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2 Department of Biochemistry, Institute of Soil Science and Plant Cultivation, State Research Institute,
Czartoryskich 8, 24-100 Puławy, Poland

Correspondence should be addressed to Łukasz Cieśla, lukecarpenter@poczta.onet.pl
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Biological chromatographic fingerprinting is a relatively new concept in the quality control of herbal samples. Originally it has
been developed with the application of HPLC, and recently herbal samples’ biological profiles have been obtained by means of
thin-layer chromatography (TLC). This paper summarizes the application of liquid chromatographic techniques for the purpose
of biological fingerprint analysis (BFA) of complex herbal samples. In case of biological TLC fingerprint, which is a relatively novel
solution, perspectives of its further development are outlined in more detail. Apart from already published data, some novel results
are also shown and briefly discussed. The paper aims at drawing scientists’ attention to the unique solutions offered by biological
fingerprint construction.

1. Introduction

Fingerprint construction has become an important quality
control tool of herbal samples in the light of constantly
growing interest in natural origin medicines. Fingerprint
analysis has been accepted by WHO as a methodology for
the quality control of herbal samples [1, 2]. It is applied to
identify closely related plant species, to detect adulterations,
to control the extraction process or to study the quality
of a finished product. Herbal sample fingerprint can be
defined as a set of characteristic chromatographic or spec-
troscopic signals, whose comparison leads to an unambigu-
ous sample recognition. Several chromatographic methods
have been applied for fingerprint construction, namely,
high-performance liquid chromatography (HPLC), thin-
layer chromatography (TLC), gas chromatography (GC),
or high-speed counter current chromatography (HSCCC).
However, it is difficult to indicate with 100% certainty
which signals (peaks, bands, etc.) should be present in
the obtained fingerprint to confirm sample identity. For
that purpose the analyzed sample can be compared with
a defined Botanical Reference Material (BRM) or a set of
standard compounds. Defining and obtaining BRM for every

plant species is a difficult task, therefore, new solutions
are sought for fingerprint comparison. More recently a
concept of multiple fingerprints construction and multi-
dimensional fingerprinting have gained much attention,
as large amount of chromatographic and/or spectroscopic
signals enable more comprehensive data analysis [3]. Mul-
tiple chromatographic fingerprint consists of more than
one chromatographic profile [3], while in multidimensional
fingerprinting hyphenated detectors are used (e.g., DAD
and MS) that both record eluting compounds [1]. Usually
the set of obtained data is further processed by means of
similarity measure or chemometrics approach (e.g., principal
component analysis, hierarchical clustering, multivariate
calibration, etc.) [1, 3]. In case of multiple fingerprints, a data
fusion-based method is proposed [3]. It is also a common
approach to construct the reference/standard fingerprints
that are further used for data comparison. The similarity of a
tested sample’s fingerprint and a reference chromatographic
profile is performed usually using the correlation coefficient
measure [3].

As far as herbal medicines are considered their biological
activity is an important issue. However, traditional chro-
matographic fingerprint analysis provides the researchers
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only with qualitative and quantitative information. A crit-
ical issue is the fact, that compounds present in low
concentration may exert more potent biological activity
than those present in greater amounts. It is, therefore,
important to introduce screening of the biological activity
into the chromatographic fingerprint analysis. To screen the
natural samples for the presence of most active compounds
biological fingerprinting analysis has been introduced. It was
originally developed with the use of high-performance liquid
chromatography. Apart from qualitative and quantitative
data, it gives also the possibility to fish out the active
compounds from a myriad of compounds present in herbal
samples. HPLC biological fingerprinting techniques have
been well reviewed by Su et al. [4] and Yu et al. [5].

