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Rosmarinic acid is separated and identified on the basis of high-
performance liquid chromatography (HPLC)-UV-mass spectrometry
data in 80% methanol in water extracts from the leaves of Salvia
species (S. officinalis, S. glutinosa, S. aethiopis, S. sclarea, and
Borago officinalis) as a dominant radical scavenger towards the 2,2'-
diphenyl-1-picrylhydrazyl (DPPH-) stable radical in HPLC-DPPH-
system. The content of rosmarinic acid in the plants is calibrated
and quantitated from chromatograms obtained by UV detection at
280 nm. The concentration ranges from 13.3 to 47.3 mg of the
phenolic acid per gram dried leaves of all plants is tested.

S. glutinosa and S. sclarea have the highest concentration of
rosmarinic acid. The amount of rosmarinic acid in borage

leaves is similar compared with Salvia officinalis (15 mg/g). The
HPLC-DPPH- system is calibrated for quantitative DPPH-
scavenging assessment of rosmarinic acid. The results reveal
excellent correlation (r? = 0.98) between the rosmarinic acid
concentration and antiradical activity.

Introduction

Natural antioxidants are one of the compound groups
that during last two decades attracted exceptionally high
attention of researchers and health professionals. For instance,
the hits generated from the advanced search of Science Citation
Index expanded databases using the combination of the key
words “natural” and “antioxidant” increased from 12 in 1990 to
328 and 284 in 2002 and 2003, respectively. A number of aro-
matic, spicy, and medicinal plants are known for their high
content of antioxidants. Modern separation and detection tech-
niques enabled scientists in comparatively short time to reveal
a great number of new natural compounds possessing useful
biological properties. Usually, the dominant antioxidants in herbs
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and spices are radical scavenging phenolic compounds, like
flavonoids or phenolic acids. The development of analysis
methods has played an important role in the rapid recent
advances of antioxidant research.

Rosmarinic acid, as one of the most abundant and powerful
natural antioxidant in various important Lamiaceae species, has
been analyzed by using different detection and quantitative mea-
surement methods. Most of these methods are based on chro-
matographic separation and further detection of target
components. Thin-layer chromatography (TLC)-densitometry
was used in several studies to determine rosmarinic and caffeic
acids (1-4). In one of these studies, 96 Lamiaceae species were
analyzed, and it was found that the concentration of rosmarinic
acid ranged from 0.01 to 9.30 mg/g (4). The spectrophotometric
method was used to directly determine rosmarinic acid in unpu-
rified methanolic extracts by a complexation reaction with Fe2+
(5). Bonoli et al. reported fast separation and determination of
carnosic and rosmarinic acids in rosemary extracts by capillary
zone electrophoresis with UV-diode array detection (6).
Rosmarinic acid enantiomers were separated and determined
using three different chromatographic methods [high-perfor-
mance liquid chromatography (HPLC), capillary electrophoresis,
and gas chromatography] (7). Most recently, Fourier transform
IR spectroscopy was reported as a new tool to determine ros-
marinic acid in situ (8).

However, HPLC with spectrometric detectors has been most
widely used for the separation, detection, and measurement of
rosmarinic acid in plant extracts (9-12). In one such study, ros-
marinic and caffeic acids were determined in rosemary, sage,
thyme, spearmint, balm, and lavender; the concentration of ros-
marinic acid varied from 2.0 to 27.4 mg/g (9). In more recent
studies, there is a tendency to use a combination of more than
one separation/detection/measurement method in order to
increase the effectiveness of analysis of complex extracts usually
containing a mixture of various components. Thus, the instru-
mental set consisting of liquid chromatography (LC)-UV detec-
tion—solid-phase extraction (SPE)-NMR apparatus—mass
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spectrometry (MS) was used for the online automated analysis of
a Greek oregano (13) and Rhaponticum carthamoides (14)
extracts.

