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A B S T R A C T

Two known polyphenols named apigenin 7-O-β-D-glucopyranoside (S1) and querctine-3-O-glucoside (S2), along
with another two new compounds apigenin 4′-geranyl-8-glucopyranosyl-7-O-α-glucopyranoside (S3) and apigenin 4′-
pernyl-8-glucopyranosyl -7-O-α-glucopyranoside (S4), were isolated from the leaves of Cupressus sempervirens.
Structure elucidation of the isolated polyphenols was established on the basis of detailed spectroscopic analysis
like 1D and 2D NMR analyses including 1H NMR, 13C NMR, COSY, DEPT, HMQC, UV, and Electron Spray
Ionization Mass Spectroscopy (ESI-MS). Density Functional Theory (DFT) of computational, Petra/Osiris/
Molinspiration (POM), and docking analyses methods were applied in the structural validation of new isolated
compounds. The isolated compounds S1-S4 showed significant cytotoxicity against human hepatocellular liver
carcinoma HepG2 cells, MCF-7, HC116 and A549.

1. Introduction

Cupressus sempervirens (C. sempervirens), a genus from the Cupressus
family and known as the Italian cypress or Mediterranean cypress, oc-
curs in and is indigenous to the Eastern Mediterranean region, North
America, a large terrain in Iran, as well as at higher altitudes within the
subtropical zone of Asia [1–3]. C. sempervirens contains cupressuflavone
as a major ingredient in addition to rutin, amenoflavone, coumaric acid,
myricitrin flavonoids [4], phenolic compounds (anthocyanidin, ca-
techin flavones, flavanols and isoflavones), and tannins (ellagic acid,
gallic acid, phenyl isopropanoids, caffeic acid, coumaric acid, ferulic
acid) [5], The species C. sempervirens shows importance as a medicinal
plant in some countries, mostly associated with traditional medicine

like treatment of a cold, flu, sore throat, and rheumatism [6]. Ad-
ditionally, the inhibitory efficacy against glycogen phosphorylase and
glucose-6-phosphatase enzymes, C. sempervirens demonstrate anti-
microbial and antileishmanial actions [6], as well as antibiofilm [7],
aromatherapeutic, astringent, balsamic, antioxidant and anticancer
[8–10], add to this, anti-inflammatory properties [10], combined with
their inhibitory activity against glycogen phosphorylase and glucose-6-
phosphatase enzymes [11]. Attempting to identify structurally diverse
and biologically important compounds from medicinal plants [12],
such as biologically active polyphenols [13], two new polyphenols
(apigenin 4′-geranyl-8-glucopyranosyl-7-O-α-glucopyranoside (S3) and
apigenin 4′-pernyl-8-glucopyranosyl-7-O-α-glucopyranoside (S4)) together
with two additional well-known compounds (apigenin 7-O-β-D-
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glucopyranoside (S1), and querctine-3-O-glucoside (S2))- which were
isolated from the leaves of the wild medicinal plant C. sempervirens
(Fig. 1). The in vitro cytotoxicity experiments were performed with the
isolated compound S1-S4 against human hepatocellular liver carcinoma
HepG2 cells, MCF-7, HC116 and A549 using MTT assay.

2. Materiel and methods

2.1. Apparatus and materials

The 1H and 13C NMR spectra were recorded at 500 MHz and at
125 MHz respectively in C DMSO‑d6 (Merck, Darmstadt, Germany) with
tetramethylsilane as an internal standard using a BrukerAPX 500 MHz
spectrometer. Chemical shifts δ are given in ppm; multiplicities are
indicated as s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet)
and br (broad); coupling constants, J, are reported in Hz. The mass
spectra (MS) were verified on a Waters Acquity Ultra Performance LC
with ZQ detector in ESI mode. The UV studies for the compounds were
measured on a Shimadzu UV-240 spectrophotometer, distinctly as so-
lutions in methanol and with diagnostic UV shift reagents. Rotary
evaporator (Buchi, Switzerland) was used for evaporation and con-
centration of extracts and fractions. Fractionation was performed by
column chromatography using polyamide 6S (Riedel-De Hän Ag, Seelze
Hannover, Germany), and compound isolation was completed on cel-
lulose (Pharmacia, Uppsala, Sweden) and/or Sephadex LH-20 (Fluka,
Switzerland) columns in diverse dimensions and eluted with various
mobile phases. Separation procedures were monitored by thin layer
chromatography (TLC). Ultraviolet lamp (VL-215 LC, Marne La Vallee,
France) was used for visualization of compound spots on TLC and
follow up various column fractions on columns at 254 or 365 nm and
also with located (sprayed) FeCl3 reagents.

