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In spite of a continuous and considerable progress in the per-
formance of each chromatographic technique, separation,
identification, and quantification of complex mixtures still
remain a challenging analytical task. There are multiple
bottlenecks on the way to complete fulfillment of this task,
basically depending on the origin and the chemical nature
of a given mixture. With all pharmaceutical and herbal
mixtures—equally those of known and unknown origins—
a similar major problem consists in their largely unpre-
dictable composition. Among the most sensitive analytical
areas, chromatographic characterization of pharmaceutical
preparations and herbal materials ought to be named.

The quality control of pharmaceutical preparations poses
very strict demands not only on monitoring of active ingredi-
ents, but also of the excipients, and the impurities contained
therein. In recent years, the pharmaceutical markets world-
wide have been heavily invaded by counterfeit products, an
acute problem which in turn rises the necessity to develop
rapid yet reliable chromatographic procedures of distin-
guishing between the legal and the illegal products. A similar
problem exists with medicinal plants, which in recent years
started attracting the growing interest both from the side of
the learned medical circles and the patients. The complex and
unpredictable chemical composition of plant material and
the high costs of phytochemical standards virtually forced
analysts to look for simple chromatographic procedures
which might allow rapid comparison among the different

batches of a given plant. As plants are traded mostly in
a crumbled or granulated form, their botanical morphology
is largely destroyed, which in turn generates a possibility of
an easy falsification. This is one more serious reason to look
for rapid and reliable chromatographic procedures enabling
identification of botanical species.

The paper by H. Tanaka et al. describes application of an
advanced separation technique analogous to that known
from molecular biology as Western blotting and enabling
the detection of specific proteins in given samples of tissue
homogenates or extracts. The authors thoroughly describe
the modification to this technique, known as Eastern blotting
(basically used for the analysis of the carbohydrate epitopes),
to fingerprinting of solasodine glycosides and ginsenosides
contained in Solanum and Panax ginseng species, respec-
tively, that is, in traditional Chinese herbal medicines.

The paper by Ł. Cieśla in this special issue provides an up-
to-the-date overview of biological fingerprinting of herbal
samples by means of liquid chromatography (HPLC and
TLC). Biological fingerprinting is a relatively new concept
in the quality control of botanical material, offering unique
and very promising solutions which should draw even more
attention in the future. The basic principle of biological
fingerprinting consists in chromatographic highlighting of
the biological role of certain chromatographically separated
fractions or individual chemical species, in contrast with the
biologically irrelevant components of the same mixtures.
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The paper by Ł. Komsta also is a review paper, focusing
on the applications of chemometrics to fingerprinting in
TLC. Due to the fact that the TLC fingerprinting not
always is fully instrumented (i.e., it is not always based on
densitometric detection, but often limited to the videoscan
evidence alone), chemometric evaluation of the thin-layer
chromatographic fingerprints is less frequent than that of
the high-performance liquid chromatograms. The author of
this paper provides a complete overview of the literature
on applications of chemometrics to the thin-layer chro-
matographic fingerprints, emphasizing advantages of these
applications and also their technique-related specificity.

In the paper by Z. Hua-Bin et al., the readers are intro-
duced to the modern quality control methodology applied to
traditional Chinese medicines (TCMs) of herbal origin. This
quality control methodology has been elaborated mostly by
Chinese research teams and many papers reviewed in this
article have originally appeared in Chinese (which is an
evident advantage of the actually presented resume). The de-
scribed quality control methodology reaches from the simple
visual inspection and comparison of the different finger-
prints to more advanced approaches, such as clustering
analysis, principal component analysis (PCA), and similarity
analysis.

In the paper by C. A. Diagone et al., the authors employ
the classical HPLC fingerprinting approach with the UV and
PDA detection systems to the fingerprinting of the flavonoid
profiles derived from two plants well established in the
Brazilian folk medicine, that is, Maytenus aquifolium and
Maytenus ilicifolia. The obtained results are compared with
those originating from capillary zone electrophoresis (CZE)
and the advantages of the latter technique are highlighted.
A conclusion is drawn about the applicability of CZE in the
routine quality control of the two aforementioned Brazilian
phytopharmaceuticals.

The paper by J. Rzepa et al. handles the methodical
aspects of fingerprinting the volatile fraction of botanical
origin. As case study, it focuses on the composition of the
volatile fraction in winter savory (Satureja montana), an
important culinary herb widespread in the Mediterranean
zone and in the Balkans, and having a firm position in
the traditional European medicine of these regions. The
authors demonstrate the superiority of the fingerprinting
results originating from the headspace gas chromatography
with mass spectrometric detection (HS-GC/MS) over those
obtained using the recommended European and Polish
pharmacopoeial hydrodistillation techniques, followed by
GC/MS fingerprinting.

The paper by D. L. Chothani et al. focuses on the thin-
layer chromatographic fingerprinting, isolation, and quan-
tification of a marker compound contained in Ruellia tube-
rosa, the medicinal herb acknowledged by the traditional
Indian pharmacognosy. The most valuable features of this
study are that it offers an efficient thin-layer chromato-
graphic fingerprinting procedure (which is relatively less
common than the usage of the fully instrumented chromato-
graphic techniques), and the isolation, identification, and
quantification of the marker compound prior to its identi-
fication. The authors plan to carry out identification of this

marker compound in the forthcoming steps of their study,
again with a substantial contribution of planar chromatog-
raphy.

The paper by M. Sajewicz et al. furnishes a good practical
example of the application of chemometrics to fingerprinting
of the flavonoid fraction derived from the selected sage
(Salvia) species and analyzed by means of HPLC/DAD.
Chemometric purification of the chromatograms is pre-
sented as an inevitable pretreatment step, followed by group-
ing the purified chromatographic fingerprints by means of
PCA.

Teresa Kowalska
Hassan Y. Aboul-Enein

Yvan Vander Heyden
Irena Vovk

Monika Waksmundzka-Hajnos
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We succeeded in developing the fingerprint of natural product by eastern blotting using monoclonal antibodies. After developing
and separating them on a TLC plate, solasodine glycosides are oxidized by NaIO4 and reacted with a protein to give conjugates
which are recognized with anti-solamargine monoclonal antibody (MAb). Anti-solamargine MAb having wide cross-reactivity can
stain and detect all solasodine glycosides by fingerprint. Different sensitivity between solamargine and solasonine was observed.
The detection limit was 1.6 ng of solasonine. The hydrolysed products of solamargine were determined by fingerprint of eastern
blotting compared to their Rf values depending on the sugar number. Fingerprint by eastern blotting using anti-ginsenoside Rb1
MAb distinguished the formula containing ginseng prescribed in traditional Chinese medicine. By double-staining of ginsenosides
it is possible to suggest that the staining color shows the pharmacological activity, such as the purple bands indicate ginsenosides
having stimulation activity, and the blue color indicated compound like ginsenosides possessed the depression affect for the central
nervous system (CNS), respectively.

1. Introduction

In the recent rapid development of the molecular biosciences
and their biotechnological applications, immunoassay sys-
tems using monoclonal antibody (MAb) against drugs and
small molecular weight bioactive compounds have become
an important tool for studies on receptor binding analysis,
enzyme assay, and quantitative and/or qualitative analytical
techniques in animals or plants; owing to their specific
affinity. Previously we prepared various kinds of MAb against
natural products like forskolin [1], solamargine [2], crocin
[3], marihuana compound [4], opium alkaloids [5], ginseno-
sides [6, 7], berberine [8], sennosides [9], paeoniflorin [10],
glycyrrhizin [11, 12], ginkgolic acid [13], aconitine alkaloid
[14], baicalin [15], and so on, and developed individual
competitive enzyme-linked immunosorbent assay (ELISA)
as a high sensitive, specific, and simple methodology.

Western blotting is widely used as an immunostaining
technique to detect high-molecular compounds like peptides

and proteins based upon an antigen-antibody reaction. How-
ever, low-weight molecular compounds had not been previ-
ously analyzed by western blotting. We succeeded the blotted
staining of solasodine glycoside on PVDF membrane using
MAb after developed and separated solasodine glycosides
on TLC and called as new-western blotting [16]. From
this evidence, we applied this new methodology to licorice
glycoside, glycyrrhizin, and named it as eastern blotting
[12] following ginsenosides [17–19] and saikosaponin [20],
and so on. In this paper, we introduce the fingerprint of a
steroidal alkaloid glycoside, solasodine glycoside and ginseng
saponin, ginsenosides by eastern blotting using MAbs.

2. Materials and Methods

2.1. Preparation of Anti-Solamargine MAb. A hybridoma
producing MAb reactive to solamargine was obtained by
the general procedure in our laboratory and classified into
IgG2b which had k light chains [2]. The reactivity of
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IgG type MAb, SMG-BD9, was tested by varying antibody
concentration and by performing a dilution curve. The
antibody concentration was selected for competitive ELISA.
The MAb following competition was bound to polystyrene
microtiter plates precoated with solamargine HSA. Under
these conditions, the full measuring range of the assay
extended from 20 to 400 ng/mL [2].

Anti-ginsenoside Rb1 [6] and Rg1 [7] were also prepared
by the same ways in our laboratory.

2.2. Fingerprint by Eastern Blotting [16]. Solasodine glyco-
sides were developed on a TLC plate. The TLC plate was
covered with the PVDF membrane and blotted by short
heating. The blotted PVDF membrane was dipped in water
containing NaIO4 under stirring at room temperature for
1 hr. After washing with water, a carbonate buffer containing
BSA was added and stirred at room temperature for 3 hr. The
PVDF membrane was washed twice with phosphate buffer
for 5 min, and then washed with water. The PVDF membrane
was immersed in anti-solamargine MAb, stirred at room
temperature for 1 hr. After washing the PVDF membrane
twice with phosphate buffer and water, a 1000-fold dilution
of peroxidase-labeled goat anti-mouse IgG in phosphate
buffer (pH 7.2) was added and stirred at room temperature
for 1 hr. The PVDF membrane was washed twice with
phosphate buffer and water, then exposed to 4-choloro-1-
naphthol (1 mg/mL)—H2O2 (0.03%) in phosphate buffer
(pH 7.2), and eastern blotting was stopped by washing with
water. The immunostained PVDF membrane was allowed to
dry.

2.3. Hydrolysis of Solasodine Glycosides and Stained by H2SO4,
Dragendorff, and Eastern Blotting. Solamargine and solaso-
nine were hydrolyzed by using 1 M HCl and heated for 10, 20,
30, 60, and 90 minutes, respectively. The hydrolyzed products
were applied on three silica gel TLC plates. Developments
were made by using CHCl3/MeOH/NH4OH (7 : 2.5 : 1) as
mobile phase. Two plates were sprayed with H2SO4 and
Dragendorff reagent, respectively. But the third TLC plate
was transferred to a PVDF membrane by heating and stained
as indicated above.

3. Results and Discussion

3.1. Fingerprint of Solasodine Glycosides by Eastern Blotting.
The natural resources of adrenocortical hormones and sex
hormones, which are mainly obtained from diosgenin, are
becoming rare. The most important feature of solasodine is
that it can be converted to dehydropregnenolone. Solasodine
is found with a series of sugar residues attached to the oxygen
at the C-3 position. By far the most common forms are
the triglycosides, solamargine being predominant. Therefore,
the steroidal alkaloid glycosides of the solasodine type like
solamargine have become important as a starting material for
the production of steroidal hormones in the pharmaceutical
and medicinal areas. Rapid, simple, highly sensitive, and
reproducible assay systems are required for a large number
of plants, and a limited small amount of samples. In order
to select the strain of higher yielding steroidal alkaloid

Solamargine

Solasonine

0.8 1.6 8 40 200

(ng)

Figure 1: Fingerprint of solamargine and solasonine by eastern
blotting.

glycosides in the resources of Solanum species we prepared
an anti-solamargine MAb which was unique having a wide
cross-reactivity [2].

Clear blue spots appeared on PVDF membrane as shown
in Figure 1, the immunostains of solamargine and solasonine
were observed. Lane 1–5 demonstrated the concentrations of
both alkaloids, 0.8, 1.6, 8, 40, and 200 ng, respectively. Dif-
ferent sensitivities between solamargine and solasonine were
observed in individual concentrations, and the sensitivity of
solasonine was somewhat higher than that of solamargine.
The detection limit was 1.6 ng of solasonine. We succeeded
to separate the function of small molecule compounds such
as solasodine glycosides into a part of epitope and fixing on
the membrane [16]. When glycosides are treated by NaIO4,
the sugar part is cleaved to release an aldehyde group which
is prepared a Schiff base with protein and then fixed to PVDF
membrane. On the other hand, an epitope can be detected by
MAb as described in Figure 2.

In order to confirm the preparation of solamargine-BSA
conjugate on the PVDF membrane, the band corresponding
to the solamargine-BSA conjugate was assessed by MALDI
mass spectrometry. A broad peak [M+H]+ of solamargine-
BSA conjugate appeared at around m/z 69043 in MALDI
mass spectrometry demonstrating that at least 1-2 molecules
of solamargine had combined [6] (data not shown). There-
fore, it became clear that the sugar moiety which was con-
jugated with BSA is necessary in this staining system. More-
over, we confirmed the above evidence that solasodine gly-
coside-protein conjugate is necessary for the eastern blotting
because solasodine which has no sugar moiety in a molecule
cannot be stained by eastern blotting although solasodine
can be stained by H2SO4 and Dragendorff reagent (see
Figures 3(b) and 3(c)).

As an application of finger printing by newly established
eastern blotting, the hydrolysis pathway of solamargine was
surveyed by eastern blotting using anti-solamargine MAb.
Solamargine was hydrolyzed using 1 M HCl for 10, 20,
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1
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(1) Solasodine
(2) 3-O-β-D-glucopyranosyl solasodine
(3) L-rhamnosyl-(1-4)-O-3-β-D-glucopyranosyl solasodine (khasianine)
(4) L-rhamnosyl-(1-2)-O-3-β-D-glucopyranosyl solasodine
(5) Solamargine
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Hydrolyzed for minute

0 10 20 30 60 90

Hydrolyzed for minute

(a) (b) (c)

Figure 3: Fingerprint of solasodine glycosides by eastern blotting (a), Dragendorff reagent (b), and sulfuric acid (c).

30, 60, and 90 minutes, respectively. The hydrolyzed pro-
ducts were developed by three silica gel TLC plates using
CHCl3/MeOH/NH4OH solvent system. Two plates were
sprayed and colored with H2SO4 and Dragendorff reagent,
individually. One TLC plate was blotted to a PVDF mem-
brane and stained by eastern blotting. Clear blue spots ap-
peared as shown in Figure 3. Figure 3(a) shows the eastern
blotting of solasodine glycosides. Lanes 1–6 demonstrate
solamargine, 10, 20, 30, 60, and 90 minutes hydrolyzed prod-
ucts, individually, solasodine, 3-O-β-d-glucopyranosyl sola-
sodine, l-rhamnosyl-(1-4)-O-3-β-d-glucopyranosyl sola-
sodine, l-rhamnosyl-(1-2)-O-3-β-d-glucopyranosyl solaso-
dine, and solamargine, respectively. This fingerprinting phe-
nomenon agreed with the structural confirmation of sola-
sodine glycosides elucidated by 13C NMR [21]. When com-
pared with the sensitivity of fingerprinting regarding sola-
sodine glycosides, the eastern blotting was more sensitive
than those stained by H2SO4 (Figure 3(b)) and Dragendorff
(Figure 3(c)).

We also analyzed the fingerprinting of Solanum species
as shown in Figure 4. The profile stained by H2SO4

(Figure 4(b)) indicated the complicated pattern which is not
limited to solasodine glycosides compared to the eastern
blotting profile (Figure 4(a)). Major solasodine glycoside
are solasonine, solamargine, and khasianine as indicated in
Figure 4. From the survey of solasodine glycoside we decided
that S. khasianum is an important resource of adrenocortical
hormones and sex hormones.

Moreover, we succeeded to breed the strain of higher
yielding solasodine glycoside by inducing the single chain
Fv gene cloned from anti-solamargine MAb into Solanum
khasianum plant [22].

3.2. Fingerprint of Ginseng Saponin, Ginsenoside, by Eastern
Blotting. Ginseng, the crude drug of Panax ginseng is one
of the most important natural medicine in many countries.
It has been used to enhance stamina and capacity to cope
with fatigue and physical stress, and as a tonic against
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Khasianine

Solamargine

Solasonine

Solanum khasianum

(a) (b)

Figure 4: The eastern blotting (a) and TLC stained with sulfuric acid (b) of solasodine glycosides from Solanum spp.

cancers, disturbances of the central nervous system (CNS),
hypothermia, carbohydrate and lipid metabolism, immune
function, the cardiovascular system, and radioprotection
[23]. They contain more than 50 kinds of dammarane and
oleanane saponins considered to be pharmacologically active
components. Ginsenoside Rb1 is a main saponin in ginseng.
However, since the concentration varies in the ginseng root
or the root extract depending on the method of extraction,
subsequent treatment, or even the season of its collection,
standardization of quality is required. For this purpose we
have prepared anti-ginsenoside Rb1 [6] and Rg1 MAbs [7].

Cross-reactivity is the most important factor in deter-
mining the value of an antibody. Since the ELISA for
ginsenoside Rb1 was established for phytochemical investi-
gations involving crude plant extract, the assay specificity
was checked by determining the cross-reactivity of the MAb
with various related compounds. The cross-reactivity data
of MAb that was obtained were examined by competitive
ELISA and calculated using picomole of ginsenoside Rb1.
The cross-reactivity of ginsenoside Rc and Rd which possess
a diglucose moiety attached to the C-3 hydroxy group were
weak compared to ginsenoside Rb1, 0.024 and 0.020%,
respectively. Ginsenoside Re and Rg1 showed no cross-
reactivity (less than 0.005%). It is evident that the MAb
reacted only with a small number of structurally related
ginsenoside Rb1 molecules very weakly and did not react
with other steroidal compounds like glycyrrhizin, digitoxin,
tigogenin, tigonin, and solamargine. Anti-ginsenoside Rg1
MAb [7] and Re [18] have been prepared and set up their
ELISA. Anti-ginsenoside Rg1 MAb was also high specific like
anti-ginsenoside Rb1. On the other hand, anti-ginsenoside
Re MAb showed wide cross-reactivity. Therefore, this MAb
can be used for the analysis for the total ginsenoside con-
centration.

Figure 5 shows the H2SO4 staining and eastern blot-
ting of ginsenoside standards and the traditional Chinese
medicine (TCM) using anti-ginsenoside Rb1 MAb. It is
impossible to determine the ginsenosides by TLC-staining
by H2SO4 as indicated in Figure 5(a). On the other hand,

clear staining of ginsenoside Rb1 occurred by eastern blotting
(Figure 5(b)). Furthermore, it became evident that kikyoto
and daiokanzoto prescriptions related to TCM prescription
that did not contain ginseng indicating no band of gin-
senoside Rb1. The eastern blotting method was considerably
more sensitive than that of H2SO4 staining. The H2SO4

staining detected all standard compounds. The Eastern
blotting indicated only limited staining of ginsenoside Rb1,
Rc, and Rd, of which cross-reactivities were under 0.02%. We
suggest that an aglycon, protopanaxadiol, and a part of the
sugars may be of importance to the immunization and may
function as an epitopes for the structure of ginsenosides. In
addition, it is suggested that the specific reactivity of sugar
moiety in the ginsenoside molecule against anti-ginsenoside
Rb1 MAb may be modified by the NaIO4 treatment of
ginsenosides on the PVDF membrane causing ginsenoside
Rc and Rd to become detectable by eastern blotting.

When the mixture of anti-ginsenoside Rb1 and Rg1
MAbs and the pair of substrates were tested for staining of
ginsenosides, all ginsenosides, ginsenoside-Rb1, -Rc,-Rd,-Re,
and -Rg1 were stained blue although the purple color
staining for ginsenoside Rg1 was expected because 3-
amino-9-ethylcarbazole and 4-chloro-1-naphotol might be
different. Therefore, we performed successive staining of
the membrane using anti-ginsenoside Rg1 and then anti-
ginsenoside Rb1. Finally, we succeeded: the double-staining
of ginsenosides indicating that ginsenoside Rg1 and ginseno-
side Re were stained purple and the other blue, as indicated in
Figure 6. From this result, both antibodies can distinguish in-
dividual aglycon protopanaxatriol and protopanaxadiol. For
this application, the crude extract of various Panax species
were analyzed by the newly developed double-staining
system. Major ginsenosides can be determined clearly by the
double staining method indicated in Figure 6 as the finger-
print of ginsenosides. Therefore, it is possible to suggest that
the staining color shows the pharmacological activity, such
as the purple bands indicate ginsenosides having stimulation
activity for the CNS. On the other hand, the blue color
indicates ginsenosides possessing the depression affect for
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ginseng
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(1) Kikyoto

(2) Daiokanzoto

(4) Shikunshito

(5) Ninjinto

(6) Hangeshashinto

(7) Shosaikoto

(8) Crude extract of ginseng

Samples 1 and 2 do not contain ginseng.
Standard of ginsenosides indicated ginsenoside-Rg1, -Re, -Rd, -Rc, and -Rb1 from upper.

Samples

(a) (b)

(3) Ninjinyoeito

Figure 5: TLC stained with sulfuric acid (a) and eastern blotting (b) of ginsenosides in traditional Chinese medicine (TCM) prescriptions
by anti-ginsenoside Rb1 MAb.

