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Abstract

Several attempts have so far been made in the search of new anticancer agents of plant origin. Some studies
have reported that different species of Pine genus possess cytotoxic activities against various cancer cell
lines. In the present study, we evaluated the cytotoxic effects of Pinus eldarica bark and leaf extracts or leaf
essential oil on HeLa and MCF-7 tumor cell lines. Hydroalcoholic and phenolic extracts and the essential oil
of plant were prepared. Total phenolic contents of the extracts were measured using Folin-Ciocalteu reagent.
Essential oil components were determined by gas chromatography-mass spectroscopy (GC-MS). Cytotoxic
activity of the extracts and essential oil against HeLa and MCF-7 tumor cell lines were assessed by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. The polyphenolic content of
hydroalcoholic and phenolic extracts of the bark and hydroalcoholic extract of the leaf were 48.31%, 47.2%,
and 8.47%, respectively. According to the GC-MS analysis, the major components of the leaf oil of P.
eldarica were: B -caryophyllene (14.8%), germacrene D (12.9%), o—terpinenyl acetate (8.15%), o. —pinene
(5.7%), and —o. humulene (5.9%). Bark extracts and leaf essential oil of P. eldarica significantly reduced the
viability of both HeLLa and MCF-7 cells in a concentration dependent manner. However, leaf extract showed
less inhibitory effects against both cell lines. The essential oil of P. eldarica was more cytotoxic than its
hydroalcoholic and phenolic extracts. The terpenes and phenolic compounds were probably responsible for
cytotoxicity of P. eldarica. Therefore, P. eldarica might have a good potential for active anticancer agents.
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INTRODUCTION

Despite innumerous progress in our
knowledge about cancer in the recent decades,
the incidence and mortality of cancer are
increasing. Therefore, there have been several
studies to find new anticancer compounds (1).
It has been shown that plants provide
important resources of active anticancer
ingredients persuading scientists to focus on
their anti-tumor agents (2-4). Colchicine,
vincristine, vinblastine, and paclitaxel are some
important anticancer drugs with plant origin
(3,5). In recent years a significant percentage
of anticancer drugs are in clinical trials that are
derived from natural resources (4,6).

Pinaceae is the largest family in the order
Pinales (previously known as Coniferales),
including about 11 genera and more than 220
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species. The Pinsus genus is the largest in this
family (7). They are described as coniferous,
resinous, evergreen and mostly monoecious
trees or rarely shrubs that are grown or
cultivated in the most regions of Northern
Hemisphere. They have been wused in
industries and medicine during long period of
the human civilization in the entire world (8).
Among this family, Pinus eldarica is an
evergreen tree that naturally occurs in the
Transcaucasian region between Europe and
Asia and also grows in Iran as (9) one of the
most abundant pines in Iran. Bark of P.
eldarica contains polyphenolic compounds
such as taxifolin and catechin that also found
in P. pinaster, that is provided as picnogenol®
with broad pharmacological activities (10,11).
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In addition, its bark essential oil contains
compounds such as  oa-pinene  and
caryophyllene oxide (11). Traditionally P.
eldarica have been used for treatment of
bronchial asthma (12), skin wounds, skin
irritations, allergic rashes, and dermatitis (13).
Also, it has been shown that pine needles
contain considerable amount of terpenoids,
polyphenols and tannins (14).

In some studies antineoplastic and
immunomodulatory  effects of  these
compounds have been reported (15-17). As, in
several studies, it has been shown that
P. eldarica contains important compounds
similar to those of other species of pine genus
with cytotoxic effects, we aimed to evaluate
the cytotoxic activity of essential oil and
different extracts of P. eldarica on HeLa and
MCF-7 cancer cell lines.

MATERIALS AND METHODS

Materials

Compounds used were: Methanol, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT), sodium chloride, potassium
chloride, hydrochloric acid, sodium
hydroxide, sodium bicarbonate, sodium
phosphate (Merck, Germany), sulfuric acid,
penicillin/streptomycin (Sigma, USA),
RPMI1640, fetal calf serum (FCS), sodium
pyruvate, trypsin, L-glutamine (Gibco,
Scotland), dimethyl sulfoxide (DMSO) (Fluka,
Italy) and doxorubicin (Farmitalia, Italy).

