
O

C
s

F
R
a

b

c

d

e

f

g

a

A
R
A
A

K
D
C
M
C
M

I

t
w
n
(
a
e

r
p
f
m

0
c

Revista Brasileira de Farmacognosia 28 (2018) 27–33

ww w.elsev ier .com/ locate /b jp

riginal  Article

ytotoxic  activity  of  abietane  diterpenoids  from  roots  of  Salvia
ahendica  by  HPLC-based  activity  profiling

ahimeh  Moradi-Afrapoli a,b,  Mohammad  Shokrzadehc, Fatemeh  Barzegard,  Gilar  Gorji-Bahrie,
eza  Zadali f, Samad  Nejad  Ebrahimig,∗

Department of Pharmacognosy, Faculty of Pharmacy, Mazandaran University of Medical Sciences, Sari, Iran
Department of Pharmaceutical Sciences, University of Basel, Basel, Switzerland
Department of Toxicology, Faculty of Pharmacy, Mazandaran Pharmaceutical Sciences Research Center, Mazandaran University of Medical Sciences, Sari, Iran
Department of Clinical Pharmacy, Faculty of Pharmacy, Mazandaran University of Medical Sciences, Sari, Iran
Department of Pharmaceutical Biotechnology, School of Pharmacy, Shahid Beheshti University of Medical Sciences, Tehran, Iran
Department of Pharmacognosy, Faculty of Pharmacy, Tehran University of Medical Sciences, Tehran, Iran
Department of Phytochemistry, Medicinal Plants and Drugs Research Institute, Shahid Beheshti University, Evin, Tehran, Iran

 r  t i  c  l  e  i  n  f  o

rticle history:
eceived 15 June 2017
ccepted 28 November 2017
vailable online 18 January 2018

eywords:
iterpene
ancer cell lines
TT

a  b  s  t  r  a  c  t

Screening  of  medicinal  plants  from  Iranian  flora  against  human  cancer  cell-lines  have  shown  that
an  hexane  extract  from  roots  of  Salvia  sahendica  Boiss.  &  Buhse,  Lamiaceae,  is active  against  human
cervical  cancer  (HeLa)  and  colorectal  adenocarcinoma  (Caco-2)  cell-lines  at  the  test  concentration  of
100 �g/ml  (100%  inhibition).  Cytotoxicity  of the  extract  was  localized  with  the  aid  of  HPLC-time-based
activity  profiling  adapted  to  the  tetrazolium  colorimetric  bioassay.  Four  abietane-type  diterpenoids  in
active  time-windows  were  identified  as  cytotoxic  compounds  namely:  sahandone  (1),  sahandol  (2),  12-
deoxy-salvipisone  (3)  and  sahandinone  (4).  Compound  1 showed  the highest  toxicity  against  HeLa  cells
(IC50 = 5.6  ± 0.1  �g/ml),  which  was  comparable  with  betulinic  acid  (IC50 =  4.3  ± 1.2  �g/ml),  the  positive
ytotoxicity
olecular modeling

control. Compound  2 was active  against  the  HeLa  cells  (IC50 =  8.9  ± 0.7  �g/ml)  but  not  the  Caco-2  cell-
line.  Compounds  1, 3 and  4  exhibited  moderate  activity  (IC50 = 22.9–41.4  �g/ml)  against  the  Caco-2  cells.
This  study  reveals  that the  HeLa  cells  are  more  sensitive  to all tested  compounds  than  the  Caco-2  cells.
In silico  molecular  docking  study  showed  a  rigid  binding  of  the  compounds  to  tyrosine  kinase  pp60src,
and  proved  their  cytotoxic  activity.

© 2018  Sociedade  Brasileira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
he  CC
access  article  under  t

ntroduction

Unregulated proliferation of cells due to genetic alterations in
he body generates cancer. Each year, more than 10 million people
orldwide are diagnosed with cancer while half of the patients are
ot successfully treated with the existing anticancer medications
Saeidnia, 2015). The restrictions and side effects of the current
nti-cancer drugs create a constant demand for discovery of new
ffective agents.

Salvia as the most prevalent genus of the Lamiaceae family rep-
esents more than 58 species in Iran (Mozaffarian, 2010). Arial

arts of the plant are aromatic, and have been used in Iranian
olk medicine as an anti-inflammatory remedy, and also for treat-

ent of dyspepsia and gastric disorders (Esmaeili et al., 2009).