2.2. Plant material

C. sempervirens leaves were collected from National Research Centre
(Research and production Station Nubaria), Egypt in spring of 2016 and
the plant specimen was identified at the herbarium of the Department
of Biology, Northern Border University, Arar, Saudi Arabia.

2.3. Extraction and isolation

Dried and pulverized leaves (1.6 kg) of C. sempervirens were ex-
tracted with methanol at room temperature. The extract was con-
centrated to give 35 g in weight. The methanol extract was fractionated

and purified with column chromatography followed by further pur-
ification using CC Sephadex LH-20 (2.5–100 cm) with methanol to give
four final pure compounds S1–S4.

2.4. Cell culture

HepG2, MCF-7, HC116, and A549 cells were supplied from ATCC
and were maintained in the standard medium and grown as a mono-
layer in RPMI-1640 containing 10% FBS, 100 units/mL penicillin, and
100 ug/mL streptomycin. Cultures were maintained at 37 °C with 5%
CO2 in a humidified atmosphere. All the procedures were done in a
sterile area using a Laminar flow cabinet bio-safety class II level (Baker,
SG403INT, Sanford, ME, USA).

2.5. Cell proliferation assay

In order to assay the cytotoxicity effects of isolated compounds (S1-
S4), MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide; a yellow tetrazole) assay was used to evaluate the cell viability
[12,14,15]. Briefly, 1 × 104 of HepG2, MCF-7, HC116, and A549 cells
were seeded into 96-well plates a day prior to the assay. On the second
day, different concentrations of S1-S4 were added to the wells in tri-
plicate to give a final concentration of 100, 50, 25, 12.5, 6.25, 3.125,
1.56, and 0.78 μg/mL. After 48 h of incubation, the medium was as-
pirated, 40 μL MTT salt (2.5 μg/mL) was added to each well, and then
they were incubated for another four hours. Finally, DMSO was added
to each well and the dissolved formazan precipitate was read using an
ELISA plate reader at 570 nm.

2.6. Molecular docking

Docking of isolated compounds (S1-S4) and chemotherapy drug
Doxorubicin to the active site of protein-tyrosine kinase (c-Src) was
performed iGEMDOCK software (BioXGEM, Taiwan). For the per-
forming the molecular docking we used 3D structure of c-Src PDB (PDB
ID: 3G6H) in the complex with ligand pyridinyl triazine (PDB ID: G6H)
(PDB base, https://www.rcsb.org/). Preparation of c-Src structure for
the molecular docking was performed using the BIOVIA Discovery
Studio 4.5 (Dassault Systèmes, France). Compounds were docked into
the binding site of radius 5 Å applying the generic evolutionary method:
population size was 300, generations were 100 and the number of poses
was 3. The compounds were ranked by total energy of a predicted pose.
Total energy is sum of the hydrogen-bonding (H bond), and vdW in-
teractions [16].

Fig. 1. Chemical structure of isolated flavonoids S1-S4 isolated from aerial parts of C. Sempervirens.

E.R. Elsharkawy, et al. Bioorganic Chemistry 100 (2020) 103850

2

https://www.rcsb.org/


2.7. Quantum chemical calculations

The full geometry optimization was performed by means of the
Gaussian 09 W program, based on density functional theory (DFT) [16],
and in conformity with Beck’s three parameters: hybrid functional ex-
change [17], with 6-31G (d) basis sets, and Lee-Yang-Parr correlation
functional (B3LYP) [18].

2.8. Petra/Osiris/Molinspiration (POM) analyses

Petra/Osiris/Molinspiration (POM) analyses were used to identify
the type of pharmacophore site and to evaluate the impact of position
and physical/chemical properties of substituents affecting biological
activity. POM analyses can predict the biological activities of the mo-
lecules and also represent the relationships between steric/electrostatic
properties as well as biological activity in the form of a pharmacophore
site which is important for the ligand-receptor interaction [19–30].

3. Results and discussion

3.1. Structure elucidation

3.1.1. Purification and characterizations of products S1-S4
From the methanol extract of the leaf parts of C. sempervirens (1.6 kg

dried leaves) at room temperature, two known compounds, S1 and S2,
and two new compounds, S3 and S4 (Fig. 1), were isolated for the first
time and their structures were established with spectroscopic analyses.
This methanol extraction was facilitated by using repeated column
chromatography of the chlorophyll-free fraction on sephadex LH-20
and silica gel. The compounds S1 and S2 were identified and results are
in agreement with the literature [31,32].