2. Biological Fingerprinting by Means of HPLC

The concept of biological fingerprinting has been first
developed for the purposes of the quality control of com-
plex traditional Chinese medicines [4]. By analogy with
the definition of traditional chromatographic fingerprint,
biological fingerprint (biofingerprint) can be defined as a
set of chromatographic and/or spectroscopic signals that
enable the identification of the active compounds present
in a complex herbal sample. Biological fingerprints have
been also coupled with traditional chromatographic profiles
(binary fingerprints) for obtaining more comprehensive
information on the complex sample. However, the main
goal of biofingerprint construction is to pinpoint individual
active compounds present in a complex matrix, that can,
for example, constitute good candidates for potential drugs.
Biofingerprint analysis can also be used to simulate and
evaluate the actions of active compounds in vivo (e.g.,
interaction with cell membranes, receptors, enzymes, serum
proteins, etc.) [6]. Therefore, biofingerprints combine the
data obtained in traditional chromatographic fingerprint
(qualitative and quantitative) with biological activity. The
majority of biofingerprints have been obtained basing
on small molecule-biomacromolecule interactions [4]. The
compounds present in herbal formulations were checked for
their possible interactions with DNA, serum proteins, liver
homogenate, or liposomes [4]. Usually RP-HPLC column
has been coupled with a column containing immobilized
proteins or other macromolecules (affinity chromatogra-
phy). The most popular techniques have been those using
DNA, as it is a molecular target of many drugs, for exam-
ple, anticancer, antiviral, or antibacterial [4]. To construct
biological profiles, two different approaches have been used:
affinity chromatography with immobilization of DNA onto
silica gel [7] and microdialysis after the interaction with
DNA [8]. In the former case, the authors used immobilized
DNA column with silica monolithic ODS column. With the
application of such chromatographic conditions, the authors
constructed binary fingerprints for Coptis chinensis Franch
and Rheum palmatum (see Figure 1). The major drawback
of such solution is the column efficiency decrease due to
DNA degradation; therefore, the column should be stored
at 4◦C [7]. In case of the method with microdialysis step,
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Figure 1: Binary chromatographic fingerprint obtained for Rheum
palmatum L. For experimental details, see publication by Su et al.
[7] (originally published in [7]).

the authors compared chromatographic profiles obtained
before and after the interaction with DNA [8]. Apart from
data multiplication, which eases the comparative studies,
DNA-binding fingerprint gives an opportunity to indicate
compounds with a potential to be used as DNA-target drugs.
Biofingerprinting chromatogram analysis constitutes also an
alternative for a conventional procedure for discovery of
bioactive compounds present in complex samples.

Apart from DNA-interaction profiles, biological finger-
prints have been developed with the use of human serum
albumin (HSA) immobilized on a surface of a column
packing [9]. This protein is one of the most important
drug-binding macromolecules in human plasma. Wang et
al. applied silica-bonded human serum albumin column in
the first direction and monolithic ODS column in the second
one to screen traditional Chinese medicine prescription con-
sisting of ten medicinal materials [9]. The authors underline
the importance of applying HSA-immobilized column in
the first dimension, because ODS as second-dimensional
column is characterized with greater peak capacity and it
is better suited for MS detection [9]. With the application
of this multidimensional liquid chromatography system, 100
compounds interacting with HSA were separated and 19
of them identified (see Figure 2). The use of monolithic
column, characterized with high permeability and excel-
lent mass-transfer properties, enabled fast separation. The
authors underline the need for coupling biochromatography
fingerprints with traditional chromatographic profiles (2D
system), as in the case of the former ones, low column
efficiency and peak capacity limit its application as single
fingerprint technique. 2D biochromatography was found
to be advantageous for biological fingerprint analysis of
complex samples, for example, traditional Chinese medicines
[9].

The microdialysis step coupled with HPLC has been also
used to screen the interaction of herbal samples’ components
with human plasma proteins [10] and cells [6]. One of the
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Figure 2: Binary chromatographic fingerprint obtained for Long-
dan Xiegan Decoction (originally published in [9]).