∗ Corresponding author.
E-mail: s ebrahimi@sbu.ac.ir (S. Nejad Ebrahimi).

https://doi.org/10.1016/j.bjp.2017.11.007
102-695X/© 2018 Sociedade Brasileira de Farmacognosia. Published by Elsevier Edit
reativecommons.org/licenses/by-nc-nd/4.0/).
 BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Salvia sahendica Boiss. & Buhse, an endemic plant of Iran, grows
widely in northwest of the country, at the feet of the Sahand
Mountains (Rechinger, 1982). Previous phytochemical studies have
revealed the presence of sesterterpenes, nor-sesterterpenes and
nor-diterpenes in the aerial parts of S. sahendica (Moghaddam
et al., 1995). However, roots of the plant were reported to
be rich in abietane type diterpenoids (Hadavand Mirzaei et al.,
2017; Jassbi et al., 2006; Salehi et al., 2007; Moradi-Afrapoli
et al., 2013). Continuing our investigations on Iranian medicinal
plants, in the current study, we report on cytotoxic activities of
roots of S. sahendica against human cancer cell-lines. We  have
implemented HPLC-time-based activity profiling as a miniatur-
ized and rapid approach for tracking cytotoxic constituents in
the plant extract. In recent years this approach has been suc-
cessfully applied for discovery of new anti-protozoal substances,

positive GABAA receptor modulators and anti-HIV compounds (Kim
et al., 2008; Adams et al., 2009; Moradi-Afrapoli et al., 2013;
Potterat and Hamburger, 2014). In this article, we report novel

ora Ltda. This is an open access article under the CC BY-NC-ND license (http://
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ytotoxic compounds obtained from a hexane extract of S. sahen-
ica’s roots, and evaluate their activity against human cervical
ancer (HeLa) and colorectal adenocarcinoma (Caco-2) cell-lines
ith combination of in silico methods for evaluating cytotoxic
otential.

aterial and methods

eneral materials

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
ide (MTT) and Bovine serum albumin (BSA) were provided by

igma–Aldrich (Germany). Dulbecco’s modified Eagle’s medium
DMEM) and fetal bovine serum (FBS) “Gold” were from PAA
Germany). Trypsin-EDTA was purchased from Boehringer Ingel-
eim (Germany). HeLa cell line was provided by Pasteur Institute
f Iran. Caco-2 cells were gifted by Professor Georgios Imanidis
t University of Basel. HPLC separations were performed on an
gilent 1100 series HPLC system consisting of a quaternary low-
ressure mixing pump with degasser module, PDA detector, and
n autosampler. For MPLC, a Buchi Sepacore system consisting of a
ontrol unit C-620, a fraction collector C-660, and two  pump mod-
les C-605 was used. Waters SunFire C18 (3.5 �m,  3.0 × 150 mm)
nd SunFire

®
Prep C18 (5 �m,  30 × 150 mm)  columns were used

or analytical HPLC and preparative RP-HPLC, respectively. The
etection wavelength was 280 nm.  HPLC solvents contained 0.1%
ormic acid for separations. NP column chromatography was car-
ied out on silica gel (Merck, 40–63 �m;  460 × 50 mm).  Pre-coated
ilica gel F254 (20 × 20 cm)  plates for TLC (Merck) was  used for
onitoring fractions. Solvents used for extraction, open column

hromatography, and MPLC were of technical grade. NMR  spectra
ere recorded on a Bruker AVANCE III spectrometer operating at

00.13 MHz  for 1H NMR  and 125.77 MHz  for 13C NMR. A 1 mm
XI microprobe with z-gradient was used for 1H-detecting exper-
ments. 13C NMR  spectra were recorded with a 5 mm BBO probe

ith z-gradient. Spectra were analyzed using Bruker TopSpin 3.0
oftware.

lant material

Roots of Salvia sahendica Boiss. & Buhse, Lamiaceae, were col-
ected in September 2009 from Sardrood, East-Azerbaijan province
f Iran. The plant was identified by Dr. Ali Sonboli, and a voucher
pecimen (MPH-848) has been deposited at the Herbarium of the
epartment of Biology, Medicinal Plants and Drugs Research Insti-

ute, Shahid Beheshti University, Tehran, Iran.

reparation of extract

The plant material was  shade-dried and ground with a Retsch
M1  mill. The powdered roots were percolated with hexane, ethyl-
cetate and methanol, successively. Extraction with each of the
olvents lasted for 48 h at room temperature. The extracts were
oncentrated under reduced pressure and finally dried with a freeze
ryer.

icrofractionation for activity profiling

Aliquots of 360 �g extract in DMSO (36 �l of 10 mg/ml  solu-
ion) were separated by analytical HPLC using a C18 column
5 �l, 10 × 150 mm,  Interchim). The mobile phase was a mixture

f water–acetonitrile containing 0.1% formic acid. The gradient
tarted from 25% acetonitrile all the way to 100% in 30 min, and
tayed at 100% for another 5 min. The flow rate was  0.4 ml/min.
icro-fractions of the extract were collected in a 96-well deep well
 de Farmacognosia 28 (2018) 27–33

plate within 1-min intervals (1-min fractions). The plate was  dried
by a nitrogen evaporator set at 40 ◦C (Evaporex EVX-96, Apricots
Designs Inc., USA).