Plant materials and preparation of the
extracts

The bark and leaf samples of P. eldarica
were collected from the plants grown in
Isfahan district on November 2015 and
identified by  the Department  of
Pharmacognosy in the School of Pharmacy
and Pharmaceutical Sciences of Isfahan
University of Medical Sciences at Isfahan,
Iran. The bark and leaf of the plant were dried
and was ground to yield a fine powder. Using
the maceration method, for hydroalcoholic
extract, 20 g of either bark or leaf powder was
soaked in sufficient volume of methanol/water
(70/30) and shaken for 1 h. Then the mixture
was macerated for 1 day and then filtered
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through a Buchner funnel three times
separately. For phenolic extract, extraction
was carried out in two steps with
methanol/water (9:1) and (1:1). Finally the
extracts were concentrated using a rotary
evaporator and dried by a freeze dryer and kept
at 4 °C until use (18). Different concentrations of
the extracts (10, 20, 50, 75, 100, and 200 pg/mL)
and essential oil (0.2, 0.1, 0.05, 0.025, and 0.01
puL/mL) were prepared. DMSO was used as the
solvent for preparation of the stock solution
(maximum 10%).

Preparation and analysis of the essential oil

The essential oil of plant fresh leaves were
extracted by steam distillation using a
Clevenger-type apparatus during 4 h and
stored at 4 °C until analysis. Analysis of the oil
was carried out using a Hewlett Packard 6890
gas chromatograph/mass spectrometer
(GC/Mass) instrument with the following
conditions: volume injected: 0.1 mL of the
sample, helium carrier gas flow rate:
2 mL/min, injection site temperature:
250 °C, column: HP-5MS capillary column
(30 m x 0.25 mm with film thickness of 0.25
pm), column temperature: 60-275 °C at
4 °C/min, mass spectra: ionized potential
70 eV, source temperature: 250 °C, resolution:
1000, ionization current: 1000 pA, mass
range: 30-300 (19). Identification of the
components was based on the computer
matching against library spectra (Library
Database Wiley 275 L), their retention indices
with reference to an n-alkane series in a
temperature programmed run, interpreting
their fragmentation pattern and comparison of
the mass spectra with those relevant reference
samples and the literature (20,21).

Determination of total phenolic content

The total phenolic content of the bark and
leaf extract of P. eldarica was determined by
Folin-Ciocalteu reagent (18). For this function,
the calibration curve of gallic acid was drawn
to calculate the total phenolic compounds.
Gallic acid was used as a reference standard.
To prepare the stock solution of gallic acid,
0.5 g of dry gallic acid was dissolved in 10%
hydroalcoholic solutions and concentrations of
0, 50, 100, 150, 250, and 500 mg/L
were made. The absorbance of standard
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solutions and samples were determined
spectrophotometrically at 765 nm. The total
phenolic compound contents were expressed
as mg gallic acid equivalents per gram of the
extracts. The test was repeated three times.

Cell culture

HeLa (human epithelial cervix carcinoma)
and MCF-7 (human breast carcinoma) cell
lines were obtained from Pasture Institute of
Iran, Tehran, Iran. Cells were grown in RPMI-
1640 supplemented with 10% FBS, 100 U/mL
penicillin, 100 mg/mL streptomycin, 1 mM
sodium pyruvate, 1 g NaHCO; and 2 mM L-
glutamine. Finally, the media was sterilized
using 0.22 microbiological filters and kept at
4 °C before use. Cells were grown in RPMI
1640 at 37 °C in a 5% CO, incubator.

MTT-based cytotoxicity assay

Cytotoxicity of the essential oil and
different extracts of P. eldarica against HeLa
and MCF-7 cell lines was determined by a
rapid colorimetric assay, using MTT (22). In
this test soluble MTT is metabolized by
mitochondrial enzyme activity of viable cells
into an insoluble dye formazan product.
Subsequently formazan was dissolved in
DMSO and measured spectrophotometrically
at 540 nm. Briefly, 180 pL of cell suspension
(5 x 10* cells/mL of medium) was seeded in
96-well microplates and incubated for 24 h
(37 °C, 5% CO, air humidified). Then 20 pL
of the prepared concentrations of essential oil
and extracts, were added to each well. The
plates were incubated for another 48 h in the
same condition. For the positive and negative
controls doxorubicin and DMSO 1% were
used, respectively. To assess cell survival,
20 puL of MTT solution (5 mg/mL in PBS) was
added to each well and the plates were
incubated at 37 °C for 3 h. Then the old media
containing MTT was removed and gently

Table 1. Polyphenolic content of the P. eldarica extracts

150 uL DMSO was added to each well and
pipetted to dissolve the formed formazan
crystals. Absorbance was measured by an
ELISA plate reader (Startfix-2100, Awareness,
USA) at 540 nm. Each extract concentration
was assayed in 4 wells and repeated 3 times.
Standard curves (absorbance against the
number of cells) for each cell line were
plotted. Cell viability was calculated based on
the standard curves. Cell survival in the
negative control was assumed 100%.
SIGMASTAT™ (Jandel Software, CA,
USA) was used to perform statistical tests.
Analysis of Variance (ANOVA) followed by
the Student-Newman-Keuls test was used to
see the differences among the groups.
Significance was assumed at 5% level.

