
156 urban and 308 rural inhabitants considered that
antibiotics are not necessary in the treatment of
infection, while 4 and 11 respondents, respectively,
did not know the answer to this question. 

The question: ìDo you use antibiotics?î was
aimed at verification of the number of patients who
reach for these drugs. This question also qualified
for answering the subsequent questions. Analysis of
responses indicated that 509 (98.3%) patients admit-

ted that they used an antibiotic if such a need arose.
Only 10 patients reported that they did not apply
antibiotics and these were respondents aged over 61,
also these patients informed about the fact of using
herbs in the case of infection. 

The study also investigated the expectations of
patients reporting to a physician with complaints
such as: runny nose, cough and sore throat. Analysis
of the replies to this problem showed that 92.9% of
patients did not expect a prescription for an antibiot-
ic. Table 6 presents detailed data. 

The subsequent question concerned the situa-
tion when, despite a different opinion of a patient,
the physician does not recommend antibiotic thera-
py. Here, as many as 92.2% of respondents replied
that they agreed with the doctorís decision and took
other drugs ordered by the physician, whereas 6.5%
of respondents mentioned that they were not satis-
fied with such a decision, but if the therapy pro-
posed would be ineffective, they would come back
to the doctor several days later and ask again for an
antibiotic. Only 1.3% of respondents expressed an
opinion that in such a situation they would visit
another doctor to obtain a prescription for an antibi-
otic (Table 5). 

In the study, a question was also asked con-
cerning home methods of treatment, so-called, self-

Table 1. Meaning of the term Ñnatural drugî according to respondents. (the respondents could answer many descriptions).

Number and Number and 
Patientsí percentage of percentage of Total number and 
responses  responses provided by responses provided by percentage of responses

rural inhabitants urban inhabitants

n = 406 % n = 203 % n = 609 %

Herbs 173 42.6 95 46.8 268 44.0

Medicine from 
natural substances 103 25.4 83 40.9 186 30.5

All herbal drugs 114 28.1 66 32.5 180 29.6

Plants 46 11.3 59 29.1 105 17.2

Without chemicals 32 7.9 20 9.9 52 8.5

Safer 10 2.5 9 4.4 19 3.1

More effective 13 3.2 5 2.5 18 3.0

Of animal origin 7 1.7 4 2.0 11 1.8

Ecological 2 0.5 4 2.0 6 1.0

Produces fewer side 
effects 0 0.0 4 2.0 4 0.7

Homeopathy 3 0.7 0 0.0 3 0.5

Vitamins 1 0.2 0 0.0 1 0.2

I do not know 119 29.3 14 6.9 133 21.8
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Table 2. Meaning of the term Ñantibioticî according to respondents (the respondents could answer many descriptions).

Number and Number and 
Patientsí ercentage of percentage of Total number and 
responses  responses provided by responses provided by percentage of responses