Cell culture

The Caco-2 cells (human colorectal adenocarcinoma cell line)
were grown in DMEM culture medium supplemented with FBS
(10%), l-glutamate (200 mM),  and nonessential amino acids (1%).
The HeLa cells (human cervical cancer cell line) were grown in IPMI
medium. The cell culture flasks were maintained in a humidified
incubator at 37 ◦C with 5% CO2. The media were changed every
alternate day. The flasks with 80% confluence were used in the
experiments.

MTT cytotoxicity assay: cytotoxicity of extracts and pure
compounds

Cytotoxicity against the HeLa and Caco-2 cell-lines was
determined by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) assay in 96-well format (Gerlier and
Thomasset, 1986; Tofighi et al., 2014). A suspension of each cell-
line was seeded on a 96-well flat-bottomed tissue culture plate at
the density of 5 × 103 cells/well and incubated in a humidified incu-
bator (37 ◦C, 5% CO2) for 48 h. The cells were treated with 200 �l
test samples dissolved in culture medium at the final concentra-
tion of 1–100 �g/ml, and incubated for the next 48 h. Afterwards,
20 �l MTT  reagent (5 mg/ml) in PBS was added to each well. The
plate was maintained on an orbital shaker at 100 rpm and 37 ◦C for
4 h to allow the MTT  reaction by the cellular mitochondrial dehy-
drogenases. Finally, the medium was  replaced with 150 �l DMSO
and the cells were agitated on an orbital shaker for 15 min  to dis-
solve the formazan crystals formed by the live cells. The UV/Vis
absorbance of each well was  read by a microplate reader at 570 nm
with a reference filter of 620 nm.  A set of wells with no test sample,
treated with the highest concentration of DMSO (1%), was consid-
ered as control. The naturally occurring triterpenoid, betulinic acid,
was used as positive control. Cell-viability and cytotoxicity were
calculated according to the following equations:

Cell viability(%) = (Absorbance of test well/Absorbance of control) × 100

Cytotoxicity (%) = 100 − cell viability

Cytotoxicity of microfractions

Each of the dried micro-fractions in the 96-well plate was  dis-
solved with 5 �l solution of DMSO in PBS. Afterwards, culture
medium was added to each well up to the final volume of 450 �l.
The volumes of the medium being added to the wells were calcu-
lated to approach a concentration of the active constituents in the
micro-fractions proportional to that found in 100 �g/ml of the orig-
inal extract. The calculation was based on the assumption that each
active constituent may  be eluted in one or two 1-min fractions, and
also the consideration of a 50% loss that may  occur during chro-
matography and re-dissolution (Potterat and Hamburger, 2014).
The plate was shaken by an orbital shaker at 100 rpm for 30 min.

The micro-fractions were submitted to MTT  bioassay. The final dilu-
tions (2 fold) occurred in the cell-culture wells. The experiments
were performed in duplicates. The final content of DMSO in each
well did not exceed 1%.
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solation of active constituents

Phytochemical constituents of S. sahendica were purified as
escribed previously (Ebrahimi et al., 2013).

pectroscopic data of the constituents

Sahandone (1): Colorless; 1H NMR  (500 MHz, CDCl3) ı 7.08 (1H,
, J = 7.6 Hz, H-6), 6.95 (1H, d, J = 7.3 Hz, H-7), 6.87 (1H, s, H-12), 5.48
1H, dq, J = 8.5, 1.1 H-3), 5.01 (ddd, J = 13.1, 8.9, 4.4 Hz, H-2), 3.24 (s,
CH3), 2.95 (sep, J = 7.0 Hz, H-15), 2.68 (dd, J = 17.0, 4.3 Hz, H�-1),
.53 (dd, J = 17.1, 11.1 Hz, H�-1), 2.19 (s, H-20), 1.80 (d, J = 1.1 Hz,
H3-18), 1.78 (d, J = 1.1 Hz, CH3-19), 1.15 (d, J = 7.0 Hz, CH3-16), 1.14
d, J = 7.0 Hz, CH3-17). 13C NMR  (125 MHz, CDCl3) ı 30.9 (CH2-1),
5.4 (CH-2), 125.0 (CH-3), 136.2 (C-4), 136.7 (C-5), 130.5 (CH-6),
26.4 (CH-7), 128.4 (C-8), 132.3 (C-9), 133.5 (C-10), 93.6 (C-11),
35.7 (CH-12), 140.2 (C-13), 195.5 (C-14), 27.2 (CH-15), 22.1 (CH3-
6), 21.4 (CH3-17), 25.9 (CH3-18), 18.4 (CH3-19), 18.9 (CH3-20),
0.3 (O-CH3).

