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Abstract

Cisplatin is used for treating multiple types of cancers. Alongside its therapeutic effects, there are side effects, including
cytotoxicity and genotoxicity for healthy cells, which are mainly related to radical oxygen species (ROS) production by the
drug. These side effects could troublesome the treatment process. Previous studies have suggested that members of Pinaceae
family are rich sources of antioxidant components. This article investigates the antioxidant activity (AA) of Pinus eldarica
(Pinaceae) along with its cyto/genoprotective effects following cisplatin exposure on human umbilical vein endothelial cells
(HUVECs) cell line. Pinus eldarica’s hydroalcoholic bark extract (PEHABE) and P. eldarica’s needle volatile oil (PENVO) were
prepared using maceration and hydrodistillation methods, respectively. PENVO was analysed via gas chromatograph–mass
spectrometry, and the total phenolic content of PEHBAE was measured by folin–ciocalteu reagent. AA of both PEHABE and
PENVO were determined using DPPH assay. Moreover, MTT test was used to determine the cytoprotective effects of both
agents. Comet and micronucleus (MN) tests were also performed to investigate the genoprotective effect of P. eldarica.
Germacrene D (35.72%) was the main component of PENVO. PEHABE showed higher AA compared with PENVO, with the
highest AA observed at 25 and 250 μg/ml, respectively. Both PENVO and PEHABE were cytoprotective, with the latter having
mitogenic effects on cells at 75, 100, and 200 μg/ml concentrations (P < 0.01 and P < 0.001). Also, both PEHABE and PENVO
showed genoprotective effects against cisplatin in comet assay (P < 0.001). As PEHABE’s concentrations were increased, a
reduced number of MN formation was observed after cisplatin’s exposure (P < 0.001). In conclusion, PEHABE had higher AA
compared with PENVO, and both agents had cyto/genoprotective effects on HUVECs.
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Graphical Abstract

Introduction
In 2018, there was an estimate of 18.1 million new cases and
9.6 million deaths of cancer worldwide [1]. Platinum-based anti-
tumor medicines like cisplatin have shown potential for manag-
ing various types of cancers, including head and neck squamous
cell carcinoma, lung, ovarian, breast, and brain cancers. However,
there have been reports of major side effects of cisplatin, includ-
ing nephrotoxicity, ototoxicity, GI toxicity, hepatotoxicity, car-
diotoxicity, hematological toxicity, and neurotoxicity. Production
of radical oxygen species (ROS) by cisplatin has been the major
suspect of these side effects [2]. It has also been stated that the
cytotoxicity effects of cisplatin may be due to the DNA damage
caused by this medicine [3, 4]. Cytotoxicity caused by cisplatin
can be induced via interaction with DNA transcription and/or
replication. Cisplatin can also damage malignant cells through
cellular apoptosis, which is stimulated by various signal trans-
duction pathways. Neither cytotoxicity nor apoptosis are tumor-
specific; hence, normal and healthy cellsmay be affected equally.
Moreover, side effects, such as neuro and/or renal toxicity or
bone marrow suppression, may emerge during the treatment
with cisplatin [5]. This drug reacts with several targets in cells,
such as proteins and glutathione molecules. A small percentage
of the platinum complex of cisplatin that would eventually reach
DNA would cause genotoxicity [6].

Studies indicated that dietary phenolic compounds (e.g.
flavonoids, phenolic acid, quinones, etc.) have shown promising
antioxidant activity (AA) via in vitro experiments compared to
vitamin C or vitamin E [7, 8]. Pinaceae family are the most spread