rural inhabitants urban inhabitants

n = 406 % n = 203 % n = 609 %

Chemical drug 69 17.0 63 31.0 132 65.0

Drug which will act if 
herbs have not 57 14.0 27 13.3 84 41.4

Effective drug / good 49 12.1 23 11.3 72 35.5

Strong drug 40 9.9 27 13.3 67 33.0

Drug on prescription 
which cures 47 11.6 19 9.4 66 32.5

Antibacterial drug 32 7.9 34 16.7 66 32.5

Synthetic drug 17 4.2 12 5.9 29 14.3

Drug applied as 
a last resort 13 3.2 11 5.4 24 11.8

Pills or injection 18 4.4 5 2.5 23 11.3

Fast-acting drug 20 4.9 3 1.5 23 11.3

Anti-inflammatory 
drug 12 3.0 4 2.0 16 7.9

Anti-viral drug 4 1.0 8 3.9 12 5.9

Complex drug 5 1.2 5 2.5 10 4.9

Drug against 
pathogenic microbes 7 1.7 3 1.5 10 4.9

Non-natural drug 7 1.7 2 1.0 9 4.4

Drug weakening 
the organism 5 1.2 3 1.5 8 3.9

Antifungal drug 3 0.7 5 2.5 8 3.9

General effect drug, 
I am afraid of this drug 3 0.7 5 2.5 8 3.9

Poison 5 1.2 2 1.0 7 3.4

New bacteria for the 
organisms which the 

organism cannot produce 4 1.0 1 0.5 5 2.5 
itself

Antipyretic drug 2 0.5 2 1.0 4 2.0

Preventive drug 3 0.7 1 0.5 4 2.0

All-purpose medicine 1 0.2 2 1.0 3 1.5

Warming-up drug 1 0.2 1 0.5 2 1.0

Vaccine 1 0.2 1 0.5 2 1.0

Analgesic drug 1 0.2 0 0.0 1 0.5 

Special drug 0 0.0 1 0.5 1 0.5

Drug stimulating 
the organism 1 0.2 0 0.0 1 0.5

I do not know 97 23.9 19 9.4 116 57.1
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medication, before a visit to a physician, and the
recommendation to use an antibiotic. Analysis
showed that 538 respondents took an antibiotic only
and exclusively when prescribed by a doctor. The
remaining 73 respondents admitted that they use an
antibiotic without consulting a physician. The
source of possessing an antibiotic was of interest
(Table 6). 

Based on the responses obtained, as many as
89.7% of respondents admitted that they applied an
antibiotic only when prescribed by a doctor.
However, 10.3% of patients mentioned that they took
an antibiotic without consulting a doctor. When asked
where they had obtained an antibiotic, 5.5% of these
patients reported that they possessed these drugs from
previous treatments, 8.2% from a pharmacy, whereas
4% from family and acquaintances. Among patients
who applied self-medication, as many as 44 respon-
dents, i.e., 7.3%, obtained an antibiotic from several
sources, hence, inequality in the percentage between
the sum of patients who possessed an antibiotic from
previous treatment, from a pharmacy, and from fam-
ily/acquaintances, and the total percentage of patients
who applied self-medication. Among rural inhabi-
tants, the most frequently provided reply was that
they always had a reserve, while urban inhabitants
replied that they liked to have an antibiotic at home,
which made them feel safe. 

While asking the respondents: ìDo you seek
for natural methods of treatment to avoid an antibi-
otic?î as many as 466 per 608 respondents (which
is 76.6%) mentioned that they always apply home
methods of treatment before they reach for an
antibiotic. Nevertheless, 15.1% of patients reported
that an antibiotic is a proven method of treatment
and they did not look for other methods, and 7.6%
of respondents indicated that in taking an antibiot-
ic they felt safe, because they were convinced that
this drug would help them. Only 4 (0.7%) respon-
dents did not use antibiotics, because they consid-
ered that natural medications are a better alterna-
tive (Table 7). 

To the subsequent question ìDo you use home
methods of treatment before you reach for an antibi-
otic?î 20.2% of respondents replied that they did not
use these methods, whereas the remainder - 79.8%
reported that they applied home treatment. While
providing a reply to this question, the respondents
did not specify what type of medication they used.
The largest number of respondents ñ as many as
70.3% - indicated that they consumed garlic or
onion for infection, 66.8% consumed milk with
honey, 65.8% drank herb teas, and 59.8% applied
suction cups therapy. 
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Table 4. Frequency of using antibiotics. 

Number and percentage Number and percentage Total number and
Patientsí of responses provided by of responses provided by percentage of
responses rural inhabitants urban inhabitants responses

n = 402 (%) n = 197 (%) n = 599 (%)

More rarely than 
once a year

211 (52.5%) 73 (37.1%) 284 (47.4%)

Once a year 107 (26.6%) 69 (35.0%) 176 (29.4%)

Once in half a year 62 (15.4%) 41(20.8%) 103 (17.2%)

Once in 2-3 months 19 (4.7%) 13 (6.6%) 32 (5.3%)

More frequently than 
once in 2 months 

3 (0.7%) 1 (0.5%) 4 (0.7%)

Table 5. Respondentsí reaction to refusal for a prescription for an antibiotic. 

