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Abstract

Methanol and aqueous-methanol extracts of two species of sage, Salvia
eremophila and S. santolinifolia, were analyzed by LC-DAD-MS to determine
their antioxidant, antimicrobial and cytotoxic active constituents. Rosmarinic
acid (1); carnosol (2) and carnosic acid (3) were found to be the major
constituents of all extracts. The concentrations of these phenolic compounds
(1-3) in the methanolic extracts of S. santolinifolia (6.72+0.26, 1.59+0.22 and
9.35+1.58 mg/ g dry plant material: PM) and S. eremophila (6.96+0.36, 4.27+0.4
and 20.16+0.74 mg/ g dry PM) as measured by reversed phase HPLC-UV, were
significantly increased when 80% methanol was used for the extraction of S.
eremophila (15.46+0.69, 17.64+1.05 and 39.05+0.64 mg/ g dry PM), but not for
S. santolinifolia (7.44+0.48, 4.2+0.38 and 8.46+047 mg/ g dry PM). We propose
that compounds 1-3 are valuable chemical markers for the natural antioxidant
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capacity of sage extracts.
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Introduction

The plants of the genus Salvia are known for biologically active
substances that make them interesting for people of different
countries who use them in folk medicine and food industries [1,2].
They are represented by 61 species in Iran [3]. S. eremophila Boiss
and S. santolinifolia Boiss are two desert species found in Iran
of which the first is endemic to Iran and the second is in addition
found in Afghanistan and Pakistan [4]. The two sages are rich
sources of volatiles of similar composition, such as monoterpenes
including camphene, limonene, borneol and 4-terpineol [5]. They
are also morphologically similar and can be distinguished by micro-
morphological characters (Figure 1) [4,6].

Rosmanol, isorosmanol and carnosol together with four
triterpenes and flavonoids have been identified from S. eremophila
[7,8]. New triterpenoids, with dammarane, ursnane and amyrane
type skeletons were isolated from the aerial parts of S. santolinifolia
[9-11]. The chloroform and ethyl acetate extracts of S. santolinifolia
showed antileischmanial activity [12]. Three new lingams, one of
which with lipoxygenase inhibitory activity were reported from
the plant, while Slavins A and B, the new amyrin type triterpenes
inhibited butyrylcholinesterase enzyme [11,13,14].

Previously, we have determined the 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging potential, antibacterial
and cytotoxic activity on three cancerous cell lines (HL60, K562 and
MCEF-7 cells) of different solvent extracts of eleven Salvia species
from Iran [15]. We found the methanol and 80% methanol extracts
of S. eremophila and S. santolinifolia as the most active plant extracts
in the above bioassays [15]. In other experiments, the 80% methanol
extract of S. santolinifolia showed significant neuroprotection against
neuronal PC12 cells and inhibited intracellular Reactive Oxygen

Species (ROS) and apoptosis [16]. In order to determine the bioactive
substances of the above plants, we identify the chemical constituents
of the above extracts by means of HPLC-DAD-ESIMS and quantify
them by reversed-phase HPLC-UV.

Material and Methods

Reagents

All of the solvents were HPLC grade and purchased from Merck
chemical company (Darmstadt, Germany).
Plant material

S. eremophila Boiss and S. santolinifolia Boiss were collected
from surrounding of Shiraz-Darab road (about 35 Km to Darab from

(5"

Salvia santolinifolia

Figure 1: The two Salvia species growing wild in the deserts of Iran have
similar morphology but can be differentiate via their calyx shapes.
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Shiraz: N 28°, 41', 33"; E 54°, 37', 45" at 1220 m altitude and 5 Km
after Darab N 28°, 44', 38.5"; E 54°, 05', 20.6” at 1405 m altitude) in
Fars Province, Iran and identified at MNCRC, Shiraz, Iran by MA.
The voucher specimens, PC-87-92 and PC-87-98 were deposited for S.
eremophila and S. santolinifolia respectively at herbarium of MNCRC.
The aerial parts of the plants were dried at room temperature in the
shade until further solvent extraction.

Solvent extraction of the plants

Fifty mg of the dried and ground aerial parts of each plant were
separately extracted with 1.5 ml methanol and methanol: water
(80:20) for 45 min in an ultrasonic bath and left for an additional
24 h at room temperature. The supernatant of the extracts were used
for HPLC analyses after removing the particles by centrifugation at
21030g for 15 min.