Compound S3 was a green powder and in the UV spectrum, maxima
were observed at λmax (MeOH) nm (log ε) 275 nm (band II) and 341 nm
(band I), which suggested a flavan nature of the compound. The mo-
lecular formula, C31H36O10, was determined by HREIMS and confirmed
by 13C NMR analyses. The occurrence of a flavone skeleton in the
molecule could be easily deduced from the 1H NMR spectrum, in which
compound S3 showed the signals for an exchangeable proton at δH
12.95 (s, 1H). The down field chemical shift at 12.85 ppm (s) indicated
the presence of a hydroxyl group at position 5 and will form a hydrogen
bond with a carbonyl group, A2B2-type aromatic protons at δH 7.47 (d,
H2′, 6′) and 6.75 (d, H3′, 5′) on B-ring, one signal at δ 6.46 (d, H6) and
other signal at δ 6.64 (d, H8) on A-ring). 1H NMR also exhibited signals
due to one α-glucopyranosyl unit δH 4.04 (d, J = 3.7 Hz, H1″). The J
value (3.7 Hz) of the anomeric proton indicated the α-configuration of
the glucose moiety. The 13C NMR spectrum of S3 confirmed the pre-
sence of a geranyl group. The geranyl resonances were essentially
identical to those of the geranyl flavones and were in good agreement
with reported spectra of geranial. Characteristic signals of a geranyl
group were observed at δH 1.68 (s, H5″′), 1.62 (s, H4″′), 3.62 (m, H1″′)
while a vinyl group was at 5.3 and 4.8 ppm.

1H NMR (500 MHz, DMSO‑d6): δ ppm7.47 (2H, d, J= 5.5 Hz, H-2′/
6′), 6.75 (2H, d, J= 5.5 Hz, H-3′/5′), 6.68 (H-3), 6.64 (1H, s, H-8), 6.46
(1H, s, H-6), 5.36 (1H, d, J= 2.5 Hz,H-1″), 4.04 (1H, d, J= 3.7 Hz, H-
1″′), 3.24–2.67 (remaining of sugar protons). Geranyl group (5.05 (dd,
J = 3.9, 12.5 Hz, Hb6′'), 1.68 (s, H5″′), 1.62 (s, H4″′). 13C NMR
(125 MHz, DMSO‑d6): δ ppm 184.25 (C-4), 166.11 (C-2), 162.88 (C-7),
162.66 (C4′), 156.93 (C-5), 157.19 (C-9), 131.72 (C-2′/6′), 129.16 (C-
1′), (117.34 (C3/) 116.87 (C-3′/5′), 105.53 (C-8), 105.31 (C-10),
103.59 (C-3), 103.08 (C-1″′), 99.31(C-6), 100, 12 (C-8), (82.69 (C-5″),
76.51 (C3″), 75.68 (C-4″), 74.64 (C-5″′), 73.91 (C-3″′), 73.45 (C-2″),
73.22 (C-1″), 73.12 (C-2″′), 72.0972.09 (C-4″′), 71.51 (C-6″′), 71.31 (C-
6″). Negative ESI-MS (m/z) spectrum showed a molecular ion peak at
m/z 567.4380 [M−H]- in accordance with a molecular formula of
C31H36O10 and 405.1171 [M-glucosyl].

Compound S4 was a green powder and, in the UV spectrum,

maxima were observed at λmax (MeOH) nm (log ε) 268 nm (band II) and
334 nm (band I), which also suggested a flavan nature of the com-
pound. The molecular formula, C32H38O15, was determined by ESI-MS.
The occurrence of a flavone skeleton in the molecule could be easily
deduced from the 1H NMR spectrum because H1NMR showed the sig-
nals for an exchangeable proton at δ 13.9 (s,1H). This down field
chemical shift indicated the presence of a hydroxyl group and will form
a hydrogen bond with a carbonyl group. A2B2-type aromatic protons at
δH 7.48 (d, H2′, 6′) and 6.75 (d, J = 8.6 Hz, H3′, H5′) on B-ring, one
signal at δ 6.60 (d, H6) and absence of signal of (C8) on A-ring, together
with an olefinic proton at δH 6.76 (s, H3) on a flavone C-ring. In ad-
dition, the 1H NMR also exhibited signals due to one α-glucopyranosyl
unit δH 4.22 (d, J = 3.7 Hz, H1″). The J value (3.7 Hz) of the anomeric
proton indicated the α-configuration of the glucose moiety. The 13C
NMR spectrum of compound S4, exhibited 32 carbons whose aglycone
chemical shifts were in good agreement with those of apigenin. The
attachment of the glucopyranosyl moiety was deduced to be at C7 and
C8′ according to glycosylation rule. Further confirmation by the HMBC
spectrum, in which the anomeric proton of the glucopyranosyl moiety
at δ 4.22 (d, H1′'), showed long range correlation with δc 163.32 (C-7)
in the HMBC spectrum. The 13C NMR spectrum of the compound con-
firmed the presence of a prenyl group. Prenyl resonances were essen-
tially identical to those of the proton that appeared at δ 4.90 (2H, d,
J = 6.8 Hz, H-1). Two additional cross-peaks appeared at δ 1.71 and δ
1.74 (each 3H, brs), revealed the allylic correlations of the two vinylic
methyl groups. With the olefinic proton at δ 5.32 and the two oxy-
methylene protons appearing at δ 4.90, the prenyloxy side chain con-
firmed that compound S4 was a prenylated flavone glycoside.