G-Rg1

G-Re

G-Rd

G-Rc

G-Rb1

I II III IV V VI

(a)

I II III IV V VI

(b)

Figure 6: Double-staining of eastern blotting for ginsenosides contained in various ginseng using anti-ginseenoside-Rb1 and anti-
ginsenoside-Rg1 monoclonal antibodies. (a) TLC profile stained by sulfuric acid, (b) Eastern blotting by anti-ginsenoside-Rb1 and anti-
ginseside-Rg1 monoclonal antibodies. I, II, III, IV, V, and VI indicated white ginseng, red ginseng, fibrous ginseng (Panax ginseng), Panax
notoginseng, Panax quinquefolius, and Panax japonicus, respectively. Upper purple color spots and lower blue color spots were stained by
anti-ginsenoside-Rg1 and anti-ginsenoside-Rb1 monoclonal antibodies, respectively.
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the CNS. Moreover, the Rf value of ginsenosides roughly
suggests the number of sugars attached to the aglycon.
Both analyses make it possible to identify which aglycon
attaches and how many sugars combine, leading to the struc-
ture of ginsenosides. In fact, three kinds of ginsenosides pos-
sessing protopanaxadiol-ginsenoside Rh1, Rf, and 20-O-
gluco-ginsenoside Rf in P. ginseng root were determined by
coloring and Rf value by comparing them with the structures
reported in the previous paper [19].

4. Conclusion

Fingerprint by eastern blotting method can open its appli-
cation for the wide field of natural products, especially gly-
cosides like solasodine glycosides and ginsenosides. An MAb
having a wide cross-reactivity like anti-solamargine MAb
can distinguish the total solasodine glycosides. On the other
hand, a high specific MAb like anti-ginsenoside Rb1 MAb
can be used for the detection of a single antigen compound.

When two kinds of MAbs can be used, the double-stain-
ing is possible as the staining system enhanced the separate
staining of ginsenosides having protopanatriol or protopan-
axadiol in a molecule. The staining color can monitor the
pharmacological activity suggesting the stimulation activity
and/or the depression affect for the CNS. Furthermore, the
Rf value of solasodine glycosides and ginsenosides suggests
the number of sugars attached to the aglycon. Both evidences
make it possible to confirm which aglycon attaches and
how many sugars combine to the aglycon resulting the con-
firmation of structure for glycosides. Therefore, the finger-
print stained by eastern blotting using MAb could provide a
new strong methodology in the wide field of natural product
investigation.
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This paper describes the application of HPLC and CZE to analyze flavonoids in the leaves of Maytenus ilicifolia and Maytenus
aquifolium, which are species widely used in Brazilian folk medicine. The two species showed different flavonoid profiles, but acidic
hydrolysis of the Maytenus extracts confirmed that all these compounds are quercetin or kaempferol derivatives. A comparison of
the CZE and HPLC profiles of Maytenus extracts showed numerous flavonoid peaks using HPLC. However, the advantages of CZE
such as analysis without requiring clean-up and less generation of chemical waste than with HPLC point to the potential of the
CZE technique for the quality control (routine analysis) of “espinheira santa” phytopharmaceuticals.

1. Introduction

Flavonoids are a heterogeneous group of polyphenols (about
4000 substances) present in all plants and responsible for
their color, growth, development, and immunity [1, 2] and
can occur in free form (aglycones) or linked to sugars (gly-
cosides) [3]. Many flavonoids found in plants have biological
and pharmacological activities, such as antimicrobial, anti-
inflammatory, and antiallergic action [4–7]. The antioxidant
property of these substances has also been established and
correlated to their protective effects on cardiovascular disease
and some forms of cancer [8–10].

Maytenus ilicifolia and M. aquifolium (Celastraceae) are
Brazilian medicinal plants known as “espinheira santa”,
which are used in Brazil as phytopharmaceuticals due to their
antiulcer activity [11, 12]. Several studies focus on the bioac-
tivity of Maytenus extracts, whose main compounds include
flavonoid derivatives of quercetin and kaempferol [13, 14]
and tannins [15]. These polyphenolic compounds can be
correlated with the diverse pharmacological activities of these
extracts [16, 17]. Due to the structural characteristics of
polyphenolic compounds, most of the procedures described
in the literature for the analysis of M. aquifolium and

M. ilicifolia extract are based on RP-HPLC (reverse-phase
high-performance liquid chromatography). Recently, how-
ever, a two-dimensional LC (size-exclusion—reverse-phase)
procedure was employed for the LC-MS analysis of flavonol
glycosides from M. ilicifolia leaves [18].

Due to its robustness, sensitivity, and versatility, HPLC-
UV/PAD (high performance liquid chromatography-ultra-
violet detection using a photodiode array detector) is the
technique of choice for the analysis of flavonoids and other
phenolic compounds in natural products [19, 20]. However,
more recently, CE (capillary electrophoresis) techniques, in-
cluding CZE (capillary zone electrophoresis), have been int-
roduced as an analytical tool in studies of many secondary
plant metabolites, mainly due to the method’s faster devel-
opment, lower operating cost and solvent consumption, and
higher separation efficiencies [19, 21].

This work compares the HPLC and CZE techniques ap-
plied in the analysis of flavonoids contained in these two
Maytenus species. Analytical methods for these two species
that are suitable for application in agronomic studies or the
quality control of phytopharmaceuticals, for example, re-
quire numerous analyses. In the development of these analy-
tical methods, one must also keep in mind that the two
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aforementioned Maytenus species are known by the same
popular name, “espinheira santa”, but only M. ilicifolia is re-
gistered in the 4th Edition of the Brazilian Pharmacopoeia
(2003) [22].

2. Materials and Methods

2.1. Plant Material. Leaves of Maytenus aquifolium Mart. and
Maytenus ilicifolia (Schrad.) Planch. (Celastraceae) were sup-
plied by Dr. Ana Maria Soares Pereira (UNAERP—Univer-
sidade de Ribeirão Preto, Ribeirão Preto, SP, Brazil). These
leaves were picked from specimens cultivated on the farm of
the UNAERP campus; voucher specimens were deposited at
the UNAERP herbarium and identified as HPMU-0755 (M.
aquifolium) and HPMU-0266 (M. ilicifolia). Immediately
after the leaves were picked, they were dried at 40◦C to con-
stant weight, ground in domestic blender, and pulverized.
Only particles of 0.5–1.0 mm were used for the extractions
and were stored in glass flasks protected from light and hu-
midity until required for analysis.

2.2. Reagents and Materials. Rutin, quercetin, and kaemp-
ferol standards were obtained from Sigma (St. Louis, MO,
USA). HPLC-grade acetonitrile (ACN) and trifluoroacetic
acid (TFA) were purchased from Mallinckrodt (Paris, Ken-
tucky, USA). Analytical grade methanol (MeOH) and ethyl
acetate (EtOAc) were purchased from Mallinckrodt (Xalo-
stoc, State of Mexico, Mexico). Analytical grade chloroform
(CHCl3) was purchased from Merck (Rio de Janeiro, Brazil).
TLC plates of silica gel 60, without fluorescent indicator,
were purchased from Merck (Darmstadt, Germany). Analy-
tical grade monobasic potassium phosphate (KH2PO4) and
sodium tetraborate decahydrate (NaB4O7·10 H2O) were
purchased from Reagen (Rio de Janeiro, Brazil). Analytical
grade formic acid (HCOOH), phosphoric acid (H3PO4),
hydrochloric acid (HCl), sodium hydroxide (NaOH), and
polyethylene-glycol (PEG 400) were obtained from Synth
(São Paulo, Brazil). Diphenylboric acid 2-aminoethylester
(C14H16BNO) was purchased from Sigma (St. Louis, MO,
USA). Water was purified in a Millipore Milli-Q Water Puri-
fication System (Eschborn, Germany). Hydrophobic Fluoro-
pore (HF-PTFE) membranes (0.5 μm) and HA membranes
(0.45 μm) in cellulose ester media were purchased from Mil-
lipore (São Paulo, Brazil).

2.3. Preparation of Samples. 1.0 g of the Maytenus leaves was
extracted by maceration agitation with 10 mL of MeOH/H2O
(1 : 1 v/v) for 30 min at 50◦C. The hydromethanolic extracts
were filtered, and their final volume was adjusted to 10 mL
with MeOH/H2O (1 : 1 v/v). No clean-up was necessary for
the CZE analysis: the hydromethanolic extracts were simply
filtered through 0.5 μm HF-PTFE membranes (Millipore)
and analyzed. For the HPLC analysis, the extracts were sub-
jected to liquid-liquid extraction using 5 mL of CHCl3; the
organic layer was discarded, and the hydromethanolic layer
was filtered through 0.5 μm HF-PTFE membranes (Milli-
pore) before the HPLC analysis.

2.4. Preparation of Standards. 0.01 g of each flavonol stan-
dard (rutin, quercetin, or kaempferol) was dissolved separa-
tely in 10 mL of MeOH. An aliquot of 0.1 mL of each stock
solution was diluted to 10 mL with MeOH to obtain a stock
solution containing the three flavonols; this stock solution
was utilized in the HPLC and CZE analyses.

2.5. Thin Layer Chromatography. Analyses were carried out
on silica gel 60 aluminum sheets precoated with EtOAc/
HCOOH/H2O (6 : 1 : 1 v/v). After developing the plates, the
solvent was dried and the flavonoids were visualized with
diphenylboric acid 2-aminoethylester-PEG 400 under UV at
λ = 360 nm [23].

2.6. Acid Hydrolysis. Maytenus extract was evaporated to
8.3 mL and mixed with 1.7 mL of 2.0 mol/L HCl. The solu-
tion was refluxed for 10 min at 95◦C. The resulting extracts
were filtered through 0.5 μm HF-PTFE membranes (Milli-
pore) and analyzed by HPLC.

2.7. CZE Analysis. The CZE analysis was performed in an
HP3D Capillary Electrophoresis System (Hewlett Packard,
Waldbronn, Germany) equipped with a photodiode array
(Hewlett Packard) and an HP Chem Station data processing
system. Separations were performed using an uncoated fused
silica capillary tube (Polymicro Technologies, Phoenix, AZ,
USA) with a total length of 64.5 cm, effective length of
56.0 cm, and i.d. of 50.0 μm. Samples were injected in hydro-
static mode at 500 mbar for 7 s. The analysis was performed
at 25◦C and an applied voltage of 20 kV, and the samples were
introduced into the system in hydrostatic mode at 500 mbar
pressure for 7 s. Capillary conditioning was carried out by
first washing with H2O for 10 min, followed by 1.0 mol/L
NaOH for 5 min, 0.1 mol/L NaOH for 5 min, and finally with
the running buffer for 10 min. Between consecutive runs, the
capillary tube was flushed with 0.1 mol/L NaOH for 5 min
and running buffer for 5 min. Buffer solutions of sodium tet-
raborate and potassium phosphate in water were prepared,
and the pH was adjusted using phosphoric acid or NaOH
solutions. Optimal separation conditions were determined
after testing different buffer conditions: concentration of
tetraborate-phosphate (resp., 50 : 5; 30 : 5; 30 : 25; 30 : 50,
10 : 5 mmol/L) and pH values (8.0; 8.5; 9.0; 9.3; 9.5, 10.0),
as well as the percentage of methanol (2.0; 5.0; 8.0, 12.0%)
used as organic solvent.

2.8. HPLC-UV-PAD Analysis. This analysis was performed
in a modular LC System (Shimadzu, Kyoto, Japan) consisting
of two LC-10 AD pumps; a CTO-10A column oven; an SPD-
M10A variable wavelength diode array detector; the LC-10
Workstation Class data processing system. Supelcosil colu-
mns (Supelco, Bellefonte, PA, USA) with stationary phase
C-18 and C-8 columns (250 mm × 4.6 mm, 5 μm) protected
by guard columns filled with the same stationary phase
(20 mm×4.6 mm, 5 μm) were utilized. The column oven was
thermostat controlled at 35◦C, and the flow rate was 1.0 mL/
min. The injection volume was 10 μL (Rheodyne loop). Det-
ection was monitored at 254 and 350 nm. The mobile phases
tested were: (A) 2.0, 2.5 and 3.0% formic acid in water and
0.3% trifluoroacetic acid in water; (B) ACN or MeOH.
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3. Results and Discussion

Prior to the HPLC analysis, the Maytenus extracts were sub-
jected to TLC analysis. M. aquifolium extracts showed two
spots with lower Rf values (= more polar compounds) than
quercetin and kaempferol standards. The fluorescence of
these spots indicated the presence of quercetin derivatives
(orange fluorescent spots) and kaempferol derivatives (green
fluorescent spots) [23]. M. ilicifolia extracts exhibited six gly-
coside flavonols derivatives of quercetin (one of them with
Rf identical to that of rutin) and two glycoside flavonol deri-
vatives of kaempferol. These compounds have higher Rf val-
ues and are therefore less polar than the two glycoside flavo-
nols reported in M. aquifolium extracts [24, 25].

3.1. HPLC-UV-PAD Analysis. Optimization of the chroma-
tographic conditions showed that the C-18 and C-8 columns
were highly efficient in the separation of flavonoids from
Maytenus. However, for M. aquifolium extracts, the C-18 col-
umn provided better resolution in the separation of flavo-
noids. The amount of formic acid (2.0% in water, solvent A)
was chosen because the increase in the percentage of formic
acid (2.5 and 3.0%) and its replacement with trifluoroacetic
acid did not improve the resolution and led to similar sepa-
ration efficiencies. Acetonitrile showed better results than
methanol and was therefore selected as the organic solvent
in the optimized HPLC conditions for the extracts of the two
Maytenus species.

The HPLC-UV/PAD analysis led to the detection of two
flavonoids in M. aquifolium leaves (Figure 1).

The flavonoid peaks can be identified by their character-
istic UV/PAD spectral pattern with two bands, Band I, λmax

around 300–380 nm and Band II, λmax around 240–280 nm.
Moreover, quercetin derivatives (λmax = 354 nm) can be dis-
tinguished from kaempferol derivatives (λmax = 344 nm) also
considering the data obtained by TLC and the acid hydrolysis
of Maytenus extracts [26]. Therefore, the comparison of the
material obtained by acid hydrolysis (Figure 2(a)) with au-
thentic standards (Figure 2(b): retention time of the agly-
cones and UV-PAD spectra) confirmed quercetin and kaem-
pferol as the aglycones of M. aquifolium flavonoids.

In the chromatogram of Maytenus ilicifolia leaf extracts
(Figure 3), twelve peaks show UV/PAD spectra characteristic
of flavonoids. Peaks 1 to 4, 7, and 9 to 12 are quercetin deriva-
tives (λmax ∼ 354 nm) while peaks 5 and 6 are kaempferol
derivatives (λmax ∼ 344 nm).

Peak 8 was identified as rutin by direct comparison (re-
tention time and UV-DAD spectra) with an authentic com-
mercial standard (Figure 4). The acid hydrolysis of extract
also confirmed quercetin and kaempferol as aglycones of
M. ilicifolia flavonoids, which are identified in Figure 5.

3.2. CZE Analysis. Figures 6 and 7 illustrate the optimized
conditions for CZE analysis of M. aquifolium and M. ilici-
folia, respectively. The CZE/DAD-UV electropherogram of
M. aquifolium showed the presence of two major com-
pounds, peaks 1 and 2, respectively, identified as kaempferol
and quercetin derivatives (Figure 6), plus other minor
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Figure 1: HPLC/DAD-UV (λ = 270 nm) chromatogram of flavon-
oids from M. aquifolium leaves. (1) Quercetin derivative and (2) ka-
empferol derivative. Mobile phase: 0–20 min 15–80% acetonitrile
(solvent B); for other chromatographic conditions, see experimen-
tal part.

flavonoids not detected in the HPLC-UV/DAD chroma-
togram. The electropherogram of M. ilicifolia in Figure 7,
which was obtained at λ = 380 nm due to the interference
of other compounds at λ = 270 nm (possibly phenolic com-
pounds), indicates the presence of ten flavonoids, including
rutin. The presence of rutin was suggested by TLC analysis
and confirmed by spiking M. ilicifolia extract. Moreover, the
longer migration time of this compound compared to the
two major flavonoids (peaks 1 and 2, Figure 7) indicates that
these major peaks are more polar compounds, possibly the
triglycosylated flavonoids reported in M. aquifolium extracts
[24, 25].

The CZE separation was optimized based on the param-
eters of pH, buffer concentration, and the effect of modifier.
An important parameter is pH, which changes the electroos-
motic flow (EOF) and affects the degree of ionization of
the solutes. The electrophoretic mobility (μef) and migration
times (tM) of three flavonol standards—rutin, quercetin, and
kaempferol—were calculated to verify the electrophoretic
behavior of Maytenus extracts (Table 1). The results indicate
that the increase in pH values augmented both the μef and
migration times of all flavonoids, while lower values pH
showed a decrease in μef, resulting in a decrease in the nega-
tive charges of the compounds.

Figure 8 illustrates the effect of pH on the μef of flavonol
standards. The differences in their μef were attributed to dif-
ferences in molecular size and in the number and acidity
(pKa) of the free phenolic groups attached to the flavonoid
skeleton, which contribute to different levels of charge in
flavonol molecules due to differences in acidity. A pH of 8.5
was chosen for the CZE analysis of both Maytenus extracts
due to the higher efficiency and resolution and faster analysis.
An analysis was made of the influence of tetraborate and
phosphate concentrations on the CZE analysis (Table 2).

The results showed that the decrease in tetraborate
concentration diminished the resolution in the separation of
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Figure 3: HPLC/DAD-UV (λ = 380 nm) chromatogram and UV-PAD spectra of flavonoids from M. ilicifolia leaves. Peaks 1–4, 7, and 9–12:
quercetin derivatives, peaks 5 and 6: kaempferol derivatives. Peaks 8: rutin. Mobile phase: 0–2 min 10% acetonitrile (solvent B), 2–15 min
10–15% B, 11–22 min 15–18% B, 22–37 min 18–30% B, 37–42 min 30–40% B; for other chromatographic conditions, see experimental part.
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Table 1: Effect of pH variation on the values of migration time (tM) and electrophoretic mobility (μef) of flavonoid standards: (1) rutin, (2)
kaempferol, and (3) quercetin. Buffer: tetraborate 30 mmol/L/phosphate 5 mmol/L. For detailed CZE conditions, see experimental section.

pH tM (1) (min) tM (2) (min) tM (3) (min) μef (1) × 10−4 (cm2 V · s) μef (2) × 10−4 (cm2 V · s) μef (3) × 110−4 (cm2 V · s)

8.0 9.625 8.983 12.399 1.671 1.433 2.372

8.5 9.512 9.597 12.613 1.651 1.679 2.430

9.0 9.347 10.587 12.869 1.850 2.228 2.733

9.3 10.040 12.537 14.576 1.837 2.435 2.772

9.5 10.248 13.742 15.375 1.880 2.628 2.861

10.0 11.475 18.693 19.741 1.940 2.954 3.040

μef = (Lt × Lef)/(tm ×V)− (Lt × Lef)/(tnm ×V), where Lt is the total lenght of the capillary, Lef is the effective lenght of the capillary, tm is the migration time
of the analyte, tnm is the migration time of the neutral marker (methanol), and V is the applied voltage.
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for other chromatographic conditions, see experimental part.
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Figure 5: HPLC/DAD-UV (λ = 380 nm) chromatogram of M. ilici-
folia leaves extract after acid hydrolysis. Mobile phase: 0–2 min 10%
acetonitrile (solvent B), 2–15 min 10–15% B, 11–22 min 15–18% B,
22–37 min 18–30% B, 37–42 min 30–40% B; for other chromatogr-
aphic conditions, see experimental part.
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Figure 6: CZE/DAD-UV electropherogram of Maytenus aquifolium
leaves extract (λ = 270 nm). Peak 1: kaempferol derivative; peak
2: quercetin derivative; peaks 3–5: other minor flavonoids. Condi-
tions: buffer 30 mmol/L tetraborate, 50 mmol/L phosphate, pH =
8.5, 20 kV, and 12% MeOH; for other electrophoretic conditions,
see experimental part.
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Figure 7: CZE/DAD-UV electropherogram of Maytenus ilicifolium
leaves extract (λ = 380 nm). Conditions: buffer 30 mmol/L tetrab-
orate, 50 mmol/L phosphate, pH = 8.5, 20 kV, and 12% MeOH, for
other electrophoretic conditions, see experimental part.

the flavonol glycosides due to the minor presence of tetrab-
orate complexes at this concentration. On the other hand,
increasing the tetraborate and phosphate concentrations led
to a decrease in EOF and an increase in migration time
due to the higher viscosity of the buffer. The resolution was
calculated using the peaks of kaempferol and quercetin deri-
vatives (major flavonoids), and the best results were achie-
ved with 50/50 mmol/L tetraborate/phosphate. However, 30/
50 mmol/L tetraborate/phosphate showed better separation
if one also considers the minor flavonoids, so the latter pro-
portion was chosen as the optimum condition for both May-
tenus extracts.
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Figure 8: Effect of pH on electrophoretic mobility of flavonols stan-
dards (rutin, quercetin, kaempferol). Conditions: buffer 30 mmol/L
tetraborate, 50 mmol/L phosphate; for other electrophoretic condi-
tions, see experimental part.

Table 2: Resolution (Rs) between the peaks corresponding to the
quercetin and kaempferol derivatives found in Maytenus aquifolium
extracts (resp., peaks 1 and 2 at Figure 1), at pH 8.5 and with varia-
tion of buffer tetraborate/phosphate concentration.