conifers in the world. Pines in the Pinaceae family can withstand
extreme environmental conditions, such as nutrient-poor and
acidic soils, low water stress, moisture, and temperature [9].
Pinus eldarica, also known as the Elder pine, Tehran pine, Quetta
pine, and eldarica pine, is a rare member of the Pinaceae family
that is endemic to Iran. Tehran Pine is also cultivated in 17
other countries all over the world from south-east Australia
to northern parts of Italy and the south-west part of the USA
[10, 11]. Previous investigations of the Pinaceae family have
suggested promising antioxidant capacity of this family [12,
13], with P. eldarica’s bark being a rich source of polyphenolic
compounds [14]. Moreover, there have been reports of P. eldarica’s
antibacterial, antihyperlipidemic, and antioxidant effects [15–
17]. A study indicates that the bark extracts of Pinus maritime,
another member of Pinaceae, have similar polyphenolic profile
compared to P. eldarica [14]. Pinus maritime’s bark extract, known
as Pycnogenol®, has shown genoprotective effects in human
lymphocytes against H2O2 via reduced chromosome breakage
[18]. Also, it has been suggested that Pycnogenol® is able to
decrease H2O2-induced DNA damage on HeLa cell line, with
a dose-dependent manner [19]. Our goal in this study was
to elaborate whether P. eldarica is able to protect a normal
cell line from cisplatin’s side effects, including cytotoxicity
and genotoxicity, rather than a cancerous cell line. Since
cisplatin may induce its cytotoxic and genotoxic effects through
production of ROS, the genoprotective effects of P. eldarica and
its antioxidant capacity following cisplatin exposure on human
umbilical vein endothelial cells (HUVECs) were investigated.
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Materials and Methods
Plant material

Needle leaves and barks of P. eldaricawere collected from Isfahan,
Iran, in July 2019 under the authority of the Isfahan University of
Medical Sciences. Plant was then acknowledged by the Depart-
ment of Pharmacognosy’s experts at the Isfahan University of
Medical Sciences, and a reference specimen from the samples
(No. 3318) was stored.

Preparation of volatile oil

Leaves were cut into small pieces, and 100 g of them were
distributed in 1 l of distilled water. To obtain P. eldarica’s needle
volatile oil (PENVO), needle leaves were distilled in a Clevenger-
type apparatus for 4 h. Volatile oil was then separated from the
watery phase and it was stored in a sealed vial. To ensure no
degradation would occur, PENVO was kept inside a refrigerator
at 4◦C for further experiments [20].

Preparation of hydroalcoholic bark extract

Powdered barks (20 g) were macerated with methanol–water
(70:30) and shaken for 30min. Themixture was then kept for 24 h
in a dark room. On the next day, the obtained mix was shaken
for another 30 min.Mixture was then filtered and freeze-dried to
obtain a concentrated dry extract. Pinus eldarica’s hydroalcoholic
bark extract (PEHABE) was kept in a refrigerator at 4◦C for further
experiments [21].

Volatile oil analysis

PENVO was analysed using Agilent technologies 7890A gas
chromatograph–mass spectrometer (GC–MS) device coupledwith
5975C mass detector via following settings: 0.1 μl of PENVO was
injected to the device. Helium carrier gas flow rate was set at
1.9ml/minwith 17.7 lbf/in2 pressure. Injection site’s temperature
was set at 280◦C and the column’s temperature was set to rise
at 4◦C per minute, with its initial temperature being 60◦C till the
column reaches 280◦C. HP-5 MS was used as capillary column
(30 × 0.25 mm; film thickness 0.25 μM). Mass spectra’s ionized
potential was set at 70 eV. Also, ionizing source temperature
was set at 230◦C and ionization current was 750 μA [20]. MSD
ChemStation was used as the operating software.

The retention time of n-alkanes (C9-C20) was obtained under
the same conditions to calculate the Kovats index of each compo-
nent. Constituents of PENVO were identified by comparing their
Kovats index to those reported by Adams [22]. Also, computer
matched components with its database (NIST and Wiley 275 l).
Mass spectra’s fragmentation patterns were also compared to
other sources [23].

Phenolic content measurement

Folin-Ciocalteu (F-C) reagent (Merck,Germany)was used to deter-
mine the total phenolic profile (TPC) of PEBHAE [24]. Gallic acid
(GA) was used as a standard to draw the calibration curve. In
order to prepare 0.5% (w/v) stock solution of GA, 0.5 g of GA
powder was dissolved in ethanol–water (10:90), and different
concentrations (50, 100, 150, 250, and 500 mg/l) were prepared
from the stock solution. Twenty microliters of different samples,
i.e. GA as standard, PEBHAE, and water as blank were mixed with

1.58 ml distilled water separately, and 100 μl F-C reagent was
added.After 8min, 300μl of sodiumbicarbonatewas added to the
mixture. Absorbance of the mentioned concentrations of stan-
dard, sample, and blank solutions were therefore determined
at 765 nm wavelength via UV-visible spectrophotometer (Bio
Tek, PowerWave XS, USA). Using the calibration curve drawn by
different concentrations of GA, TPC of PEBHAE was determined.
Results were expressed as mg of GA equivalents to each gram of
PEBHAE’s dried weight (mg GAE/g).