1H NMR (500 MHz, DMSO‑d6): 7.48 (d, J = 8.6 Hz, H2′, H6′), 6.75
(d, J = 8.6 Hz, H3′, H5′), 6.71 (s, H3), 6.60 (d, J = 1.6 Hz, H6), 4.88
(d, J= 3.7 Hz, H1′'), 4.45 (d, J= 3.9, 12.5 Hz, Ha 6′'), 4.22 (d, J= 3.9,
Hz, Hb 6′'), 3.17–3.58 (m, H3′', H5′') ppm; 13C NMR (125 MHz,
DMSO‑d6): 181.2 (s, C-4),163.32 (s, C-7), 160.91 (s, C-5), 154.69 (s, C-
9), 137.1 (s, C-4′), 127.3 (s, C-3′), 130.1 (s, C-3″′), 123.7 (s, C-1′), 127.1
(s, C-5′), 121.1 (s, C-2″′), 115.76 (d, C-6′), 116.6 (d, C-2′), 105.5 (s, C-
10), 105.3 (s, C-3), 102.46 (d, C-6), 93.1 (d, C-8), 100.78 (d, C-1′'),
99.31(d, C-1///),76.92 (d, C-3′'), 76.77 (d, C-5′'), 73.48 (d, C-2′'), 70.13
(d, C-4′'), 69.56 (t, C-6′'), 30.4 (t, C-1″′'), 25.6 (q, C-5″′'), 14.8 (q, C-4″′');
Negative ESI-MS (m/z) spectrum showed a molecular ion peak at m/z
661.1913 [M−H]- in accordance with a molecular formula of
C32H38O15.

3.2. Bioactivity of compounds S1-S4

3.2.1. Evaluation of cytotoxic activity
The in vitro cytotoxic activity of compounds S1-S4 and doxorubicin

as a reference drug was evaluated at different concentrations against
HepG2, MCF-7, HC116, and A549 cell lines and the percentual results
of inhibition (IC50) are shown in Table 1. The compound S1 showed
high cytotoxic activity with IC50 (65.1) for MCF7, weak cytotoxic ac-
tivity against HCT116 with IC50 (2.6), high cytotoxic activity against
HepG2 IC50 (66.4,) and against A549. It also showed 21.9% inhibition
at 100 ug/mL, with IC50 (5.3). The compound S2 showed high cytotoxic
activity (73.9%) against HepG2, 62.7% against MCF7, and weak ac-
tivity against A549 and HCT116 cell line.

The new compound, S3, did not show any activity in treatment of all
cell lines and compound S4 showed very weak activity. Previous data
demonstrated that inhibition of a compound had structure-based
variety while the compounds S1 and S2 flavonoid glycoside showed
higher activity than the other compounds S3 and S4. Results are shown
in Table 1.

3.3. DFT calculations of molecular properties of S1-S4

3.3.1. Frontier molecular orbitals analysis
The Frontier Molecular Orbital gives an insight into the reactivity of
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the molecule and the active site can be demonstrated by the distribution
of frontier orbital. Following the optimization of molecular structures of
flavonoids isolated from C. sempervirens (Fig. 1S), their HOMO-LUMO
frontier orbital composition (Fig. 2S) was determined by DFT/6-31G
orbital energy level. In order to evaluate the orbital energy level be-
haviour of the S1-S4 compounds, the highest occupied molecular or-
bital (HOMO) and the lowest unoccupied molecular orbital (LUMO) are
performed (Table 2). As HOMO-LUMO energy gap decreases, the ki-
netic energy increases which accounts for the boost in electron-do-
nating efficiency of the molecule.