Concentration of tetraborate/phosphate (mmol/L) Rs1,2

10/5 Coelution

30/5 5.506

50/5 6.320

30/25 5.941

30/50 6.311

Rs = (1/4)N1/2(Δμef/(μef + μeof)), where Δμef is the difference on the
electrophoretic mobility of the two analytes; μef is the mean of mobility of
compounds corresponding to peaks 1 and 2; μeof is the mobility of the
eletroosmotic flow (neutral marker: methanol).

Figures 9 and 10 illustrate the effect of different per-
centages of methanol as organic modifier: the use of 12%
methanol increased the migration times of the analytes.
Moreover, methanol increased the resolution for some flavo-
noids that coeluted in the absence of organic modifier (peaks
3 to 5, Figure 6, possible flavonols) in M. aquifolium. Similar
results were observed in M. ilicifolia extracts, with the sepa-
ration of peaks 6 (rutin) and 7; hence, the optimized condi-
tions for both extracts (Figures 6 and 7) include 12% met-
hanol.

4. Conclusions

The HPLC and CZE techniques can both be used in the
analysis of flavonoids in Maytenus aquifolium and Maytenus
ilicifolia extracts. The comparison of the results obtained by
these techniques showed that CZE offers some advantages,
for example, higher efficiency and resolution, shorter sepa-
ration time, and the fact that CZE does not require clean-
up of the extracts. Furthermore, the CZE method is an
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Figure 9: Effect of percentage organic modifier on efficiency (N) in
the CZE analysis of Maytenus aquifolium leaves extract (see Figure 6
for electropherogram and identification of the peaks).
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Figure 10: Effect of percentage organic modifier on efficiency
(N) in the CZE analysis of Maytenus ilicifolium leaves extract (see
Figure 7 for electropherogram and identification of the peaks).

“ecofriendly”, “green” analytical method, which was confir-
med by the fact that the optimized conditions allowed for
the elimination of acetonitrile from the mobile phase, a sig-
nificant benefit considering its toxicity. These advantages
suggest that CZE should be more widely exploited as an ana-
lytical method, for example, in the quality control of “espin-
heira santa” phytopharmaceuticals, particularly considering
the huge amounts of chemical waste produced by the phar-
maceutical industry in routine analyses. On the other hand,
HPLC showed greater efficacy in the detection of flavonols,
since twelve flavonols were detected using this technique
while only ten flavonols were detected in the optimized CZE
conditions.
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It was the aim of this study to compare the efficiency of the different essential oil extraction methods upon the two winter
savory (Satureja montana) samples of different origin. The compared techniques were the headspace gas chromatography with
mass spectrometric detection (HS-GC/MS) run at the two different headspace temperatures (i.e., at 80 and 100◦C) and the
three different steam distillation techniques preceding the GC/MS analysis. HS-GC/MS is considered as the technique of the
first choice, and the compared steam distillation techniques are recommended, respectively, by Polish Pharmacopoeia, European
Pharmacopoeia, and the Polish Patent. Adequate conclusions were drawn as to the advantage of HS-GC/MS (not having the
pharmacopoeial recommendation) over the different steam distillation techniques and the drawbacks of each individual analytical
procedure were discussed.

1. Introduction

The genus Satureja L. contains over 30 species. Winter savory
(Satureja montana) is a perennial plant belonging to the
family Lamiaceae, growing mainly in the regions of South
Europe. It is a semievergreen subshrub growing to about
50 cm tall with the oval-lanceolate leaves and white flowers.
Satureja montana contains numerous subspecies, and there
is much variability in morphologic characteristics of the
species Satureja montana L. [1]. It is similar in use and
flavor to the annual summer savory (Satureja hortensis) and
it is cultivated as a culinary herb having spicy flavor. Both
summer and winter savory have a long history of use in
traditional medicine as tonics, carminatives, astringents, and
expectorants, and for the treatment of intestinal problems
such as diarrhea and nausea. However, the scientific literature
primarily documents Satureja hortensis (and not Satureja
montana L.) as a folk remedy in treating various ailments
such as cramps, muscle pains, nausea, indigestion, diarrhea,
and infectious diseases [1–3].

Winter savory contains ca. 1.6% volatile oil, whereas
summer savory only ca. 1.0%. Some authors document the
dominant components of the volatile oil as caryophyllene
and geraniol, or as carvacrol. The relative composition of the
volatile oil varies with the location of cultivation, the species,
and the strain [3–6]. The essential oil of the Satureja sp. has
a broad spectrum of antimicrobial activity [7–10]. Satureja
montana L. also has a potent anti-HIV-1 activity [11].

With this study on fingerprinting of the volatile fraction
contained in Satureja montana, we continue our earlier com-
menced methodical approach to fingerprinting of the volatile
fractions derived from the other medicinal and culinary
plants belonging to the same family Lamiaceae. In our earlier
studies (e.g., [12–15]), we have focused our attention on the
selected representatives of the Salvia genus, the largest one
in the Lamiaceae family. In spite of great popularity of many
plants belonging to the Lamiaceae family both in traditional
European medicine and the Mediterranean cuisine, an
insufficient attention has been paid so far to fingerprinting
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of this particular botanical material. Fingerprints, that is,
chromatographic profiles derived from the plant extracts,
can provide a sufficient basis for differentiation of plants,
their chemotaxonomic comparison, identification within a
given family, and so forth. Moreover, they can be used for
rapid screening of plant material to prevent the forgery in the
bulk trading on the medicinal and culinary herbs. Due to the
variation in the consistency of plant material both in the fresh
and the dried form, the efficiency of the different extraction
methods can also differ and hence, the best performing
extraction technique has to be experimentally confirmed for
each individual genus.

The main goal of this study was to make a methodical
comparison of the performance of the basic fingerprinting
strategies applied to the volatile fraction contained in the
dried samples of Satureja montana. To this effect, we com-
pared the headspace-GC/MS fingerprints of the volatile frac-
tion (HS-GC/MS) and with the fingerprints originating from
the three different steam distillation techniques preceding the
GC/MS analysis (Figure 2). HS-GC/MS is generally consid-
ered as the technique of the first choice, and the compared
steam distillation techniques are recommended, respectively,
by Polish Pharmacopoeia [16], European Pharmacopoeia
[17], and the Polish Patent [18]. Partial identification of the
volatile fraction components was also performed.

2. Experimental

2.1. Herbal Material and Reagents. Two different samples of
winter savory (Satureja montana) were investigated in this
study. Lot 1 was harvested in Pharmacognosy Garden of
the Medical University, Lublin, Poland. The plant material
comprised all parts of the plant (i.e., roots and the aerial
parts) and it was dried for 40 h in an oven with a forced air
flow at 35 to 40◦C. Then the obtained dry material was stored
in the deep-freeze compartment of refrigerator until the
commencement of the analysis. Finally, plant material from
lot 1 was weighed and ground with a mechanical blender. Lot
2 originated from the farm market in Belgrade (Serbia) as the
dried herbs and it was not pretreated in our laboratory in any
way, except for identical grinding as with lot 1.

The following solvents were used in this study: methanol
(HPLC purity grade, P.O.CH, Gliwice, Poland) and water
(double distilled and deionized with use of the Elix Advan-
tage model Millipore system, Molsheim, France).

2.2. Headspace Gas Chromatography-Mass Spectrometry (HS-
GC/MS) of the Volatile Fraction. The headspace gas chro-
matography-mass spectrometry (HS-GC/MS) analyses were
carried out with use of a TRACE 2000 model GC with an MS
TRACE model mass detector (ThermoQuest, Waltham, MA,
USA), equipped with a CTC Analytics model autosampler
(Combi PAL, Basel, Switzerland), used in the headspace
mode. Temperatures and time of the headspace desorption
were, respectively, 80 and 100◦C, and 15 min. The 0.5 mL
volume of the headspace phase was introduced on to the
DB-5 capillary column (30 m ↔ 0.25 mm i.d., 0.25-μm
film thickness; Agilent Technologies, Palo Alto, CA, USA).

Helium (p = 100 kPa) was used as carrier gas. Gradient
analysis was run using the following temperature program:
40◦C (1 min); 40–180◦C (12◦C/min); and 180◦C (20 min).
The temperature of the injector was kept constant at 180◦C.
Mass spectrometer was fitted with an EI source operated at
70 eV. Identification of individual compounds was based on
a comparison of the obtained mass spectra of the individual
chromatographic peaks with those valid for the standards
and available from the National Institute of Standards and
Technology software library (Gaithersburg, MD, USA). A
comparison was also carried out of the retention times valid
for individual peaks from the Satureja montana samples with
those of the known essential oils components. To this effect,
we used pine oil, peppermint oil, eucalyptus oil, juniper oil,
thyme oil, and lavender oil as the sets of the volatile fraction
standards (Apotheca Pacis, Rybnik, Poland). The identified
compounds originating from lots 1 and 2 are listed in Table 1.

2.3. Steam Distillation Modes. In this study, we compared the
performance of the three steam distillation modes, as given
below:

(a) mode 1, applied to the lot 1 and lot 2 samples (50 g)
with use of the Deryng apparatus recommended by
Polish Pharmacopoeia VI [16];

(b) mode 2, applied to the lot 1 sample (50 g) with use of
the Clevenger apparatus recommended by European
Pharmacopoeia [17];

(c) mode 3(a), applied to the lot 1 sample (20 g) with use
of the Clevenger apparatus (like in Mode 2);

(d) mode 3(b), applied to the lot 1 sample (20 g)
with use of the Clevenger apparatus, yet with the
herbal/aqueous mixture additionally ultrasonicated
in order to enhance maceration of herbal material, as
recommended by the Polish Patent [18].

In the experiments valid for modes 1 and 2, the dried
plant material (50 g) was placed in the round-bottomed
flask, 400 mL water was added, and the steam distillation
was performed for 3 h. In the experiments valid for modes
3(a) and 3(b), aimed to compare the efficiency of the
Clevenger apparatus without and with ultrasonication, the
20 g amounts of the plant material with 400 mL water was
placed in the round-bottomed flask, 400 mL water was
added, and the steam distillation was performed for 3 h.

From the distillates obtained in each individual experi-
ment, the 5% (v/v) solutions in methanol were prepared and
the 1-μL aliquots of the respective solutions were analyzed by
means of GC/MS. The applied chromatographic conditions
were the same as those given in Section 2.2.

3. Results and Discussion

This study was focused on a comparison of the efficiency
of the methods used for derivation and fingerprinting of
the volatile fraction from winter savory (Satureja montana).
To this effect, we compared the results originating from
the method of the first choice (which is HS-GC/MS)
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with those of the steam distillation of the volatile frac-
tion (recommended by many national and international
pharmacopoeias), followed by the GC/MS analysis. Our
results originate from the HS-GC/MS experiment with the
two different headspace temperatures and from the three
different steam distillation modes. All experiments presented
in this study were performed twice, upon the two different
batches of plant material from lot 1 and lot 2. Due to a
limited amount of the available plant material and hence,
due to a limited number of repetitions, the quantitative
results presented in this study were taken as the mean
values, but not statistically evaluated. Although these results
bear a semi-quantitative importance only, the estimated
relative percent error of quantification of the individual
volatile compounds (based on the two repetitions) never
surpassed the ±3% level. In the forthcoming paragraphs,
the obtained results are going to be presented and dis-
cussed.

In Table 1, all volatile compounds identified and semi-
quantitatively assessed in the analyzed Satureja montana
samples (lots 1 and 2) are listed, depending on the applied
extraction mode. The most frequently appearing volatile
compounds were α-pinene, p-cymene, γ-terpinene, terpi-
neol, β-linalool, borneol, and carvacrol, as shown in Table 2
(together with the respective structural formulas and mass
spectra). These results remain in good agreement with those
known from the literature (e.g., [19, 20]).

From the general phytochemical knowledge and also
from the obtained results it is evident that the origin of the
plant material (and also its preprocessing like, e.g., the drying
technique) plays a meaningful role in chemical composition
of the volatile fraction. Thus, in lot 1 (originating from
Pharmacognosy Garden of the Medical University in Lublin,
Poland), α-thujene and 1-octen-3-ol were identified, which
were absent from lot 2 (originating from the farm market in
Belgrade, Serbia). To the contrary, D-limonene was identified
exclusively in lot 2 and it was not detected in lot 1. These
differences are evidently due to the different origin (in terms
of the different cultivation regions, the climatic and strain
differences, the different drying techniques, etc.) of the two
examined specimens.

A comparison of analytical results dealing with the
headspace extraction of the volatile fraction carried out at
80 and 100◦C allowed drawing very practical conclusions.
The chromatograms addressing this particular issue are given
in Figure 1 (chromatograms (a) versus (b) valid for lot
1 and chromatograms (e) versus (f) valid for lot 2). A
comparison of the aforementioned chromatograms showed
that at the higher headspace temperature (100◦C) a higher
number of the volatile compounds were isolated than at
the lower one. Thus applying the headspace temperature
of 100◦C, in lot 1 camphene, phellandrene, β-linalool, and
caryophyllene were identified, which were not extracted
from the same plant sample at 80◦C. When applying the
headspace temperature of 100◦C to lot 2, β-myrcene, α-
terpinene, γ-terpinene, p-mentha-3,6-diene-2,5-dione, and
caryophyllene were isolated, which were absent from the
volatile fraction extracted from the same plant sample at the
lower headspace temperature.

A consecutive comparison was made of the analytical
results valid for the headspace extraction of the volatile
fraction carried out at 100◦C with that obtained for the
steam distillation in the Deryng apparatus (mode 1). The
conclusions can be drawn from a comparison of the
chromatograms shown in Figures 1(b) and 1(c) (lot 1, HS-
100 versus mode 1), and of those shown in Figures 1(f)
and 1(g) (lot 2, HS-100 versus mode 1). This comparison
allows a conclusion that the headspace extraction carried
out at 100◦C is more effective particularly with the more
volatile compounds than the steam distillation in the Deryng
apparatus. From a comparison of the data contained in
Table 1 and valid for the two investigated S. montana samples
(lot 1 and lot 2), it is evident that the percent contributions
of the more volatile compounds (i.e., those with the relatively
low retention times, tR) are considerably higher, when the
headspace extraction is carried out at 100◦C than with the
steam distillation in mode 1.

Then the two steam distillation techniques with use of
the Deryng and the Clevenger apparatus (modes 1 and 2)
are compared for lot 1 (Figure 1, chromatograms (c) versus
(d)). Essential oil derived with use of the Deryng apparatus
(mode 1, Figure 1(c)) proved richer in terms of the isolated
and identified chemical species than that derived with use
of the Clevenger apparatus (mode 2, Figure 1(d)). Namely,
in the essential oil extracted with use of the Clevenger
apparatus, only four compounds were identified (i.e., 1-
octen-3-ol, p-cymene, γ-terpinene, and carvacrol), while in
the essential oil isolated with use of the Deryng apparatus,
six additional compounds (i.e., α-thujene, camphene, β-
myrcene, α-terpinene, β-terpineol, and p-mentha-3,6-diene-
2,5-dione) were found. This experimental outcome can be
due to the construction differences of these two steam
distillation apparatuses, and specifically to the less efficient
reflux condensation system in the Clevenger apparatus,
allowing an easier loss of the most volatile compounds than
the Deryng apparatus.

The last comparison refers to the contents of the
volatile compounds in the samples belonging to lot 1 and
originating from the steam distillation in the Clevenger
apparatus without and with ultrasonication (derivation
modes 3(a) and 3(b), resp.). It was shown that the steam
distillation combined with ultrasonication resulted in a lower
concentration yield with one essential oil component (p-
cymene) and in an absence of the two components (1-
octen-3-ol and γ-terpinene; see Table 3), as compared with
the distillation without ultrasonication. The only compound
which showed slightly higher extraction yield in the case
of steam distillation supported with ultrasonication was
carvacrol, one of the least volatile compounds on the list
(98.54% contribution to the overall volatile fraction obtained
in mode 3(b) versus 92.97% obtained in mode 3(a)). This
result is probably due to the too long ultrasonication period
(equal to 180 min), although from the literature it comes out
that the steam distillation yields remain practically constant
even with the two or more hours lasting ultrasonication
(although the shortest recommended ultrasonication period
is 20 minutes; [21]). Thus with Satureja montana, macer-
ation of plant material with use of ultrasonication cannot
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Table 2: Seven volatile compounds most frequently appearing in Satureja montana with their respective structural formulas and mass
spectra.

Volatile compound Structural formula and mass spectrum

α-Pinene

0

50

100

0 10 20 30 40 50 60 70 80 90 10
0

11
0

12
0

13
0

27
41

43 53
58 63 75

67

77

89

93

105
115

121
136

p-Cymene

0

50

100

0 10 20 30 40 50 60 70 80 90 10
0

11
0

12
0

13
0

27 39
43 515558 65

68
77

87

91

98 103

119

128

134

γ-Terpinene

0

50

100

0 10 20 30 40 50 60 70 80 90 10
0

11
0

12
0

13
0

27

29

39 43

51
5558

65

77
79

89

93

105
115

121 136

β-Terpineol

0

50

100

0 10 20 30 40 50 60 70 80 90 10
0

11
0

12
0

13
0

14
0

15
0

OH

41

43

45 51
53

55

58
6165

67
69

71

77

81
83

86

93

97 107

111 121
125

139
154

β-Linalool

0

50

100

0 10 20 30 40 50 60 70 80 90 10
0

11
0

12
0

13
0

14
0

15
0

OH

27

3136

39

41
43

45 51
53

55

59
65

67

69

71

77

80
83

93

107
121

127 133
136

Borneol

0

50

100

0 10 20 30 40 50 60 70 80 90 10
0

11
0

12
0

13
0

14
0

15
0

HO

18 27
31

39
41

43
45 53

55
57 65

6771
77 82

95

110
121 139

154

Carvacrol

0

50

100

0 10 20 30 40 50 60 70 80 90 10
0

11
0

12
0

13
0

14
0

15
0

18 27 39 43 515559 65 77 81 87

91
95

107 117

135

150
HO
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Figure 1: The GC/MS fingerprints of the volatile Satureja montana fraction for the following samples: (a): Lot 1, HS-80; (b): Lot 1, HS-100;
(c): Lot 1, Deryng; (d): Lot 1, Clevenger; (e): Lot 2, HS-80; (f): Lot 2, HS-100; (g): Lot 2, Deryng. Extraction modes and peak numbers
remain in conformity with those given in Tables 1 and 2.
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Figure 2: The GC/MS fingerprints of the volatile Satureja montana fraction (lot 1) vapor distilled with use of the Clevenger apparatus. (a)
without ultrasonication; (mode 3(a) and 3(b)) with ultrasonication (mode 3(b)).

Table 3: Volatile compounds in Satureja montana (lot 1), their respective retention times (tR), and semiquantitative evaluation of their
relative contributions (%) to the overall volatile fraction∗ depending on the applied extraction method (mode 3(a) and mode 3(b)).

Volatile compound 1-Octen-3-ol p-Cymene γ-Terpinene Carvacrol

No.∗∗ 5 9 10 15

Retention time (min) 8.01 8.81 9.12 13.56

Peak Area (%)

Mode 3(a) 0.32 0.31 0.40 92.97

Mode 3(b) + 0.19 + 98.54
∗

values estimated from the respective peak heights.
∗∗ numbering of the volatile compounds in conformity with Table 1.
+ data falling between the limit of detection (LOD) and the limit of quantification (LOQ).

be recommended, because the loss of the more volatile
essential oil components is in this case higher than without
ultrasonication.

4. Conclusions

The methodical aspects of the analysis of the volatile
fraction contained in winter savory (Satureja montana) were
discussed in this study and they can be summarized in the
following way.

(i) It was demonstrated that the headspace desorption
of the volatile fraction run at 100◦C outperforms
the steam distillation modes with use of the Deryng
apparatus, the Clevenger apparatus, and the Cle-
venger apparatus in combination with ultrasonica-
tion of the hydrodistilled material.

(ii) This result is most probably due to an uncontrolled
loss of the most volatile components both from
the Deryng apparatus and the Clevenger apparatus
(as an evident partial “leaking” of the two reflux
condensation systems).

(iii) Furthermore, it was shown that this uncontrolled
loss (both in qualitative and quantitative terms) is

somewhat higher with the Clevenger than the Deryng
apparatus.

(iv) Additionally, it was shown that the ultrasonication-
supported maceration of plant material belonging to
the S. montana species in the Clevenger apparatus
results in an even greater overall loss of the volatile
fraction components than without using this supple-
mentary technique.

(v) In order to make phytochemical analysis of the
volatile fractions contained in medicinal plants more
up to the date and in the first instance considerably
more accurate, it seems recommendable (or even
urgent) to replace pharmacopoeial hydrodistillation
techniques with the headspace-GC/MS technique (as
a standard separation and quantification tool in
modern analytical chemistry laboratories).
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The present study was aimed to identification, isolation, and quantification of marker in R. tuberosa (Acanthaceae). HPTLC
fingerprinting was carried out for various extract of root, stem, and leaf of R. tuberosa. From the HPTLC fingerprint the florescent
band (under 366 nm) at Rf : 0.56 (mobile phase chloroform : toluene : ethyl acetate (6 : 3 : 1, v/v)) was found in leaf, root, and stem
of R. tuberosa. So, the florescent band (under 366 nm) at Rf : 0.56 was isolated as marker compound RT-F2 from root of R. tuberosa.
The marker compound RT-F2 was quantified by using HPTLC technique. The percentage (W/W) amount of RT-F2 was found
to 40.0% and 44.6% in petroleum ether and ethyl acetate extract of R. tuberosa roots, respectively. Further study is suggested to
characterization and biological nature of marker compound.