Sahandol (2): Colorless; C20H24O2; 1H NMR  (CDCl3, 500 MHz):
 = 7.53 (1H, d, J = 8.4 Hz, H-7), 7.27 (1H, s, H-14), 7.12 (1H, d,

 = 8.4 Hz, H-6), 5.80 (1H, OH12), 5.53 (1H, brd, J = 8.5, H-3), 4.93 (1H,
dd, J = 10.8, 8.5, 3.1, H-2), 3.44 (1H, heptet, J = 6.9, H-15), 3.12 (dd,

 = 16.4, 3.1 Hz, H�-1), 2.97 (dd, J = 16.4, 10.8 Hz, H�-1), 2.37 (3H, s,
-20), 1.86 (3H, d, J = 1.5, H-19), 1.81 (3H, d, J = 1.5, H-18), 1.37 (3H,
, J = 6.6 Hz, H-16), 1.35 (3H, d, J = 6.6 Hz, H-17); 13C NMR  (CDCl3,
00.6 MHz): ı = 138.0 (C-11), 138.2 (C-12), 136.2 (C-13), 136.2 (C-
), 129.2 (C-5), 126.5 (C-7), 125.3 (C-10), 125.1 (C-6), 124.5 (C-8),
24.4 (C-3), 120.2 (C-9), 115.9 (C-14), 73.2 (C-2), 32.5 (C-1), 27.9
C-15), 25.8 (C-19), 22.8 (C-17), 22.7 (C-16), 18.5 (C-18), 18.4 (C-20).

Sahandinone (3): Red crystals; 1H NMR  (CDCl3, 500 MHz):
 = 7.35 (1H, d, J = 7.8 Hz, H-6), 7.07 (1H, s, H-12), 7.03 (1H, d,

 = 7.8 Hz, H-7), 5.29 (1H, t, J = 7.1, H-3), 3.08 (2H, m,  H-1), 3.01
1H, heptet, J = 6.9, H-15), 2.39 (3H, s, H-20), 2.19 (2H, ddd, J = 6.8,
.7, 7.8 Hz, H-2), 1.70 (3H, s, H-18), 1.60 (3H, 3, H-19), 1.17
3H, d, J = 6.9 Hz, H-16), 1.19 (3H, d, J = 6.9 Hz, H-17); 13C NMR
CDCl3,100.6 MHz): ı = 182.5 (C-11), 181.5 (C-14), 148.1 (C-10),
44.5 (C-13), 140.3 (C-12), 140.2 (C-5), 136.6 (C-6), 134.9 (C-9),
32.8 (C-4), 128.5 (C-8), 128.0 (C-7), 123.8 (C-3), 30.2 (C-1), 27.5 (C-
), 26.9 (C-15), 25.7 (C-18), 21.34 (C-16), 21.34 (C-17), 19.7 (C-20),
7.4 (C-19).

12-Deoxy-salvipisone (4): Red crystals; 1H NMR  (CDCl3,
00 MHz): ı = 7.35 (1H, d, J = 7.8 Hz, H-6), 7.07 (1H, s, H-12), 7.03
1H, d, J = 7.8 Hz, H-7), 4.64 (2H, brs, H-18), 3.08 (2H, m,  H-1), 3.01
1H, heptet, J = 6.9, H-15), 2.39 (3H, s, H-20), 2.23 (2H, m,  H-3),
.19 (2H, ddd, J = 6.8, 8.7, 7.8 Hz, H-2), 1.60 (3H, 3, H-19), 1.17 (3H,

, J = 6.9 Hz, H-16), 1.19 (3H, d, J = 6.9 Hz, H-17); 13C NMR  (CDCl3,
00.6 MHz): ı = 182.5 (C-11), 181.5 (C-14), 148.1 (C-10), 144.5 (C-
3), 140.3 (C-12), 140.2 (C-5), 136.6 (C-6), 134.9 (C-9), 148.4 (C-4),
28.5 (C-8), 128.0 (C-7), 38.4 (C-3), 30.2 (C-1), 27.5 (C-2), 26.9
 de Farmacognosia 28 (2018) 27–33 29

(C-15), 110.1 (C-18), 21.34 (C-16), 21.34 (C-17), 19.7 (C-20), 22.4
(C-19).