Fig. 2S suggests that similar distributions were present in the HOMO
orbitals and LUMO orbitals for the investigated compounds. The atomic
contributions of HOMO orbitals are mainly localized on the B and C
rings, whereas the atomic contributions of LUMO orbitals are spread
along the whole molecule. This means that the OH groups in the B ring
and C ring in apigenin and its glucosides would be more easily attached
by free radicals. The electron donating flavonoid ability is related to the
HOMO energies. The molecules with higher HOMO orbital energies
have stronger electron donating abilities. We can conclude from Table 2
that S2 provided the highest HOMO energy [−0.19442 (a.u)], followed
by S3 (−0.21048 (a.u)), S4 (−0.21391 a.u), and S1 (−0.21549 (a.u)).
This clearly indicates that the molecule S2 can easily donate electrons
to appropriate acceptor molecules of low empty molecular orbital.

The energy of the LUMO describes the electron-accepting character
of a substance and this property is important to understand the charge
transfer processes that can occur when a compound interacts with a
biological target. From the ELUMO values obtained for the studied
compounds, we can see that the compound S1 and S4 have low ELUMO

values −0.05158 (a.u) −0.04981 (a.u) respectively and ELUMO

+1–0.02132 (a.u), −0.01958 (a.u) respectively, indicating that these
compounds can be electron acceptors and could potentially interact
with the biological receptor through a charge transfer mechanism. The
energy gap between LUMO and HOMO orbitals specifies the energy
required for an intramolecular electron transfer and is often related to
polar reactivity.

Unlike the other investigated flavonoid molecules in this study, S2
has the lowest ΔE value, implying high chemical activity and low ki-
netic stability, and is thus termed “soft molecule”.

3.3.2. Molecular electrostatic potential (MEP)
The molecular electrostatic potential (MEP) is a molecular charge

topographical representation based on a color-coding system used for
the characterization of molecules and in the studies of biological re-
cognition and hydrogen bonding interactions. The total electron density
on to which the MEP was mapped for the calculated compounds is
shown in Fig. 2. The reactive sites of the molecule are characterized by
negative regions regarded as nucleophilic zones, whereas positive
centers are potential electrophonic sites. Molecular electrostatic po-
tential (MEP) for compound S1, S2 and S4, was calculated by B3LYP/6-
31G (d) to predict the reactive sites for electrophilic and nucleophilic
attack.

It can be seen from Fig. 2 that electrophilic reactivity is represented
by the negative regions (red color), and nucleophilic reactivity is shown
by the positive regions (blue color). The green regions represent regions
of zero potential. The MEP maps of compounds S1, S2, and S4 show
that the major blue region is localized on the vicinity of the hydrogen
atom of hydroxyl group indicating the site for nucleophilic attack.

All of these included compounds are multi-conformer ones, and
there exists no such data to prove that the presented conformers are the
most stable ones. This cannot be proven by comparing the predicted vs.
experimental chemical shift of 1H and 13C NMR data. Finally, docking
analysis results using iGEMDOCK is unreliable for analyzing the me-
chanism with the experimental cytotoxicity against human hepatocel-
lular liver carcinoma HepG2 cells, MCF-7, HC116 and A549. Molecular
dynamics type calculations of all possible metabolites of compounds S1-
S4 would be needed for this case. In fact, most of the flavonoids are
subject to opening/closing of central ring (Figs. 3 and 4) [33].

3.4. POM analyses of cytotoxicity of compounds S1-S4

3.4.1. Osiris calculations
On the basis of Petra analysis, we can conclude that the compounds

S1-S4 are suitable for various biological activity as they possess various
(Oδ-——HOδ+) pharmacophoric sites due to the presence of electro-
negative Osp2 atoms and hydroxyl groups. It can also be hypothesized
that the difference in charge between O and OH of the same dipolar
pharmacophoric site should facilitate the inhibition of various bio-tar-
gets [19–30]. The Osiris calculations of drug reference (SD = Doxor-
ubicin) for compounds S1-S4 are tabulated (Fig. 3S and Table 3).
Toxicity risks (mutagenicity, tumorigenicity, irritation, reproduction)
and physic/chemical properties (cLogP, solubility, drug-likeness and
drug-score) of compounds S1-S4 were calculated by the methodology

Table 1
Cytotoxicity of new compounds against cultured different human cell line in vitro.

Compd. % of Inhibition of Human cells at 100 ppm and LC50 [a]

HCT116 HepG 2 McF7 A549

LC50 (µg/mL) % Inhibition LC50 (µg/mL) % Inhibition LC50 (µg/mL) % Inhibition LC50 (µg/mL) % Inhibition

ME [b] 2.3 34.2 8.5 54.3 47.9 ± 6.7 87.6 2.8 23.8
S1 2.6 10.5 66.4 74.3 65.1 ± 2.1 75.6 5.3 21.9
S2 1.2 4.8 72.3 73.9 80.8 ± 5.1 62.7 2.2 6.8
S3 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0
S4 4.5 20.22 00.0 22.5 12.7 ± 3.1 25.2 2.6 6.5
SD 37.6 – 21.6 – 26.1 – 28.3 NA

Activity ˃75%: high, 75–50%: good, 50–25%: normal and< 25%: weak activity. [a]Each value represents the inhibition growth related to Doxorubicin. [b]ME:
Methanol Extract. SD: doxorubicin. NA: Not Available.