RESULTS

Extract and essential oil yields

The yields of the leaf and bark hydro
alcoholic and bark phenolic extract was found
to be 22.05%, 19.55%, and 19.05%,
respectively. The essential oil content of the
fresh leaves was 0.1% v/w.

Polyphenol contents of P. eldarica extracts
Phenolic content of the plant extracts which
was determined by Folin Ciocalteu reagent is
shown in Table 1. The results are reported as mg
gallic acid equivalents per gram of the extracts.

Essential oil compositions determined by
GC-MS

Forty two constituents accounting for 83.34%
of the leaf oil were identified (Table 2). The
essential oil composition was  29.01%
monoterpenoid, 53.71% sesquiterpenoid, 0.35%
fatty acid, and 0.27% aromatic hydrocarbon.
Major components in the leaf essential oil were
B-Caryophyllene (14.81%), germacrene D
(12.95%), o-terpinenyl acetate  (8.15%),
o—humulene (5.89%), and o—pinene (5.68%).

Extracts

Total polyphenolic content
(mg/g of the concentrated extract)

Bark hydroalcoholic extract
Bark phenolic extract
Leaf hydroalcoholic extract

483 £1.25
472 +2.89
84.7+0.84
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Table 2.Percentage composition of the leaf oil of the P. eldarica

No Compound name Type of Compound K1 Base Kl TLC %
1 a-pinene Monoterpen 939 940 5.68
2 Camphene Monoterpen 953 954 0.36
3 B-pinene Monoterpen 981 983 3.12
4 Myrcene Monoterpen 991 993 0.73
5 -3-Carene(+) Monoterpen 1011 1013 1.53
6 P-cymene Monoterpen 1026 1028 0.13
7 Limonene Monoterpen 1031 1035 3.51
8 Cis-ocimene Monoterpen 1040 1040 0.23
9 Trans-B-ocimene Monoterpen 1050 1052 1.69
10 y-terpinene Monoterpen 1062 1061 0.07
11 aterpinolene Monoterpen 1088 1089 0.50
12 Linalool Monoterpen 1098 1099 0.19
13 Borneol Monoterpen 1165 1167 0.09
14 Terpinene-4-ol Monoterpen 1177 1178 0.19
15 a-terpineol Monoterpen 1189 1193 2.23
16 Estragole Monoterpen 1195 1197 0.13
17 Citronellol Monoterpen 1228 1229 0.12
18 Geraniol Monoterpen 1255 1256 0.20
19 Endobornyl acetate Monoterpen 1285 1284 0.20
20 a-Terpinenyl acetate Monoterpen 1352 1357 8.15
21 o-Ylangene Sesquiterpene 1370 1370 0.11
22 a-Copaene Sesquiterpene 1376 1375 0.34
23 B-Bourbounene Sesquiterpene 1384 1385 0.96
24 B-Elemene Sesquiterpene 1391 1391 0.94
25 Longifolene Sesquiterpene 1402 1401 0.83
26 B-Caryophyllene Sesquiterpene 1428 1426 14.81
27 a-Humulene Sesquiterpene 1452 1458 5.89
28 Germacrene D Sesquiterpene 1484 1489 12.95
29 a-Muurolene Sesquiterpene 1500 1501 1.05
30 Germacrene A Sesquiterpene 1508 1505 0.44
31 v-Cadinene Sesquiterpene 1513 1514 1.06
32 4-Cadinene Sesquiterpene 1522 1526 3.06
33 Cadina-1,4-diene Sesquiterpene 1533 1532 0.10
34 a-Cadinene Sesquiterpene 1537 1537 0.20
35 a-Calacorene Sesquiterpene 1544 1542 0.23
36 Caryophyllene oxide Sesquiterpene 1582 1583 3.37
37 Longifolenaldehyde Sesquiterpene 1631 1630 0.21
38 Torreyol Sesquiterpene 1644 1643 3.47
39 a-Cadinol Sesquiterpene 1652 1658 3.69
40 Benzyl benzoate Aromatic hydrocarbon 1759 1760 0.27
41 Tetradecanoic acid Fatty acid 1768 1766 0.13
42 Palmitic acid Fatty acid 1959 1970 0.22

Cytotoxic effect of the extracts and the
essential oil

For HelLa and MCF-7 cells a good
relationship between absorbance and the number
of cells was observed (r* = 0.948 and 0.950,
respectively). Doxorubicin (40 pg/mL), as a
positive control, significantly inhibited the
growth of tested cell lines (less than 25% in
HeLa and 40% in MCEF-7 cell lines). Extracts
which caused at least 50% growth inhibition
were considered as cytotoxic.