1. Introduction

Marker compound means chemical constituents within a
medicinal that can be used to verify its potency or identity.
For sometimes, the marker compounds may be described
as active ingredients or chemicals that confirm the correct
botanical identity of the starting material. It is very difficult
to identify correct marker compounds for all traditional me-
dicinals, because some medicinals have unknown active con-
stituents and others have multiple active constituents. A
chromatographic fingerprint of a herbal medicine is a chro-
matographic pattern of the extract of some common chemi-
cal components of pharmacologically active and/or chemical
characteristics. By using chromatographic fingerprints, the
authentication and identification of herbal medicines can be
accurately conducted even if the amount and/or concentra-
tion of the chemically characteristic constituents is not ex-
actly the same for different samples of drug. Hence it is very
important to obtain reliable chromatographic fingerprints
that represent pharmacologically active and chemically char-
acteristic component of the herbal drug [1–5].

Ruellia tuberosa is an erect, suberect, or diffuse perennial
herb up to 60–70 cm tall herb and belongs to family Acantha-
ceae, a native of Central America, introduced into Indian
garden as ornament. It is used medicinally in West Indies,
Central America, Guiana, and Peru. R. tuberosa is commonly
known as “Cracker plant” [6–8]. In Siddha system of med-
icine, leaves are given with liquid copal as remedy for gonor-
rhea and ear diseases [9], used in stomach cancer [10]. Dried
and ground roots in dose of two ounces cause abortion and
also used in sore eyes [11]. The herb also exhibits emetic ac-
tivity and employed substitute of ipecac, also used in bladder
stones and decoction of leaves used in treatment of Bronchi-
tis [12]. In Suriname’s traditional medicine system, it is used
as anthelmintic and also in management of joint pain and
strained muscles. In folk medicine, it has been used as diuret-
ic, antipyretic, antidiabetic, antidotal, thirst-quenching agent
and analgesic and anti-hypertensive activity [13, 14]. Ruellia
tuberosa is used as cooling in urinary problem, uterine fi-
broids [15, 16]. It has recently been incorporated as a com-
ponent in a herbal drink in Taiwan [17]. It has been exper-
imentally proved to possess antioxidant [18], antimicrobial
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[19], anticancer [20], gastroprotective activity [21], antinoci-
ceptive, and anti-inflammatory activity [22]. It is reported
that it contains flavonoids, steroids, and triterpenoids and
alkaloid [23–26]. But there is no any identified marker re-
ported; so the present study is aimed to identification, isola-
tion, and quantification of marker in R. tuberose.

2. Materials and Methods

2.1. Plant Material. Fresh plant of Ruellia tuberosa was col-
lected from the campus of The M. S. University of Baroda in
the month of August 2008. Plant was authenticated at Botany
Department of The M. S. University. Voucher specimen
(PHR/HDT/DC-RT-08) was stored in herbarium of our lab-
oratory. Roots were separated and sun dried separately. Dried
plant material was powdered.

2.2. Chemicals. All other reagents were analytical grade, pur-
chased from Merck (Darmstadt, Germany). All UV-Vis mea-
surements were recorded on a Shimadzu UV-1800.

2.3. Preparation of Extracts [27]. Powdered air dried drug,
weighing about 50 g, was extracted successively in soxhlet
apparatus with the series of solvents of increasing polarity as
follows: petroleum ether, toluene, chloroform, ethyl acetate,
and methanol. Each time before extracting with the next
solvent, the material was dried. All the extracts were filtered
through Whatman filter paper and concentrated. Concen-
trated extracts were applied on the TLC plate as sample solu-
tion.

2.4. HPTLC Finger Print Profiles for Various Extracts [28, 29]

2.4.1. TLC Conditions. TLC plate consists of 20× 10 cm, pre-
coated with silica gel 60 F254 TLC plates (E. Merck) (0.2 mm
thickness) with aluminum sheet support. The spotting device
was a CAMAG Linomat V Automatic Sample Spotter (Ca-
mag Muttenz, Switzerland); the syringe, 100 μL (from
Hamilton); the developing chamber was a CAMAG glass
twin trough chamber (20 × 10 cm); the densitometer con-
sisted of a CAMAG TLC scanner 3 linked to WINCATS soft-
ware. Mobile phase was chloroform : toluene : ethyl acetate
(6 : 3 : 1, v/v). Saturation time for mobile phase was 2 hours.

2.4.2. Procedure. Various extracts of roots, leaf, and stem of
R. tuberosa were applied on TLC plate and the plate was de-
veloped in chloroform : toluene : ethyl acetate (6 : 3 : 1, v/v)
solvent system to a distance of 8 cm. The plates were dried
at room temperature in air. The plate was scanned at 254 nm
(Figure 1) and 366 nm (Figure 2) before spraying and at
600 nm (Figure 3) after spraying with detection reagent
(Anisaldehyde sulfuric acid reagent and plate was heated at
110◦C for 5 minutes). The Rf values and color of the resolved
bands were noted.

2.5. Isolation and Characterization of Chemical Marker

2.5.1. Isolation of Compound RT-F2 from Petroleum Ether
and Ethyl Acetate Extract of Root. The dried powder of root

A B C D E F G H I J K L M N

Figure 1: HPTLC fingerprint of various extracts of R. tuberosa at
254 nm.

A B C D E F G H I J K L M N

Figure 2: HPTLC fingerprint of various extracts R. tuberosa at
366 nm.

(200 g) was extracted with petroleum ether and ethyl acetate
(500 mL) separately in soxhlet apparatus for 2 days. Then
the extracts were concentrated by distilling the solvent and
concentrated extracts were subjected to repetitive preparative
thin layer chromatography using Silica Gel G as stationary
phase (20 × 20 cm glass plates) and chloroform : toluene :
ethyl acetate (6 : 3 : 1 v/v/v) as mobile phase. Fluorescents
bands under 366 nm at Rf value 0.56 were identified
RT-F2 compound. RT-F2 bands were scraped. RT-F2 was
separated from silica Gel G by treating with methanol and
Chloroform mixture (1 : 1), filtered through Whatman filter
paper, and filtrates were combined, concentrated, and dried.
Isolated compounds were subjected to TLC and HPTLC,
UV spectroscopy (Figure 4), IR spectroscopy (Figure 5), and
Mass spectroscopy (Figure 6).

2.5.2. Quantification of RT-F2 in Petroleum Ether and Ethyl

Acetate Extract Using HPTLC Method

Standard Stock Solution. A solution of F2 compound
(500 μg/mL) was prepared in chloroform.

Sample Preparation

Ethyl Acetate Extract. Stock solution of sample 2 mg/mL of
extract was prepared in chloroform.
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Figure 3: HPTLC fingerprint of various extracts of R. tuberosa at
600 nm. (A) Petroleum Ether extract (R). (B) Toluene extract (R).
(C) Chloroform extract (R). (D) EtOH extract (R). (E) Petroleum
Ether Fraction (R). (F) Hexane Fraction (R). (G) Toluene Fract
(R). (H) Chloroform Fract (R). (I) EtOH Fract (R). (J) Methanol
Fract (R). (K) EtOH extract (R). (L) methanol extract (R). (M)
Petroleum Ether extract (S). (N) petroleum ether (L). R: root; Fract:
hydroalcoholic fraction; L: Leaf; S: stem.
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Figure 4: UV spectra of RT-F2 compound (λmax 208 nm, 272 nm).
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Figure 5: IR spectra of RT-F2 compound.
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Figure 6: Mass spectra of RT-F2 compound.
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Figure 7: Densitogram of RT-F2 compound at 600 nm, where T1,
T2, T3, T6, and T7 are 1.25, 2.5, 3.75, 5.0, and 6.25 concentration
of standard RT-F2 (μg/mL), respectively. T4 and T5 are petroleum
ether extract and ethyl acetate extract (μg/mL), respectively.
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Figure 8: Chromatogram of RT-F2 standard compound at 600 nm.
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Figure 9: Chromatogram of petroleum ether extract at 600 nm.
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Figure 10: Chromatogram of ethyl acetate extract at 600 nm.
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Figure 11: Calibration curve of RT-F2 compound.

Petroleum Ether Extract. Stock solution of sample 1 mg/mL
of extract was prepared in chloroform.

Calibration Curve. From the standard stock solution 2.5–
12.5 μL solutions were applied on precoated plate of Silica
Gel G, to produce the range of 1.25–6.25 μg of RT-F2 per
spot, respectively (Figure 7). Calibration curve is given in
Figure 11.

Sample. A 10 μL of each extract was applied.

Mobile Phase. The mobile phase was chloroform : toluene :
ethyl acetate (6 : 3 : 1).

Stationary Phase. The stationary phase was Precoated plate,
Silica Gel G 60 F254.

Applicator. The applicator phase was CAMAG LINOMAT 5.

Development. Plate was developed in a twin trough chamber.

Detection. We spray with Anisaldehyde sulfuric acid reagent
and heat at 110◦C for 5 minutes.

The plate was scanned at 366 nm under fluorescent mode
before spraying and at 600 nm (Figure 7) after spraying. The
Chromatograph of RT-F2 standard compound (Figure 8),

petroleum ether extracts (Figure 9), and ethyl acetate extract
(Figure 10) were reported.

3. Results and Discussion

3.1. HPTLC Fingerprint Profile. HPTLC fingerprint showed
that purple colored band (after derivatisation) (Figure 3) at
Rf : 0.56 was found in leaf, root, and stem of R. tuberosa. The
florescent band (under 366 nm) at Rf : 0.56 was selected as
marker compound and identified as RT-F2.

3.2. Isolation and Characterization of Marker RT-F2 Com-
pound. Data from fingerprinting results provide informa-
tion about presence of major terpenoid in petroleum ether
extract and ethyl acetate extract of root, targeted for isolation.

3.3. Compound RT-F2. Isolated compound F2 has sticky type
of nature. It gives violet purple color with Anisaldehyde
sulfuric acid reagent and Liebermann-Burchard reagent.

Analysis

TLC. Rf : 0.56, Solvent system-toluene : chloroform : ethyl
acetate (3 : 6 : 1).

Detection. Anisaldehyde sulfuric acid reagent (heat at 105◦C
for 5 minutes.

IR (KBr, cm−1) . 3409, 1622.

MS. (m/z) 279, 167, 149, 113, 83, 55.

3.4. Quantification of RT-F2 in Petroleum Ether and Ethyl Ace-
tate Extract Using HPTLC. Figure 7 shows the HPTLC chro-
matogram of standard RT-F2 compound, petroleum ether
extract and ethyl acetate extract.

The percentage (W/W) amount of RT-F2 was found to
40.0% and 44.6% in petroleum ether and ethyl acetate extract
of R. tuberosa roots, respectively (Tables 1 and 2).

4. Conclusion

Herbal medicines are composed of many constituents and
are therefore very capable of variation. Hence it is very im-
portant to obtain reliable chromatographic fingerprints that
represent pharmacologically active and chemically charac-
teristic components of the herbal medicine. HPTLC finger-
printing profile is very important parameter of herbal drug
standardization for the proper identification of medicinal
plants. A TLC densitometric method for the quantification of
isolated marker compound RT-F2 was established in petro-
leum ether and ethyl acetate extract of roots of R. tuberosa.
The present HPTLC fingerprinting profile can be used as a
diagnostic tool to identity and to determine the quality and
purity of the R. tuberosa in future studies.
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Table 1: Calibration curve data for RT- F2 compound of HPTLC method.

Track Rf Concentration of RT-F2 Height of peak Calculated RT-F2 Area of peak Calculated RT-F2

1 0.57 1.250 μg 51.72 641.96

2 0.56 2.500 μg 48.37 1005.73

3 0.56 3.750 μg 71.26 1446.38

4 0.56 Unknown∗ 73.75 3.758 μg 1558.45 4.006 μg

5 0.57 Unknown∗∗ 158.38 >6.875 μg 3246.91 >6.875 μg

6 0.57 5.000 μg 86.79 1945.75

7 0.58 6.250 μg 110.10 2313.74
∗

Petroleum ether extract, ∗∗Ethyl acetate extract
Regression equation (Height) Y = 27.094 + 12.415X , r = 0.9574
Regression equation (Area) Y = 185.641 + 342.686X , r = 0.9986.

Table 2: Quantification of RT-F2 compound.

Stationary phase Precoated Silica Gel 60 GF254

Mobile phase Chloroform : toluene : ethyl acetate (6 : 3 : 1)

Calibration range of
F2

2.5–12.5 μg/spot

Detection
Anisaldehyde sulphuric acid reagent heated
at 110◦C for 5 min and detected at 600 nm.

Regression equation Y = 185.6 + 342.686X (area wise)

R value 0.99862 (area wise)
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The paper is written as an introductory review, presenting summary of current knowledge about chemometric fingerprinting
in the context of TLC, due to a rather small interest in the literature about joining TLC and chemometrics. The paper shortly
covers the most important aspects of the chemometric fingerprinting in general, creating the TLC fingerprints, denoising, baseline
removal, warping/registering, and chemometric processing itself. References being good candidates as a starting point are given
for each topic and processing step.

1. Introduction

Exactly 40 years ago, in 1971, Swante Wold used the term
“chemometrics” for the first time in his grant application.
These 40 years of continuous development of computer abil-
ities and analytical chemistry methods made chemometrics
accessible to any interested scientist. The chemometric tech-
niques allow the researcher to compare and explore complex
and multivariate data by a proper projection methods [1].

The chemometric exploration of chromatographic data
is a well-established topic in the case of HPLC equipped with
different detection techniques [2–4]. The application of this
approach is very wide, from ion chromatography of mineral
waters [5], through oil spills [6], metabolic profiling [7],
different kinds of food [8], petroleum oils [9], and ending in
pharmaceutical and herbal investigations [10–16]. Although
such approach needs some chemometric (mathematical)
knowledge, it is more and more often preferred because of
the lack of the need of identifying every peak or, at least
significant peaks. The chromatogram is treated not as the set
of any peaks, but as an unique multivariate signal. Therefore,
there is an increasing interest in chemometric chromato-
graphical fingerprinting.

Although thin-layer chromatography is a well-estab-
lished technique and its pharmaceutical and herbal appli-
cations are very wide (see e.g., books of Macek [17] and

Waksmundzka-Hajnos et al. [18]), the fingerprinting is done
here mainly in a nonchemometric way. The most often
used approach relies on identifying peaks and comparing
their height, area, or intensity. There is still lack of com-
prehensive fingerprinting TLC approaches based on the full
chemometric processing of collected data. The reason for
this cannot be definitely justified; it is most probably caused
by narrow specializing of thin-layer chromatographers, some
fear of chemometrics, and lack of cooperation between TLC
chromatographers and chemometricians.

Therefore, the purpose of this paper is to review and
summarize all possibilities in TLC fingerprinting and settle
some starting point for any TLC chromatographer, which
would be interesting in introducing chemometrics to his/her
research.

2. Fingerprinting: Classical and by
Means of Chemometrics

The classical fingerprinting by TLC is done visually. The
chromatographic system is optimized to separate and visu-
alize (e.g., by different colors) all interesting components
from particular herbal sample. Next, the samples belonging
to different herbal species are compared and the differences
in particular peaks are manually notified. Several peaks can
be then proposed as markers, that is, substances responsible
for differences between discriminated classes.



2 Chromatography Research International

This allows the chromatographer to analyze an unknown
sample and—based on absolute or relative intensity of mark-
er peaks—to distinguish between particular species or chem-
otaxonomic groups. The fingerprints can be done with
several TLC systems simultaneously, each system allowing
to see and compare the markers found in another group of
phytochemicals found in the sample.

The main disadvantage of classical fingerprinting is its
subjectivity. The comparison of chromatograms is mainly
based on a subjective (not objective) method, mainly chro-
matographer perception. The chemometric approach, al-
though more difficult, is based only on objective mathemat-
ical methods.

The chemometric fingerprinting treats the chromato-
gram as a unique signal, without a need to identify and in-
terpret the peaks. The chromatogram is represented as a
vector—a serie of numbers with a particular sampling rate.
Therefore, each chromatogram can be treated as one point in
a multidimensional space, where the number of dimensions
is defined by the signal length. As the chromatograms consist
of tens, hundreds, or thousands of points, the high multidi-
mensionality does not allow the chemometrician to imagine
such point; however, the spaces of higher dimensions have
analogous to 3D space metric properties (angles, distances,
hyperplanes, etc.).

Considering the chromatograms as multivariate points,
one could measure a similarity/dissimilarity between any two
of them in different manner. The most often used measure is
Euclidean distance (which is analogous to distance between
points in 3D space), and angular distance (which is the angle
between vectors pointed from origin to the two points). The
first one is sensitive to absolute values of the peaks, the
second one works in a correlation-like manner and compares
only shape of the chromatograms. Based on the similar-
ity/dissimilarity or correlation matrix one can perform a
number of unsupervised chemometric techniques, which
will be explained below.

3. Creating Fingerprints

In the case of HPLC, the chromatography equipment allows
a researcher to export a chromatogram as a serie of numbers,
because the chromatogram is already digitized during its
development. In the case of TLC, the plate must be scanned
by densitometer or photographed after development. In a
general way, three approaches can be considered.

(1) Scanning a plate with a densitometer.

(2) Taking a photo of the plate and extracting univariate,
densitogram-like signal along a particular track.

(3) Taking a photo of whole plate, when 2D TLC is
performed.

The densitometric scanning can be performed in ultravi-
olet wavelength or visual wavelength, before or after applying
a developing agent. The scanning can be performed with
one wavelength, several wavelengths, or in multiwavelength
mode. The last one results in the data analogous to DAD
chromatogram, but the main disadvantage is a time needed

to scan the track. Only the newest densitometers have DAD
built in, and can collect many wavelengths during one pass
of the scanner. The plate can be scanned two times, before
and then after development by visual agent, densitograms
can be then combined together with one matrix with more
channels.

In the case of videoscanning, one can take a color photo
at 254 nm light, 366 nm light, or visible light. Each photo
has three channels (RGB), so there is a theoretical possibility
to collect 9 channels of information for the same plate.
However, one must not move the plate under the camera
during taking subsequent pictures to preserve compatibility
of spatial information. For this reason, it is almost impossible
to move the plate out of videoscanner, develop it by some
agent, and then scan it again: obtained photo will not exactly
match the previous one and the spatial difference can make
the chemometric processing almost impossible (or at least
the results will be incorrect). It could be possible with a
special holder, always holding the plate at an exact position,
but to the best knowledge of the author, no commercially
available videoscanning camera is equipped with it.

The images of the plate can be collected not only by
special videoscanning equipment—in many cases a popular
digital camera is also an appropriate hardware. However, it
must be done in repetitive conditions, in the same place, with
the same ambient light, and with the camera fixed in one
position with tripod. The univariate tracks can be then
obtained and exported from the photos by an open source
software, such as ImageJ [19].

4. Chemometric Pretreatment

Before applying the chemometric techniques, proper pre-
treatment of the signals is a necessity. The typical order of
preprocessing is as follows: normalization, denoising, and
baseline removal, followed by warping/registering.

The normalization step is not mandatory and there is
no consensus when it is obligatory—sometimes it makes
the results better, sometimes even worse. Therefore it is
recommended to compare the results with and without nor-
malization. The most often method of signal normalization
is the standard normal variate (SNV) method [20]. It is a
centering to zero mean and scaling to unit variance of each
signal itself (independent of scaling or centering used in
chemometric methods themselves).

4.1. Denoising. The denoising step is also not mandatory
and it should be performed only in the case of visible noise.
However, the densitograms and videoscans have quite a high
noise level in general. The signal processing science knows
many methods of denoising and smoothing of the signals.
The simplest one is Savitzky-Golay smoothing filter (which
can be used also with simultaneous differentiation) [21]. The
filter parameters should be optimized against the correlation
of filtered noise [22]. The other most important method is
the wavelet shrinkage [23, 24]. The other ones, such as digital
filters, Fourier denoising, or Whittaker smoother are not so
often used.
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The optimum denoising method is different in the case
of different noise properties—noise spectrum (and auto-
correlation) and homo/heteroscedastcity. The densitometer
noise is in most cases pink and heteroscedastic whereas the
CCD camera noise is white and homoscedastic. Therefore
the recommended methods are different. The reader can be
referred to two papers with comprehensive comparison of
denoising techniques in the case of densitograms [25] and
univariate videoscans [26]. In the first case, denoising is
more difficult and the Savitzky-Golay filter or Haar wavelet
shrinkage with soft thresholding is a good choice. In the sec-
ond case, the Haar mother wavelet with soft denoising and
any decomposition level larger than 1 was the best choice.

There is also another report [27] on image processing
techniques on whole images (when the 2D chromatogram
is processed and one cannot extract a univariate path).
Several other kind of filters (averaging, circular, Gaussian,
median, and Wiener) can be used here regardless of 2D ver-
sion of previous techniques. This study recommends use
of median filter with the window width optimized against
filtered noise autocorrelation. The wavelet shrinkage at high
decomposition level performs also very well.

4.2. Baseline Removal. The baseline removal process is
almost always mandatory. If this step is not applied, a base-
line variation causes a random variance greater than the
one caused by chromatogram variability. The real trends in
data are then completely obscured by baseline trends; there-
fore one cannot make any real conclusion without baseline
removal.

If the univariate signals are considered (densitograms,
univariate videoscans), the reader is referred to a com-
prehensive study and review of current baseline removal
methods [28]. Many approaches exists in the literature and
the methods of choice could be asymmetric penalized least
squares (e.g., in airPLS implementation) or quantile re-
gression.

