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Abstract

Salvia macrosiphon Boiss. is an aromatic perennial herb belonging to the family Lamiaceae. Phytochemical studies and
biological activities of this plant have been rarely documented in the literature. The current study aimed to investigate
antibacterial and cytotoxic activity of different fractions of aerial parts of S. macrosiphon. Also, we tried to isolate and
identify cytotoxic compounds from the plant. In this respect, the hydroalcoholic extract of the corresponding parts of
the plant was fractionated into four fractions. Then, antibacterial and cytotoxic activity of each fraction were exam-
ined. It was found that the chloroform fraction had a good antibacterial activity against gram-positive and gram-neg-
ative bacteria. The most potent cytotoxicity was also obtained by the n-hexane fraction comparing with etoposide

as the reference drug which was selected for the study and characterization of secondary metabolites. Accordingly,
13-epi manoy! oxide (1), 6a-hydroxy-13-epimanoyl oxide (2), 5-hydroxy-7,4"-dimethoxyflavone (3), and (3-sitosterol (4)
were isolated and evaluated for their cytotoxic activity. Among them, compound 1 revealed significant cytotoxicity
against A549, MCF-7, and MDA-MB-231. It merits mentioning that it showed high selectivity index ratio regarding the
low cytotoxic effects on Human Dermal Fibroblast which can be considered as a promising anticancer candidate.
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Introduction

Salvia is the largest genus among the Lamiaceae family
members and possesses more than 1000 species which
are widely distributed around the world. The Iranian flora
comprises 61 Salvia species, 17 of which are endemic [1].
A number of Salvia genus with valuable biological activi-
ties are commercially important and used as a flavoring
agent in foods, cosmetics, perfumery, and pharmaceu-
tical industries [2, 3]. The name of Salvia comes from
the Latin word “salvare” meaning “to heal’, endorsing its
medical applications for thousands of years [4]. Salvia
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species have been widely used since ancient times for the
treatment of different diseases such as colds, bronchitis,
tuberculosis, menstrual disorders, and haemorrhage [5].
In this respect, antiproliferative effects of Salvia species
on human tumor cell lines [6], the efficacy of S. miltior-
rhiza for the treatment of cardiovascular and cerebrovas-
cular diseases [7], antimicrobial and insecticidal activities
of essential oil of Turkish S. hydrangea [8], antioxidant,
immunomodulatory, antiinflammatory, antimicrobial,
and insecticidal activities of S. mirzayanii [9], acetyl-
choline esterase and melanin synthesis inhibitory activi-
ties of S. officinalis [10], potent cytotoxicity, antioxidant,
a-amylase, and o-glucosidase inhibitory activities of
essential oil of S. syriaca [11], antibacterial activity of sal-
via officinalis against periodontopathogens [12], and anti-
fungal activity of Salvia desoleana Atzei & Picci essential
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oil [13] have absorbed lots of attention. Furthermore,
different components isolated from Salvia species have
shown desired biological activity, e.g. antioxidant activity
of abietane diterpenoids from Salvia barrelieri [14], anti-
protozoal activity of triterpenoids from Salvia hydrangea
[15], and cytotoxic activity of diterpenoids isolated from
Salvia hypargeia [16].

Herein, focusing on discovering bioactive secondary
metabolites from Iranian Salvia species [17], we stud-
ied the aerial parts of Salvia macrosiphon Boiss., Wild
sage known as “Marvak” in Persian [18]. The plant is an
endemic species growing in the west and center of Iran,
and has been used in Iranian traditional medicine as
diuretic, carminative and anti-flatulent [19]. Although,
S. macrosiphon has been commonly used in traditional
medicine, a few phytochemical studies have been devel-
oped. In this respect, flavonoids and phenolic compounds
(e.g. apigenin and luteolin derivatives, and rosmarinic
acid), p-sitosterol, and diterpenes (e.g. 13-epi-manoyl
oxide) have been isolated and reported [20, 21]. In this
work, we evaluated antibacterial and cytotoxic activities
of different fractions of the aerial parts of S. macrosiphon
and focusing on the efficacy of the n-hexane fraction,
four compounds including diterpenes (1, 2), flavonoid
(3), and steroid (4) were isolated and identified which one
of them, compound 2 was reported for the first time for
this plant (Fig. 1).