Table 2
HOMO, HOMO-1, LUMO, LUMO+1 and ΔE energies (a.u.).

Compound HOMO LUMO HOMO-1 LUMO + 1 LUMO-HOMO (LUMO + 1)-(HOMO-1)

S1 −0.21549 −0.05158 −0.22273 −0.02132 0.16391 0.20141
S2 −0.19442 −0.04801 −0.21709 −0.01651 0.14641 0.20139
S3 −0.21048 −0.04866 −0.22011 −0.01833 0.16182 0.20178
S4 −0.21391 −0.04981 −0.21994 −0.01958 0.1641 0.20036
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developed by Osiris (https://www.organic-chemistry.org/prog/peo/).
From Table 3, it is observed that the compound SD is supposed to be

non-mutagenic, non-tumorigenic, and have no reproductive risk with
irritant effects when run through the mutagenicity assessment system.

High hydrophilicity, and therefore low cLogP, implies good ab-
sorption and permeation. It has been shown that for compounds S1-S4
to have a reasonable probability of good absorption, their cLogP value
must not be greater than 5.0 (Table 3). In case of compounds S1-S4, the

cLogP value is in −0.12 to 4.08, which is lower than 5. More than 80%
of the drugs on the market have an (estimated S) cLogS value greater
than −4 [19–30]. In our case, the cLogS value for the compounds falls
within the range of (−4.80) to (−2.28) ranges. Furthermore, Table 3
shows drug likeness (DL) of the reported compounds. The flavonoids
S1-S2 have the drug-score from 9% to 55 %, being more important than
SD of reference drug (SD = 33%) as shown in Table 3.

3.4.2. Molinspiration calculations
The Molinspiration program is very strong and is able to process

practically all organic and most organometallic molecules. Molecular
Polar Surface Area TPSA is calculated as a sum of fragment contribu-
tions where O- and HO- centered polar fragments are considered.
Molecular polar surface area (PSA) is a very useful parameter for the
prediction of drug transport properties. Polar surface area is defined as
a sum of surfaces of polar atoms (usually fluorine, nitrogen, and at-
tached hydrogen) in a molecule. PSA has been shown to be a very good
descriptor characterizing drug absorption, including intestinal absorp-
tion, bioavailability, Caco-2 permeability, and blood-brain barrier pe-
netration. Lipophilicity (cLogP) and polar surface area (TPSA) values
are two important properties for the prediction of per oral bioavail-
ability of drug molecules [19–30]. The calculated cLogP values for the
studied flavonoids are deemed (Fig. 4S and Tables 4–5) according to
Lipinski's rule. So, these compounds are expected to present good
bioavailability [19–30].

Molecules with TPSA values approximately 160 or more are ex-
pected to exhibit poor intestinal absorption. Only compound S1 has a
TPSA value much lower than 160 (TPSA = 91). It is to be noted that
cLogP and TPSA values are the two most important parameters, al-
though they are not sufficient criteria for predicting oral absorption of a
drug.

 S1  S2 

S4 

Fig. 2. 3D plots of the molecular electrostatic potential of compounds S1, S2, and S4.

Fig. 3. Possible mechanism of synergistic effect of pharmacophoric sites (curves
in blue color) resulting from opening/closing of the central ring of flavonoids
such as Reynoutrin and quercetin. (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)
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Interestingly, studied compounds S1-S3 have low violation of the
Rule of 5 (NV = 1, 2, 1) compared with SD (NV = 3), as shown in
Fig. 4S and Table 5. Two or more violations of the Rule of 5 bespeak of
potential bioavailability issues concerning the standard drug [19–30].
Properties like hydrophobicity, electronic distribution, hydrogen
bonding characteristics, molecule size, flexibility, and presence of var-
ious pharmacophore features influence the behavior of molecules in a
living organism, including bioavailability, transport properties, affinity
to proteins, reactivity, toxicity, metabolic stability, and many others.

Analysis of the S1-S4 were conducted under the four criteria of
known successful drug activities: GPCR ligand activity, ion channel
modulation (ICM), kinase inhibition (KI) activity, and nuclear receptor

ligand (NRL) activity (Fig. 4S and Table 4).
All compounds S1-S3 have promising positive values in two cate-

gories: Nuclear Receptor Ligand (NRL) and Enzyme Inhibitor (EI).
Numerical values confirm that these compounds are expected to have

Fig. 4. Plausible mechanism for opening/closing ring of flavonoids followed by the regeneration of bioactive metabolites bearing O,O,O-pharmacophore (curves in
blue color). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 3
Osiris calculations of toxicity risks and drug-score of compounds (S1-S4) and SD.