advantages of the proposed solutions is the possibility of
direct sample’s injection into the HPLC system after the
microdialysis [10]. In case of analyte-protein interactions,
the authors studied the binding degree of Rhizoma Chuanx-
iong components to human serum albumin (HSA) and other
human blood serum proteins [10]. It was shown that the
binding degree of the analytes was influenced by pH, what
has been explained as the result of the changing ionization
degree of the active herbal compounds and changes in the
structure of the HSA binding site. The importance of biolog-
ical fingerprinting based on analyte-blood protein interac-
tions is also explained, as molecules with lower and higher
binding degrees would not be probably active after oral
administration [10]. In case of the other paper, mentioned
in this paragraph, biological fingerprinting analysis was used
to reveal the character of anticancer activities of bioactive
compounds in Cortex Pseudolarix and Radix Stephaniae [6].
The compounds that interacted with drug sensitive human
breast cancer MCF-7 cells and multidrug-resistant MCF-
7/ADR cells were confined in the semipermeable membrane.
The peaks’ areas of bioactive compounds decreased when
compared with chromatographic fingerprints obtained for
the non-microdialised samples. The authors report on the
possibility of obtaining false-positive results; however, a
solution for excluding such results is also proposed [6]. It is
also indicated that low recoveries of some compounds can be
a limitation of microdialysis that is performed prior to HPLC
analysis. The construction of biological fingerprints, basing
on analyte-cancer cells interactions, can be a valuable tool
to identify the potential anticancer drugs in complex natural
samples [6].

Biological profile of a herbal sample can also be obtained
with the application of immobilized liposome chromatog-
raphy (ILC), as originally reported by Mao et al. [11].
ILC can also be a valuable tool to study drug-membrane
interactions. With the application of this technique, it is
possible to identify compounds that can penetrate through

biological membranes, as immobilized liposomes resemble
the bilayer structure of phospholipid cellular membrane.
Using this technique, the authors have tested Angelica sinensis
sample to evaluate the permeability of its compounds. Due
to a complexity of drug-biological membrane interactions in
ILC (combination of hydrophobic, ion pairing and hydrogen
bonding) it is assumed to be a better model for compounds’
permeability testing when compared with models based on
interactions with ODS column surface [11]. Limitations con-
cerning the use of some organic solvents and mobile phase
additives, which may cause liposome bilayer destruction, are
the major drawbacks of ILC. As the ILC could not be directly
coupled with MS, a complementary RP-HPLC method was
developed to identify the permeable compounds. Coupling
ILC column with RP column has also been reported for
the screening of a complex traditional Chinese medicine,
Longdan Xiegan Decoction (see Figure 3) [12]. The authors
identified eight flavonoids and two iridoids that could pen-
etrate biomembranes, basing on their interactions with ILC
column. As concluded by the authors, this two-dimensional
system shows high suitability for biological fingerprinting
analysis of complex natural samples. Reports on the use of
cell membranes immobilized on chromatographic columns’
packing and on their application for biological fingerprinting
have also been published [4].

An interesting approach for biological fingerprint anal-
ysis has been proposed by Zhang et al., who reported on
the coupling of chromatographic and metabolic fingerprint
for the quality control of popular traditional Chinese
prescription [13]. The chromatographic profile was obtained
with the application of HPLC-UV equipment. The metabolic
HPLC fingerprint was obtained after intravenous injection
of the analyzed formulation in rats. After proper preparation
steps, plasma samples were analyzed by means of HPLC-UV
and HPLC-MS. The authors concluded that combination of
chemical and metabolic fingerprints is a useful tool for the
quality control and revealing possible mechanism of action
of herbal samples [13]. The idea of metabolic fingerprint
can be based on the concept that herbal-active compounds
should be present in blood (but also in urine) after its
administration [8].

Another group of biofingerprinting techniques are
focused on combining traditional chromatographic finger-
print with an antioxidant profile of a sample. In this case, the
sample undergoes separation only on one column; however,
the separated compounds are derivatized postcolumn to
check their possible antioxidant potential [14]. There are
three main categories of antioxidant activity assays, namely,
(1) tests that use true reactive oxygen species, (2) assays
involving a relatively stable single oxidizing regents, and (3)
methods applying electrochemical detection. Coupling high
resolution screening techniques (HRS) with (bio)chemical
detection has been reviewed by Niederländer et al. [14].
Antioxidant biofingerprinting interactions between com-
pounds and applied derivatizing agents are of chemical
rather than biological nature. Therefore, a question arises
whether such fingerprints should also be termed “biological”.
Due to the fact that antioxidant mechanism of natural
compounds in vivo seems to be analogical with that observed
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Figure 3: 3D chromatogram for Longdan Xiegan Decoction
obtained by coupling immobilized liposome chromatography col-
umn in the first direction and ODS column in the second one
(originally published in [12]).

in vitro (e.g., electron or hydrogen transfer to a radical [15]),
these methods have also been classified, for the needs of this
paper, as belonging to biological fingerprints.