Antioxidant capacity

A 2,2-diphenyl-1-picrylhydrazyl (DDPH, Sigma-Aldrich, Ger-
many) assay conducted by Brand-Williams et al. was used [25]
with some modifications to measure the antioxidant capacity of
PENVO and PEBHAE. Briefly, 100 μl of samples were mixed with
equal volume of DPPH (dissolved in methanol) in a 96-microwell
plate and the mixture was left alone for 30 min in a dark place.
Using ELISA Reader (Bio Tek Instruments, Inc, 140213C, USA),
absorbance of the plate was determined at 517 nm. GA and a
mixture of methanol and water were used as the positive control
and the blank solution, respectively [26]. Using the provided
formula, AA of each sample was calculated.

AA
(
%

) = 100 −
{[(

AbsSample − AbsBlank
) × 100

]
(
AbsControl − AbsBlank

)
}
.

Cell culture

HUVECs cell line was obtained from the Iranian Biological
Resource Center, Iran. Cells were cultured in a medium of
high glucose Dulbecco’s Modified Eagle’s Medium (DMEM, Bio-
Idea, Iran) along with 10% of fetal bovine serum (FBS, Bio-Idea),
100 IU/ml of penicillin, and 100 μg/ml of streptomycin. Also, cells
were kept in 25-cm2 and 75-cm2 flasks and were incubated at
37◦C with <5% carbon dioxide and 95% humidified atmosphere
[16, 27]. To harvest the cells, flask containing them was first
washedwith sterile phosphate buffer saline (PBS,Bio-Idea). Then,
trypsin was added. After 3 min, cell culture medium was added
to neutralize trypsin. Next, cells were centrifuged at a velocity of
1800 rpm for 5 min to gain pellets of cells in order to carry out
further investigations [27–29]. These procedures were followed
for storing cells and for also investigating both cytotoxicity and
genotoxicity tests performed in this study.

Measurement of cells’ viability

3-(4,5-dimethyl-thiazolyl-2)-2,5-diphenyl tetrazolium bromide
(MTT, Sigma-Aldrich) assay introduced by Mosmann [30]
was performed with minor modifications to determine the
cytotoxicity of PENVO, PEBHAE, and cisplatin in HUVECs.
Different concentrations of PEBHAE (10–200 μg/ml), PENVO (0.01–
0.2 μg/ml), and cisplatin (0.5–160 μM) were provided. First, a total
of cells (5×104 cells/ml) were incubated for 24 h in a 96-well plate.
Next, cells were treated with different concentrations of PEBHAE,
PENVO, and cisplatin separately and were then incubated for
48 h. After this period, the medium was emptied and the cells
were incubated with the MTT reagent for 4 h. Next, DMSO
(Sigma-Aldrich) was added to each well to dissolve formazan
crystals. Finally, using an ELISA reader, each well’s absorbance
was measured at 570 nm. Cell’s medium was used as blank, and
untreated cells were marked as negative control (NC) [31]. To
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Sharifan et al. 357

Figure 1: Antioxidant activity (AA) of different concentrations of (A) Pinus eldarica needle volatile oil (PENVO), (B) Pinus eldarica bark hydroalcoholic extract (PEBHAE), and

(C) gallic acid (GA).

determine the cytoprotective effect of PEBHAE and PENVO over
cisplatin, cells were first exposed to cisplatin 15 μM. After 1 h,
the medium was washed away and desired concentrations of
PEBHAE and PENVO were added.

Comet assay

To perform this test, an established method was used with
somemodifications [32]. Slides were coated with normal melting
agarose (NMA, Cinnagen, Iran) 1% and were left to dry for 24 h at
room temperature. A total of 100 × 104 cells/ml were provided
in a 6-well cell culture plate. Cells were first seeded inside the
plate for 24 h. Then, concentrations of interest were added for
a 24-h period. Next, cells were trypsinized and 300 μl of cell
suspension was well mixed with 400 μl of low melting point
agarose (LMA, Sigma-Aldrich), 1%. Next, 200 μl of the mixture
was poured on the slides covered by coverslips and the slides
were then kept at 4◦C for 10 min. After that, coverslips were
removed and lysis buffer (NaCl: 146.1 g, EDTA: 37.2 g, Tris: 1.2 g,
NaOH: 8 g, and Triton: 10.7 g) was poured on the slides for 40 min
at 4◦C. Then, the slides were washed with deionized water and
they were placed inside the electrophoresis tank filled with tank