Compd. MW Toxicity Risks[a] Drug-likeness and Drug-Score[b]

MUT TUM IRRI REP cLogP cLogS TPSA DL DS

S1 432 0.35 −2.74 166 −2.29 0.44
S2 462 −0.04 −2.28 197 −0.37 0.55
S3 508 4.08 −4.8 155 −2.02 0.09

S4 662 −0.12 −3.21 245 −1.76 0.11

SD 543 0.17 −4.51 206 7.19 0.33

: not toxic; : slightly toxic; : highly toxic. [a]MUT: Mutagenic; TUM: Tumorigenic; IRRIT: Irritant; RE: Reproductive effective. [b]Sol: Solubility; DL:
Drug-likeness; DS: Drug-Score. [c]SD = Doxorubicin.

Table 4
Molinspiration calculations of compounds (S1-S4).

Compd. Calculation of Molecular Properties[a] Calculation of Bioactivity Scores[b]

cLogP TPSA NONH NV VOL GPCRL ICM KI NRL PI EI

S1 0.68 170 6 1 356 0.10 −0.01 0.14 0.31 0.02 0.43
S2 −0.36 210 8 2 372 0.06 −0.04 0.13 0.20 −0.06 0.42
S3 3.71 159 5 1 512 0.07 −0.27 −0.18 0.29 −0.10 0.30
S4 0.47 249 9 3 549 −0.28 −1.07 −0.63 −0.47 −0.22 −0.20
SD 0.57 206 7 3 459 0.20 −0.20 −0.07 0.32 0.67 0.66

[a]TPSA: Total molecular polar surface area; NONH: number of OH––N or O––NH interaction, NV: number of violations of five Lipinski rules; VOL: volume. [b]GPCRL:
GPCR ligand; ICM: Ion channel modulator; KI: Kinase inhibitor; NRL: Nuclear receptor ligand; PI: Protease inhibitor; EI: Enzyme inhibitor. [c]SD = Doxorubicin.

Table 5
Docking scores for flavonoids, original ligand pyridinyl triazine (PDB ID: G6H)
with tyrosine-protein kinase c-Src and drug reference Doxorubicin (SD).

Compound Pose Total energy/kcal
mol−1

van der Waals
interaction

H bond

S3 2 −149.65 −130.30 −19.35
S4 2 −143.32 −119.42 −23.90
S1 1 −136.92 −111.74 −25.18
G6H 2 −135.63 −129.63 −6.00
SD 2 −125.81 −108.28 −17.52

Table 6
Interactions energies between the active site residue c-Src and ligand S4
(M = main chain; S = side chain).

H Bond Energy/kcal
mol−1

van der Waals interaction Energy/kcal
mol−1

M-VAL-323 −5.99 M-PHE-405 −14.38
M-ASP-404 −3.99 M-ASP-404 −9.44
M-VAL-402 −2.50 S-LYS-295 −7.69
S-TYR-382 −2.50 S-GLU-310 −7.15

S-ILE-338 −6.90
S-LEU-273 −6.78
M-GLY-344 −5.80
S-LEU-393 −5.68
S-TYR-340 −5.42
M-ALA-403 −4.73
S-VAL-281 −4.69
M-PHE-405 −1.96
Unfavorable
interaction
S-MET-314 4.69
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drug properties apropos of four rigorous criteria: GPCR ligand, ion
channel modulator, Kinase inhibitor and nuclear receptor ligand.

3.5. Docking analysis of compounds S1-S4

Tyrosine-protein kinases regulate most of the cellular processes in
order to catalyse the transfer of phosphate groups from ATP to a tyr-
osine residue in a protein. Since it is proved that tyrosine kinases have
role in activation cancer, development of their inhibitors could be used
for the discovery of the new cancer therapy. One of nine tyrosine kinase
is Src-family. Numerous studies have shown evidence of an association
between non-receptor protein-tyrosine kinase (c-Src) and leukemia. In
order to fathom out possible enzyme-flavonoid interactions, we were
performed molecular docking study.

Total energies, as energies of hydrogen bond and van der Waals
interactions between the protein residues in the binding site of c-Src
and investigated ligands are tabulated in Table 6. Results were com-
pared with the docking results of ligand pyridinyl triazine (PDB ID:
G6H) and drug reference Doxorubicin (SD).