Protein preparation

The enzyme for in silico studies was selected based on previously
published data (Tintori et al., 2009; Paul and Mukhopadhyay, 2004).
The Protein Data Bank PDB file of kinase ATP kinase in complex
with AP23451 downloaded from the RCSB (2BDF) and applied as a
target for molecular modeling studies El-Karim et al. (2015). Sub-
sequently, all water molecules were deleted and hydrogens were
added. In the next step, Gasteiger charges were calculated and the
created pdbqt files were saved using AutoDock tools. The modified
PDB file was saved as pdbqt file format.

Molecular docking

Molecular docking was done for all ligands in the workspace
of AutoDock vina software (Trott and Olson, 2010). The active site
ATP kinase was considered using crystallographic ligand position.
Binding mechanism and related interactions of four ligands were
investigated in Ligplot+ (Laskowski and Swindells, 2011), Discovery
Studio Visualizer v4.5.

Results and discussion

Screening of the extracts from selected Iranian medicinal plants
against human cervical cancer (HeLa) and colorectal adenocar-
cinoma (Caco-2) cell-lines revealed significant cytotoxicity of an
hexane extract from S. sahendica’s  roots at the test concentra-
tion of 100 �g/ml (100% inhibition). Cytotoxicity of the extract
was localized with the aid of HPLC-time-based activity profil-
ing. Activity profile of the 1-min micro-fractions was correlated
with the corresponding analytical HPLC chromatogram as shown
in Fig. 1. Fractions 7 (Rt 6–7 min) and 14 (Rt 13–14 min) showed
the highest cytotoxicity in both cell-lines (>50%). Based on the
high-resolution ESI-TOF-MS data, the molecular formula of the
compounds in the active time windows were similar to the diter-
penoids which were isolated from this plant, previously (Ebrahimi
et al., 2013). In order to fully characterize the active compounds and
assess their activity quantitatively, their isolation at a larger scale
was carried out. The phytochemicals in the active time-windows
were purified using column chromatography. The structures
were established with HR-ESIMS, 1D and 2D NMR  spectroscopy,
and by comparison with the published data (Ebrahimi et al.,
2013). Four abietane-type diterpenoids, sahandone (1),  sahandol
(2), 12-deoxy-salvipisone (3) and sahandinone (4) were finally
identified.
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Fig. 1. HPLC-based activity profiling of an hexane extract from roots of Salvia sahendica;
against HeLa (A) and Caco-2 (B) cells, correlated with the HPLC-UV (280 nm)  chromatogr

Table 1
Cytotoxic activities of compounds 1–4 against HeLa and Caco-2 cell lines.

Compound IC50 ± SEMa (�g/ml)

HeLa Caco-2

Sahandone (1) 5.6 ± 0.1 41.4 ± 0.3
Sahandol (2) 8.9 ± 0.7 >100
12-Deoxy-salvipisone (3) 19.2 ± 6.6 29.6 ± 2.0
Sahandinone (4) 14.2 ± 6.9 22.9 ± 0.6

a
c
C
H
(
b
e

t
m
T
n
t
H
m
i
r
s
(
(
t

Betulinic acid 4.3 ± 1.2 9.2 ± 1.2

a Standard error of the mean.

Cytotoxicity of the purified compounds 1–4 was  subsequently
ssessed against HeLa and Caco-2 cell-lines (Table 1). The Hela
ells were more sensitive to the tested compounds than the
aco-2 cells. Compound 1 showed the highest toxicity against
ela cells (IC50 = 5.6 ± 0.1), comparable with that of betulinic acid

IC50 = 4.3 ± 1.2). Compound 2 showed active against the HeLa cells
ut not the Caco-2 cell-line. Compounds 1, 3 and 4 exhibited mod-
rate activity against the Caco-2 cells.