Materials and methods

General experimental procedures

NMR (nuclear magnetic resonance, as *C-NMR, 'H-
NMR) spectra were recorded on an Avance III spectrom-
eter (Bruker) operating at 400.20 MHz for 'H and 100.63
MHz for 3C. Solvents for the extraction and column
chromatography (CC) were of technical grade and redis-
tilled before use. Silica gel for CC (70-230 mesh) and
precoated silica gel F254 (20 x 20 cm) plates for TLC,
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both supplied by the Merck were used. Deuterated sol-
vents (100 atom %D) were from Armar Chemicals. TLC
plates were visualized under UV light (254 and 366 nm)
and by spraying with 0.5% anisaldehyde in MeOH, fol-
lowed by heating at 150 °C.

Chemical and reagents
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), Dulbecco’s Modified Eagle’s Medium
(DMEM), penicillin-streptomycin, trypsin—-EDTA and
fetal bovine serum (FBS) were purchased from Gibco
BRL (Life Technologies, Paisley, Scotland). Propidium
iodide (PI), 4-6-diamidino-2-phenylindole (DAPI), dime-
thyl sulfoxide (DMSO), acridine orange and ethidium
bromide were purchased from Sigma-Aldrich chemical
Co. (St. Louis, MO, USA).

Plant material

The flowering aerial parts of Salvia macrosiphon Boiss.
were collected at full flowering stage from Nurabad
Mamassani, located in Fars province, Iran, in May 2014.
The specimen of the plant was identified and authen-
ticated by Professor G. Amin and deposited at the Her-
barium of Faculty of Pharmacy, Tehran University of
Medical Sciences (voucher specimen No.6762-TEH).

Cytotoxic activity by MTT assay

Two different human breast cancer cell lines (MCF-7 and
MDA-MB-231), lung cancer cell line (A-549) and normal
cell (Human Dermal Fibroblast) were purchased from
Pasture Institute of Iran, Tehran, Iran. The medium of
RPMI 1640 (PAA, Germany) including sodium bicarbo-
nate and N-hydroxyethylpiperazone-n-2-ethanesulfonic
Acid (HEPES, Biosera, England) was used to maintain
the cell lines. The medium was enriched with fetal bovine
serum (FBS; Gibco, USA) and antibiotics. Then, incu-
bated in air atmosphere enriched 5% CO, at 37 °C. The

1. 13-Epi manoyl oxide
2. 6a-Hydroxy-13-epimanoyl oxide
Fig. 1 Structure of isolated compounds from S. macrosiphon

3. 5-Hydroxy-7,4'-dimethoxyflavone,
4. pB-Sitosterol
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cytotoxic activity of all fractions and compounds were
examined by the MTT (3-[4,5-dimethylthiazole-2-yl]-
2,5-diphenyltetrazolium bromide) (Sigma-Aldrich, USA)
assay.

Antibacterial activity

In vitro antibacterial activity of all fractions was assessed
against gram-positive and negative bacteria (Staphylo-
coccus aureus ATCC 6538P and Escherichia coli ATCC
8739). Minimum inhibitory concentration (MIC) was
determined by broth micro-dilution method [22]. Serial
dilutions of fractions and antimicrobial agents were
prepared in 96-well plates by using (Mueller-Hinton
Broth) MHB, and was made in a concentration ranging
from 0.125 to 64 mg/mL Mueller-Hinton Broth (MHB)
medium. The standard saline solution was prepared to
get inoculants turbidity solution equal to 0.5 McFarland
standards. The inoculants of the microbial strains were
prepared from 20 h bacterial culture that were adjusted
to 0.5 McFarland standard turbidity and were further
diluted (1:100) using MHB medium just before adding
to the serially diluted samples. The plates were incubated
for 24 h at 37 °C and MIC values were recorded as the
lowest concentrations which could inhibit visible growth
of microorganisms. Each experiment was done in tripli-
cate. The ampicillin was used as the standard antibacte-
rial agent.

Extraction and isolation

The air-dried powdered aerial parts of S. macrosiphon
(1.8 kg) were crushed and extracted with methanol
(8 x 8 L) at room temperature for 7 days. The extract was
concentrated under vacuum to afford dark green gummy
residue (90.0 g). The crude methanol extract was mixed
with water (700 mL) to form a suspension and parti-
tioned successively with #n-hexane, chloroform and ethyl
acetate to yield n-hexane (40.0 g), chloroform (20.0 g),
ethyl acetate (4.0 g) and water soluble (26.0 g) fractions.

The n-hexane fraction (20.0 g) was then loaded on a
silica gel column (700 g, 70-230 mesh, 10 x 30 cm) and
it components were separated with a gradient mixture of
n-hexane and dichloromethane (100:0 to 0:100) as eluent,
followed by increasing concentration of acetone (up to
100%) in dichloromethane. The effluents were combined
to 25 fractions (F1-F25) based on TLC patterns (bands
were detected on TLC under UV or by heating after
spraying with 0.5% anisaldehyde in methanol).