Number and percentage Number and percentage Total number and
Patientsí of responses provided by of responses provided by percentage of

responses rural inhabitants urban inhabitants responses
n = 402 (%) n = 202 (%) n = 604 (%)

I agree and take drugs 
recommended by the doctor  

376 (93.5%) 181 (89.6%) 557 (92.2%)

I do not like the doctorís decision, 
if the therapy will be ineffective 21 (5.2%) 18 (8.9%) 39 (6.5%)
I will come back several days later 

I will visit another doctor who 
will prescribe an antibiotic 

5 (1.2%) 3 (1.5%) 8 (1.3%)

Figure 2. Expectation of giving a prescription for antibiotic in the case of complaints such as runny nose, cough, sore throat
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DISCUSSION

The presented experiment, as well as previous-
ly conducted studies, showed that the respondents
found it more difficult to specify what they under-
stood by the term ìa drug of natural originî or ìan
antibioticî. In the first case, as many as 22.2% of
respondents admitted they could not provide an
answer to this question, while concerning the term
ìan antibioticî ñ 19.3%. While analyzing the regu-
larities in replies to question 1, approximately 70%
of respondents provided the correct reply, consider-
ing that this is a medication of a plant origin, based
on herbs and without harmful chemical substances;
1.8% of respondents mentioned that these are also
drugs of animal origin. To the question: ìWhat do
you understand by the term an antibiotic?î, 33% of
patients replied that this is a chemical, synthetic,
non-natural drug of an anti-inflammatory or antifun-
gal action. This confirms that the obtaining of an
answer to this type of question is consistent with the
definition of an antibiotic (5). Approximately 40%
of respondents described an antibiotic as a drug
which should be applied in the case of infection,
because it is good, effective, and fast acting, albeit a
very strong medication; and drugs of plant origin are
insufficient; 4% of patients described an antibiotic
as a medication applied if all else fails. Such an atti-
tude by respondents towards antibiotics is correct,
because patients do not try to pressure a physician
for an antibiotic and do not apply self-medication,
which contributes to a decrease in the phenomenon
of bacterial resistance (6).

The respondentsí replies concerning the action
of antibiotics were interesting. According to 63% of
them, antibiotics have a bactericidal effect; howev-
er, while providing the reply no respondent in the
study considered the bacteriostatic action of an
antibiotic. As many as 13% of patients considered
an antibiotic as a drug preventing infection, which
evidences an inadequate perception of action of this
type of drug. Also, 11.2% of patients reported that

an antibiotic is a drug which improves the resistance
of an organism and protects it against infections.
Following the line of thought of patients who con-
sidered an antibiotic as a preventive drug or a drug
improving immunity, it may be presumed that these
individuals will abuse antibiotics in various ways.
Such a perception of an antibiotic by patients leads
to errors during antibiotic therapy, for which the
responsibility lies not only with the physician or
medical staff, but primarily with the patients them-
selves by, e.g., shortening the period of taking an
antibiotic or self-medication. 

As many as 19.8% of respondents had no
knowledge of the action of an antibiotic, and 90% of
them were rural inhabitants aged 61 and over. In
addition, the respondents reported that they did not
possess knowledge of this problem, because for
them the highest authority is the physician who
always knows best. On the one hand, this fact may
indicate a phenomenon of paternalism in medicine,
which is widely negated, but on the other hand, it
may present an implicit trust in a physician, and
belief in the observance by a physician of the prin-
ciples of medical practice, which in the case of
antibiotic therapy have been described in detail in
the literature (7). 

The respondentsí replies are noteworthy con-
cerning the question ìAre antibiotics necessary in
the treatment of infection?î. As many as 76% of
respondents considered that antibiotics are not nec-
essary, and 50% of them indicated that they are
afraid of antibiotics, which constituted 38% of
replies of all the respondents. Such an attitude may
result from the lack of understanding of the causes
of bacterial infections, methods of their control and
principles of action of antibiotics. Nevertheless, the
same group of patients providing a negative reply to
this question very often described garlic as a natural
antibiotic, and declared that during infection they
first consumed garlic, considered the antibiotic pre-
scribed by a physician as a ìnecessary evilî and
applied it if everything else fails. Some patients

Table 6. Source of possessing an antibiotic.