All isolated compounds belong to abietane diterpenes. Despite
he fact that abietane diterpenes are popular phytochemicals in the

int family (Lamiaceae) (Chang et al., 1990; Ikeshiro et al., 1991;
opç u and Gören, 2007; Wang et al., 2007), compounds 1–3 have
ot been reported from any other members of the family rather
han S. sahendica,  so far (Ebrahimi et al., 2013; Jassbi et al., 2006).
owever, compound 4 had been identified in roots of Zhumeria
ajdae (Rustaiyan et al., 1995). Compounds 1–4 were previously

ntroduced as antiplasmodial and antitrypanosomal principles in
oots of S. sahendica (Ebrahimi et al., 2013). Sahandinone (4) has also

hown activity against human pancreatic tumor cells (MIAPaCa-2)
Fronza et al., 2011). 12-Deoxy-salvipisone (3) and sahandinone
4) were reported active against a zygomycetes fungi, (+) Blakeslea
rispora (Jassbi et al., 2006).
 the bar graph represents the cytotoxic activity (in %) of the 1-min micro-fractions
am of the extract (C).

Molecular docking

The drug-likeness, molecular properties and toxicity are essen-
tial assessments for selection of drug candidates in early stages of
drug discovery. Based on Lipinski’s rule of 5 (Ro5), a drug molecule
should have a molecular weight of 500 Da or less, maximum 5 H-
donor bonds or less, equal to or less than 10 H-acceptor bonds and
log P (octanol/water partition coefficient) not greater than 5. If a
compound has more than two  violations of these criteria, it would
not probably be orally active (Lipinski et al., 1997, 2012). In this
study rotatable bond count (ROTB) and topological polar surface
area (tPSA) are also analyzed on top of Ro5 requisites. The results
of our analysis showed that the tested compounds satisfy the drug-
likeness criteria for a molecular weight below 500 Da, acceptable
tPSA, and H donor/acceptor capabilities.

The molecular docking is a valuable computational method in
drug discovery, providing complementary information on mode of
interaction of the bioactive compounds. The possible mechanisms
of cytotoxicity of S. sahendica components investigated by in silico
molecular docking approach on the kinase/ATP binding site of Src
tyrosine kinase. This class of enzymes regulates growth, differen-
tiation, relocation and apoptosis in mammalian cells by catalyzing
terminal ATP phosphate bind to specific tyrosine residues present
on the target substrate (Tintori et al., 2009; Paul and Mukhopad-
hyay, 2004). Drug-like properties and docking scores of compounds
1–4 with Src kinase are shown in Table 2. Among these, compound
1 possess greater negative binding energy (−9.0 kcal/mol) in com-
parison with rest of the compounds. These computational results
were in compliance with the experimental values, and persuaded
investigation of interactions between compound 1 and kinase in

detail.

Several amino acids take part in hydrophobic interactions
between compound 1 and Src kinase such as Tyr 340, Leu 273,
Leu 293, Val 281, Met  341, Ala 293, Thr 338, Ala 403, Val 323
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Table  2
Drug Likeness of the 1–4 and docking energy.

Compound cLog Pa H-donor H-acceptor tPSAb MWc Docking energy (kJ/mol)

Sahandone (1) 4.78 0.0 3 35.53 326.188 −9.0
Sahandol (2) 6.30 1.0 2.0 29.46 296.17 −8.9
Sahandinone (3) 6.35 0.0 2.0 34.14 298.15 −8.0
12-Deoxy-salvipisone (4) 6.35 0.0 2.0 34.14 298.15 −8.7
Betulinic acid 8.47 2.0 2.0 57.53 456.36 −8.1

a Logarithm of compound partition coefficient between n-octanol and water.
b Topological polar surface area.
c Molecular weight.

Glu310

Asp404

Leu393

Lys295

Val323

Thr338

Ala403

Lig1

Val281

Ala293

Met341

C18

C16
C15

C13

C17

O1

O3
C10

C12

C6

C11

C14

C5

C8

C9

C21 C19
C7

C20

C3

C4

C1

C2

O2

1 into

a
i
s
p
t
h
e
t
m
c
(
t
t
2
i
c
c

i
d
a

Fig. 2. Docking model structure of compounds 

nd Met  314. These residues play vital roles in setting the bind-
ng pocket on this protein (Fig. 2). The close vicinity of amino acids
uch as Leu 393, Val 281 and Ala 293 to benzyl group of com-
ound 1 proposes existence of hydrophobic interactions between
hose. In addition, Met  341, Leu 393 and Ala 293 attribute in
ydrophobic interactions with the CH3 connected to benzyl moi-
ty of the ligand. It is remarkable that Val 281 is a versatile residue
hat comprises several hydrophobic interactions with different

oieties (Fig. 2). Thus, it has been resolved that compound 1
an locate in hydrophobic cavity of the active site on Src kinase
Fig. 3). These results are in agreement with those observed from
he native ligand AP23451 (co-crystallized ligand in RCSB Pro-
ein Data Bank) with common residues of Leu 393, Thr 338, Ala
93, Met  341 and Lys 295 (Fig. 3). The number of hydrophobic

nteractions with residues present in the active site of Src kinase
ould be a possible reason for the potent cytotoxic activity of
ompound 1.
It is crucial to predict toxicity of drug-like molecules in early
nvestigation stages. Prediction of toxicity of drug-like candi-
ates can help to anticipate potential “off-target” activities. Recent
dvances in computer sciences and bioinformatics made it possible
 the Src tyrosine kinase protein binding pocket.