Fraction F6 [30 mg, eluted with dichloromethane-
petroleum ether (50:50)] was separated over a silica gel
CC (50 g, 70-230 mesh, 1.5x 60 cm) with a gradient
mixture of chloroform/acetone (100/0 to 80/20) as elu-
ent, to afford seven subfractions (6a-6 g). Subfraction 6f
was further purified by prep. TLC [chloroform-acetone

Page 3 of 7

(95:5)] to afford [-sitosterol (4). Fraction F7 [100 mg,
eluted with dichloromethane-petroleum ether (60:40)]
was subjected to silica gel CC (70 g, 70-230 mesh,
2 x 80 cm) and eluted with chloroform-petroleum ether
(70:30) to give apigenin-4,7-dimethylether (3). From
fraction F15 [3 g, eluted with dichloromethane-ace-
tone (80:20)], crude crystals were obtained which were
recrystallized from chloroform to afford 13-epi manoyl
oxide (1). Fraction F17 [200 mg, eluted with dichlo-
romethane-acetone (80:20)] was subjected to silica gel
CC (65 g, 70-230 mesh, 2 x75 cm) with chloroform-
acetone (70:30) as eluent and subfractions (17a-17d) were
obtained. Subfraction 17b was further purified by prep.
TLC [chloroform-acetone (80:20)] to afford 6a-hydroxy-
13-epimanoyl oxide (2). Their structure was elucidated
by NMR spectroscopy and electrospray ionization mass
spectrometry in comparison to the literature for 13-epi
manoyl oxide 1 [21], 6a-hydroxy-13-epimanoyl oxide
2 [23], 5-hydroxy-7,4’-dimethoxyflavone 3 [20], and
[-Sitosterol 4 [21].

13-Epi manoyl oxide (1)

White amorphous powder (100 mg). mp: 96-98 °C.
IH NMR (CDCl,, 400 MHz): §=5.92 (1H, dd, /=17.3,
10.7 Hz, H-14), 5.20 (1H, dd, J/=17.3, 1.1 Hz, H-15), 4.98
(1H, dd, J=10.7, 1.1 Hz, H-15), 1.24 (3H, s, Me-16), 1.15
(3H, s, Me-17), 0.86 (3H, s, Me-18), 0.78 (6H, s, Me-19,
Me-20). *C NMR [100 MHz, CDCl;, based on DEPT,
HMQC and HMBC experiments]: Table 1. Electron ioni-
zation mass spectrometry (EI-MS) 70 eV, m/z: 290 [M],
275, 257, 272, 257, 191, 177, 149, 137, 121, 109, 107, 95,
81, 69, 67,57, 55, 43.

6a-Hydroxy-13-epimanoyl oxide (2)

White amorphous powder (5 mg). mp: 95-98 °C. 'H
NMR (CDCl;, 400 MHz) =592 (1H, dd, /=74,
10.8 Hz, H-14), 5.19 (1H, dd, J=17.4, 1.4 Hz, H-15), 5.00
(1H, dd, /=10.8, 1.4 Hz, H-15), 4.41 (1H, q, /=3.1 Hz,
H-6), 1.34 (3H, s, Me-17), 1.24 (3H, s, Me-16), 1.18 (3H,
s, Me-18), 1.17 (3H, s, Me-19), 0.96 (3H, s, Me-20). °C
NMR (100 MHz, CDCl;, based on DEPT, HMQC and
HMBC experiments): Table 1. EI-MS 70 eV, m/z: 306
[M], 291, 288, 273, 150, 135, 107, 123.

5-Hydroxy-7,4’-dimethoxyflavone (3)

Yellow needles (5 mg). mp: 171-174 °C. '"H NMR (CDCl,,
400 MHz) §=12.82 (1H, s, OH-5), 7.84 (2H, d, J=8.9 Hz,
H-2)H-6’), 7.02 (2H, d, J=8.9 Hz, H-3} H-5’), 6.58 (1H, s,
H-3), 6.48 (1H, d, J=2.3 Hz, H-8), 6.37 (1H, d, J=2.3 Hz,
H-6), 3.90 (3H, s, OMe-7), 3.88 (3H, s, OMe-4’). EI-MS
m/z :298 [M]™, 297, 270, 269, 255, 166, 138, 132.
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Table 1 '3C NMR of compound 1, 2 and 4, based on DEPT,
HMQC, HMBC experiments

Position 1 2 4
8 ¢ (ppm) & ¢ (ppm) & ¢ (ppm)