Number and percentage Number and percentage Total number and
Patientsí of responses provided by of responses provided by percentage of

responses rural inhabitants urban inhabitants responses
n = 66 (%) n = 69 (%) n = 135 (%)

From family/acquaintances 17 (25.8%) 39 (56.5%) 56 (41.5%)

From pharmacy 34 (51.5%) 15 (21.7%) 49 (36.3%)

Antibiotic left after 
former therapy 

13 (19.7%) 11 (15.9%) 24 (17.8%)

Other 2 (3.0%) 4 (5.8%) 6 (4.4%)
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(21.5%) replied that antibiotics are necessary to con-
trol bacterial infection, whereas 2.5% had no opin-
ion concerning the two above-mentioned responses. 
The problem of the use of antibiotics is also note-
worthy. Analysis of the replies showed that 98.3%
of respondents applied antibiotic when there was
such a need, while 1.6% of them mentioned that
they have never used and do not use antibiotics,
because they always apply home methods of treat-
ment for all diseases which would require the appli-
cation of medication of this type. Such an answer
was provided by respondents aged over 60. 

An important problem undertaken in the study
was the frequency of use of antibiotics. It was found
that 45.5% of respondents use these drugs more
rarely than once a year, among whom as many as
60% were aged over 60. This confirms the fact that
they do not have an inclination to overuse antibiotics.
In the study group, 29% of patients admitted that
they used an antibiotic once a year, while 17.5% -
once in half a year, and 5.6% once in 2-3 months,
which clearly shows a decreased immunity of an
organism, which may result from many reasons,
among others, not taking the drug for the entire peri-
od prescribed for a previous therapy. However, 1%
of patients also declared that they apply an antibiotic
more often than once in 2 months, and openly men-
tioned that they also applied self-medication with an
antibiotic. The above-mentioned attitude of patients
clearly indicates the lack of knowledge concerning
the after-effects of such behavior which favors the
spread of drug-resistance, not only for themselves,
but also exerts an effect on others, and in a small
population may lead to the lack of antibiotic effect. 

An important problem which has been consid-
ered in the presented study is the expectations of

patients towards a physician with complaints which
not always qualify for the use of an antibiotic. To the
question: ìWhile visiting a doctor with complaints
such as a runny nose, cough, or sore throat do you
expect the doctor to write a prescription for an
antibiotic?î as many as 85.3% of respondents
replied that they did not expect this. Many of them
emphasized that the physician is the final decision
maker in this respect. Such an attitude of a patient is
entirely correct, because with this type of complaint,
which may also accompany a cold or flu, an antibi-
otic should not be applied, because these diseases
are on a viral background and the administration in
this case of an antibacterial drug is a mistake. Some
respondents (14.6%) reported that when visiting a
doctor they expected a prescription for an antibiotic,
because they considered that an antibiotic is a
proven method of treatment and they do not seek
other methods. It may be agreed that antibiotics are
a proven method of treatment; but not, however, for
all diseases. Here again the lack of patientsí knowl-
edge concerning antibiotics may be observed. While
analyzing the replies, the wrong line of thinking
about antibiotics is also noted which results also
from the reluctance to obtain new information.
Many patients assume that if some time ago a physi-
cian prescribed an antibiotic for similar complaints,
and this drug proved to be effective, it should always
be expected from a physician ñ quoting the words of
one of the patients: ìI know that an antibiotic is
good and I think that it is better to take it at the
beginning of the disease than allow the deterioration
of the state of healthî. Because of this way of think-
ing by a patient, the phenomenon of resistance of
pathogenic bacteria is continually spreading. With
the first symptoms of a disease, taking an antibiotic

Table 7. Use of natural methods of treatment in order to avoid antibiotic therapy. 

Number and percentage Number and percentage Total number and
Patientsí of responses provided by of responses provided by percentage of

responses rural inhabitants urban inhabitants responses
n = 406 (%) n = 203 (%) n = 609 (%)

Antibiotic is a proven method 
of treatment and I do not 63 (15.6%) 29 (14.3%) 92 (15.1%)
look for other methods 

I feel safe because I know 
that an antibiotic will help me 

26 (6.4%) 20 (9.9%) 46 (7.6%)

I always use home methods 
of treatment before I reach 313 (77.3%) 153 (75.4%) 466 (76.6%)
for an antibiotic 