to obtain an estimated toxic potential (TP). Virtual ToxLabTM, is a
powerful open access platform for estimation of TP of endocrine
and/or metabolic disruption, carcinogenicity, and cardiotoxicity
(Vedani et al., 2015). It calculates the toxic potential (TP) and the
binding affinity (binding constant K) of any molecule to sixteen
proteins: 10 receptors (androgen, estrogen �, estrogen �, glu-
cocorticoid, liver X, mineralocorticoid, progesterone, peroxisome
proliferator-activated receptor c (PPARc), thyroid a and thyroid b),
four members of the cytochrome P450 enzyme family (1A2, 2C9,
2D6 and 3A4), one transcription factor (aryl hydrocarbon receptor)
and one potassium ion channel (hERG). The isolated components
and standard compounds in this study were evaluated toward 16
target proteins. The toxic potential (TP) of compounds were calcu-
lated by normalized binding affinities and the values ranging from 0
(none) to 1 (extreme). The calculated TP values for 1–4 was between
0.45 and 0.59, showing a moderate to high risk of binding to the
receptors (Table 3). The main target for 1–4 was the PPAR� receptor

with binding affinity values 663, 338, 25 and 136 nM,  respectively,
where all compounds showed no binding to cytochrome receptors.
The predictions showed these compounds might also bind to GR,
AR and TR� receptors.
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VAL281

LEU273

THR340
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ALA403

VAL323
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-1.00
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-3.00

Fig. 3. Binding model of 1 into active pocket of Src tyrosine kinase.

Table 3
VirtualToxLabTM. Binding affinity profile (binding constant K) and estimated toxic potential (TP) of BPA, BPF, BPS, Pergafast® 201 and D-8. The lower the concentration, the
stronger the binding affinity to the target protein. Binding affinity Q4 >100 �M are considered not binding.

Receptor Sahandone (1) Sahandol (2) Sahandinone (3) 12-Deoxy-salvipisone (4) Betulinic acid

Androgen receptor 0.89 �M 3.65 �M 0.92 �M 0.07 �M 1.74 �M
Aryl  hydrocarbon receptor 0.29 �M 5.57 �M 0.51 �M 0.43 �M 23.20 �M
CYP450 1A2 NB NB 6.89 �M 23.90 �M 90.6 �M
CYP450  2C9 NB NB 41.00 �M NB 44.40 �M
CYP450 2D6 33.20 �M 6.43 �M 2.54 �M 25.80 �M 0.06 �M
CYP450 3A4 63.7 �M NB 8.82 �M 6.73 �M 0.06 �M
Estrogen receptor � 1.42 �M 3.69 �M 2.07 �M 2.52 �M 0.04 �M
Estrogen receptor � 1.68 �M 1.28 �M 1.30 �M 1.43 �M 0.02 �M
Glucocorticoid receptor 0.45 �M 3.7 �M 0.06 �M 0.13 �M 1.09 �M
hERG  2.67 �M 0.30 �M 0.73 �M 0.36 �M 0.03 �M
Liver  X receptor 1.62 �M 10.30 �M 2.23 �M 0.66 �M 0.62 �M
Mineralocorticoid receptor 1.62 �M 3.33 �M 1.40 �M 0.21 �M 0.03 �M
PPAR  � 0.66 �M 0.34 �M 0.03 �M 0.14 �M 0.02 �M
Progesterone 0.90 �M 0.26 �M 0.74 �M 0.20 �M 0.29 �M
Thyroid receptor � 6.14 �M 32.6 �M 0.36 �M 0.16 �M 1.97 �M
Thyroid receptor � 1.10 �M 0.06 �M 1.01 �M 0.61 �M 13.7 �M
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Toxic  potential 0.45 0.55 