buffer (NaOH: 10 M, EDTA: 200 mM, pH ∼ 13). Tank’s outer envi-
ronment was covered with ice to keep a low temperature inside
the tank. Horizontal electrophoresis was performed afterward
for 40 min with voltage and amperage set at 25 V and 100 mA,
respectively. Next, the slides were removed and submerged into
neutralizing buffer (Tris: 48.5 g, pH ∼ 7.5) for 10 min. Slides were
stained using ethidium bromide for 5 min and then washed with
deionized water. Stained slides were observed with a fluorescent
microscope (Olympus, Tokyo, Japan), with excitation and barrier
filters set at 515 and 590 nm, respectively. DNA damage was
determined using free analysis software (CometScore v2.0.0.38)
[33]. Tail length, percent of DNA in tail, and tail moment were
used to determine the genotoxicity [34]. To investigate the geno-
protection effects of PEBHAE and PENVO, same steps as discussed
were taken. First, genoprotective agent was incubated with cells
for 24 h. Next,mediumwas washed with PBS and then genotoxic
agent (cisplatin) was added to the cells medium for another 24 h.

Micronucleus assay

This test was done using the guideline provided by the Orga-
nization for Economic Cooperation and Development (No. 487,
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358 Toxicology Research, 2021, Vol. 10, No. 2

Figure 2: comparison between NC and different concentrations of (A) cisplatin (Cis), (B) PENVO, and (C) PEBHAE; NCs are cells that received nothing but cell medium

and no other reagent was added to them; each group is being represented as mean ± SD (n = 3); signs (∗∗) and (∗) show statistical significance difference (P < 0.01, and

P < 0.05, respectively) compared to NC.

published 2016) [35]. A suspension of cells (50×104) was prepared
andwas transferred to a 12-well cell culture plate.After cellswere
attached to wells for 24 h, the plate was rinsed with sterile PBS.
Next, positive control group received 10 μM of cisplatin, and NC
received cell culture medium, and therapeutic groups received
different concentrations of PEBHAE (10–200 μg/ml) along with
cisplatin. Cells were then incubated for 24 h with added agents.
For the case of the therapeutic groups, cells were first incubated
with the protective agent (PEBHAE) for 24 h, and after a rinsing
step with PBS, genotoxic agent (cisplatin with a concentration of
10 μM) was added to the plate for a 24-h period of incubation.
After concentrations of interest were incubated with different
groups, 4 μg/ml of cytochalasin B (Sigma-Aldrich) was added to
the cells and the platewas incubated for 28 h.Next, eachwell was
rinsed with PBS, and trypsinized cells were immersed in hypo-
tonic potassium chloride (0.075 M) for 45 min at 37◦C. Then, cold
methanol–acetic acid (3:1) solution was added to the cells as the
fixator.Next, the cellswere stained using sodium fluorescein and

ethidium bromide, respectively. Finally, the slides were observed
under a fluorescence microscope at 495 nm.

Statistical analysis

The statistical significance of the data was obtained using a
one-way analysis of variance test (ANOVA) along with Tukey’s
multiple comparison post hoc test via Graph Pad Prism 8 (Graph
Pad Software, Inc, CA, USA). Values of P ≤ 0.05 were defined as
statistically significant.

Results
Volatile oil and extract yields

A total of 3765 g fresh leaves of P. eldarica were collected, which
yielded 1.5 ml of volatile oil accounting for a total of 0.04% (v/w)
as the concentration for PENVO. By measuring the volatile oil’s
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Table 1: Pinus eldarica’s leaf volatile oil composition