In the case of 2D videoscans (images), the simple al-
gorithms, such as rollerball method [29] are sufficient to
filter the smooth baseline trends caused by inhomogenous il-
lumination or spraying. The more advanced methods, used
mainly in the case of 2D gel electropherograms [30] are not
necessary in the case of TLC [29].

4.3. Warping. An another significant problem is the random
shift of the chromatographic peaks. This phenomenon can-
not be fully avoided and the variability caused by these shifts
can also obscure the variability between the peaks them-
selves. This problem is extensively discussed on univariate
chromatograms in [31]. The most often used approach is
called correlation optimized warping (COW) whereas dy-
namic time wariping (DTW), Fuzzy Warping or several other
ideas are also present in the literature [32–34].

Regardless of the method used, there is a need that all
aligned fingerprints contain a set of common peaks to be
warped correctly and the target chromatogram (the reference
one to be aligned) is also carefully selected [35].

The only one way to bypass the alignment/warping
procedure is to use so-called Gram-matrix in the case of mul-
tichannel chromatograms [36]. In TLC this would mean
multiwavelength DAD-like signals. However, the time is the
main drawback here in the case of classical densitometer.

In the case of image processing, a warping step (called
also in the image context “registering”) is a little bit more
difficult. The example approach [29] requires a registering
done by special curves called splines, against the correlation.
The random variation of the spot location in 2D TLC is very
significant and correct processing of such fingerprints are
almost impossible without this step.

5. Chemometrics Itself: Unsupervised and
Supervised Techniques

The chemometric techniques applied to TLC fingerprints can
be unsupervised or supervised. The mainly used unsuper-
vised techniques [1, 37] are principal component analysis
[38] with its robust variant [39] independent component
analysis [40], and cluster analysis, including dendrograms
[41]. In the case of multimode data, such as multichannel
fingerprints, the PARAFAC method can be also considered
[42].

The unsupervised approaches perform analysis taking
into the account some objective criteria, such as dissimilarity
or variance in the data matrix. PCA and ICA find directions
in the datasets, therefore after applying this technique on
the “calibration set” one can store the directions (expressed
as loading vectors) and make a further projections of any
unknown future sample. In the case of dendrograms, one
can add the further samples to dendrogram, because adding
another object does not change shape of the dendrogram.
In all the cases, one should point a significant attention for
outlying objects, as they can disturb data analysis completely
[43].

The supervised techniques are used as multivatiate cal-
ibration methods [44], or as discriminative methods [45],
when data do not cluster against any objective criterion.
Although there is a possibility to construct a regression
model with a number of first latent variables of PCA and
such approach is called principal component regression
(PCR), the analysis of data matrix is then based only
on variance and, therefore, is unsupervised. Due to this
limitation, the most often used linear supervised method
is the partial least squares (PLS), known also as projection
to latent structures [46, 47]. It finds the directions in the
data matrix, which maximize the covariance between matrix
itself and predicted variable, and then constructs a regression
model with several first such directions. There are also some
extensions-generalizations of the method, such as cyclic
subspace regression [48] or continuum regression [49]. In
the case of outlying object, there may be a need to introduce
their robust variants [50]. The linear methods are sufficient
in many cases; however, sometimes there is a need to use
nonlinear ones. The PLS method can be nonlinearized by
applying the radial basis function concept [51]. The neural
networks are also often used [52].
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6. Conclusion

Although the chemometric approach in TLC fingerprinting
requires some prior mathematical and informatical knowl-
edge, there are many publications which can be treated as
starting points for interested TLC chromatographers. Tracing
the citations inside these papers, one can gain all the knowl-
edge for chemometric treatment for TLC data. However, it is
always a nice idea to consult an idea with some experienced
chemometrician. Due to increasing interest in chemomet-
rics, we can expect an increasing interest in chemometric
evaluation of all TLC data.
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Wiśniewska, “Chemometric processing of ion chromatograms
application to comparative analysis of polish bottled mineral
and spring waters,” Polish Journal of Environmental Studies,
vol. 19, no. 5, pp. 1071–1075, 2010.

[6] J. H. Christensen and G. Tomasi, “Practical aspects of chemo-
metrics for oil spill fingerprinting,” Journal of Chromatography
A, vol. 1169, no. 1-2, pp. 1–22, 2007.
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The results of spectrophotometric and HPLC/DAD analysis are discussed, and a comparison is made of selectively extracted
flavonoid fractions derived from twenty six sage species belonging to the Salvia genus. The sage samples were harvested in the
vegetation seasons 2007, 2008, and 2009. It was a goal of this study to find out which species contain the highest yields of flavonoids
(recognized for their free-radical-scavenging activity), as those with the highest yields could be applied in official medicine. It
was spectrophotometrically established that the four sage species can be recognized for their highest flavonoid levels, while the
HPLC/DAD analysis pointed out to the four other species. The source of the discrepancy between the two evaluation approaches
was discussed. Moreover, the HPLC/DAD fingerprints of the flavonoid fraction underwent a chemometric pre-treatment, and then
the purified fingerprints were analyzed by means of Principal Component Analysis (PCA) for the differences in the harvesting
period. A difference was revealed between the herbs harvested in the 2007 season, and those harvested in 2008 and 2009. The main
source of this difference could be the seasonal weather variation and the relatively longest storage period with the plants harvested
in 2007.

1. Introduction

In spite of a vast number of the different species and a
wide popularity of the plants belonging to the Salvia genus,
relatively little attention has been paid to phytochemical
analysis of these plants, prior to our own systematic research
(e.g., [1–4]). In the course of the centuries, different sage
species have gained the repute for their outstanding thera-
peutic, culinary, and decorative valor. However, the official
European medicine recognizes just one sage species for its
curative properties, which is Salvia officinalis. It is a well-
known fact that the curative properties of many plants are
due to the high contents of phenolics, which act as the free-
radical scavengers. Thus, it became an objective of this study
to analyze a selection of the different sage species popular in
Central and South Europe (where they grow both in a natural
habitat and as cultivars) and to fingerprint the flavonoid

fraction present therein by means of HPLC/DAD. It was our
intent to ultimately point out to these Salvia species, which
might compete with S. officinalis in terms of the high levels
of flavonoids.

To this effect, we spectrophotometrically determined an
overall content of flavonoids in the sage extracts which were
selectively obtained following the pharmacopeial procedure
[5]. This preliminary assessment allowed selecting four out
of twenty six sage species with the highest overall contents
of flavonoids (which were S. glutinosaa, S. pratensis ssp.
Haematodes, S. staminea, and S. triloba). For these four
sage species and additionally for S. officinalis, a comparison
was carried out of their respective HPLC/DAD fingerprints.
In our earlier study [6], an analogous comparison was
performed of the total sage extracts derived with the use
of methanol and, hence, containing a wider spectrum of
the polar components. It was expected that the fingerprints



2 Chromatography Research International

registered for the selectively derived flavonoid fraction could
better characterize the sage species than the nonselectively
derived methanol extracts.

However, the flavonoid contents in the sage species, as
monitored through the prism of the sums of all the separated
chromatographic peak areas had to be arranged in a different
order and, in this case, the four out of twenty-six sage
species with the highest overall contents of flavonoids were
S. nemorosa, S. forskahlei, S. azurea, and S. amplexicaulis.

The source of the discrepancy between the two assess-
ment approaches was discussed and, additionally, a chemo-
metric comparison was performed by means of principal
component analysis (PCA) of all the sage species consid-
ered in this study, which based on the HPLC/DAD chro-
matograms of the flavonoid fractions. Upon the obtained
results, certain conclusions were drawn regarding seasonal
differences in flavonoid composition among the individual
plant species.

2. Experimental

2.1. Herbal Material and Reagents. Samples of the twenty-six
different sage species (which are listed in Table 1 as species
1–5, 7–26, and 28) investigated in this study were collected
in the Pharmacognosy Garden of the Medical University,
Lublin, Poland, in three harvesting seasons (2007, 2008, and
2009). Botany specialists identified each investigated species,
and the voucher specimens were deposited in the herbarium
of the Department of Pharmacognosy, Medical University,
Lublin, Poland. This plant material was dried for 40 h in an
oven with a forced air flow at 35 to 40◦C. The obtained dry
material was stored in a refrigerator until commencement
of the analysis. Species 6 was S. glutinosaa, which originated
from the natural habitat in the Ostrowsko region of south
Poland and species 27 was S. officinalis, which originated
from the natural habitat in the Zlatibor region of central
Serbia. Species 6 was harvested in all three vegetation seasons
(2007, 2008, and 2009), and species 27 was harvested in
the summer of 2008 only and purchased dried. Summarized
information about all the investigated herbal material is
given in Table 1.

Methenamine was purchased from Pharma Cosmetics
(Cracow, Poland), and methanol, ethyl acetate, acetone,
glacial acetic acid, aluminium chloride, and hydrochloric
acid used for the experiments were of analytical purity grade
and purchased from POCh (Gliwice, Poland). Water was
double distilled and deionized in the laboratory conditions
by means of Elix Advantage model Millipore system (Mol-
sheim, France).

2.2. Selective Extraction of Flavonoids from Herbal Material.
Stock extract solution of each investigated sage species was
prepared from 1 g medium powdered crude plant material.
To this plant material, 20 mL acetone, 2 mL HCL (281 g L−1),
and 1 mL methenamine (5 g L−1) were added. The entity
was kept boiling on the water bath under the reflux for
30 min. Hydrolysate was filtered to the volumetric flask
(100 mL). The separated plant material was extracted for
the second and the third time with the 20 mL portions of

Table 1: Basic characteristics of the investigated plant material.

Sample no. Sage species Harvesting year

1 S. amplexicaulis 2007, 2008, 2009

2 S. azurea 2007, 2008, 2009

3 S. cadmica 2007, 2008, 2009

4 S. deserta 2007, 2008, 2009

5 S. forskahlei 2007, 2008, 2009

6 S. glutinosaa 2007, 2008, 2009

7 S. hians 2007, 2008, 2009

8 S. jurisicii 2007, 2008, 2009

9 S. nemorosa 2007, 2008, 2009

10 S. pratensis ssp. Haematodes 2007, 2008, 2009

11 S. sclarea 2007, 2008, 2009

12 S. staminea 2007, 2008, 2009

13 S. stepposa 2007, 2008, 2009

14 S. tesquicola 2007, 2008, 2009

15 S. triloba 2007, 2008, 2009

16 S. verticillata 2007, 2008, 2009

17 S. officinalis 2007, 2008, 2009

18 S. lavandulifolia 2007, 2009

19 S. atropatana 2007

20 S. canariensis 2007

21 S. argentea 2008, 2009

22 S. austriaca 2008, 2009

23 S. nutans 2008, 2009

24 S. regeliana 2008, 2009

25 S. superba 2008, 2009

26 S. glutinosa 2008

27 S. officinalisb 2008

28 S. pratensis 2009
a
Sample originating from the natural habitat in the Ostrowsko region of

south Poland.
bSample originating from the natural habitat in the Zlatibor region of
central Serbia.

acetone kept boiling for 10 min. All extracts were filtered to
the same volumetric flask, and acetone was added to make
up to 100 mL. Then, 20 mL of the obtained solution was
transferred to the separation funnel, 20 mL water was added,
and the entity was extracted with ethyl acetate (firstly with
the 15 mL, and then three times with the 10 mL portions
of ethyl acetate). The separated organic layers were collected
jointly and twice washed with the 40 mL portions of water.
The organic layer was filtered to the 50 mL volumetric flask
and filled up to the volume with ethyl acetate. Selective
extraction of flavonoids from the investigated plant material
was carried out in triplicate from the three different plant
samples belonging to each individual batch of the sage
species. The procedure of selective extraction is described in
[5].

2.3. Spectrophotometric Determination of the Overall Content
of Flavonoids. Flavonoids were determined spectrophoto-
chemically according to the procedure described in [5],
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using the selectively obtained flavonoid fraction extracts.
Each result presented in this study is a mean value from
the three independent spectrophotometric measurements
obtained for each individual extract. An overall (%) content
of flavonoids was recalculated for hyperoside, using the
recalculation factor (k).

For each spectrophotometric measurement, two solu-
tions were prepared. Solution 1 was prepared in the following
way: to the 10 mL stock extract solution, 2 mL aluminium
chloride (20 g L−1) solution was added and filled up to 25 mL
with the 1 : 19 mixture of acetic acid and methanol. Solution
2 was the reference sample, and it was prepared as follows:
10 mL stock solution was filled up to 25 mL with the 1 : 19
mixture of acetic acid and methanol. After 45 min from the
preparation of these two solutions, absorbance of sample 1
was measured at the wavelength λ = 425 nm, using sample
2 as a blank. The percentage (%) content of total flavonoids
(X) was calculated, using the following formula [5]:

X = A · k
m

, (1)

where A is the absorbance of the examined solution, k is the
recalculation factor for hyperoside (k = 1.25), and m is the
weight of the crude plant material (in grams).

The obtained quantitative results (i.e., the overall con-
tents of flavonoids in the percentage scale) for all the
investigated sage species are given in form of the bar diagram
in Figure 1.

2.4. The HPLC/DAD Fingerprinting. The HPLC analysis was
carried out with a Varian 920-LC model liquid chromato-
graph (Harbor City, Calif, USA) equipped with a 900-LC
model autosampler, gradient pump, 330 model DAD, and
the Galaxie software for data acquisition and processing.
The analyses were carried out in the gradient mode using a
Pursuit C18 (5 μm particle size) column (250 × 4.6 mm id;
Varian; Cat. no. 1215-9307). Methanol (A) and water (with a
1% (v/v) amount of glacial acetic acid; (B)) were used in the
following A + B gradient program (v/v): from 0 to 17 min,
50 + 50; from 18 to 26 min, 80 + 20; from 27 to 46 min, 90 +
10; from 47 to 58 min, 100 + 0; from 59 to 70 min, 50 + 50.
The flow rate was 0.6 mL min−1. The chromatograms were
registered at the wavelength λ = 254 nm.

2.5. Chemometric Baseline and Noise Correction of Chro-
matograms. Dealing with the chromatograms of natural
samples is not an easy task, although the fingerprinting
approach has long been used for rapid screening of complex
analytical signals. It has also been used in our earlier
phytochemical study of the sage species [7]. In this section,
a short description of the applied chemometric techniques
is given, aiming to remove the background and noise from
the HPLC/DAD chromatograms, and in that way to prepare
the input data for the further exploration and visualization
thereof with the use of the principal component analysis
(PCA).

The first step was elimination of the background com-
ponent from the chromatograms. One of numerous baseline

elimination techniques is the penalized asymmetric least
squares approach (PALS) [8]. This method applies the least
squares approach to fit a baseline to the signal. Each point of
a signal gets a different weight which locates it above or below
the original signal. The weights are modified according to an
iterative procedure such that the points above the original
signal have very small weights and the points below this
signal have the weights close to 1. There are two adjustable
parameters, that is, the order of the differences and the
penalty parameter, which are to be optimized. Usually, the
order of the differences is set as equal to 2. The larger the
penalty parameter is, the smoother baseline is obtained.

Chromatographic signals were smoothed to suppress the
white (Gaussian) noise. In this study, the Savitzky-Golay
differentiation filter [9] was used. This filter helps to
reduce the peak overlapping and the linear baseline drift
by constructing the first and the second derivative spectra.
The Savitzky-Golay filter technique resembles the local
polynomial regression with a window of at least f + 1 points,
where f is the polynomial degree.

Also, the other undesired effects that could be present
in the raw data were eliminated using the standard normal
variate transformation (SNV) [10]. The pretreated data were
used as the input data for principal component analysis
(PCA) and discriminant partial least squares (DPLS).

2.6. Principal Component Analysis (PCA). Principal compo-
nent analysis (PCA) is the data exploration and visualization
technique [11]. It allows to construct a set of new variables
called principal components (PCs). The principal compo-
nents are the orthogonal vectors that are linear combinations
of the original variables and represent the data structure by
maximizing the description of data variance. The PCA model
consists of k principal components, where k is selected by
the user. The original data matrix X(m × n) is decomposed
according to the following formula:

X = TPT + E, (2)

where T(m × k) is the matrix of scores, P(n × k) is the
matrix of loadings, E(m × n) is the residual matrix, and the
superscript T denotes transposition of the matrix.

As a projection method, PCA enables projection of the
objects or variables on the planes which they define [12].
Projection of the samples on the plane defined by the selected
pairs of PCs allows studying the similarities among the
samples (in form of the score plots). The loading plots are
the projections of the variables on the planes of the selected
principal components and allow tracing correlations among
the data variables.

2.7. Discriminant Partial Least Squares (DPLS). The discrim-
inant partial least squares approach (DPLS) [13] is widely
applied in chemistry, because of the multivariate character
of the data studied and the high correlation usually observed
among the explanatory variables. With the DPLS model, a
linear relationship between a property of interest and a set
of the explanatory variables is described. The property of
interest is usually a binary or a bipolar coded vector. The



4 Chromatography Research International

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

S.
ar

ge
nt

ea

S.
ca

dm
ic

a

S.
az

ur
ea

S.
hi

an
s

S.
te

sq
ui

co
la

S.
nu

ta
ns

S.
sc

la
re

a

S.
au

st
ri

ac
a

S.
de

se
rt

a

S.
re

ge
lia

na

S.
offi

ci
na

lis

S.
su

pe
rb

a

S.
fo

rs
ka

hl
ei

S.
st

ep
po

sa

S.
ne

m
or

os
a

S.
am

pl
ex

ic
au

lis

S.
pr

at
en

si
s

S.
ju

ri
si

ci
i

S.
la

va
nd

ul
if

ol
ia

S.
ve

rt
ic

ill
at

a

S.
tr

ilo
ba

S.
st

am
in

ea

S.
gl

ut
in

os
a

O
st

ro
w

sk
o

S.
pr

at
en

si
s

ss
p.

H
ae

m
at

od
es

C
on

te
n

t
(%

)

Figure 1: A bar diagram comparison of the overall contents of flavonoids in all the sage species harvested in 2009.

explanatory variables can be the sets of instrumental signals,
for example, the chromatograms. Via the DPLS model, a
set of a few orthogonal factors is constructed, aiming to
maximize the covariance of the explanatory variables with
the property of interest. When constructing the model, a
number of orthogonal factors need to be estimated, which
is usually done through the cross-validation mode. The final
model is delivered in the form of the regression coefficients
vector.

3. Results and Discussion

3.1. The HPLC/DAD Fingerprinting and Spectrophotometric
Results. From a comparison of the HPLC/DAD fingerprints
obtained for twenty-four selective extracts of flavonoids
derived from the different sage species harvested in 2009,
it was observed that the chromatogram of S. nemorosa
shows both the highest number of the fourteen separated
peaks and the highest sum of the separated peak areas
(1244 mAV × min). The same species showed one of the
highest numerical values of the sum of the separated peak
heights (1893.5 mAV).

To the contrary, the chromatogram of the flavonoid
extract from S. cadmica is characterized with the lowest
number of the four separated peaks. Accordingly, the sums
of the separated peak heights and the sums of the separated
peak areas for this particular sage species were obtained
among the lowest numerical levels (630.4 mAV × min and
1507.7 mAV, resp.).

On the basis of the chromatographic results, the fol-
lowing sage species are those with the highest sums of the
separated peak areas and/or the highest sums of the separated
peak heights: S. amplexicaulis, S. azurea, S. forskahlei, S.
hians, and S. nemorosa. Sage species showing the lowest
sums of the separated peak areas and/or the lowest sums of
the separated peak areas are the following ones: S. cadmica,

S. nutans, S. officinalis, S. regeliana, and S. triloba. Numbers of
the separated chromatographic peaks, sums of the separated
peak areas, and sums of the separated peak heights for all the
investigated sage species are given in Table 2. For the sake of
graphical illustration, in Figure 2(a), we presented selected
chromatographic fingerprints of the four sage species with
the highest sums of the separated peak areas and also the
fingerprint of S. officinalis. Salvia officinalis was compared
with these four species, due to its unique position in the
traditional European medicine, in spite of the lowest overall
percentage content of flavonoids among the five compared
species. The chromatogram of the S. officinalis extract fully
confirmed the spectrophotometric findings. Its fingerprint
is characterized with a relatively low number of the six
separated peaks, and with the relatively low sums of the
separated peak areas and the peak heights (676.1 mAV×min
and 1377.4 mAV, resp.).

According to the spectrophotometric results (Figure 1),
the following sage species: S. glutinosaa, S. pratensis ssp.
Haematodes, S. staminea, and S. triloba were characterized
with the highest overall percentage contents of flavonoids, as
recalculated to hyperoside.

Salvia triloba is one of the four sage species showing
the higher overall percentage contents of flavonoids, as
established spectrophotometrically. However, on the chro-
matogram of this species, we found seven separated peaks
only, and the sums of their areas and heights are not very
impressive either (although higher than with S. officinalis).

The second out of the four is S. staminea, which accord-
ing to the spectrophotometric result is richer in flavonoids
than S. triloba and S. officinalis. The chromatographic
results confirmed the spectrophotometric ones. On the
chromatogram of the flavonoid fraction derived from S.
staminea, we found nine separated peaks, and the sums of
their areas and heights are the highest ones among the
selected four.
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Table 2: A comparison of the numbers of the separated chromatographic peaks, and of the sums of the separated peak heights and peak
areas with twenty-four different sage species harvested in 2009. Numbering of the sage samples is in conformity with Table 1.