P 6 0.3 (low), 0.3 < TP 6 0.6 (moderate), and TP > 0.6 (high).
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ronza, M.,  Murillo, R., Ślusarczyk, S., Adams, M.,  Hamburger, M.,  Heinzmann, B.,
Laufer, S., Merfort, I., 2011. In vitro cytotoxic activity of abietane diterpenes from
Peltodon longipes as well as Salvia miltiorrhiza and Salvia sahendica. Bioorg. Med.
Chem. 19, 4876–4881.

erlier, D., Thomasset, N., 1986. Use of MTT  colorimetric assay to measure cell
activation. J. Immunol. Methods 94, 57–63.

adavand Mirzaei, H., Firuzi, O., Schneider, B., Baldwin, I.T., Jassbi, A.R., 2017. Cyto-
toxic diterpenoids from the roots of Salvia lachnocalyx. Rev. Bras. Farmacogn. 27,
475–479.

keshiro, Y., Hashimoto, I., Iwamoto, Y., Mase, I., Tomita, Y., 1991. Diterpenoids from
Salvia miltiorrhiza. Phytochemistry 30, 2791–2792.

assbi, A.R., Mehrdad, M.,  Eghtesadi, F., Ebrahimi, S.N., Baldwin, I.T., 2006. Novel rear-
ranged abietane diterpenoids from the roots of Salvia sahendica.  Chem. Biodivers.
3,  916–922.

im, H., Baburin, S., Khom, S., Hering, S., Hamburger, M.,  2008. HPLC-based activity
profiling approach for the discovery of GABAA receptor ligands using a functional
assay with Xenopus oocytes. Planta Med. 74, 521–526.

askowski, R.A., Swindells, M.B., 2011. LigPlot+: multiple ligand–protein interaction
diagrams for drug discovery. J. Chem. Inf. Model. 51, 2778–2786.

ipinski, C.A., Lombardo, F., Dominy, B.W., Feeney, P.J., 2012. Experimental and com-
putational approaches to estimate solubility and permeability in drug discovery
and development settings. Adv. Drug Deliv. Rev. 64, 4–17.

ipinski, C., Lombardo, F., Dominy, B., Feeney, P., 1997. Toward minimalistic model-

ing  of oral drug absorption. Adv. Drug Deliv. Rev. 23, 3–25.

oghaddam, F.M., Zaynizadeh, B., Rüedi, P., 1995. Salvileucolide methylester, a ses-
terterpene from Salvia sahendica.  Phytochemistry 39, 715–716.

oradi-Afrapoli, F., Ebrahimi, S.N., Smiesko, M.,  Raith, M.,  Zimmermann, S., Nad-
jafi, F., Brun, R., Hamburger, M.,  2013. Bisabololoxide derivatives from Artemisia
 de Farmacognosia 28 (2018) 27–33 33

persica, and determination of their absolute configurations by ECD. Phytochem-
istry 85, 143–152.

Mozaffarian, V., 2010. A Dictionary of Iranian Plant Names: Latin–English–Persian.
Farhang Mo’aser.

Paul, M.K., Mukhopadhyay, A.K., 2004. Tyrosine kinase – role and significance in
cancer. Int. J. Med. Sci. 1, 101–115.

Potterat, O., Hamburger, M.,  2014. Combined use of extract libraries and HPLC-
based activity profiling for lead discovery: potential, challenges, and practical
considerations. Planta Med. 80, 1171–1181.

Rechinger, K.H., No. 150, 466 1982. Flora Iranica, Graz, Austria.
Rustaiyan, A., Samadizadeh, M.,  Habibi, Z., Jakupovic, J., 1995. Two  diterpenes

with rearranged abietane skeletons from Zhumeria majdae. Phytochemistry 39,
163–165.

Saeidnia, S., 2015. Anticancer Drug Discovery Approaches; Challenges and Develop-
ment, New Approaches to Natural Anticancer Drugs. Springer, pp. 1–12.

Salehi, P., Sonboli, A., Ebrahimi, S., Yousefzadi, M.,  2007. Antibacterial and antiox-
idant activities of the essential oils and various extracts of Salvia sahendica in
different phenological stages. Chem. Nat. Compd. 43, 328–330.

Tintori, C., Magnani, M., Schenone, S., Botta, M., 2009. Docking, 3D-QSAR studies and
in  silico ADME prediction on c-Src tyrosine kinase inhibitors. Eur. J. Med. Chem.
44,  990–1000.

Tofighi, Z., Asgharian, P., Goodarzi, S., Hadjiakhoondi, A., Ostad, S.N., Yassa, N., 2014.
Potent cytotoxic flavonoids from Iranian Securigera securidaca. Med. Chem. Res
23,  1718–1724.
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