However, none of the mentioned techniques provide informa-
tion about radical scavenging/antioxidative properties of the sep-
arated and detected extract components. For this purpose,
additional measurements are required. The use of reaction sys-
tems containing stable free radicals such as 2,2'-diphenyl-
1-picrylhydrazyl (DPPH-) and 2,2'-azinobis (3-ethylbenzo- thia-
zoline-6-sulfonic acid) radical cation (ABTS*") has proven to be a
rapid and informative method for the assessment of crude
extracts, purified fractions, and individual compounds. For
instance, after comparing three methods, Koleva et al. concluded
that being rapid, simple, and independent of sample polarity, the
DPPH- method is very convenient for the quick screening of
many samples (15).

Development of online detection of radical scavengers by
HPLC-UV with extra luminol chemiluminescence (16), DPPH-
(17), or ABTS+ (18) detection modules was an important step in
the research of antioxidatively active natural compounds. The
methods were further improved (19, 20) and expanded by supple-
menting the online system with SPE and NMR instruments (21).
The kinetics of the reaction of DPPH- with flavonoids were
studied in detail by Butkovic at al. (22). During recent years, the
online HPLC-DPPH--ABTS: methods were succesfully used for
the analysis of sweet grass (23), thyme (24), various Salvia species
(25), borage (26), apples (27), coffee (28), Geranium macror-
rhizum (29), Potentila fruticosa (30), Mentha species (31), and
selected Lamiaceae species (20).

The present study is focused on the application of HPLC with
UV, MS, and radical scavenging detectors for the analysis of
antioxidative components and, particularly, rosmarinic acid in
several Salvia species and borage leaves.

A great number of studies have shown garden sage to be
a source of potent antioxidants (31-42). Antioxidant effects
of sage were attributed to the main phenolic components,
rosmarinic acid, caffeic acid derivative, and carnosic acid (34-36).
Because of high antioxidative activity, S. officinalis extracts
have been extensively used as a reference in the assessment
of antioxidative properties of other, less-investigated plants
(37-42). In previous studies, research interest has been focused
mainly on the composition of active substances in S. officinalis.
The other Salvia species (particularly S. glutinosa, S. sclarea,
and S. aethiopis) were not studied so intensively. Malencicacute
et al. found that rosmarinic acid was the dominant naturally
occurring antioxidant in S. reflexa (43). Rosmarinic acid was
also a major compound in S. nemorosa and S. glutinosa, as
determined by TLC-densitometry, UV-vis—spectrometry, and
LC-MS (44). Preliminary screening showed (24) that the extracts
from various Salvia species demonstrate distinct antioxidative
properties; therefore, it was of interest to obtain further informa-
tion on their active components by applying recently developed
methods.

Borage seed oil is of great interest among medical and nutri-
tional research groups because of its high content of y-linolenic
acid. Wettasinge et al. (45) reported that rosmarinic, syringic, and
sinapic acids are the major phenolic compounds in the ethanolic
extract of borage seed meal. The extracts from borage leaves also

demonstrated strong antioxidant activity (40); however, the infor-
mation regarding their active components is very scarce.

Experimental

Extraction

The first-year vegetation plant leaves harvested in May were
obtained from the collection of medicinal herbs at Kaunas
Botanical Garden of Vytautas Magnus University (Kaunas,
Lithuania). The solvents used were of analytical quality and pur-
chased from Merck (Darmstadt, Germany). Rosmarinic acid was
purchased from Roth (Karlsruhe, Germany), and DPPH- (95%)
was purchased from Aldrich (Steinheim, Germany). The leaves
were separated from other parts of the plants and dried at room
temperature in the dark. Two grams of freshly crushed dry leaves
were extracted with 100 mL 80% methanol in doubly distilled
water using a homogenizer Biichi Mixer B-400 (Flawil,
Switzerland). The homogenizer was switched on three times for
10 s with two short intervals for cooling the extraction mixture;
the total extraction time was 30 s. The mixtures were filtered
through paper filter MN 615 (Macherey-Nagel, Diiren, Germany),
and the resulting liquid extracts were stored in a freezer at -20°C
under nitrogen until analysis. The analysis was performed within
1 month after the storage month.