Sample no. Sage species No. of separated peaks
Sum of separated peak

heights (mAV)
Sum of separated peak

areas (mAV×min)

1 S. amplexicaulis 7 1906.3 1038.2

2 S. azurea 6 1856.3 1168.3

3 S. cadmica 4 1507.7 630.4

4 S. deserta 6 1666.3 740.8

5 S. forskahlei 8 2041.6 1238.3

6 S. glutinosaa 8 1630.3 895.8

7 S. hians 11 1951.7 1009.0

8 S. jurisicii 13 1643.7 847.0

9 S. nemorosa 14 1893.5 1244.0

10 S. pratensis ssp. Haematodes 12 1635.5 903.4

11 S. sclarea 5 1610.7 852.3

12 S. staminea 9 1980.8 948.0

13 S. stepposa 9 1646.1 632.3

14 S. tesquicola 9 1665.8 667.4

15 S. triloba 7 1586.4 669.4

16 S. verticillata 7 1711.7 878.8

17 S. officinalis 6 1377.4 676.1

18 S. lavandulifolia 9 1614.3 837.4

21 S. argentea 9 1634.1 981.5

22 S. austriaca 8 1561.0 930.0

23 S. nutans 7 1464.7 609.4

24 S. regeliana 7 1487.9 806.6

25 S. superba 6 1993.5 886.4

28 S. pratensis 9 1600.7 927.6

The third species (S. glutinosaa) showed the highest
overall content of flavonoids among the four species. On
its fingerprint chromatogram, eight separated peaks can
be found, and the sums of their areas and heights are
895.8 mAV×min and 1630.3 mAV, respectively. These values
are lower than those chromatographically obtained for S.
staminea, yet higher than with S. officinalis and S. triloba.

The fourth spectrophotometrically selected species is S.
pratensis ssp. Haematodes as that with the relatively highest
percentage content of flavonoids. On its chromatogram, the
highest number of the twelve separated peaks was observed
among the four compared species (and S. officinalis). Sums of
their areas and heights were, respectively, 903.4 mAV × min
and 1635.5 mAV. For the sake of graphical illustration, in Fig-
ure 2(b), we presented selected chromatographic fingerprints
of the four sage species with the highest overall percentage
contents of flavonoids, as spectrophotometrically assessed
and recalculated to hyperoside, and also the fingerprint of
S. officinalis.

The perceptible discrepancy between the spectrophoto-
metric and the chromatographic results (which can anyway
be considered as semiquantitative only) is due to the different
principles and also different sensitivities of the two analytical

approaches. Spectrophotometric analysis assumes a very
simplifying recalculation of the overall flavonoid contents
to hyperoside. On the other hand, the chromatographic
fingerprinting is certainly more sensitive, although in spite
of the selective and flavonoids-oriented extraction, one
cannot exclude the presence of the compounds other than
flavonoids in the chromatographed extracts, which might
result in a different source of the estimation error. This is the
reason why these two approaches have been presented and
compared in this study.

3.2. Chemometric Evaluation of Chromatographic Finger-
prints. In this study, a set of herbal fingerprints obtained
from HPLC/DAD for the Salvia species was analyzed with the
use of the chemometric techniques. Firstly, we enhanced the
signal-to-noise ratio. To this effect, the background removal
was carried out by application of the PALS method. Also, the
noise influence was reduced with the use of the Savitzky-
Golay smoothing filter, which delivered smoothed signals.
For all the assessed fingerprints, the penalty parameter used
in the PALS method was set to 107 and the Savitzky-Golay
standard Matlab command of 51 frame size was applied. In
Figure 3, we showed the baselines of the chromatograms and
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Figure 2: (a) A comparison of the HPLC/DAD fingerprints for the five different sage species (S. nemorosa, S. forskahlei, S. azurea, S.
amplexicaulis, and S. officinalis). The chromatograms were registered at the wavelength λ = 254 nm. All fingerprints except for S. officinalis
are those with the highest sums of the separated chromatographic peak areas. (b) A comparison of the HPLC/DAD fingerprints for the
five different sage species (S. glutinosa. S. pratensis ssp. Haematodes. S. staminea. S. triloba., and S. officinalis). The chromatograms were
registered at the wavelength λ = 254 nm. All fingerprints except for S. officinalis are those with the highest overall sums of flavonoids, as
spectrophotometrically established.

also the signals after performance of the preprocessing step.
Finally, the SNV transformation was applied to the signals
which were analyzed further in that form.

On the score plots shown in Figure 4, three groups of the
Salvia samples can be distinguished. One can easily notice
that the sage samples collected in the 2007 vegetation season
markedly differ from the remaining ones in the space of PC1,
which describes nearly 70% of data variance (Figure 5). Real
cause of this difference remains unknown, yet it can be due to
the local weather changes and/or due to the relatively longest
storage period with the plant samples collected in 2007.

We tried to distinguish samples originating from the 2007
vegetation season from the remaining ones in another way
also, which was achieved by application of the discriminant
partial least squares model (DPLS) [13]. All samples were
split into the two sets using the Kennard and Stone approach
[14], namely into the training and the test set. With this
algorithm, all kinds of samples are included in the training
set, what provides the representativeness of the training set.
The training set consisted of 17 samples from each of the
two classes (class 1 was valid for the 2007 vegetation season
samples and class 2 for the 2008 and 2009 samples), and the

test set contained all the remaining samples. Due to a rather
limited number of the available samples, the cross-validation
leave-3-out method was used to estimate the complexity of
the DPLS model and the eight latent factors were chosen
(Figure 6). The correct classification rate (CCR) was used as
the model characterization parameter, and the sensitivity and
specificity parameters were calculated (Table 3). The CCR
for the model set characterizes the fitting of the model to
the data, and for the test set it describes predictive power
of the model. Finally, we obtained the 84.38% correctly
classified samples from the independent test set, which
was a reasonably satisfying result (additionally confirming
correctness of distinguishing the 2007 sage samples from
the remaining specimens studied). All calculations and
chemometric treatment were applied via the R2010a Matlab
by the MathWorks and its toolboxes.

4. Conclusions

Upon the spectrophotometric results, we compared twenty-
four different sage species harvested in 2009 in terms of
the overall percentage contents of flavonoids (recalculated
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Figure 3: The HPLC/DAD profiles of the different Salvia species extracts: (a) with the baseline and (b) after the baseline and noise removal.
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Figure 4: Plots of the Salvia samples on the plane determined by (a) the first and the second principal component and (b) the first and the
third principal component.

to the contents of hyperoside) and, on this basis, we selected
those showing the highest overall percentage contents (i.e.,
S. glutinosaa, S. pratensis ssp. Haematodes, S. staminea, and S.
triloba).

From the HPLC/DAD comparison of the fingerprints
valid for the same twenty-four different sage species and
from the comparison of the chromatograms with the highest
sums of the chromatographic peak areas, the following
sage species: S. nemorosa, S. forskahlei, S. azurea, and S.
amplexicaulis could be selected as those with the highest
overall contents of flavonoids.

A comparison of the spectrophotometric data with the
results of the chromatographic fingerprinting allowed for

Table 3: Model parameters. where SE is sensitivity, SP is specificity,
and CCR is the correct classification rate for the training and the
test set, respectively.

Training set Test set

SE 94.18 88.00

SP 100 71.43

CCR 97.06 84.38

a conclusion as to the perceptible discrepancy between the
results of these two approaches. This discrepancy appar-
ently is due to the different principles and also different
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Figure 6: The cross-validation error for estimation of the model
complexity.

sensitivities of each analytical technique applied. Due to
completely different error sources in each approach and also
to an unknown chemical composition of the fingerprinted
extracts, for the time being, it seems noteworthy to pay
roughly equal attention to the two series of the obtained
results.

In spite of the differences in the spectrophotometric and
chromatographic results, it can be concluded that, in terms of
the flavonoid fraction contents, many individual sage species
outperform S. officinalis.

The chromatographic fingerprints of the selectively
derived flavonoid extracts proved useful for the construction
of the chemometric models. In this study, they proved
helpful in differentiating among the harvesting years with the
investigated Sage species.
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partially supported by the Ph.D. scholarship granted to then
in 2010 within the framework of the University as a Partner
of the Economy Based on Science project subsidized by the
European Social Fund of the European Union.

References

[1] J. Rzepa, Ł. Wojtal, D. Staszek et al., “Fingerprint of selected
Salvia species by HS-GC-MS analysis of their volatile fraction,”
Journal of Chromatographic Science, vol. 47, no. 7, pp. 575–580,
2009.

[2] Ł. Ciesla, M. Hajnos, D. Staszek, Ł. Wojtal, T. Kowalska, and M.
Waksmundzka-Hajnos, “Validated binary high-performance
thin-layer chromatographic fingerprints of polyphenolics for
distinguishing different Salvia species,” Journal of Chromato-
graphic Science, vol. 48, no. 6, pp. 421–427, 2010.
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As traditional Chinese medicine (TCM) is gradually accepted by many countries, people pay much attention to the quality of
herbal medicines. Because of the significant variation in active components in them, the quality control of herbal medicines is a
very important issue. Nowadays, high-performance liquid chromatography (HPLC) fingerprint spectra (FPS) are widely used in
identification and quality control of herbal medicines. This paper will analyze the methodology and their application in identifying
and evaluating herbal medicines by means of HPLC FPS, which includes simple comparing, clustering, principal component
analysis (PCA), and similarity analysis methods.

1. Introduction

Traditional Chinese medicine (TCM) has been developed
and used in China for nearly three thousands of years. Many
countries, including Japan, Korea, and countries in south of
China have benefited from the TCM for thousands of years.
TCM possesses great advantage in curing and preventing
diseases.

Compared with man-made synthetic drugs, herbal medi-
cines contain many components which are pharmacologi-
cally active. However, herbal medicines also have their short-
coming since the concentration of their active components
may vary from batch to batch thus affecting their efficiency in
treating diseases. For example, the concentration nd contents
of the same kind herbs originated from different regions or
from the same region collected at different times may change
distinctly.

Even the quality of the same batch herbal medicine stored
under different conditions may vary significantly. herbal
medicines of the same kind planted or wild usually differ
from each other greatly. Therefore, it is essential to ensure

the quality of herbal medicines though effective analytical
methods.

The quality control involves three steps. The first is false
and true identification, the second is to distinguish origi-
nating regions of herbs, and the third is quality evaluation
[1]. The false and true identification aims to distinguish the
species by means of many qualitative analytical methods [1].
The qualities of herbs are closely related to their producing
areas; for this reason the determination of producing regions
is critical. The quality of herbs depends on the growing envi-
ronments, collecting times, and storing conditions as well,
since the growth of herbs is easily affected by geographical
and climate conditions.

The quality control methods underwent many devel-
opments since ancient times, from the botany shapes,
microscopy structure identification to the physical and
chemical properties based on the major components iden-
tification to almost all components identification depending
on fingerprint spectra (FPS) [2]. The classification of herbs
based on fingerprint spectra of herbs is now becoming the
platform in identifying herbs. Currently, fingerprint spectra
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analysis includes two major aspects which are based on spec-
troscopy fingerprint spectra such as infrared spectroscopy
and ultraviolet spectroscopy. And the second is based on
the HPLC fingerprint spectra. The spectral fingerprinting
techniques are quick, easy, and accurate while the HPLC
method is able to determine the partial components in herbs,
and can determine their concentrations quantitatively. For
this reason, HPLC FPS is currently considered a critical
method in evaluating quality of herbal medicine.

In this paper we will summarize systematically the
methods and their application in herbal quality control.
The common methods used in identifying herbal medicines
based on HPLC fingerprint spectra are discussed including
the direct comparing method, the analysis on similarity,
dual index method, the pattern recognition methods, such
as principal component analysis (PCA), clustering, and the
invariableness analysis of biological system.

2. Comparing Methods

The directly compared analysis is the classical method
in analyzing IR and UV fingerprint spectra. The method
depends on the determination and comparison of the HPLC
FPS of different herbs and herbal medicines, and the choice
of their key properties. The method is easy and reliable.

Hu et al. [3] compared the HPLC FPS of Fu Ling peels
originated from different regions. They are the black peels
of Poriacocos (Schw.) Wolf. The HPLC FPS of the extracts
were measured. The experiments showed that methanol
and 95 percent ethanol are the best solvents for extracting
components in the peels. The HPLC FPS of the extracts of 10
samples were detected.

There are 17 common peaks in the FPS, with prominent
large relative areas and better peak configurations which are
present in every FPS. Peak No. 8 was selected as the reference
to calculate the relative retention times of other peaks. The
relative areas of all common peaks were calculated based on
the peaks of extracts from Sichuan province. The 17 common
peaks of every extracts are compared directly. The results
expressed that the major components of 10 samples are of
little differences, but their contents vary greatly. The contents
of components in sample from Sichuan province are higher
than that of other samples. Among these peaks, the relative
areas of peaks no. 3, 4, 6, 7, 8, 14, and 15 in FPS of sample of
Sichuan are higher than that of peaks in all other samples’
FPS. The relative peak areas of no. 5, 9, 11, 13 are higher
in FPS of sample from Anhui province than that in other
samples. The relative areas of peaks no. 1, 16, 17 in FPS of
sample from Luo Tian of Hubei province are the highest.
Peak no. 10 is the big one in FPS of sample from Hunan
province and Ying Shan of Hubei province.

Li et al. [4] reported the HPLC FPS of 10 Fen Ge
herbs (the root of Pueraria thomsonii Benth.) from various
areas of Guangxi province, S1(from Nanning), S2 (Guilin),
S3 (Nanning), S4 (Nanning), S5 (Liuzhou), S6 (Nanning),
S7(Guilin), S8 (Nanning), S9 (Nanning), S10 (Guangxi). The
HPLC FPS of the 10 samples were extracted with 30 percent
of ethanol and were measured. Peak No. 5 was chosen as the
reference and to calculate the relative retention times and

relative areas of other peaks in the FPS of 10 extracts. In the
HPLC FPS, there exist 15 major characteristic common peaks
(for every HPLC FPS the sum of the 15 peak areas occupies
90 percent of the total peak area).

The peaks of higher relative area are peaks No. 5, 7, 11, 13
in HPLC FPS of 10 samples. These 15 peaks can represent the
common properties of Fen Ge herbs from different regions.
On the other hand, the same peaks vary greatly for different
samples, and the integrate quality cannot be evaluated in
detail by directly comparing these HPLC FPS of Fen Ge
herbs.

The HPLC FPS of seeds of Shui Hong Hua (Polygon
orienta (L.)) were analyzed by Xie et al. [5]. The HPLC
FPS of 9 samples extracts were carried out. Eleven common
peaks in the FPS were observed. Peak No. 8 was chosen
as a reference peak to calculate the relative retention times
and relative areas. There are distinct differences among the
relative areas of peaks in FPS of these samples, which explain
that the qualities of the 9 samples are significantly different.
But using the comparing method is unable to further analyze
the quality of these nine samples.

Huang and coworkers [6] studied the quality of Huang
Qi (the root of Astragalus membranaceus (Fisch) Bge. Var.
mongholicus (Bge). Hsiao) with HPLC FPS. The traditional
quality control for Huang Qi only focused on the content
of astragaloside, which is not suitable to reflect the natural
quality of the herbs. The HPLC FPS of 5 samples were
determined, and it was found that the FPS are similar to each
other. There are 13 common peaks in FPS of the 5 samples.
The relative retention times and relative peak areas were
calculated by reference to the retention time and peak area
of astragaloside. The major peaks in FPS of every sample are
very similar. However, their contents are obviously different.

Wang et al. [7] researched the HPLC FPS of Jin Yin Hua,
the flower of Lonicera japonica from different regions. The
examples were extracted with water, and then ethanol was
added into the solutions till to 70 percent. The HPLC FPS of
components solved in 70 percent ethanol were measured.

Ten samples are S1, S7 (from Pingyi of Shandong,) S2, S8
(Mixian of Henan), S3, S5 (Hebei), S4 (Xinhua of Hunan),
S6 (Benxi of Liaoning), S9, and S10 (Shucheng of Anhui).
The relative retention times and relative peak areas were
computed by reference to the retention time and peak area
of Chlorogenic acid (peak 3). For HPLC FPS of each sample,
there are about 15 to 22 peaks. There are 11 characteristic
peaks in the FPS of 10 samples. The relative retention times
of the 11 peaks are 0.33, 0.64, 1.00, 1.10, 1.21, 1.25, 1.40, 1.74,
2.03, 2.07, and 2.31, respectively. For the samples from the
same region, 8 big peaks for each HPLC FPS are different,
and their relative peaks areas vary greatly, which show that
their qualities differ from each other seriously. However, the
comparing method is unable to evaluate their qualities in
more detail.

According to the examples described above, one can
conclude that the HPLC FPS are capable of providing useful
information associated with the herbs’ quality, which can
be applied to be a platform for establishing the qualities of
herbal medicines. However, the direct comparative method
is not suitable for quantitative purposes.
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3. Clustering Analysis

Clustering analysis is the catalogue of method that belongs
to unsupervised analytical pattern methods, with which
samples can be classified objectively and clearly. The methods
are wildly applied to analyzing complex systems.

The HPLC FPS of isoflavones were reported by Shi et
al. by means of clustering analysis [8]. Isoflavones are the
extracts of soybean Glycinemax (L.) Merr. (Phaseolusmax L.),
which are used to preventing cancers and diseases of blood
vessel related to heart and brain. The components of the 25
samples, namely, S1(Lu Dou 10), S2 (Lu Dou 9), S3 (Qi Mao
Dou), S4 (Qi Huang 29), S5 (Huang Ku Dou), S6 (Qin Dou
9), S7 (Nan Zhan 1), S8 (Qi Huang 27), S9 (Qi Huang 31),
S10 (Lu 98-8), S11 (Ping Ding Huang), S12 (Yue jin 10), S13
(Tai 75), S14 (Fen 61), S15 (Huai Dou 6), S16 (Tai 292), S17
(Zheng 9528-8), S18 (Shan ning 10), S19 (Lu 6), S20 (93127-
4), S21 (Dong jie 10), S22 (Bin Zhi Dou 1), S23 (Qi Huang 1),
S24 (Ji Dou 12), and S25 (Zhong Huang 24) were extracted
with petroleum ether, and then the residues were extracted
with 70 percent of ethanol by means of supersonic waves.
The HPLC FPS of the isoflavones of the 25 samples were
determined.

In these FPS there are 23 common peaks for these
samples. The relative retention times and relative areas of
these peaks were calculated by reference to the peak of Ge-
nistein, and the matrix with 23 row and 23 columns was
constructed. It was analyzed with the method of between-
groups linkage and Pearson correlation in SPSS 11.0 version.
The results indicate that these 25 samples could be divided
into three classes, in which S1, S2 belong to class III, and S4,
S7, S14, S18, S19, S21, and S25 are in class II, other samples
belong to class I. The FPS of samples in class I are used to
establish the common model, and then the FPS of 25 samples
were investigated based on this common model. The results
indicate that the similarities of samples in class I are larger
than 0.93, and that of samples in class II are in the range of
0.91 ∼ 0.93, while that of samples in class III are less than
0.91. These results are in agreement with that of clustering
analysis.

Dong et al. [9] investigated the HPLC FPS of Chuan Xin
Lian herbs from different districts. The chuan Xin lian herbs
are the dried upper ground part of Andrographis paniculata
(Burm.f.) Nees. The FPS of extracts of 23 samples, no. 1,
3 11 (Bozhou of Anhui), 2 (market), 4, 5 (Yongkang), 6,
7 (Hainan), 8 (Guangdong), 9, 12 (Linquan), 10 (Yulin),
13 (market), 14, 15 (Zhaoqing), 16, 17 (Qingyuan), 18,
19 (Maoming), 20, 21(Yingde), 22, 23 (Zhaodong), were
determined. The classical HPLC fingerprint spectra was
plotted. Twenty three major peaks were chosen in the FPS,
which were able to reflect the properties of samples. A matrix
with 23 rows× 23 columns was built up, which was classified
depending on Euclidean distance.

These 23 samples can be classified into three groups;
the samples from Bozhou city of Anhui province and
Linquan are in one group. Samples obtained from Hainan
and Guangxi provinces are in the second group. Samples
from Zhaodong of Hunan province and from districts of
Guangdong province are the third group. The results indicate

that Chuan Xin Lian samples originated from the close
areas are similar to each other. Furthermore, the matrix was
dissolved resting on nonlinear map method; the results agree
with that by cluster analysis.

Li et al. estimated the qualities of Xiang Jia peels from
different regions with HPLC FPS [10]. Xiang Jia peel is the
dried bark of Periploca sepium Bunge. The HPLC FPS of
components of the 15 samples, No. 1 (Shandong), 2 (Jiaozuo
of Henan), 3 (Dandong of Liaoning), 4 (Weinan of Shanxi),
5 (Zhejiang), 6 (Baoding of Hebei), 7 (Nanyang of Henan),
8 (Gansu), 9 (Yuci of Shanxi), 10 (Yuncheng of Shanxi),
11 (Heilongjiang), 12 (Anguo of Hebei), 13 (Xinyang of
Henan), 14 (inner Mongolia), 15 (Shenyang of Liaoning),
extracted with 70 percent of methanol were plotted. There
were 19 characteristic peaks in these HPLC FPS, and they
were clustered by means of SPSS software, in which the peak
areas of unit mass of herbs were selected as variableness, and
a matrix with 15 rows 19 columns was established. It was
analyzed with the within-groups linkage method depending
on the Euclidean distance. The results showed that the 15
samples are divided into 4 classes. Samples no. 1, 3, 4, 6,
10 are in one class, samples no. 7, 8 are in a second class,
samples no. 14, 15 belong to a third class, while samples no.
2, 5, 9, 11, 12, 13 are grouped in a fourth class. A common
model was set up ground on the FPS of samples no. 2, 5, 9,
11, 12, and 13, with which the similarities of the 15 samples
were established. In conclusion, the similarities of samples
no. 1, 3, 4, 6, and 10 in the first class are in the range of
0.80–0.88, below 0.90, ranked among the qualified products.
The similarities of samples in the other three classes are larger
than 0.90, ranked among excellent products, which fit to the
results gained by cluster analysis and are in line with that
identified by experts.