No Component Type KIa base KI TICb%

1 α-Pinene Monoterpene 939 939 3.21
2 β-Pinene Monoterpene 980 979 1.21
3 3-Carene Monoterpene 1011 1012 1.02
4 Limonene Monoterpene 1031 1032 1.8
5 trans-β-Ocimene Monoterpene 1050 1051 0.78
6 Bornyl acetate Monoterpene 1285 1285 0.32
7 α-Terpinyl acetate Monoterpene 1350 1352 3
8 α-Ylangene Sesquiterpene 1375 1374 0.47
9 α-Copaene Sesquiterpene 1376 1369 0.3
10 β-Bourbonene Sesquiterpene 1384 1383 2.54
11 β-Cubebene Sesquiterpene 1390 1387 1.1
12 β-Elemene Sesquiterpene 1391 1390 0.45
13 Longifolene Sesquiterpene 1402 1400 0.56
14 β-Caryophyllene Sesquiterpene 1418 1422 18.45
15 α-Humulene Sesquiterpene 1453 1452 3.78
16 Germacrene D Sesquiterpene 1484 1484 35.72
17 β-Selinene Sesquiterpene 1488 1486 0.38
18 α-Muurolene Sesquiterpene 1499 1495 1.13
19 γ -Cadinene Sesquiterpene 1513 1510 2.38
20 δ-Cadinene Sesquiterpene 1523 1522 5.53
21 α-Cadinene Sesquiterpene 1538 1534 0.38
22 α-Calacorene Sesquiterpene 1546 1540 0.38
23 Caryophyllene oxide Sesquiterpene 1581 1582 2.95
24 Isolongifolanone Sesquiterpene 1613 1613 1.49
25 α-Cadinol Sesquiterpene 1654 1658 3.15

aKovats index.
bTotal ion chromatogram.

weight and by dividing it by its volume, the density of volatile oil
was determined to be 0.87 mg/ml. The bark of P. eldarica yielded
22% of hydroalcoholic extract.

Volatile oil’s constituent analysis by GC–MS

PENVO was obtained through hydrodistillation with a yield of
0.1%. More than 20 compounds were identified, amounting for
92.84% of the total volatile oil. Table 1 shows each constituent
with its percentage in the sample analysed by GC–MS. As the
results indicate, 31% of PENVO consists of monoterpenoids and
the rest of the sample includes sesquiterpenoids. Germacrene D
(35.72%) has the highest percentage among other components.
Other major constituents of PENVO are β-caryophyllene (18.45%)
and δ-cadinene (5.53%), respectively.

Polyphenolic contents

An equation was obtained from the F-C test results using a
scatter graph based on the GA standard curve. Curve’s equation
was determined to be y = 0.0002x − 0.0027, with R2 equaled to
0.9932. Polyphenolic content of each gram of PEBHAE was equal
to 364 ± 5 mg of GA.

Radical scavenging activity

PEBHAE showed stronger AA compared with PENVO. IC50 of GA,
PEBHAE, and PENVO were 0.95, 4.37, and 0.98 μg/ml, respec-
tively (Fig. 1). PENVO showed the highest AA at 1 μg/ml, and its
antioxidant capacity was not increased at higher concentrations.
PEBHAE showed higher AA compared with PENVO, with the

former having amaximumAA of 92% and the latter showing 51%
AA.

MTT assay

Cisplatin significantly inhibited the growth of HUVECs to less
than 40% on high concentrations and its IC50 was determined to
be 15 μM. This concentration was used to investigate the protec-
tive effects of both PENVO and PEBHAE on HUVECs. Moreover,
neither PENVO nor PEBHAE reduced the cell’s viability, which
explains their safety in HUVECs. However, high concentrations
of PEBHAE (75, 100, and 200 μg/ml) had mitogenic effects on the
cells (i.e. cells were divided more compared to the NC) (Fig. 2).

Effect of P. eldarica on HUVECs treated with cisplatin

To investigate the cytoprotective effects of PEBHAE and PENVO,
cells were first incubated with cisplatin. After 1 h, the medium
was changed and cellswere treatedwith either PENVOor PEBHAE
as the protective agent. Both PENVO and PEBHAE showed cyto-
protective effects in all concentrations. PEBHAE showed stronger
cell protective effects compared with PENVO (Fig. 3).