Chang et al. reported on the coupling high-performance
liquid chromatography with chemiluminescence detection
for antioxidant activity fingerprint construction of Danshen
injections (see Figure 4) [16]. Phenolic compounds able
to scavenge hydrogen peroxide produced negative peaks in
antioxidant-activity fingerprint.

Antioxidant activity fingerprint has been proposed for
this preparation, as its protective effect on reperfusion
injuries has been linked with antioxidant properties. A data
fusion-based method, which combined information encoded
both in antioxidant and chemical fingerprints, was applied
to evaluate the investigated samples. Significant difference
was observed between chromatographic profiles and activity
fingerprints. Such results indicate the need to revise the
common belief, that samples with similar chromatographic
(chemical) profiles likely have similar properties. The authors
concluded that quality control of complex herbal sam-
ples, by means of simultaneous construction of chemical
and biological fingerprints, is more comprehensive when
compared with traditional approach. A predominance of
antioxidant-activity-integrated fingerprint over traditional
chromatographic profiles has been proved for the quality
control of Danshen samples.

HPLC online assays for antioxidants have been often
performed with the use of postcolumn derivatization with
relatively stable free radicals DPPH• or ABTS•+. With the use
of this technique, two profiles are always obtained: chemical
(termed also “normal”) with positive peaks and antioxidant
profile with “negative” peaks [17]. Several solutions for the
screening of complex natural samples have been proposed.
They have been recently reviewed by Niederländer et al. [14]
and van Beek et al. [17].

Antioxidant activity of a sample can also be predicted
from its chromatographic fingerprint with the use of mul-
tivariate calibration techniques, what has been proved in a
series of papers [18–23]. The authors have shown that com-
bining the information from chromatographic fingerprints
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Figure 4: Comparison of chromatographic and antioxidant activity
fingerprints of Danshen injection (originally published in [16]).

with the results obtained in spectrophotometric antioxidant
assay allows good quality control of herbal samples.

There have been also trials to introduce methods aimed
at identification of inhibitors of selected enzymes by means
of RP-HPLC. However, their major drawbacks include:
relatively large amount of enzymes needed, long reaction
time as well as the unsuitability of the majority of organic
solvents, used as mobile phase components, for studying
analyte-enzyme interactions [17]. Further optimization steps
are required to adjust these methods for routine laboratory
use.

3. Biological Fingerprinting by Means of TLC

Thin-layer chromatography is considered to be an ideal
method for fingerprint construction of herbal samples [24].
The advantages of this technique are well known and have
been characterized in numerous publications. However, only
a few research groups, working in the field of phytochemical
analysis, are aware of its potential for biological detection.
The concept of biological fingerprint development in TLC
has been introduced by Cieśla et al. [25], who constructed
a so-called “binary chromatographic fingerprint” combining
chemical and biological detection systems. In the former
case, the plates were sprayed with the use of vanillin
reagent, while in the case of biological fingerprint methanolic
solution of a stable free radical, DPPH•, was applied
(see Figure 5). Apart from videsocans, documented for
fingerprint comparison, real chromatograms were obtained
by means of freely available image processing program—
ImageJ. The application of this software gives the possibility
to process the fingerprints, documented in the form of
videoscans without the need to use densitometers. In fact,
the application of densitometers is a difficult task in case of
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Figure 5: Comparison of chemical and free radical scavenging TLC fingerprints obtained with use of ImageJ program, for the extracts
prepared from two Salvia species: (a) S. lavandulaefolia and (b) S. atropatana. Symbols’ meaning: C:caffeic acid, Ga: gallic acid, R: rosmarinic
acid (originally published in [25]).

the results, that are changing in time, as the one obtained
with DPPH• as derivatizing agent [26]. With the application
of the technique, four Salvia species were characterized as a
rich source of free radical scavengers, active in vitro, namely,
S. officinalis, S. triloba, S. canariensis, and S. lavandulaefolia
[25]. The comparison of both chemical and free radical
scavenging fingerprints led to a conclusion, that S. triloba
can be further investigated as a possible equivalent of the
pharmacopoeial S. officinalis. The authors underline also
that coupling chemical and biological fingerprint enables
more comprehensive investigation of the analyzed samples,
as some features barely seen in chemical profile may be more
distinct in the biological one.