1 392 419 373
2 189 19.1 317
3 420 440 718
4 332 337 423
5 56.1 57.1 140.8
6 204 67.2 121.7
7 449 51.1 316
8 74.7 733 319
9 617 619 50.1
10 396 394 365
11 184 183 211
12 449 454 398
13 733 732 422
14 1476 145.1 56.8
15 110.7 1104 243
16 262 258 283
17 24.1 239 56.1
18 332 324 12,0
19 215 228 194
20 154 158 36.1
21 188
22 339
23 26.1
24 458
25 29,1
26 190
27 198
28 23.1
29 138

B-Sitosterol (4)

Colorless needles (7 mg). mp: 132-136 °C. '"H NMR
(CDCl;, 400 MHz) =535 (1H, d, /=5.1 Hz, H-6),
3.57-347 (1H, m, H-3), 1.00 (3H, s, Me-19), 0.92
(3H, d, J=6.4 Hz, Me-21), 0.79-0.87 (9H, m, Me-26,
Me-27, Me-29 ), 0.68 (3H, s, Me-18). C NMR
(100 MHz, CDCl;, based on DEPT, HMQC and HMBC
experiments): Table 1. EI-MS m/z :414 [M]*, 396, 381,
329, 303, 273, 255, 231, 213.

Results and discussion

Cytotoxic activity

Cancer is the second leading cause of death and respon-
sible for approximately 13% of mortality in the world. The
current anti-cancer drugs have shown undesirable side
effects, hence, developing novel, efficient, and safe dugs
is definitely in high demand [24, 25]. One of the efficient
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Table2 In vitro cytotoxic activity of extracts of S.
macrosiphon on cancerous cell lines (A549, MCF-7,

MDA-MB-231)
Fractions  1C5q (ng/mL)

A549 MCF-7 MDA-MB-231 HDF
n-Hexane 20894035 10244015 2098+£025 2690+1.24
Chloroform 22874256 11.72+£156  2567+2.78 11350+5.24
Ethyl 169.804+356 7643+£278 157004678 189.5047.24

acetate
Methanol 344964878 805.34£1045 589.00£10.67 >800
Etoposide 16.58+0.78 22.08+£039  2030+£0.21 92.7041.20

approaches to new drugs is screening herbal extracts
[26]. In the present study, S. macrosiphon was selected for
the possible cytotoxic activity. For this purpose, different
fractions of aerial parts of the plants including #-hexane,
chloroform, ethyl acetate, and water-soluble fractions
were screened towards lung cancer cell line (A549) and
breast cancer cell lines (MCF-7 and MDA-MB-231) as
well as normal cell, human dermal fibroblasts (HDF),
using MTT assay comparing with etoposide as a standard
drug (Table 2). The inhibitory concentration, 50% (ICs,)
values (ug /mL) were calculated by linear regression anal-
ysis, expressed in mean = SD.

According to calculated IC;, values reported in Table 2,
n-hexane and chloroform fractions depicted much higher
cytotoxicity than ethyl acetate and water-soluble frac-
tions. However, n-hexane fraction was found to be more
potent than chloroform fraction in such a manner that
it showed IC,s=20.89, 10.24, 20.98, and 26.90 pg/mL
against A549, MCF-7, MDA-MB-231, and HDF, respec-
tively. Although the cytotoxic activity of n-hexane frac-
tion towards A549 was a little lower than etoposide
on the same cell line (IC;,=16.58 ug/mL), its activity
towards MDA-MB-231 (IC.,=20.30 pg/mL) was as the
same as etoposide (IC;,=20.98 pg/mL). It merits men-
tioning that cytotoxicity of n-hexane fraction against
MCF-7 (IC5,=10.24 pg/mL) was significantly higher
than etoposide (IC;,=22.08 pg/mL). Apart from high
cytotoxicity against MCEF-7, the higher the selectiv-
ity index (SI) ratio (2.6) was calculated comparing with
those obtained for A549 and MDA-MB-231. SI indicates
the cytotoxic selectivity for an agent against cancer cells
versus normal cell. The greater the SI value is, the more
toxic the agent is against cancerous cells but safe against
HE [27].