Comet assay results

Effect of cisplatin on HUVECs. To determine the optimum geno-
toxic concentration of cisplatin, HUVECs were incubated with
various concentrations of cisplatin (0.1∼500 μM) for 24 h (Fig. 4).
Concentrations below 5 μM did not represent ideal genotoxicity,
and concentrations above 150 μM resulted in cell death. Cisplatin
with a concentration of 10 μM showed optimum genotoxicity
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Figure 3: comparison between positive control (first column which shows cells that received only cisplatin with a concentration of 15 μM) and cells that were incubated

with different concentrations of (A) PENVO and (B) PEBHAE and cisplatin (Cis); each group is being represented asmean± SD (n= 3); and (∗∗∗) show statistical significance

difference (P < 0.01, and P < 0.001, respectively) compared to positive control

Table 2: comparison between three parameters (tail length, tail %DNA, and tail moment) of different concentrations of PEBHAE, PENVO, and
NC; cells that received nothing but cell medium were used as NC group

Compound Concentration Tail length Tail %DNA Tail moment

PEBHAE 0.5 1.77 2.40 0.33
1 1.79 2.42 0.34
5 1.82 2.44 0.34
10 1.75 2.43 0.33
20 1.80 2.34 0.33
40 1.76 2.40 0.32

PENVO 0.005 1.49 0.83 0.41
0.01 1.48 0.78 0.40
0.025 1.34 0.66 0.30
0.05 1.51 0.75 0.36
0.1 1.57 0.92 0.45
0.2 1.62 0.99 0.47

NC 1.32 1.54 0.25

compared with other concentrations, thereby this concentration
was used for further investigations.

Effect of P. eldarica on HUVECs. Cells were incubated with desired
concentrations of either PEBHAE or PENVO for 24 h. As results are
represented in Table 2, different concentrations of PEBHAE and
PENVO were compared to the negative group (cells that received
only cellmediumwithout any other agents). Results indicate that
none of the concentrations of both PENHAE and PENVO were
statistically significant in tail length, tail DNA, and tail moment
parameters.Hence, desired concentrations of extract and volatile
oil were not genotoxic on HUVECs.

Effect of P. eldarica on cisplatin-induced DNA damage. HUVECs
were incubated with either concentrations of PEBHAE or PENVO
for 24 h. Then, medium was washed using PBS and the cells
were incubated with cisplatin for another 24 h. The results
of comet assay were analysed after a 48-h incubation period.
All concentrations of both PEBHAE- (Fig. 5) and PENVO-treated

groups (Fig. 6) were statistically significant in tail length, DNA
tail, and tail moment parameters compared with cisplatin 10 μM,
which indicates their genoprotective effects against cisplatin.
Also, photos taken from samples are shown in Fig. 7.

Micronucleus assay. The highest concentration of PEBHAE was
used to ensure no micronucleus (MN) will be formed and there-
fore safety of PEBHAE will be assured. Cells that were treated
with PEBHAE alone showed less MN formation compared with
the positive control (cisplatin with a concentration of 10 μM). All
concentrations of PEBHAE lowered MN formation induced by cis-
platin on HUVECs (Table 3,Fig. 8), which indicates the reduction
of genotoxicity caused by cisplatin. Photos taken of samples are
shown in Fig. 9.

Discussion
Extracts of different Pinus species (i.e. Pinus nigra, Pinus brutia,
Pinus pinea, Pinus sylvestris, and P. maritime) have been suggested
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Sharifan et al. 361

Figure 4: comparison between (A) tail length, (B) tail DNA, (C) tail moment of different concentrations from cisplatin (Cis) and NC; NCs are cells that received nothing

but cell medium; each group is being represented as mean ± SEM (n = 3); signs (∗) and (∗∗∗) show statistical significance difference (P < 0.05, and P < 0.001, respectively)

compared to NC.

as rich sources of phenolic content resulting in their high AA.
Among different phenolic compounds, taxifolin is stated as the
main component in P. brutia [36]. Moreover, phytochemical anal-
ysis of P. eldarica’s bark extract states taxifolin and catechin as its
main components [14]. Our results from the F-C test suggest that
PEBHAE proved to have high amounts of phenolic compounds,
which explains its high antioxidant capacity.