The plant extracts HPLC analysis

To analyze the plant extracts reversed-phase HPLC analyses were
performed using a Knauer analytical HPLC with a K-1001 pump.
The HPLC column (Eurospher-100 C18, 250 X 4.6 mm, Knauer,
Germany) was eluted with a gradient program beginning with 0.25
% H3PO4 in ultrapure water (solvent A) and increasing the power of
the solvent with acetonitrile as solvent B as follows: 0-6 min, 0-12%
of B; 6-10 min, 12-18% of B; 10-30 min, 18-58% of B; 30-35 min, 58-
80% of B; 35-45 min, 80% of B and 45-50 min, 80-0% of B. The four
channels K-2600 UV detector was set at A 210, 254, 320 and 365 nm.
For quantification of the compounds different concentration of caffeic
acid, a major metabolite in the sage plants [17], in 80% methanol were
used to obtain calibration curve as the external standard, measured at
\ 254 and 320 nm. However we could not detect traces of the standard
compound in the extracts of our sample plants despite its presence in
other species of the sages.

LC-DAD-ESIMS analysis

The LC-DAD-ESIMS analyses were performed on a Shimadzu
LCMS-2010EV, coupled to a mass detector in ESI mode and a SPD-
M20A diode array detector. The HPLC column was a Shim Pack XR-
ODS 2 mm X 50 mm and the LC solvent program was set at a flow
rate of 0.2 mL/min; with the following mobile phase program: solvent
B and A were acetonitrile and 0.25% formic acid in water respectively.
The injection volume of the 10-times diluted plant extract was 5 L.
The column was eluted with the program used for analytical HPLC
except that the time program was divided by two and finally the LC
column temperature was set at 40 °C. ESI was used as the ionization
source for the MS in negative mode. The MS parameters were set as
the following. The MS detector, interface, CDL and Q-array voltage
were setat -1.5kV, -4.5kV, +10 V and-150 (Rf) respectively. The mass
range in the scanning mode was 100-1000 mass unit, the nebulizer
gas was N, with a flow rate of 1.5 L/min and heat block and CDL
temperatures were set at 230 and 275 °C respectively. The UV spectra
were recorded on the DAD detector at A 190-600 nm and the cell.

Results and Discussion

S. eremophila and S. santolinifolia were the two most interesting
bioactive plants among eleven sage plants tested in a previous bioassay
study quantifying total phenol contents, cytotoxic, antioxidant and
antibacterial activities [15]. The Reversed Phase (RP) HPLC analyses
of the polar solvent extracts of the plants showed very similar

HPLC chromatograms (Figure 2) as we found very similar GC-MS
chromatogram patterns for the essential oils of these two plants
previously [5]. We have detected three major compounds: rosmarinic
acid (1), carnosol (2) and carnosic acid (3) in both bioactive methanol
and 80% methanol extract using LC-DAD-ESIMS (Figures 2-4). The
identification of compounds was based on interpretation of ESI-MS
and UV spectra of each peak. For rosmarinic acid (1) the UV peaks
at A max 254, 290 and 328 nm together with a quasi-molecular ion
[M-1] - at m/z=359 and a week peak at m/z=161 in the ESI mass
spectrum were compatible with those data previously reported for
this compound (Figure 3) [18]. Carnosol (2) and carnosic acid (3)
exhibited quasi-molecular ions [M-1] - at m/z=329 and m/z=331. The
peaks at m/z=285 and m/z=287 [M-CO2] - in the ESI mass spectrum
(Figure 3) presented the fragment ions of [M-CO2] - in the mass
spectra of 2 and 3 which is compatible with the presence of a free acid
and a lactones ring functions in the molecules respectively [19]. Both
of compounds 2 and 3 showed A max at 283 and 246 nm in the UV
spectra respectively which are compatible for those reported for the
compounds in the literature [19].

HPLC-UV analyses of the methanol and 80% methanol extracts
of the two sage plants were performed using RP18 reversed phase
column (Figure 2). The concentrations of the phenolic compounds
1-3 in the methanol and 80% methanol extracts of S. santolinifolia
were measured and found to be statistically similar (p> 0.05) (Table 1).
While the HPLC analyses showed that the amounts of the respective
compounds were higher in 80% methanol extract of S. eremophila
(15.46+0.69, 17.64+1.05 and 39.05+0.64 mg/ g dry PM) compared to
those extracted by methanol (6.96+0.36, 4.27+0.4 and 20.16+0.74 mg/
g dry PM). The ratio percentage of carnosic acid to carnosol was lower
when an 80% methanol extract was used, but the ratio of rosmarinic
acid to the total diterpenoids contents was higher in both methanol
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Figure 2: LC-ESI-MS chromatogram of S. santolinifolia (A), HPLC
Chromatograms of 80% methanol extract of Salvia eremophila (B) and S.
santolinifolia (C) at 210 nm.2: rosmarinic acid 5: carnosol, 7: carnosic acid.
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Figure 3: LC-ESI-MS chromatogram; and ESI mass spectra of constituents, 2): rosmarinic acid, 5): carnosol, 7): carnosic acid, from the Salvia species.
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Figure 4: Chemical constituents of the methanol and 80% methanol extracts
of S. santolinifolia and S. eremophila.

and 80% methanol extracts of S. santolinifolia (37.0: 63.0% and 37.2:
62.8% ) compared to those obtained for S. eremophila (21.4: 78.6 %
and 22.2: 77.8% ) respectively (Table 1).