I do not use antibiotics, 
because I prefer natural 3 (0.7%) 1 (0.5%) 4 (0.7%)
medications
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is a big mistake, because frequently it is a simple
cold which spontaneously regresses after 2-3 days
(8). In many cases, situations arise when it is diffi-
cult to mobilize chronically ill patients to use other
drugs, while they willingly take an antibiotic, even
in non-justified cases. Considering the question:
ìWhat do you do in a situation when the doctor
refuses to write a prescription for an antibiotic?î, as
many as 92.2% of respondents agreed with this deci-
sion and took medication ordered by the doctor.
This is the correct attitude by a patient.
Nevertheless, 6.5% of respondents are dissatisfied
with such a decision; however, they take drugs pre-
scribed by a physician, and simultaneously empha-
size their lack of trust in the effect of agents other
than antibiotics, and if the therapy is ineffective,
they will come back to visit the doctor in a few days,
asking again for an antibiotic. These are patients
who have a tendency to overuse antibiotics. Only
1.3% of respondents decisively answered that when
a physician refuses to write a prescription for an
antibiotic, they go to another doctor to obtain it. This
attitude by patients is inappropriate, because they do
not know the processes taking place in an organism
during a disease, and therefore, should not decide
about the method of treatment. The closing of their
minds to other methods of treatment primarily
harms themselves. (9)

Responses to the question if the respondents
always apply antibiotics on a doctorís order, or also
apply self-medication, showed that 89.7% of them
used antibiotics on the orders of a doctor, which is a
very correct attitude of a patient. Unfortunately,
10.3% of respondents admitted that they applied
self-medication with an antibiotic, which is highly
incorrect, even a wrong-doing practice by a patient.
The patients who independently apply antibiotics
when answering from where they had obtained it,

mentioned a previous medication, which may indi-
cate the lack of observance of a doctorís orders.
Unfortunately, taking an antibiotic until the moment
of improvement of the state of health and not by the
end of the therapy is a relatively common problem.
The patients do not realize the fact that an improve-
ment in the state of health does not mean the elimi-
nation of all the pathogenic bacteria, hence, some
strains are left in the body which, in the course of
time, become resistant to an individual antibiotic
and develop drug-resistance. Such a practice by a
patient is wrong. As many as 8.2% of respondents
obtained an antibiotic from a pharmacy which indi-
cates an inappropriate role of a pharmacist during
antibiotic therapy. The facilitation of access by a
patient to an antibiotic over the counter is not a cor-
rect procedure by a pharmacist, because it con-
tributes to a decrease in the effectiveness of antibi-
otic therapy (10)

The question deserves attention concerning the
problem of seeking by patients of natural methods of
medication to avoid antibiotics. It was found that
76.3% admitted that they always apply home meth-
ods of treatment before they reach for an antibiotic.
This patient approach is correct, because in some
ways it allows the organism to defend itself against
a disease in a natural way. However, 15.3% of
respondents considered that an antibiotic is a proven
method of treatment and do not seek for other meth-
ods, whereas 7.7% of them mentioned that they feel
safe when taking an antibiotic because they know
that such a drug will certainly help them. In the two
above-mentioned groups of replies, the attitude of
patients indicates that they do not look for the meth-
ods of treatment other than by an antibiotic; they
stick to antibiotic therapy, which is not always the
right attitude. Respondents aged over 60 (0.7%)
reported that they do not use antibiotics because

Table 8. Use of natural methods. (the respondents could answer many descriptions)

Number and Number and 
Patientsí percentage of percentage of Total number and 

responses  responses provided by responses provided by percentage of responses
rural inhabitants urban inhabitants

n = 406 % n = 203 % n = 609 %

I do not apply 79 19.5 42 20.7 121 59.6

Herb teas 269 66.3 126 62.1 395 194.6

Suction cups 254 62.6 105 51.7 359 176.8

Garlic, onion 288 70.9 134 66.0 422 207.9

Milk with honey 275 67.7 126 62.1 401 197.5

Other 66 16.3 31 15.3 97 47.8  
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they prefer natural agents. This probably suggests a
high acquired immunity of an organism. These
patients were asked what they took more often dur-
ing an infection, and 77% of them replied that they
used an agent of natural origin, which indicates the
fact of using various natural ways of medication and
a high awareness of patients that an antibiotic is not
a ìwonder remedyî in all cases. Nevertheless, 23%
of respondents reported that they often take an
antibiotic during an infection, and the majority of
these respondents were aged 18-30 years (80%).
These patients emphasized the specific character of
their occupational activity and lack of time for being
ill, and in this way justified the decision about tak-
ing a potent drug. 