The analogous procedure has been applied for the quality
control of pharmaceutical preparations containing Salvia
officinalis extract [27]. Both chemical and biological chro-
matographic fingerprints of properly processed chromato-
graphic formulations were compared with chromatographic
profiles obtained for a botanical reference material (BRM).
It was concluded that the proposed technique may be
successfully applied for the comprehensive quality control of
the finished products containing sage extract.

The idea of binary chromatographic fingerprint con-
struction by means of thin-layer chromatography is not a
new one, as it had been already described by Chen et al. [28].
However, the concept of binary chromatographic finger-
prints in the aforementioned papers is somewhat different.
In case of the paper by Chen et al., the term “binary” relates
to fingerprints obtained separately for glycoside and aglycone
fractions, which are bounded by a peak that appears in both
profiles. In the paper by Cieśla et al., the focus is on joining
the biological and chemical chromatographic fingerprints
in order to obtain more information needed for species
differentiation and identification of bioactive compounds.

Effect directed analysis, aimed at the isolation of
compounds characterized with desired activity, has been
the primary application for biological detection in TLC.
However, as already shown, it can also be used for the
purposes of the quality control of different herbal samples.
The potential of thin-layer chromatography for performing
simple benchtop bioassays has been recently reviewed, and
perspectives of its further development were outlined by
several authors [29–31]. Apart from the aforementioned
application of TLC for assessing free radical activity, it
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Figure 6: Comparison of (a) chemical and (b) biological profiles (AchE inhibitory activity) obtained for selected Lamiaceae plant samples.
In case of chemical detection the plate was sprayed with 20% methanolic solution of sulfuric acid; in case of biological profile, the plate was
derivatized according to diazotization method [30]. Symbols’ meaning: 1: Thymus vulgaris essential oil, 2: Rosmarinus officinalis essential oil,
3: Mentha piperita essential oil, 4: Lavandula officinalis essential oil, 5: Salvia officinalis (ethanolic tincture), and 6: Melissa officinalis essential
oil [34].

can also be used to screen the natural samples for the
presence of the inhibitors of selected enzymes or to detect
compounds with antibacterial or antifungal properties [29–
31]. Due to the large number of people suffering from
neurodegenerative ailments (e.g., Alzheimer’s or Parkinson’s
disease) and limited amount of approved drugs, there is a
growing need for finding new medicines. Screening natural
samples for the presence of acetylcholinesterase (AChE)
inhibitors, by means of simple TLC benchtop bioassays,
has recently become very popular among scientists, whose
researches are focused on the discovery of new potential
drugs to treat Alzheimer’s disease. New solutions, for better
TLC tests’ performance, are still being sought and published
[32]. The recent results obtained at the Department of
Inorganic Chemistry have shown, it is possible to apply
low-temperature TLC for screening volatile samples for the
presence of AChE inhibitors [33]. An example of using TLC-
AChE inhibitory test for selected volatile samples has been
shown in Figure 6. Low-temperature TLC bioassays can be a
method of choice for effect directed analysis and biological
fingerprint construction of volatiles. In case of essential oils,
the analytical method of choice is usually GC-MS; however,
the use of this technique excludes the possibility of applying
effect-directed analysis (detection of direct antioxidants or
AChE inhibitors). Thus it may be concluded that TLC
biological fingerprinting can be a valuable tool in case of
volatile samples, whose content is variable, which may result
in changes of its efficacy, when used for medical purposes.

Attention should be paid to rational use of thin-layer
chromatographic fingerprint analysis. TLC biofingerprints
should only be constructed in case when the analyzed extract
or formulation is intended to be used due to its properties

screened in the study. For example, there is no need to
perform AChE inhibitory tests for samples that will never
be used for treating dementia of Alzheimer’s type. Recently,
the abuse of different DPPH• (including TLC-DPPH• tests)
screening techniques can be observed. In many papers,
a direct link between the results of DPPH• studies and
pharmacological activity is claimed, which is not supported
by any scientific data. The easiness of TLC-DPPH• test
performance can be one of the reasons of its popularity.
The most common abuses of simple in vitro tests have been
described by Houghton et al. [35]. An important issue,
that should also be taken into account in case of biological
fingerprints, is false-positive results. They may appear for
example, due to interactions of analyzed compounds with
the active sites of the used adsorbents. Such interactions have
been observed while performing tests aimed at the detection
of acetylcholinesterase inhibitors or free radical scavengers in
plant extracts [33, 36, 37].