Terpenes are also potential antioxidants, which act by ROS
scavenging activities or by elevating the antioxidant levels in
the body. This feature of terpenes could be used in order to
protect against different complications caused by ROS in various
diseases, including cancer [37]. One study states germacrene
D (26.6%), β-caryophyllene (17.1%), and α-pinene (11.8%) as the
most abundant components in the volatile oil obtained from
P. eldarica’s leaves collected on July [38]. Another report men-
tions β-caryophyllene (14.8%), germacrene D (12.95%), and α-
terpinenyl acetate (8.15%) as the major constituents of the leaf’s

oil derived from the same plant, with samples being collected
in November [39]. Several factors could affect the plant’s yield
of volatile oil. Seasons when samples were collected, and envi-
ronmental conditions such as temperature, water, and moisture,
could result in changes between profiles of different volatile
oils that were obtained from the samples collected at different
times [40]. Our GC–MS result suggests that PENVO is rich in
terpenes (both monoterpenes and sesquiterpene) and our anal-
ysis showed that, under studied conditions, PENVO’s main com-
ponents were germacrene D (35.72%), β-caryophyllene (18.45%),
and δ-cadinene (5.53%). Moreover, previous studies have also
confirmed the antioxidant properties of germacrene D [41, 42].

Several studies have indicated the antioxidant properties of
different pine trees and their potential as protective agents [26,
43–45]. Our results indicate that PENVO showed no linear asso-
ciation between concentration and AA at concentrations above
1 μg/ml. Highest AA (57.9%) among volatile oil concentrations
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Figure 5: comparison between (A) tail length, (B) tail %DNA, and (C) tail moment of cisplatin (Cis) with different concentrations of PEBHAE and positive control (first

column which represents cells that received only cisplatin with a concentration of 15 μM); each group is being represented as mean ± SEM (n = 3); sign (∗∗∗) shows

statistical significance difference (P < 0.001) compared to positive control.

was observed at 250 μg/ml concentration.Also, as concentrations
were increased from 0.005 to 1 μg/ml, the AA improved, but more
antioxidant potential was not observed at concentrations above
1 μg/ml. Poor solubility of PENVO in DPPH’s medium could affect
its AA [41]. PEBHAE showed a strong AA with a linear associ-
ation between concentration and antioxidant capacity. PEBHAE
showed maximum AA (91%) at 25 μg/ml, and no increase in
antioxidant capacity was observed on higher concentrations.
These results state that both PENVO and PEBHAE have a limit
to their antioxidant capacity and there is not necessarily more
AA as concentrations are increased. This could be due to their
limited constituents responsible for scavenging free radicals.
Moreover, PEBHAE showed higher efficacy compared to PENVO.

Also, PEBHAE proves to have better ROS scavenging activity com-
pared to extracts obtained from P. maritime.

The results of the MTT assay indicated that both PENVO
and PEBHAE are not cytotoxic. Interestingly, PEBHAE increased
cell proliferative rate on higher concentrations, which could be
due to its mitogenic effects. A study had previously stated that
P. maritime’s bark extract has anti-aging and mitogenic effects
[46]. Since P. eldarica and P. maritime have a similar polyphe-
nolic profile, the observed mitogenic effects could be related
to the phenolic compounds found in PEBHAE. Cisplatin’s IC50

was determined to be 15 μM; therefore, this concentration was
used for further investigating the cytoprotective effects of both
PEBHAE and PENVO. All of the concentrations of both PEBHAE
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Figure 6: comparison between (A) tail length, (B) tail DNA, and (C) tail moment of cisplatin (Cis) with different concentrations of PENVO and positive control (first column

which represents cells that only received cisplatin with a concentration of 15 μM); each group is being represented as mean ± SEM (n = 3); sign (∗∗∗) shows statistical

significance difference (P < 0.001) compared to positive control.

and PENVO showed cytoprotective effects against cisplatin. Pre-
viously, there was a report suggesting P. eldarica’s bark extract
may protect HUVECs against H2O2, which is a known agent
responsible for producing free radicals [16]. Since both PENVO
and PEBHAE showed AA in DPPH assay, their cytoprotective
effects may be related to their ability to scavenge free radicals
produced by cisplatin.