With these results in hand, the n-hexane fraction was
candidate for further phytochemical analysis leading to
isolation and identification of compounds 1-4. It worth
mentioning that there is no report for the cytotoxicity
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Table 3 Cytotoxicity of isolated compounds on cancerous
(A549, MCF-7, MDA-MB-231) and normal (HDF) cell lines
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Table4 Minimum inhibitory  concentration (MIC)
of fractions of S. macrosiphon against selected bacteria

Compounds IC, values (uM) and selectivity index? (in parentheses)

A549 MCF-7 MDA-MB-231 HDF

1 1937+£196 15794035 22244172 337584920
(17.4) (21.4) (15.2)

2 1700341163 9803+11.27 11951509 >653

3 469.23+22.75 428.05423.12 469.80£23.12 >971

4 >100 >100 >100 nd

Etoposide 2817132 3751+066 34494036 157504+2.04
(5.6 4.2) (4.6

“The selectivity index was determined as ICs, value for human normal
fibroblast (HDF)/ICs, for cancerous cell line.
nd not detected

of those compounds except [-Sitosterol which depicted
no activity [28]. Cytotoxic evaluation of isolated com-
pounds (Table 3) demonstrated much higher cytotoxic-
ity of 13-epi manoyl oxide (1) against all cancerous cell
lines. Compound 1 showed activity against A549, MCEF-
7, and MDA-MB-231 with ICs=19.37, 15.79, 22.24 uM
comparing with etoposide with IC;,s=28.17, 37.51, and
34.49 uM, respectively. It should be mention that promis-
ing safety was obtained in the case of compound 1 and
SI ratio was calculated as 17.4, 21.4, and 15.2 on A549,
MCEF-7, and MDA-MB-231 comparing with those cal-
culated for etoposide with SI ratio of 5.6, 4.2, and 4.6.
(Table 3) indicating its high efficacy with negligible side
effects on normal cells.

As can be seen in Table 3, it can be concluded that
13-epi manoyl oxide 1 not only showed less toxicity
towards HDF than MCEF-7, but also showed more selec-
tivity than etoposide confirming that it could be consid-
ered as a potent candidate in anticancer drugs research
and development.

Antibacterial activity

The antibacterial activity of n-hexane, chloroform,
and ethyl acetate fractions of aerial parts of S. macrosi-
phon was evaluated against gram-positive bacterium (S.
aureus) and gram-negative bacterium (E. coli) based on
the agar microdilution method (Table 4). It was found
that all fractions depicted moderate to good antibacte-
rial activity with minimum inhibitory concentration
(MIC) values ranged from 0.61 to 2.5 mg/mL compar-
ing with ampicillin with MIC values of 0.5 and 0.12 pg/
mL against S. aureus and E. coli, respectively. Among
fractions, the chloroform fraction exhibited more potent
activity against both strains (MIC=0.61 mg/mL) and
ethyl acetate fraction showed lower activity than chloro-
form fraction against both strains (MIC=0.80 mg/mL).

Microorganism Fractions (MIC (mg/mL)) Ampicillin

(MIC (ug/mL))

n-Hexane Chloroform Ethyl

acetate
S. aureus 1.25 0.61 0.80 0.50
E. coli 2.50 061 0.80 0.12

However, the n-hexane fraction with MIC values of 1.25
and 2.50 mg/mL against S. aureus and E. coli, respectively
was the weakest antibacterial fraction.

Antibacterial activity of S. macrosiphon has not been
fully investigated, however, Javidnia et al. reported the
activity of methanolic extract of the plant against S.
aureus and E. coli [29] which showed MIC values of 1 and
0.5 mg/mL, respectively. It seemed that chloroform and
ethyl acetate fractions were more potent than the metha-
nolic extract against S. aureus. However, the methanolic
extract was more potent than three fractions against E.
coli.

Conclusions

In conclusion, we investigated phytochemical analysis
and biological activities of aerial parts S. macrosiphon.
Antibacterial evaluation of n-hexane, chloroform, and
ethyl acetate fractions of the plant against S. aureus and
E. coli indicated good activity with MIC values ranging
from 0.61 to 2.5 mg/mL. Further studies were devoted
to the investigation of cytotoxic activity. Evaluation of all
fractions against A549, MCF-7, and MDA-MB-231dem-
onstrated very good efficacy of the n-hexane fraction
leading to phytochemical analysis and cytotoxic evalua-
tion of this fraction for the first time. Among four isolated
compounds (13-epi manoyl oxide 1, 6a-hydroxy-13-
epimanoyl oxide 2, 5-hydroxy-7,4’-dimethoxyflavone 3,
and B-sitosterol 4); compound 1 was found as effective as
etoposide against A549 and MDA-MB-231 and depicted
higher activity than the reference drug, against MCF-7.
Another good point comes back to the higher SI ratio of
compound 1 for all cancerous cell lines and normal cell
(HDF) comparing with etoposide verifying its efficacy
and safety. It seems that the n-hexane fraction and also
chloroform fraction of S. macrosiphon can be considered
for comprehensive investigations to provide an herbal
anticancer agent.
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