Our survey results in Poland, confirm prior
study in 11 European countries. This results indicate
that, while the inappropriate attitudes and knowledge
in the other domains are clustered in a few countries,
lack of awareness of antibiotic resistance and adverse
effects is a problem in all the participating European
countries. This is an indication that most people in
these countries still do not realize enough that exces-
sive use of antibiotics is associated with serious risks
affecting individuals as well as the ecosystem as a
whole. Continuous efforts are needed to reduce these
misconceptions (11). The high level of trust in
restrictive prescribing as well as the awareness of
antibiotic resistance expressed by the Swedish public
should be utilized for education of Poles (12).

CONCLUSION

The presented studies allow the drawing of the
following conclusions:

Patient knowledge concerning the action of an
antibiotic was good. They correctly emphasized the
properties and effect of an antibiotic, being aware
that this is a drug of chemical origin, with mainly
antibacterial and antifungal effect. They considered
an antibiotic as an emergency exit, when home
methods do not work, which should be applied when
everything else fails. This is a correct attitude by the
respondents, which evidences their good sense with
respect to antibiotic therapy. 

The respondents also had a good knowledge of
drugs of natural origin. Patients often associate this
term with agents on the basis of herbs or plants,
without harmful substances, and often describe such
medications as home methods of treatment. The
majority of patients admitted that they always
applied natural home medication without the use of
an antibiotic. Such an attitude indicates the fact of a
rational use of antibiotic therapy. The majority of

patients, in the first instance, chose drugs straight
from nature and bore in mind that the overuse of
antibiotics may have far-reaching consequences. 

In the presented study, in a small percentage of
patients, an overuse of antibiotics was observed.
Very frequently this concerned young people, har-
ried and overworked, who admitted that they have
no time to be ill, and even in the case of a slight
infection they chose an antibiotic, which is evidence
that they considered it as a preventive measure.
Analysis of the experimental data showed that the
second reason for antibiotic overuse is considering it
as an agent increasing immunity.

In the case of antibiotic therapy, the problem of
self-medication was due, among other things, to lack
of patientsí discipline through the use of them with-
out consulting a physician. The respondents report-
ed that they had an antibiotic left over from a previ-
ous therapy, from a pharmacy, family or acquain-
tances. 

Acknowledgment

We would like to express our gratitude to
Stanis≥awa Byú for making research in the medical
practice.

REFERENCES

1. Dzierøanowska D., Dzierøanowska-Fangrat K.:
Guide of antibiotic therapy (Polish). Publisher
Augustana, Bielsko-Bia≥a 2010. 

2. Kostowski W., Herman Z.: Pharmacology. The
base of pharmacotherapy (Polish). Vol. 2,
PZWL, Warszawa 2010. 

3. WoroÒ J.: Antibiotic therapy: effectiveness and
safety (Polish). Online: http://www.pulsmedy-
cyny.com.pl, access: 17. 02. 2011. 

4. £agocka I., Maciejczyk A.: Pharmacovigilance
(Polish). OINPHARMA, Warszawa 2008. 

5. Great Medical Dictionary. Polish Academy of
Sciences, Department of Medical Sciences
(Polish). p. 52, PZWL, Warszawa, 1996. 

6. Jakubiak L.: Let's make this orderliness
(Polish). The Health Market, 1 (42), (2009). 

7. Lambert H.P., O'Grady F.W.: Antibiotics and
chemotherapy (Polish translation). p. 325,
Medical Publisher, Warszawa 1994.

8. Rutter P. Community Pharmacy. Symptoms,
diagnosis and treatment (Polish).
Urban&Partner, Wroc≥aw 2006.

9. BudziÒska-Kotarska J.: The principles of antibi-
otic therapy (Polish). Online: http://nazdrowie.
pl, access: 20. 04. 2011. 



Knowledge, attitude and perception regarding antibiotics... 817

10. Kardas P.: The rational antibiotic therapy
(Polish). Online: http://nazdrowie.pl, access:
20. 04. 2012. 

11. Grigoryan L., Burgerhof J.G.M., Degener J.E.
Deschepper F., Lundborg C.S. et al.:
Pharmacoepidemio. Drug Saf. 16, 1234 (2007).