Docking simulation results revealed the intractability of all struc-
tures with the enzyme and with compound S3, showing that lowest
total energy overtakes the original ligand pyridinyl triazine from crystal
structure (DSA1, PDB ID: G6H) and drug reference Doxorubicin. Its

lowest energy-based scoring function proves that this compound best
fits into the active site of c-Src and implies their possible high antitumor
activity. As can be observed from Table 6, the main interactions of
compound S3 with the active site are the van der Waals types. Energies
of the interactions between protein residues and ligand S3 are included
in Table 6.

Fig. 5 shows compound S3 docked in the binding site of c-Src pre-
sented as potential surface, while Fig. 6 represents the interactions of
ligand S3 with residual amino acid of receptor c-Src. The ATP binding
pocket of c-Src lies deep in a cleft between the small amino-terminal (N)
lobe (residues 267–337) and large carboxyl-terminal (C) lobe (residues
341–520) connected by a “hinge”. The two lobes move relative to each
other and can open or close the cleft. Inhibitors usually bind to the ATP
binding cleft precluding ATP access to the binding site. Similar to DSA1,
compound S3 is located in a cavity between two lobes of c-Src (Fig. 5).
One hydroxyl group of a glucopyranose ring creates hydrogen bonds
with VAL-402 and VAL-323, while the second hydroxyl group creates
hydrogen bonds with TYR-382 and ASP-404 (Fig. 6). Imatinib, tyrosine
kinases inhibitor and effective drug for chronic myeloid leukemia
(Gleevec, Novartis), and inhibitor triazine derivatives DSA8, similary
form hydrogen bonds with ASP-404 in ASP-PHE-GLY (DFG) motif.

Compound S3 strongly interacts with the phenylalanine part (PHE-
405) of DFG motif through π-π interactions arising from the B ring. 4-
Chromone forms strong π-ion interactions with LYS-295 and GLU-310,
strong alkyl interaction with ILE-338 and ALA-403, and weaker un-
desired unfavourable interaction with MET-314. Further, alkyl inter-
actions create B rings with VAL-281, similar to those geranyl group
creates with LEU-273 and LEU-393, and to that the glucopyranose ring
creates with ASP-404. Strong interactions with the activation loop DFG
(residuals 404–406) indicate that compound S3 could be a potent tyr-
osine kinase inhibitor.

Our results confirmed the previous results of a docking study of
quinoline-arylamidine hybrids and a docking study of azaacridine de-
rivatives. Key interactions of quinoline-arylamidine hybrids are H
bonds that arise between amino groups from the 2-aminoethanol linker
and Asp-404 and the quinolone nitrogen atom and Tyr-382 in the DFG
motif. Docking study of azaacridine revealed that the amino groups
created two hydrogen bonds with Glu-310 and Asp-404 in the DFG
pocket of c-SRC.

4. Conclusion

In summary, this work reports two known compounds (S1 and S2)
and two new compounds (S3 and S4) isolated from the leaves of a wild
medicinal plant, C. sempervirens. The structures of compounds were
identified by spectroscopic techniques. Using MTT assay, the in vitro
cytotoxicity experiments were performed on the isolated compounds

Fig. 5. Potential surface representation of c-SRC in complex with compound S3.
[Potential is ranged from min. 1.77 mV (blue) to max. 0.541 mV (red)]. (For
interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

Fig. 6. Interactions of compound S3 with c-Src in binding site: (a) 3D representation; (b) 2D representation (green = conventional hydrogen bond; brown = π-ion
interactions; light green = π-donor hydrogen bond; purple = π-σ interactions; light purple = π-π interactions). (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)
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S1-S4 against different cancer cell lines including HepG2 cells, MCF-7,
HC116, and A549 cancer cell lines. Cytotoxicity results showed that the
new compounds S3 and S4 did not show good activity. On the other
hand, S1 and S2 demonstrated better in vitro cytotoxic properties
against cancer cell lines and caused morphological changes in cells such
as loss of adhesion, rounding, cell shrinkage, and detachment from the
substratum. These results are promising for further studies on the bio-
logical and pathological effects of these natural products. A molecular
docking study shows that compound S3 creates hydrogen bonds and
van der Waals interactions with residuals of c-SRS in the binding site of
the drug Imatinib. These interactions indicate that compound S3 could
be a potent tyrosine kinase inhibitor and possible drug for the treatment
of chronic leukemia. Furthermore, it is inferred that future endeavors
need to be directed towards the development of similar effectively
utilizable products possessing potential anti-kinase formulations.
Finally, results of the present study offer more insight about the anti-
tumor action of C. sempervirens which provides a scientific basis for its
usage in the area of traditional cancer treatments.
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