HPLC-MS for identification of rosmarinic acid

HPLC analysis of the plant extracts was carried out on an HP
1100 LC equipped with a quaternary pump, thermostatted
autosampler, diode array detector, and MS (Hewlett-Packard, Palo
Alto, CA). For the separation, a LiChrospher RP-18 reversed-
phase column (250- x 3-mm i.d., 5 pm) (Hewlett Packard) and a
precolumn LiChroCART RP-18 (4- x 4-mm i.d.) was used. The
column was eluted with 2% acetic acid in water as eluent A and
acetonitrile as eluent B. The column was run with gradient elu-
tion at 0.3 mL/min (020 min 10-80% B, 20-25 min 80-100% B,
and 25-30 min 100% B). The UV-absorption was monitored at
280 nm. The volume injected was 10 pL. MS analysis was per-
formed using an HP quadrupole MS equipped with an electro-
spray interface. Drying nitrogen was heated to 350°C and the flow
was 10 L/min. The capillary voltage was set to 4000 V, and the pos-
itive mode was used. For data acquisition, the MS operated over a
mass range of m/z 100-450. For quantitation, the single ion mon-
itoring (SIM) mode was used at 72/z 383 for rosmarinic acid.

The methanolic extracts were used directly for HPLC-DPPH-
analysis. The concentrations of reference substance rosmarinic
acid used for the calibration curve was 0.025, 0.05, 0.1, 0.2, 0.3,
0.4, and 0.5 mg/mL.

HPLC-DPPH- online detection of radical scavengers

For detection of radical scavenging components, an online
HPLC-DPPH: method was applied using a methanolic solution of
DPPH- stable-free radical for post-column reaction (27). After
HPLC separation and UV detection at 280 nm, the analytes
reacted post column with the DPPH- at a concentration of 50
mg/mL in methanol. The radical absorbs at 515 nm, but upon
reduction by an antioxidant or a radical species, the absorption
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disappears. The deep violet DPPH- radical receives a proton from
the antioxidants and is converted to a colorless protonated DPPH
molecule. The flow of the reagent solution was set to 0.4 mL/min,
and the induced radical solution bleaching is detected as a nega-
tive peak photometrically at 515 nm with a reaction time of 0.6
min.

The methanolic extracts were used directly for online HPLC—~
DPPH: analysis. The concentrations of rosmarinic acid used for
calibration of the radical scavenging activity were 0.125, 0.25, 0.5,
0.75, and 1.00 mg/mL. Three replicates of each sample were mea-
sured, and the mean was calculated. The standard deviation was
in the range of 1-5%.

Results and Discussion

HPLC analysis of the methanol extract of the Salvia species and
borage resulted in the separation of rosmarinic acid as the major

T
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Figure 1. Chemical structure of rosmarinic acid.
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Figure 2. HPLC chromatograms with UV and mass spectra of rosmarinic acid
in 80% methanol in water extract of borage. UV chromatogram at 280 nm
with a UV spectrum in the wavelength range of 250-450 nm (A). Single ion
mass chromatogram [m/z 383 = (rosmarinic acid + Na)*] with a mass spec-

trum in the range of m/z 150400 (B).
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compound together with several minor components. Rosmarinic
acid (Figure 1) was identified by comparison of the UV and mass
spectra of the peaks separated by HPLC.