12. Andre M., Vernby A., Berg J., Lundborg C.S.:
J. Antimicrob. Chemother. 65, 1292 (2010). 

Received: 24. 04. 2014



818 Erratum

In the paper: ìBIOASSAY-GUIDED FRACTIONATION AND ANTIHYPERTENSIVE PROPERTIES OF
FRACTIONS AND CRUDE EXTRACTS OF PERISTROPHE BICALYCULATA (RETZ) NEESî vol. 72,
no. 2, p. 319, the correct authorship affiliations should read:

MANSURAH A. ABDULAZEEZ 1, SANI IBRAHIM2, DANLADI A. AMEH2, JOSEPH O. AYO3, 
LUIZ J.C.B. CARVALHO4, JIRADEJ MANOSROI 5 and ABDULRAZAK B. IBRAHIM2,6,7

1 Center for Biotechnology Research, Bayero University, Kano State, Nigeria
2Department of Biochemistry, Faculty of Sciences, Ahmadu Bello University, Zaria, Kaduna State, Nigeria

3Department of Physiology, Faculty of Veterinary Medicine, Ahmadu Bello University, 
Zaria, Kaduna State, Nigeria

4Laboratory of Biochemistry and Biophysics, EMBRAPA Genetic Resources and Biotechnology, 
Brasilia, DF, Brazil

5Natural Product Research and Development Centre, Faculty of Pharmacy, Chiang Mai University, 
Chiang Mai, Thailand

6Laboratory of Genetic Engineering for Tropical Agriculture, 
EMBRAPA Genetic Resources and Biotechnology, Brasilia, DF, Brazil

7Department of Cell Biology, University of Brasilia, Brasilia, DF, Brazil

In the paper: "RELEASE AND MUCOADHESION PROPERTIES OF DICLOFENAC MATRIX TABLETS
FROM NATURAL AND SYNTHETIC POLYMER BLENDS" by MICHAEL A. ODENIYI, NASIR H.
KHAN and KOK K. PEH vol. 72 No. 3 p. 559, in the Keywords, instead of "ducoadhesion matrix" should be
"mucoadhesion matrix".



Submission of the manuscript

All papers (in duplicate and electronic version) should be submitted
directly to Editor:

Editor 
Acta Poloniae Pharmaceutica ñ
Drug Research
16 D≥uga St.
00-238 Warsaw
Poland

We understand that submitted papers are original and not published
elsewhere.

Authors submitting a manuscript do so on the understanding
that if it is accepted for publication, copyright of the article shall be
assigned exclusively to the Publisher.

Scope of the Journal

Acta Poloniae Pharmaceutica - Drug Research publishes papers in all
areas of research. Submitted original articles are published in the fol-
lowing sections: Reviews, Analysis, Biopharmacy, Drug Biochemistry,
Drug Synthesis, Natural Drugs, Pharmaceutical Technology, Pharmacology,
Immunopharmacology, General. Any paper that stimulates progress in
drug research is welcomed. Both, Regular Articles as well as Short
Communications and Letters to the Editor are accepted.

Preparation of the manuscript

Articles should be written in English, double-spaced. Full name (first,
middle initial, last) and address of authors should follow the title writ-
ten in CAPITAL LETTERS. The abstract should be followed by key-
words. We suggest the following structure of paper: l) introduction, 2)
experimental, 3) results, 4) discussion and conclusion. 

Instructions for citation of references in the e-journal:

1. In the text, sequential numbers of citations should be in order of
appearance (not alphabetically) in parentheses (...) not in brackets
[Ö].
2. In the list of references, for papers the correct order is: number of
reference with dot, family name and initial(s) of author(s), colon,
proper abbreviation(s) for journal (Pubmed, Web of Science, no dot
neither coma after one word journal name), number of volume, num-
ber of issue (if necessary) in parantheses. first page or number of the
paper, year of publication (in parentheses), dot. For books: number
of reference with dot, family name and initial(s) of author(s), colon,
title of chapter and/or book names and initials of editors (if any), edi-
tion number, page(s) of corresponding information (if necessary),
publisher name, place and year of publication.