The  cytotoxic  effect of  different
concentrations of the essential oil and the bark
and leaf extracts of P. eldarica on HeLa and
MCEF-7 cells are shown in Figs. 1 and 2. Our
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findings showed that leaf essential oil and bark
polyphenolic extracts of P. eldarica significantly
(P < 0.001 and P < 0.01, respectively) and
concentration dependently decreased viability of
HeLa and MCF-7 cells. Hydroalcoholic extract
of P. eldarica leaf showed no significant
inhibitory effects against both cell lines
compared to bark extracts. The essential oil
showed more cytotoxicity than the extracts on
HelLa and MCF-7 cells. Bark polyphenolic
extract was more toxic on both cell lines
compared to either bark or leaf hydroalcoholic
extracts. Bark hydroalcoholic extracts were more
effective than the leaf hydroalcoholic extract in
both cell lines.
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Fig. 1. The effects of the (A) extracts and (B) essential oil of P. eldarica on HeLa cells. Viability of the cells was
assessed by MTT assay. Percent cell survival in the control group was assumed 100. * P < 0.05, § P < 0.01, # P <

0.001, compared with negative control, n = 3.
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Fig. 2. The effects of the (A) extracts and (B) essential oil of P. eldarica on MCF-7 cells. Viability of the cells was
assessed by MTT assay. Percent cell survival in the control group was assumed 100. * P < 0.05, § P < 0.01, # P <
0.001, compared with negative control, n = 3.
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DISCUSSION

Nowadays, scientists are attempting to
identify and isolate new anticancer agents with
plant resources. Cytotoxic compounds are
among the most important anticancer drugs
(23,24). It has been shown that some plant
active ingredients such as alkaloids,
flavonoids,  terpenoids, and  phenolic
compounds possess cytotoxic activity (25,26).
Several studies have shown the presence of
cytotoxic agents in plants belonging to
Pinaceae family (27-29). In the current study
by using MTT assay, we evaluated the
cytotoxic effect of essential oil and bark and
leaf extracts of P. eldarica against HeLa and
MCF-7 cancer cell lines.

Doxorubicin, a known cytotoxic agent (30),
as a positive control, significantly decreased
viability of HeLa and MCF-7 cells, indicating
the accuracy of the method employed in this
experiment (P < 0.05).

Cytotoxic effects of some Pinus species
have already been evaluated on different cell
lines. Huang et al. showed that pycnogenol
inhibited the growth of HL-60, U937, and
K562 cells with IC50 of 150, 40, and 100
pg/mL, respectively (31). Also, in agreement
with the results of the present study, Kwak
et al. showed that ethanol extract of P.
densiflora needles inhibited the growth of
KATO and MCF-7 cells with IC50 of 209 and
241 pg/mL, respectively (32). Our findings
indicated that hydroalcoholic and polyphenolic
extracts of bark and leaves of P. eldarica
significantly and concentration-dependently
decreased viability of HeLa and MCF-7 cells.
As bark polyphenolic extract showed more
efficacy than that of its hydroalcoholic extract
in both cell lines, it can be concluded that at
least, in part, polyphenols are involved in
cytotoxic activity of this plant. Studies have
shown that phenolic compounds possess
cytotoxic effect mainly through induction of
apoptosis (33-35). P. sylvestris and P. pinea
contain considerable amount of polyphenols
such as taxifolin and procyanidin with
antiproliferative effect on LNCaP, MCF-7, and
DU 145 cells (36,37). Also, the bark extracts
of P. eldarica were more potent than that of
the leaves of this plant. The greater amount of
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polyphenols present in the extracts of bark of
P. eldarica can explain this difference.

The essential oil of P. eldarica showed
considerable cytotoxicity on the HelLa and
MCF-7 cells with IC50 of 0.038 and 0.032
pg/mL, respectively. It has been shown that
terpens play an important role in cytotoxicity
of essential oils (38). Cytotoxic activity of
needle and bark oils of P. roxburghii against
MCF-7 cells at 100 pg/mL concentrations
indicated 70.9 + 1.4% and 100% cell toxicity
(39). Our findings showed that leaf essential
oil of P. eldarica contained B-caryophyllene
(14.81%), germacrene D (12.95%), a-
terpinenyl acetate (8.15%), a—pinene (5.68%),
and o-humulene (5.89%) that could be
responsible for its cytotoxic activity. Several
studies have shown that p-caryophyllene
oxide, germacrene D, and a-humulene possess
significant cytotoxic activity against various
tumor cell lines (40-42).

According to our data, essential oil and
extracts of P. eldarica had more cytotoxic
effect on HelLa than MCF-7 cell. These
differences in susceptibility of different cells
have been shown by other studies (23,30,43).
It can be calculated from the findings of this
study that essential oil of P. eldarica could be
considered as a potential cytotoxic candidate
for further studies to achieve antitumor agents.
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