The analytical method about the HPLC FPS of Ku Shen
samples was established by Zhang et al. [11]. Ku Shen is
the dried root of Sophora flavescens Ait. The quality of
Ku Shen is usually controlled by detecting the contents of
matrine and alkaloids which are unable to represent the
quality relative to all components in Ku Shen accurately.
The authors established the HPLC FPS of flavonoids and
alkaloids, which were employed to evaluate the quality of
24 Ku Shen samples, No. 1 (Zuoquan), 2 (Anze), 3 (Licheng),
4 (Yuncheng), 5 (Taiyuan), 6 (Changzhi) were collected from
Shanxi province, 7 (Chengxian), 8 (Qingshuixian) were from
Gansu, 9 (Niute Qi), 10 (Yuanbaoshan) were from inner
Mongolia, 11 (Anguo), 12 (Xingtai) and 13 were from Hebei,
14 (Hanyang), 15 (Xianyang) and 16 were from Shanxi, 17
(Liaoning), 18 (Zhengzhou) and 19 (Wenxi) from Henan, 20
(Weishan of Yunnan), 21 (Changsha of Hunan), 22 (Anhui),
23 (Yinchuan of Ningxia), 24 (Maguan of Yunnan). The
FPS of flavonoid components (A) extracted with 50 percent
of methanol and alkaloid components (B) extracted with 2
percent of H3PO4 solution were carried out. There are 30
characteristic peaks in the FPS of (A) and 16 characteristic
peaks in the FPS of (B).

The extracts pattern was recognized depending on the 46
peaks by means of the within-groups linkage relying on the
Euclidean distances of the relative peak areas of the 46 peaks.
The results indicate that the 24 samples can be separated into
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3 classes combining the results based on shape identification.
Class I includes samples no. 1, 2, 3, 4, 6, 8, 11, 12, 13, 19,
21, and 23. While class II includes samples no. 5, 7, 9, 10,
14, 15, 16, 17, 18, 20, 22. The class III has only one sample
No. 24. Among class I and II are true genuine Ku Shen herbs,
while class III represents the false product. The similarities of
24 samples were analyzed reckoning on the common model;
the results reveal that the similarities of samples in class I are
larger than 0.90, in class II range from 0.80 to 0.88, and that
in class III, the false product of ku Shen is less than 0.80.

Xu et al. studied the HPLC FPS of Dan Shen [12], the
dried root and stem of Salvia milionhiza Bage. The quality of
Dan Shen herbs varies with the different regions significantly.
In this report 99 Dan Shen samples were collected from10
different districts. The HPLC FPS of components of these
samples extracted with methanol were determined. The
principal component analysis on the relative areas of 5
common peaks were studied for 47 cultured Dan Shen
samples, Bzh-J-1-4 from Bozhou (Anhui), Ang-J-1-8 from
Anguo (Hebei), Jin-J-1-11 from Jinan (Shandong). Lsh-J-1-
7 from Lushi (Henan). Ysh-J-1-21 from Yishui (Shandong).
Bsh-J-1∼7 from Boshan (Shandong); Wild Dan Pi: anq-Y-1-
9 from Anqiu (Shandong). Lsh-Y-1∼8 from Lushi (henan).
Ysh-Y-1∼21 from Yishui (Shandong). Bsh-Y-1∼14 from
Boshan (Shandong).

Their retention times were at 9.45, 11.35, 14.84, 17.87,
and 22.25 min. and were performed with SPSS 11.0 version.
The similarities of these 47 samples were enumerated with
Cosine method in terms of the 5 common peaks, and the
within-group average distances between every individual
sample and subclasses were also calculated.

The samples from Anguo of Hebei province, Boshan
of Shandong province, and Bozhou of Anhui province
can be classified in terms of their original regions. The
samples from Jinan of Shandong province, Lushi of Henan
province cross with each other. The samples from Yishui
of Shandong province are obviously different. The 52 wild
Dan Shen samples were clustered based on the 5 common
peaks. The distances between every individual sample were
computed with the Cosine method, and the within-group
linkage distances between every individual and subclasses,
and between subclasses were also obtained. The results
indicate that there are great differences between the same
common peaks of different samples with regards their peak
areas for wild samples obtained from the same regions.

The HPLC FPS of Dan Pi herbs from different regions
were investigated by Wu et al. [13]. Dan Pi is the dried
peel of Paeonia suffruticosa Andr. roots. The contents of
components in Dan Pi herbs may change obviously with
the originated regions, growing conditions, and processing
methods of herbs. The HPLC FPS of components of 13 Dan
Pi samples extracted with methanol were recorded. There
are 13 common peaks existed in these FPS. The correlation
coefficient r between these samples was calculated, and the
1 − r were as the distances between samples. The samples
were classified based on the distances.

The results showed that the 13 samples were divided into
2 classes. The first includes samples no. 1, 2, 3, 4, 9, 11, 5,
10, 13, 6, 12, which can be reclassified into two subclasses.

Subclass I has samples no. 13, 6, 12 while subclass II includes
samples no. 1, 2, 3, 4, 9, 11, 5, and 10. The second class
involves samples no. 7, 8. It was found that subclass II in
the first class (samples no. 1, 2, 3, 4, 9, 11, 5, and 10) comes
from Bozhou of Anhui province. Although the processing
methods are different, their HPLC FPS are highly similar,
while samples no. 7, 8, 13, 6 and 12 are distinctly different
from the samples obtained from Bozhou distinctly. These
results demonstrate that the processing methods affect the
qualities of Dan Pi to some extent. The originated regions
are their major impact factor on their qualities.

Yu et al. [14] investigated the HPLC fingerprint of
fruiting bodies of cultured Cordyceps militaris. The Cordyceps
species of the traditional Chinese medicinal mushrooms are
entomopathogenic fungi. Cordyceps militaris, also known as
the Chinese caterpillar fungus, possesses pharmacological
activities, and according to some studies more potential than
that of C. sinensis (also known as Dong Chong Xia Cao)
that is used in certain health food products in Asia. Eleven
fruiting bodies of C. militaris cultured by different companies
from six provinces of China were examined. The HPLC FPS
of components of 11 samples, no. 1 (Shenyang of Liaoning
1), 2 (Shenyang of Liaoning 2), 3 (Beijing 1), 4 (Beijing 2),
5 (Hohhot of Inner Mongolia), 6 (Heze of Shandong), 7
(Dongtai of Jiangsu 1), 8 (Dongtai of Jiangsu 2), 9 (Jiangmen
of Guangdong), 10 (Xinhui of Guangdong 1), 11 (Xinhui of
Guangdong 2), extracted with water by supersonic technique
and the HPLC fingerprint chromatograms were recorded.
The clustering analysis was operated in SPSS software.

Using this method, the 11 samples can be classified
into two broad categories containing 6 and 5 samples,
respectively.

The average of peaks areas for samples no. 1, 2, 3, 5, 6, and
9 was selected to be the common model, and the similarities
of all the fruiting bodies were analyzed based on this model.
The results illustrated that the correlative coefficient is larger
than 0.887 and the Cosine value of vectorial angle is larger
than 0.943, which display that these 11 samples are of similar
quality. Based on the retention time, 11 common peaks were
determined. Peaks 7, 9, and 11 were identified as uridine,
adenosine, and cordycepin, respectively. Using the reference
fingerprint, fruiting bodies of cultured C. militaris could be
easily identified and assessed.

4. Principal Component Analysis (PCA)

Chen et al. [15] studied the false and true of Ren Shen (Radix
Ginseng) by means of PCA and Fisher factor methods. This
paper calculated the Fisher factors, based on the principle
that the distances between classes are extremely large and
that between samples in a class is of the minimum values for
identifying herbal medicines. Twenty-four samples relative
to Ren shen are obtained from originated regions in Benxi
of Liaoning province and the Chang bai mountain of Jilin
province. They were major roots of red Ren Shen (Samples
no. 1 ∼ 12), Shen Lu (Samples no. 13 ∼ 16), Shen Xu
(Samples no. 17 ∼ 20), and raw Ren Shen (Samples no. 21 ∼
24). The HPLC FPS of components extracted with 70 percent
of ethanol were measured. These FPS were analyzed in terms
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of the Fisher factor and PCA method. The outcomes reveal
that the Fisher factor method with two main factors FF1 and
FF2 is better than PCA with two main factors PC1 and PC2 in
identifying these samples. The results indicate that the main
roots of red Ren Shen, Shen Xu, Shen Lu, and the dried root
of raw Ren Shen can be determined clearly in FF1 ∼ FF2
figure, but it is impossible for these samples to be divided
into different groups efficiently in PC1 ∼ PC2 figure.

The Chuan Xiong herbs were identified with PCA,
cluster, and Fisher factor methods by Chen et al. [16]. Chuan
Xiong herb is the root of Ligusticum chuanxiong Hort. The
HPLC FPS of components extracted with water of 21 samples
from different regions were determined, samples no. 1 ∼ 4
from Yuxi of Yunnan province, samples no. 5 ∼ 8 collected
from Guanxian of Sichuan province, samples no. 9 ∼ 12
from Xianning of Hubei province, samples no. 13∼16 from
Jiujiang of Jiangxi province, samples no. 17 ∼ 20 brought
from markets, and sample no. 21 the false product from
market. Among these FPS, there are 15 common peaks, and
their relative peak areas for every peak were computed by
means of normalized method of peak area. The patterns of
these samples were recognized with PCA, cluster and Fisher
factor methods. Based on the results, the samples no. 1 ∼
4 from Yuxi, no. 5 ∼ 8 from Guanxian, no. 9 ∼ 16 from
Jiujiang form three groups, separately. There are 15 peaks in
these FPS, which can reflect the properties of Chuan xiong
herbs from different original regions accurately. The points
of the samples no. 9 ∼ 12 are diverged significantly, which
show the obvious varieties among these 4 samples. Samples
no. 17 ∼ 20 are close to samples from Hubei and Jiangxi
provinces. It exhibited similar qualities to each other. The
clustering results match with that achieved by means of PCA.
The Fisher factor method is able to distinguish samples from
Xianning and Jiujiang further. The samples from markets
are analogous to that from Xianning, which imply that these
samples may be originated from Xianning.

Zhi Shi is the dried immature fruit of Suan Cheng (Citrus
aurantium L.) and Tian Cheng (Citrus sinensis (L.) Osbeck).
Zhao et al. [17] took the chemical pattern recognition to
classify Zhi Shi herbs. The HPLC FPS of components of 15
samples, no. 1 ∼ 3, 10 originated from Sichuan. 4–7, 9 from
Jiangxi, 8, 11, 12, 14, 15 from markets, 13 from Guangxi,
were extracted with methanol detected and analyzed based
on PCA. The outcomes were compared with that by K-
mean clustering analysis. The self-scaled data of peak areas
were pattern recognized with K-mean clustering method.
The results showed that samples no. 1, 2, 3, 8, 10, 11, 13,
14, 15 belong to a class, and samples no. 4, 5, 6, 7, 9, 12 are
classed in another class. The self-scaled data were dealt with
PCA, and the results are the same as that obtained by K-mean
method. Samples no. 8, 11, 14, 15 obtained from markets
are similar to that from Sichuan and Guangxi greatly, which
means samples no. 8, 11, 14, 15 may be cultivated in the two
previously mentioned provinces.

Yang et al. [19] evaluated 29 extracts of Yin Xing
(Ginkgo biloba) with principal sensitivity vector regression
(RPPSV) method based on the HPLC FPS. The FPS of
components of the Yin Xing extracted with methanol were
determined. The results indicate that 7 samples no. 15,

16, 17, 18, 19, 25, and 29 are abnormal ones. Based on
the PC1 ∼ PC2 ∼ PC3 figure, one can find that the 7
abnormal samples are far away from the 22 normal samples.
The results confirm that RPPSV combined with MCCV is
able to distinguish the qualified samples from abnormal
ones. Yi et al. [20] investigated the HPLC FPS of Chen
Pi (Pericarpium citri reticulatae Blanco) of 22 samples,
no. 1, 4 Pericarpium Citri Reticulatae (originated from
Guangdong), 2, 3, 5, 6, 13, 14 Pericarpium Citri Reticulatae
(from markets), 7, 8, 9 Pericarpium Citri Reticulatae (from
Hubei, Hunan and Guangxi), 10, 17 Pericarpium Citri
Reticulatae (Citrus reticulata “Dahongpao”) (from Sichuan
and Zigong of Sichuan), 11, 12 Pericarpium Citri Reticulatae
(from Shanghai), 15 Pericarpium Citri Reticulatae (from
Zhejiang), 16 Pericarpium Citri Reticulatae (Citrus reticulate
cv. chachiensis) (from Xinhui of GUangdong), 18 peel of
tangerine(from Wenzhou), 19 peel of Citrus sinensis Osbeck
(from Guangdong), 20 peel of “Shatang” tangerine (from
Guangdong), 21 peel of sweet tangerine (from Guangdong),
22 peel of Citrus grandis (L.) Osbeck. The matrix of measured
data of HPLC FPS was evaluated. The results gained by PCA
method are as follows: the first PC1 characteristic value is
λ1 = 1.7245; its contribution ratio is 74.24%. The second
PC2 characteristic value is λ2 = 0.2020; its contribution ratio
is 8.70%. The third PC3 characteristic value is λ3 = 0.1463; its
contribution ratio is 6.30%. The sum of contribution ratios
of the combined PC is 89.24%.

Relying on the graph based on the three score vectors,
sample 22 differs from other 21 samples extremely. The other
21 samples were analyzed by PCA; the sample 18, 19, and
20 are different from the other 19 samples, which are not
suitable for herbal medicines. The samples apart from sample
18, 19, 20, and 22 can be divided into two classes. Samples
1, 4, 9, 10, 16, and 17 belong to the first class, and samples
2, 3, 5, 6, 7, 8, 11, 12, 13, 14, 15, and 21 are in the second
class. The samples in the first class were all from Guangdong,
Guangxi and Sichuan provinces, and that in the second
class all produced in Hubei, Hunan, Jiejiang provinces, and
Shanghai.

The HPLC FPS of commercial samples of Ginkgo biloba
extracts (EGb) obtained from different sources were studied
by Xie et al. [18]. The HPLC FPS of components of the 19
samples extracted with methanol were carried out and shown
in Figure 1.

To observe and compare the chromatograms of the sam-
ple solutions, respectively, against the reference fingerprint
of EGb761 (EGb761; Schwabe, Germany) using the HPLC
fingerprint of EGb761 as the standard pattern against which
to compare other preparations, 19 samples of EGb from
different sources were comparatively analyzed. Calculating
the raw signal points set of all samples by using the CASE
software, the results showed a high degree of similarity of the
samples collected to the EGb761 represented by a correlation
coefficient of more than 0.94; five batches showed a lower
degree of similarity represented by a correlation coefficient
of less than 0.87. This indicates that the proportion and
distribution of the total flavonoids in most extracts of
Ginkgo biloba leaves possess a high level of consistency.
Additionally, the fingerprint analysis shows that three of the
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Figure 1: The HPLC fingerprints of 19 commercial samples of
Ginkgo biloba extracts (EGb) from different sources (see [18]).

0.4

0.3

0.2

0.1

0

−0.1

−0.2

−0.3

−0.4

−0.5
0.1 0.15 0.2 0.3 0.4 0.450.350.25

519

3

18
16

13

12
17 6

8
9

711
14

10

1 4

2

15

Figure 2: The score plot obtained by principal components analysis
(PCA) of 19 samples of EGb (see [18]).

products (samples no. 1, 2, and 4) were adulterated, likely
with the inexpensive flavonoid rutin, which can be used
to artificially increase the total flavonoid content. This was
further confirmed by principal component analysis (PCA)
(Figure 2). The projection points of the samples no. 1, 2, and
4 are far away from the main body in the graph although
the producers declared the quality of their products to be
in accordance with the standardized EGb specification. Had
the three adulterated ginkgo extracts only been analyzed by
quantitation of total flavonoids by conventional HPLC test,
rather than by pattern recognition, this adulteration would
not be evident.

Yi et al. [21] researched the HPLC FPS of Pericarpium
Citri Reticulatae and Pericarpium Citri Reticulatae Viride.
Pericarpium Citri Reticulatae (PCR) is the dried peel of
mature tangerine and its mutations, collected from Septem-
ber to December. Pericarpium Citri Reticulatae Viride
(PCRV) is the dried peel or dried immature fruit of
immature tangerine and its mutations, collected from May
to August. The summary of 60 samples is given in Table 1.

The HPLC FPS of components of these samples extracted
with methanol and ultrasonator were operated. In this

work, the scores plot of PC1 versus PC2 was examined for
separation or clusters relating to different groups of PCR
and PCRV samples, especially the “mixed peels” samples and
authentic samples.

To overview the distribution of these 60 samples,
principal component analysis was utilized to classify those
HPLC-DAD data. The 2D-projection plot of PCA on the
60 entire chromatograms was performed, and the scores
plot demonstrates an interesting result for identification of
the authentic products. There are four confined clusters
in the 2D projection plot, called PCR-1, PCR-2, PCRV-1,
and PCRV-2, which are shown with four different signs.
From the plot, it could be easily seen that most of these
commercial samples are separated with the authentic ones
with only four exceptions. This tells us that only four
commercial samples belong to authentic ones. They are
samples no. 23, 24, 53, and 54. In this work, PCR-1 and
PCRV-1, named group “1”, denoted the 39 authentic PCR
and PCRV samples and the 4 authentic commercial samples
while PCR-2 and PCRV-2, named group “2”, were the other
17 commercial samples bought from markets with unclear
plant sources. In fact, there are many tangerine peels in the
herbal market from new tangerine mutations, such as Citrus
unshiu Marc., Citrus poonensis Tanaka, and so forth, which
are called “mixed peels”, and their qualities are uncertain
according to traditional experience. The shapes of these two
groups of samples are quite similar and even the same. In
this work, PCA projection plot was successfully applied to
discriminate authentic PCR and PCRV from “mixed peels”
PCR and PCRV. In addition, PCR-2 and PCRV-2 could be
well separated while PCR-1 and PCRV-1 were crossed and
eight samples were wrongly classified.

There are 18 common peaks in these HPLC FPS.
In order to evaluate the discrimination ability of these
common components, PCA analysis was employed, using
their absolute peak areas as input data. The PCA scores
plot demonstrated that information obtained from the 18
common components was enough for discrimination of the
authentic PCR and PCRV samples from the “mix peels”.
Furthermore, it was even better than the result of PCA on
the entire chromatograms for distinguishing of PCR-1 and
PCRV-1. Five samples were wrongly classified here.

5. Similarity Analysis

Hu et al. [23] researched the HPLC FPS of Huang Qi
herb, which is the dried root of Astragalus membranaceus
(Fisch) Bge. Var. mongholicus (Bge.) Hsiao and Astragalus
membranaceus (Fisch) Bge. The HPLC FPS of components of
12 samples extracted with n-butyl alcohol were determined.

There are 26 common peaks in these FPS, which are
analyzed with the Cosine method relying on their peak areas.
The results indicate that the similarities among these 12
samples are all larger than 90 percent, which prove that the
Huang Qi herbs from Gansu province are similar to each
other excellently. Moreover, the contents of astragaloside IV,
formononetin, and calycosin were detected. For these 12
samples,the content of astragaloside IV is in the range from
0.7 ∼ 13.0 μg/g (herb), that of formononetin is in the range
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Table 1: Summary of the tested samples (from see [21]).