EXAMPLES:

1. Gadzikowska M., Grynkiewicz G.: Acta Pol. Pharm. Drug Res.
59, 149 (2002).

2. Gilbert A.M., Stack G.P., Nilakantan R., Kodah J., Tran M. et
al.: Bioorg. Med. Chem. Lett. 14, 515 (2004).

3. Roberts S.M.: Molecular Recognition: Chemical and
Biochemical Problems, Royal Society of Chemistry, Cambridge
1989.

4. Salem I.I.: Clarithromycin, in Analytical Profiles of Drug
Substances And Excipients. Brittain H.G. Ed., pp. 45-85,
Academic Press, San Diego 1996.

5. Homan R.W., Rosenberg H.C.: The Treatment of Epilepsy,
Principles and Practices. p. 932 , Lea & Febiger, Philadelphia
1993.

6. Balderssarini R.J.: in The Pharmacological Basis of
Therapeutics, 8th edn., Goodman L., Gilman A., Rall T.W., Nies
A.S., Taylor P. Eds., Vol 1, p. 383, Pergamon Press, Maxwell
Macmillan Publishing Corporation, New York 1985.

7. International Conference on Harmonization Guidelines,
Validation of analytical procedures, Proceeding of the
International Conference on Harmonisation (ICH), Commission
of the European Communities, Geneva 1996.

8. http://www.nhlbi.nih.gov/health/health-topics/topics/ms/
(accessed on 03. 10. 2012).

Chemical nomenclature should follow the rules established by
the International Union of Pure and Applied Chemistry, the
International Union of Biochemistry and Chemical Abstracts Service.
Chemical names of drugs are preferred. If generic name is employed,
its chemical name or structural formula should be given at point of first
citation.

Articles should be written in the Past Tense and Impersonal
style. I, we, me, us etc. are to be avoided, except in the Acknow-
ledgment section.

Editor reserves the right to make any necessary corrections to a
paper prior to publication.

Tables, illustrations

Each table, figure or scheme should be on a separate page
together with the relevant legend and any explanatory notes. Tables
ideally should not have more than 70, and certainly not more than 140,
characters to the line (counting spaces between columns 4 characters)
unless absolutely unavoidable.

Good quality line drawings using black ink on plain A4 paper
or A4 tracing paper should be submitted with all lettering etc., includ-
ed. Good black and white photographs are also acceptable. Captions for
illustrations should be collected together and presented on a separate
sheet.

All tables and illustrations should be specially referred to in the
text.

Short Communications and Letters to the Editor

The same general rules apply like for regular articles, except
that an abstract is not required, and the number of figures and/or tables
should not be more that two in total.

The Editors reserve the right to publish (upon agreement of
Author(s) as a Short Communication a paper originally submitted as a
full-length research paper.

Preparation of the electronic manuscript

We encourage the use of Microsoft Word, however we
will accept manuscripts prepared with other software. Compact Disc -
Recordable are preferred. Write following information on the disk
label: name the application software, and the version number used
(e.g., Microsoft Word 2007) and specify what type of computer was
used (either IBM compatible PC or Apple MacIntosh).

Fee for papers accepted for publication

Since January 2013 there is a publication fee for papers accepted for
publication in Acta Poloniae Pharmaceutica Drug Research.
The fee - 1000 PLN, should be paid before publication on the bank
account: 
Polish Pharmaceutical Society, D≥uga 16, 00-238 Warszawa
Millennium S.A. account no. 29 1160 2202 0000 0000 2770 0281
with a note Ñpublication in Acta Pol. Pharm. Drug Res., paper no.
ÖÖ.. 

For foreign authors the payment (250 �) should be done according to
the data:
1. SWIFT Address: BANK MILLENNIUM SA, 02-593 WARSZA-

WA, POLAND, STANIS£AWA ØARYNA 2A St.
2. SWIFT CODE: BIGBPLPWXXX
3. Beneficiary account Number: PL 30 1160 2202 0000 0000 2777

0200 
4. Bank Name: BANK MILLENNIUM SA
5. Favoring: POLSKIE TOWARZYSTWO FARMACEUTYCZNE

(Polish Pharmaceutical Society), D£UGA 16, 00-238 WAR-
SZAWA, Poland, NIP 526-025-19-54 

6. Purpose of sending money: Publication in Acta Pol. Pharm. Drug
Res., paper no. Ö..

For payments by Western Union, the name of recipient is Katarzyna
Trembulak at the address of Polish Pharmaceutical Society (see above).

Instruction for Authors





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>






    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /POL <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [1360.630 935.433]
>> setpagedevice