4. Perspectives of BFA Development

As it was already stated, the idea of biofingerprint is a
new concept in the analysis of multicomponent herbal
samples; therefore, its potential for further development
is great. In the future, HPLC-based biofingerprint analysis
can be extended to screen herbal samples for the presence
of bioactive compounds that can interact with particular
receptors. New solutions may also be proposed to overcome
the common problems encountered in studying analyte-
enzyme interactions. Novel detection techniques as well
as hyphenations may also be proposed to detect bioactive
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compounds present in plant extracts. Yu et al. describe the
potential of coupling BFA with omics technologies in the
discovery of bioactive compounds in traditional Chinese
medicines [5]. Thus BFA can be regarded as a powerful and
still developing tool in drug discovery.

In case of planar chromatography, special modes of chro-
matogram development (e.g., multidimensional and multi-
modal separations, two-dimensional TLC) can be combined
with chemical and biological detection for the purposes of
effect directed analysis (EDA) as well as fingerprint construc-
tion. This approach may be beneficial especially in the case of
very complex samples, for example, polyherbal formulations.
Special modes of chromatogram development have been well
described in the literature [38, 39] with examples of their
application for fingerprint construction [40, 41]. Supervised
and unsupervised chemometric analysis of two-dimensional
images has also been recently described that turned out to
be beneficial for recognizing the differences between closely
related plant species [42]. Apart from chemometric pretreat-
ment, a concept of an average fingerprint construction by
means of freely available program ImageJ (Wayne Rasband,
Natonal Institutes of Health, USA; http://rsbweb.nih.gov/ij/)
has also been proposed [43]. This idea has been introduced
to overcome the problem of the RF values shift encountered
in TLC. The average fingerprint is constructed with the
use of “Calculator” function of the ImageJ program. The
detailed description of the procedure can be found elsewhere
[43]. Planar chromatography is ideally suited for different
hyphenations, and even superhyphenations (hypernations)
[44]. Coupling low-temperature TLC with MS detection and
gas chromatography has recently been shown as suitable for
fingerprint construction of essential oils from different Salvia
species [45, 46]. All the aforementioned solutions may also
be further applied in biological fingerprint analysis. the first
report that describes the combination of two-dimensional
TLC with DPPH• staining, in the analysis of secondary plant
metabolites, has already been published [47]. The authors
show also an interesting way of data presentation with the
use of ImageJ program processing (Figure 7).

Coupling biological detection with fingerprint construc-
tion in TLC may in future even outperform some biological
fingerprint solutions offered by HPLC.

5. Conclusions

Biological detection in liquid chromatography gives an
opportunity to comprehensively analyze herbal samples.
Apart from greater amount of data, biofingerprints enable
screening plant samples for the presence of new active
compounds (effect-directed analysis). It is possible to dis-
tinguish the bioactive compounds from among the set of
chromatographic and spectroscopic signals. HPLC and TLC
can be regarded as complementary techniques, as some
biofingerprint solutions are easier to be realized by means
of HPLC, in other cases TLC may outperform HPLC.
For example, affinity chromatography (DNA-target analysis,
HSA binding, or liposome-binding chromatography) can
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Figure 7: Three dimensional plot obtained for a set of standard
compounds separated by means of two-dimensional thin-layer
chromatography. For symbols see the original publication [47].

be performed by means of HPLC. Construction of volatile
samples’ biofingerprints is possible to be realized by means of
low-temperature TLC. TLC-based screening techniques, for
potential plant-derived enzyme inhibitors still outperform
those based on HPLC separations. What is more libraries
of active compounds may be created with the use of liquid
chromatography biofingerprints. HPLC and TLC can be both
used in dereplication step, aimed at avoiding isolation of
compounds with proven activity. However, the real potential
of biological fingerprinting is yet to be explored.
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