Absorption spectra and mass spectra that were obtained from
HPLC of the borage extract are shown in Figure 2. For the Salvia
extracts, similar chromatograms were obtained and rosmarinic
acid was identified. As shown in Figure 2A, the major compound
measured at 280 nm elutes after 10 min. This compound occur-
ring in all plant extracts had an UV absorbance maximum at 330
nm and a minimum at 265 nm, with a characteristic shoulder at
290 nm. This could be attributed to a phenolic acid with two aro-
matic rings (46). Additionally, the shape of the UV spectra shows
avery high accordance with rosmarinic acid. Figure 2B shows the
intensity of the mass signal at 383 m/z. The mass spectrum of the
peak (Figure 2B) shows the presence of the pseudo molecular ion
associated with different cations m/z 399 (M+K)*, 383 (M+Na)+,
and 361 (M+H)*. The fragments that are similar in the standard
and plant extracts comprise 343, 221, 185, 181, and 163. These
results confirm the identity of rosmarinic acid.

The quantitative determination of rosmarinic acid in the plant
extracts was achieved with a retention time of 10 min. The limit
of detection (LOD) [signal-to-noise ratio (s/n) = 3] and limit of
quantitation (LOQ) (s/n = 10) was 0.19 and 0.63 ng per injection
for UV detection, respectively. The calibration curve of rosmarinic
acid was linear over the ranges 25-500 pg/mL, with a correlation
coefficient of 72 = 0.9991. The content of rosmarinic acid in dried
leaves of the sage species and borage was determined by the pro-
posed method, and the results are shown in Table I. The concen-
tration ranged from 13.3-47.3 mg of rosmarinic acid per gram
dried leaves. Salvia glutinosa and Salvia sclarea had the highest
concentration of rosmarinic acid. The amount of rosmarinic acid
in borage leaves (15.0 mg/g) was in the same range as to other
sages.

Radical scavenging activity of rosmarinic acid was carried out
using the online HPLC-DPPH- method. Previously published
reports showed that the method can be used for a rapid assess-
ment of pure antioxidants and of antioxidative components in
complex mixtures, particularly plant extracts (17,20,25).
Simultaneously obtained UV and DPPH- radical quenching chro-
matograms using gradient elution of crude S. officinalis, S. gluti-
nosa, S. aethiopis, S. sclarea, and Borago officinalis extracts
isolated with 80% methanol in water are presented in Figure 3.
HPLC analysis revealed the presence of several radical scavenging

Table 1. Amount of Rosmarinic Acid in the Plants as
Determined with HPLC-UV at 280 nm Using Gradient
Elution

Content
Plant name (mg/g dry weight*) (n=3)
Borago officinalis 15.0£0.2
S. officinalis 19.5+08
S. glutinosa 47321
S. sclarea 41.1£19
S. aethiopis 13.3£0.6

* The moisture was determined by distillation of 40 g of ground material with toluene.
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Figure 3. UV and DPPH. radical quenching chromatograms using elution of
crude extracts of . officinalis, S. glutinosa, S. aethiopis, S. sclarea, and Borago
officinalis.
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Figure 4. Correlation of the peak areas obtained from UV absorption at 280
nm and of negative peak areas obtained after postcolumn reaction with
DPPH..

components in all Salvia and borage extracts. However, ros-
marinic acid in the extracts was the major radical scavenger
obtained. The dependence of DPPH- reduction on the standard
antioxidant concentration was tested by injecting five different
concentrations ranging from 0.125 to 1 mg/mL of rosmarinic
acid. A linear relationship between the negative peak areas of ros-
marinic acid and injected concentrations was observed (r2 =
0.9759). The LOD (s/n = 3) and LOQ (s/n = 10) for the negative
peak of rosmarinic acid was calculated to be 15 and 48 ng per
injection. A linear response (2 = 0.9962) was obtained between
the negative and positive peak areas (Figure 4.). These results
suggest that this method can be used for quantitating the anti-
radical activity of rosmarinic acid and other antioxidatively active
components after HPLC separation.

Taking into account a wide range of the amount of important
antioxidative components in plant material, which depend on

species (4,9), variety, plant chemotype, cultivation and climatic
conditions, harvesting time, and analysis method, the online
HPLC-UV-MS-DPPH- method can be considered a promising
techniques for quality control and extract standardization.
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