Phenolic compounds are appropriate chemical markers in
chemotaxonomic research and are used for classifying Salvia [20].
In Iran, this genus is divided taxonomically into five groups among
which S. eremophila Boiss and S. santolinifolia Boiss grow in deserts
and are similar in morphology and essential oil's composition and
are classified in the same group [4,5]. However, they can be identified

easily using micro-morphological characters of floral and leaves
segments (Figure 1) [6].

We classified different sage plants of Iran based on their essential
oil's composition into four main chemical groups [5]. Both S.
eremophila and S. santolinifolia contained monoterpenes and fall into
the first chemical group [5]. The present study shows that these two
species are very similar in their non-volatile chemical compositions
which support their previously reported botanical and chemical
similarities.

Apart from identification of the non-volatile chemical markers
of the plants, searching the literature showed that these compounds
(1-3) are the main reason for the high biological activity of the above
plants. The antibacterial potential of S. eremophila was higher than
those reported for S. santolinifolia which was compatible with higher
concentrations of the active compounds; 2 and 3 in its extracts
[15]. However, the antioxidant, total phenol contents and cytotoxic
potential of the two plant extracts were statistically similar and
highest among the eleven sage plants [15]. While the neuroprotective,
ROS and apoptosis inhibition potential of S. santolinifolia was
higher compared to those reported for S. eremophila [16]. The above
observations may be due to the presence of other undetectable
biological active substances or synergetic/ antagonistic effects of the
major compounds.

All of the three compounds, 1-3 were found to be active radical
scavengers, cytotoxic and antibacterial. Carnosol and carnosic
acid are two antibacterial constituents that were reported from S.
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Table 1: Reversed phase HPLC analyses of different plant extracts of S. eremophila and S. santolinifolia.

Plants Extracting solvent Rosmarinic acid? Carnosol Carnosic acid Carnosic agdol camosol |Rosmarinic amd/_ tootal diterpenoids
ratio % ratio %
S. santolinifolia 80% methanol 7.44+0.48 ° 4.2+0.38 ¢ 8.46+047 66.8: 33.2 37.0: 63.0
S. santolinifolia methanol 6.72+0.26 ° 1.59+0.22 ¢ 9.73+1.58f 86.0: 14.0 37.2:62.8
S. eremophila 80% methanol 15.46+0.69 ° 17.64+1.05 ¢ 39.05+0.64 ¢ 68.9:31.1 21.4:78.6
S. eremophila methanol 6.96+036 ° 4.27+0.4 ¢ 20.16+0.74 " 82.5:14.5 22.2:77.8

aThe values are the means of three different replicates + SE, expressed as mg of compound/ g dry plant material. >" Values with common letters are statistically similar

(P>0.05).

officinalis and have shown synergetic effect when combined with
amynoglycoside antimicrobial compounds [21]. The two diterpenes2
and 3 are lipophilic antioxidants which may act as protective
components against oxidative stress in rosemary plants in which 3 is
the main constituents [22]. The antioxidant potential of rosmarinic
acid and carnosol were compared to those of the crude extract of
rosemary [23] and found to be more active than standard antioxidative
agents: butylated hydroxytulene and butylated hydroxyanisol, but less
than tertiary butyl hydroquinone [24]. Different extracts of rosemary
and its constituents 1, 3 were tested on the growth of several cancer
cell lines, carnosol showed cytotoxic effects but rosmarinic acid had
proliferative activity on all cell lines and when combined with TNF-a,
exhibited induced apoptosis [25]. Rosmarinic acid the most abundant
and active antioxidant constituents of S. virgata [26] were found as
the major constituents in several members of the genus Salvia [17,27-
30].

In the present report, we confirmed that S. eremophila and S.
santolinifolia in addition to their similarity in their morphology are
very similar in their chemical constituents and we may suggest them
chemically identical. Considering the high levels of rosmarinic acid,
carnosol and carnosic acid in the two sage plants (Table 1), which is
comparable to those reported in rosemary [31], we may introduce
S. eremophila and S. santolinifolia as alternative plants to be used in
food industry such as natural preservatives.
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