No. Sample name Source Year of collection No. Sample name Source Year of collection

1 PCR-A Xinhui, Guangdong 2002 31 PCR-C Purchased from Jiejiang Unknown

2 PCR-A Xinhui, Guangdong 2003 32 PCR-C Purchased from Hunan Unknown

3 PCR-A Xinhui, Guangdong 2003 33 PCR-C Purchased from Henan Unknown

4 PCR-A Xinhui, Guangdong 2003 34 PCR-C Purchased from Henan Unknown

5 PCR-A Xinhui, Guangdong 2003 35 PCR-C Purchased from Guangdong Unknown

6 PCR-A Xinhui, Guangdong 2003 36 PCRV-A Xinhui, Guangdong 2004

7 PCR-A Xinhui, Guangdong 2003 37 PCRV-A Xinhui, Guangdong 2004

8 PCR-A Xinhui, Guangdong 2003 38 PCRV-A Zigong, Sichuan 2004

9 PCR-A Xinhui, Guangdong 2003 39 PCRV-A Zigong, Sichuan 2004

10 PCR-A Xinhui, Guangdong 2003 40 PCRV-A Zigong, Sichuan 2004

11 PCR-A Xinhui, Guangdong 2004 41 PCRV-A Zigong, Sichuan 2004

12 PCR-A Xinhui, Guangdong 2004 42 PCRV-A Zigong, Sichuan 2004

13 PCR-A Xinhui, Guangdong 2004 43 PCRV-A Zigong, Sichuan 2004

14 PCR-A Xinhui, Guangdong 2004 44 PCRV-A Zigong, Sichuan 2004

15 PCR-A Zigong, Sichuan 2004 45 PCRV-A Zigong, Sichuan 2004

16 PCR-A Zigong, Sichuan 1995 46 PCRV-A Zigong, Sichuan 2004

17 PCR-A Zigong, Sichuan 1997 47 PCRV-A Zigong, Sichuan 2004

18 PCR-A Zigong, Sichuan 2000 48 PCRV-A Zigong, Sichuan 2003

19 PCR-A Zigong, Sichuan 2004 49 PCRV-A Changsha, Hunan 2004

20 PCR-A Zigong, Sichuan 2004 50 PCRV-A Changsha, Hunan 2004

21 PCR-A Zigong, Sichuan 2004 51 PCRV-A Changsha, Hunan 2004

22 PCR-A Changsha, Hunan 2004 52 PCRV-A Changsha, Hunan 2004

23 PCR-C Purchased from Anhui Unknown 53 PCRV-C Purchased from Henan Unknown

24 PCR-C Purchased from Guangxi Unknown 54 PCRV-C Purchased from Guangdong Unknown

25 PCR-C Purchased from Heilongjiang Unknown 55 PCRV-C Purchased from Fujian Unknown

26 PCR-C Purchased from Hebei Unknown 56 PCRV-C Purchased from Guangxi Unknown

27 PCR-C Purchased from Henan Unknown 57 PCRV-C Purchased from Henan Unknown

28 PCR-C Purchased from Hubei Unknown 58 PCRV-C Purchased from Anhui Unknown

29 PCR-C Purchased from Shanghai Unknown 59 PCRV-C Purchased from Guangdong Unknown

30 PCR-C Purchased from Shanghai Unknown 60 PCRV-C Purchased from Heilongjiang Unknown

PCR-A and PCRV-A: authentic Pericarpium Citri Reticulatae (PCR) and Pericarpium Citri Reticulatae Viride (PCRV) samples collected from original
producing areas (PCR-A and PCRV-A from Xinhui (Citrus reticulata “Chachi”), PCR-A and PCRV-A from Zigong (Citrus reticulata ‘Dahongpao’), PCR-A and
PCRV-A from Changsha (Citrus erythrosa Tanaka); PCR-C and PCRV-C: commercial Pericarpium Citri Reticulatae and Pericarpium Citri Reticulatae Viride
samples purchased from 11 difference provinces and cities (from [21]).

from 0.4 ∼ 10 μg/g (herb), and that of astragaloside IV is in
the range from 0.4 ∼ 2.0 μg/g (herb), which shows obvious
varieties.

The HPLC FPS of 14 Zhong jie Feng (Sarcandra glabra
Thunb.) samples from 14 different districts were investigated
by Wu et al. [24]. The HPLC FPS of components of these
samples extracted with water were graphed. These FPS
are of 7 common peaks. The similarities were determined
with the Cosine method in terms of the relative areas of
these 7 peaks. The result showed that the similarities of
the samples generated from various districts, collected at
different seasons, cultured or wild are all in the range of 0.75
∼ 1.0. The similarities between samples from Guangdong
and Jiangxi are larger than 0.83, and that between samples
collected in spring and autumn are 0.72, which verify that
there are distinct varieties even for the samples originated
from the same region, but harvested in different times. The
similarities between samples planted and wild are 0.88. The

results noted above reveal that depending on the FPS, Zhong
Jie Feng herbs from different areas, collected in different
times, cultured or wild can be distinguished successfully.

Song et al. [25] studied the HPLC FPS of components of
Dan Shen extracted with water. The sample Dan Shen is the
root and stem of Salvia miltiorrhiza Bunge. Ten samples were
collected from different regions. The FPS of the components
were recorded. In these FPS, Peaks, whose relative peak area
is larger than 0.6 percent, and its separation degree which
is larger than 0.8, are picked as the common peaks. There
were 15 common peaks, whose relative retention times and
peak areas were compared with that of Danshensuan II peak
12. The similarities of samples referenced to sample 10 were
calculated based on the Cosine method. The similarities of S.
przewalskii var. mandarinorum compared with the standard
sample 10 are only 0.282, which show extreme differences,
and similarities of other samples relative to sample 10 are all
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larger than 0.90. These results elucidate that Dan Shen herbs
from different regions are usually of high quality.

Jiang et al. investigated HPLC FPS of 10 Zi Cao herb
samples from different districts [26]. The Xinjiang Zi Cao
is the dried root of Ameba euchroma (Royle) Johnst. The
FPS of components extracted with methanol were obtained
and underwent similarity analysis—the overlapping ratio
analysis. Based on the results, the overlapping ratios of
6 Xinjiang Zi Cao samples are higher than 66.67 percent
relative to the standard Zi Cao sample (sample 10). The 8
peaks with large relative areas for every sample were picked
as the characteristic peaks. There are 7 common peaks which
exist in every sample of Xinjiang Zi Cao. The retention times
relative to each sample’s peak no. 8 are 0.09, 1.00, 1.21, 1.48,
1.65, 1.91 and 1.95, respectively. The contents of shikonin in
every sample were measured. Results indicate that there exist
no divergences about the contents among samples 2, 3, 4, 6,
and the standard sample 10. But samples No. 7, 9 differ from
the former greatly in the content. The Xijiang Zi Cao from
Afghanistan is different from that from Xinjiang distinctly.

The overlapping ratios of three Ying Zi Cao (Lithosper-
mum erythrorhizon sieb. et Zucc) relative to the sample 10
are 74.07 percent, 53.85 percent, 61.54 percent, respectively.
The ratios of peaks existing in the three samples related to
the 7 common peaks of Xinjiang Zi Cao all are less than 80
percent. These showed that Zi Cao from different regions of
Xinjiang are similar to each other, and Xinjiang Zi Cao from
Afghanistan and the three Ying Zi Cao differ from Xinjiang
Zi Cao significantly in quality.

Chai and his coworkers investigated the HPLC FPS
of Zhi Mu herbs [27], which are the dried roots of
Anemarrhena asphodeloides Bge. 8 samples from different
regions were S1, S2 (from Bozhou of Anhui province),
S3 (Shaoyang of Hunan province), S4 (Nanjing of Jiangsu
province), S5 (Jinan of Shandong province), S6 (Yantai of
Shandong province), S7 (Taiyuan of Shanxi province), and
S8 (Changsha of Hunan province). The FPS of components
of these samples extracted with 80 percent methanol were
examined.

In these FPS, there are 6 common peaks as the common
model, on which the similarities of samples were analyzed
related to the common model. The similarities of samples
from different districts are all larger than 0.93. The order of
similarities arranged from high to low is S1, S2 (>0.996) toS4
(0.976), S7 (0.968), S6 (0.958), S3 (0.947), S8 (0.934), and S5
(0.934). They are all fine qualified herb medicines.

Using HPLC FPS, Fu et al. [28] evaluated the qualities of
7 Chen Pi herb samples, which are the peels of dried mature
fruit of Citrus reticulate Blanco. The FPS of components of
Chen Pi extracted with water were determined. The qualities
of these samples S1, S2 (collected from Hunan province),
S3, S4 (from Hubei province), S5, S6, S7 (from Zhejiang
province) were evaluated ground on the FPS. There are 7
common peaks existed in these FPS, which were used for
similarity analysis by means of the Cosine method in terms
of the relative peak areas. The outcomes manifested that that
the correlation coefficients are all in the range of 0.9887
∼ 0.9990, which express that these samples are of higher
similarity and good quality.

Wu et al. studied the similarities of 36 He Shou Wu herb
samples based on their HPLC FPS [22] (Table 2). He Shou
Wu herb is the dried root of Polygonum multiflorum Thunb.

The FPS of the components of 36 samples extracted
with 50 percent of methanol were recorded. The common
model of these samples was obtained resting on median
method; then the similarities were calculated referenced to
the common model. According to the results 36 samples can
be divided into two classes. The similarities of the first class
were in the range of 0.8597 ∼ 0.9982 including 30 samples
no. 3 ∼ 5, 7 ∼ 25, 27 ∼ 29, and 32 ∼ 36. For the second
class the similarities of 6 samples no. 1, 2, 6, 26, 30, 31 were
ranged from 0.3287 to 0.4715. It verifies that He Shou Wu
herbs from different regions can be recognized accurately by
similarities analysis.

Yu et al. evaluated the qualities of 11 Bai Zhu herb
samples from the same district [29]. Bai Zhu herb is the
root of Atractylodes macrocephala Koidz. The HPLC FPS of
11 batches of Bai Zhu, cultured in Youyang of Chongqing
city of China, were carried out. The FPS of components
extracted with petroleum ether were performed. The relative
retention times of peaks were counted related to the peak
retention time at 28 ± 0.14 min in each FPS. There are 11
common peaks existed in these FPS, and then the similarities
of samples were calculated with correlation coefficient and
Cosine methods. The results illustrate that the similarities of
all samples are above 0.941 (by correlation coefficient) and
0.938 (by Cosine method), which indicate that these cultured
Bai Zhu from the same district are of good quality.

The similarities of Chuan Dan Pi herb samples were
analyzed, and their quality evaluation was performed by Yu
et al. [30]. The Dan Pi herb is the dried root bark of Paeonia
suffruticosa Andr. The HPLC FPS of components of 11
planted Chuan Dan Pi herb samples extracted with methanol
were examined, which were collected from Zhijiang district
of Chongqing of China city. There are 11 common peaks
in these FPS; both their relative retention times and relative
peak areas were calculated contrasted to the retention time
and peak area of Paeonol peak (the model was established
by means of averages of relative retention times and relative
peak areas of each corresponding peak in these FPS). The
similarities of samples were computed relying on the sample
2 with correlation coefficient and Cosine methods. The
similarities are all larger than 0.97, which manifests that these
Chuan Dan Pi cultured in the same region are similar to each
other extremely.

Wang et al. [31] studied the qualities of Xue Lian
collected from Xinjiang of China. Xue Lian herb is the part
of Saussurea involucrate Kar. et Kir above ground. The HPLC
FPS of components of 10 samples extracted with 70 percent
ethanol were determined. The samples were brought from
Chinese herbal company of Wulumuqi of Xinjiang. There
are 12 peaks in the FPS chosen as common peaks whose
relative retention times and relative peak areas are steady.
The similarities are in the range of 0.92 ∼ 1, which illustrate
that these 10 samples are of good quality. In these FPS 7
common peaks were determined by means of HPLC-MS/MS
method. The peaks 1, 3, 4, 5, 6, 10, and 11 are Scopolin,
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Table 2: Crude drug samples of Radix polygoni multiflori (from [22]).

Sample Source Year of collection Sample Source Year of collection

1 Zhangshu, Jiangxi 2002.01 19 Deqing I, Guangdong 2003.12

2 Beijing 2002.02 20 Deqing II, Guangdong 2003.12

3 Bozhou, Anhui 2002.02 21 Deqing III, Guangdong 2003.12

4 Shanghai 2002.02 22 Deqing IV, Guangdong 2003.12

5 Zhengzhou, Henan 2002.04 23 Deqing V, Guangdong 2003.12

6 Hankou, Hubei 2002.06 24 Deqing VI, Guangdong 2003.12

7 Chengdu I, Sichuan 2002.06 25 Deqing VII, Guangdong 2003.12

8 Chengdu II, Sichuan 2002.06 26 Nandan, Guangxi 2003.12

9 Xian, Shanxi 2002.06 27 Duyun I, Guizhou 2003.12

10 Guiyang I, Guizhou 2002.06 28 Duyun II, Guizhou 2003.12

11 Guiyang II, Guizhou 2003.12 29 Simao, Yunnan 2003.12

12 Yuzhou, Henan 2003.11 30 Yuanyang I, Yunnan 2004.01

13 Nanjing I, Jiangsu 2003.11 31 Yuanyang II, Yunnan 2004.01

14 Nanjing II, Jiangsu 2003.11 32 Pingbian, Yunnan 2004.08

15 Qingyang, Anhui 2003.11 33 Xinxian, Yunnan 2004.08

16 Songxian I, Henan 2003.11 34 Mengzi, Yunnan 2004.08

17 Songxian II, Henan 2003.11 35 Enshi, Hubei 2004.03

18 Lushi, Henan 2003.11 36 Yubing, Sichuan 2004.04

Rutin, Isoquercitrin, Lonicerin, Quercetrin, Hispidulin, and
Jaceosidin, respectively.

Fan et al. [32] analyzed 10 Gan Cao herb samples with
HPLC FPS. Gan Cao herb is the dried root of Glycyrrhiza
uralensis Fisch, Glycyrrhiza inflate Bat., or Glycyrrhiza glabra
L. In this paper 10 Gan Cao samples come from Hangjin
Qi of inner Monggolian, being Glycyrrhiza uralensis Fisch.
The HPLC FPS of components extracted with 50 percent
of methanol were measured. There are 10 common peaks
in these FPS, which occupy more than 90 percent of total
peak area. It reflects that these common peaks are able to
reflect the quality of these samples. The similarities among
these samples were carried out, in which sample 1 was the
reference. The similarities of these 10 samples are larger than
0.90. It indicates that these Gan cao samples are excellent in
quality.

The qualities of 13 Tu Fu Ling herb samples from
different regions were performed by Li et al. [33] with
HPLC FPS. Tu Fu Ling herb is the dried root of Smilacis
rhizome. The HPLC FPS of components of these 13 samples
extracted with 70 percent of ethanol were determined. True
and false herb samples are of obvious differences. There
are 10 common peaks in the FPS of 10 true samples.
The relative retention times and relative areas of peaks in
each FPS were calculated in contrast to peak 4 astilbin in
every FPS. A common model based on FPS of the true l0
samples was established. The similarities of every sample
were determined relying on the common model. Results
elucidate that similarities of the 10 samples are higher than
0.93.

Tian et al. [34] investigated the HPLC FPS of Fu Zi herb.
Fu Zi herb is the dried root of Aconitum carmichaelii Debx. In
this paper, cultured and wild roots of Aconitum carmichaelii
Debx were treated with 10 percent of ammonia water and

then extracted with ethyl ether. The HPLC FPS of these
components were examined. There are around 18 peaks in
FPS of every sample, and there are 9 common peaks in these
FPS. The sum of peak area of the 9 common peaks occupies
57.3 to 88.6 percent of total peak area for each sample,
which show the importance of components corresponding to
common peaks in these herbs. The similarities of 14 samples,
relative to sample 15 the standard sample, were calculated
with correlation coefficient and Cosine methods. The results
revealed that similarities of samples 1 (collected from Liupan
shui of Guizhou province), 2 (Huize of Yunnan), 3 (Xuanwei
of Yunan), 4 (Huize of Yunnan), 6 (Zhaotong of Yunnan), 12
(Lijiang of Yunan), and 13 (Jiangyou of Sichuan) are larger
than 0.90. the similarities of sample 11 (Xuanwei of Yunnan),
14 (Jiangyou of Sichuan) are in the range of 0.88 ∼ 0.90, and
the similarities of samples 5 (Lijiang of Yunnan), 7 (Lijiang of
Yunan), 8 (Zhaotong of Yunnan), 9 (Gejiu of Yunnan), and
10 (Zhaotong of Yunnan) are less than 0.85. The third group
differs from the former two groups greatly.

Xu et al. [35] studied the HPLC FPS of Ma Huang herbs.
Ma Huang is the stem of Ephedra sinica Stapf, E.intermedia
Schrenk et C. A. Mey, and/or E.equisetina Bage. Twenty-
two samples were collected from different regions of Gansu
and inner Mongolia, in which S1 ∼ S16 are Ephedra sinica
Stapf generated from Gansu province, S17 ∼ S20, S22 are
E. intermedia Schrenk et C. A. Mey originated from Gansu
province, and S21 are Ephedra sinica Stapf coming from inner
Mongolia. These samples were treated with concentrated
ammonia water and then extracted with ethyl ether. The
FPS of these extracts were measured. The common model
was established based on the FPS of sample 1 ∼ 16 from
Gansu province. Similarities of these samples were calculated
referenced to the common model. The similarities of these
samples are in the range of 0.955 ∼ 0.998, which present
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that samples 1 ∼ 16 are of excellent quality. The similarities
of samples 17 ∼ 22 were computed relative to the common
model also; their similarities are 0.556, 0.669, 0.555, 0.828,
0.876, and 0.456 corresponding to samples 17 ∼ 22, which
show great varieties between samples 17–22 and 1–16.

The HPLC FPS of 9 leaf samples of different Shan Zha
species were studied by Liu Rong Hua and his coworkers
[36]. The FPS of components of these 9 samples extracted
with 80 percent of methanol were carried out. The overlap-
ping ratios of these samples were computed. The overlapping
ratios were in the range of 0.82 ∼ 0.96. There are significant
differences between Dan Zi Shan Zha (Crataegus monogyna
Jacq.), Yunnan Shan Zha (Crataegus scabrifolia (Franch.)
Rehd.), Shan li hong (Crataegus pinnatifida Bge. var. major
N. E. Br.), and Wild Shan Zha (Crataegus cuneata Sieb. &
Zucc.). The overlapping ratios are arranged from 60 to 70
percent. Yunnan Shan zha was similar to Dan Zi Shan Zha
obtained from Germany. The overlapping ratios were ranged
from 85 to 88 percent. The similarities of Dan Zi Shan Zha
related to Shan Li hong was in the range of 74 ∼ 84 percent,
and that of Yunnan Shan Zha compared with Shan Li Hong
was in the range of 68 to 80 percent.

Cai et al. [37] investigated the HPLC FPS of 10 samples of
rhizomes of Gymnadenia conopsea R. Br., No. 1 (Jingchuan,
Sichuan), 2 (Kangding I, Sichuan), 3 (Kangding II, Sichuan),
4 (Wenchuan, Sichuan), 5 (Anguo, Hebei), 6 (Qinghai I),
7 (Qinghai II), 8 (Tibet I), 9 (Tibet II), 10 (Nepal), using
HPLC-DAD-MSn technique. The HPLC FPS of components
of these samples extracted with methanol were established.
To standardize the fingerprint, 10 samples of rhizomes of G.
conopsea were analyzed. Peaks that existed in all 10 samples
were assigned as “characteristic peaks” for rhizomes of G.
conopsea. There are 7 characteristic peaks (from peak 1 to
peak 7) in the fingerprint. Peaks 2 and 3 were chosen as
markers to match peaks, and peak 2 was chosen to calculate
the relative retention time (RRT) and relative peak area
(RPA) of each characteristic peak related to the reference
peak. The similarities of these samples were analyzed based
on the RRT and RPA by means of Cosine value of vectorial
angles, in which the mean chromatogram is taken as a
representative standard fingerprint for the chromatograms of
the 10 samples. On the other hand, the 7 common peaks were
identified, which are adenosine, 4-hydroxybenzyl alcohol, 4-
hydroxybenzyl aldehyde, dactylorhin B, loroglossin, dacty-
lorhin A, and militarine from peak no. 1 to 7.

6. Fingerprint Spectra
Invariableness Analysis

Currently the identification and quality evaluation of herbal
medicine mainly rely on many kinds of pattern recognitions,
which are divided into two different classes: the first is
the unsupervised method, the second is supervised one.
The unsupervised methods do not depend on experiences,
in which complex samples are classified by analyzing the
experiment data directly. But the disadvantage to the unsu-
pervised methods is that there are no ways to judge which
samples belong to one class. For supervised methods the
conclusions are obtained based on some parameters or

coefficients established by studying some standard samples;
thus the samples can be classified to different class samples.
However, there is uncertainty in the determination of the so-
called standard samples.

Because of these limitation in construction of existed pat-
tern recognitions, it is essential to put forward new approach
for correct identification of samples suitable for specific con-
ditions. Zou et al. [38] proposed an approach named as the
combinational numeral fingerprint spectra invariableness
method, with which Glycyrrhiza herbal medicines can be
classified based on the absolute parameter—invariableness.
This method calculates the invariableness between inner
group samples and inter group samples of the same kind,
which is able to represent the characteristic properties of
one kind of sample and is chosen as the absolute coefficient
belonging to this kind of samples. The HPLC FPS of
components of 10 planted or wild Glycyrrhiza samples of
different species, collected from different areas and extracted
with ethanol, were analyzed with this method. The results
reveal that these Glycyrrhiza herbs can be evaluated well by
means of this method.

7. Concluding Remarks

Quality control of TCM is becoming essential. This paper
presented the different methods applied in analyzing HPLC
FPS of herbal medicines which proved efficient and reliable
for identifying and evaluating herbal medicines. Most of
these other techniques are of qualitative approaches, which
are unable to judge whether they are identical. However, the
fingerprint spectra, invariableness offers good parameter to
decide which herbal medicines are of the same quality or
otherwise. We suggest the establishment of a database for
these herbal medicines studied using HPLC FPS technique
to be as a reference in quality control laboratories and phar-
maceutical establishments dealing with herbal medicines.
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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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[41] L. Cieśla, K. Skalicka-Woźniak, M. Hajnos, M. Hawrył, and
M. Waksmundzka-Hajnos, “Multidimensional TLC procedure
for separation of complex natural mixtures spanning a
wide polarity range; Application for fingerprint construction
and for investigation of systematic relationships within the
Peucedanum genus,” Acta Chromatographica, vol. 21, no. 4, pp.
641–657, 2009.

[42] Ł. Komsta, T. Cieśla, A. Bogucka-Kocka, A. Józefczyk, J.
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