Neither PENVO nor PEBHAE showed any DNA damage indi-
vidually under a 24-h period of incubation on HUVECs. Optimum
genotoxicity of cisplatin was observed at the concentration of
10 μM; hence, this concentration was used to investigate the
genoprotective effects of both PENVO and PEBHAE. Unlike what

was expected, as cisplatin’s concentration was increased, comet
parameters (i.e. tail length, DNA percent in the tail, and tail
moment) were not increased. A study suggested that since one
of cisplatin’s mechanisms of action is to form crosslinks inter-
/intra-DNA strands, the DNA migration in the electrophoresis
phase is interrupted and comets would not be formed [47]. Previ-
ous studies have also stated the protective effects of Pycnogenol®

(extract obtained from P. maritime’s bark) against DNA dam-
age, using comet assay in different cell lines [18, 19, 48]. Our
findings suggest that both PENVO and PEBHAE were genopro-
tective against the genotoxicity induced by cisplatin. Reports
indicate that phenolic compounds like proanthocyanidin and
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Figure 7: pictures taken from comet assay; (A) cells that received nothing but cell medium (NC), (B) cells treated with cisplatin 10 μM (positive control), and (C) protective
agent along with cisplatin 10 μM.

Table 3: comparison of different concentrations of PEBHAE in MN assay

Cyto B (4 μg/ml) for 28 h

Mono N Bi N Multi N MN CBPI RI Cytostasis (%)

NC 400 160 8 12 1/31
Positive control (cisplatin, 10 μM) 612 72 7 135 1/12 46/93 60/99
PEBHAE only (200 μg/ml) 436 116 5 29 1/23 76/74 27/48 (∗∗∗)
Cisplatin 10 μM +
PEBHAE, 10 μg/ml 460 96 12 97 1/22 63/39 31/97 (∗∗)
PEBHAE, 20 μg/ml 474 96 8 93 1/20 63/16 37/87 (∗)
PEBHAE, 50 μg/ml 481 86 9 88 1/18 56/80 42/50
PEBHAE, 75 μg/ml 492 98 8 82 1/20 64/70 37/12 (∗)
PEBHAE, 100 μg/ml 486 99 10 65 1/20 65/13 36/81 (∗∗)
PEBHAE, 200 μg/ml 489 93 8 53 1/19 61/62 40/62 (∗)

Data are expressed as mean (n = 3). Signs (∗), (∗∗), and (∗∗∗) represent statistically significant difference (P < 0.05, P < 0.01, and P < 0.001, respectively) compared with
positive control (i.e. cells that received only cisplatin with a concentration of 10 μM). Cyto B, cytochalasin B; Mono N, mono nucleated cell; Bi N, binucleated cell; Multi
N, multi-nucleated cell; CBPI, cytokinesis-block proliferation index; RI, replicative index.

procyanidin are responsible for the protective effects of other
pine trees against DNA damage due to their high AA [49, 50]. The
protective effects of PEBHAE could be due to its rich phenolic
profile. Also, germacrene D as the main component of PENVO
proves to have an antioxidant capacity as indicated by previous

studies [41, 42]. PENVO may represent its genoprotective effects
thorough its antioxidant capacity by eliminating the ROS gener-
ated by cisplatin.

As suggested by OECD guideline (No. 487), to obtain the
maximum number of binucleated cells, cytochalasin B should be
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Figure 8: results obtained from (A) cytostasis (%) and (B) MN/total cell ratio are presented in this figure; each chart compares cells treated with both cisplatin (Cis) and

different concentrations of PEBHAE and positive control (first column of both charts which shows cells that were treated with just 10 μM of cisplatin); data are presented

as mean ± SD (n = 3); signs (∗), (∗∗), and (∗∗∗) represent statistically significant difference (P < 0.05, P < 0.01, and P < 0.001, respectively) compared to cisplatin

Figure 9: pictures taken from cells after MN assay; (A) mononucleosis cells, (B) binucleated cells with MN, and (B) multinucleate cells with MN
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incubated with cells for at least 1.5-2 cell cycle divisions [35].
Our results showed that binucleated cells are formed with a
concentration of 4 μg/ml from cytochalasin B, when this agent
is incubated for 28 h with cells. To obtain swelled cells, both
sodium citrate and potassium chloride can be used, but our
findings suggest that potassium chloride showed optimum cell
swelling after 45 min. Thereby, hypotonic potassium chloride
was used instead of sodium citrate. Percent of cytostasis was
calculated to ensure samples had no cytotoxic effect on cells.
Also, the MN/total cell ratio was measured in different groups
to determine their genotoxic/protective effects. To ensure that
PEBHAE has no toxicity for cells, the highest concentration
of PEBHAE was incubated with cells individually without the
addition of cisplatin. Results from MN assay under studied
conditions indicate that PEBHAE alone is not toxic for cells
and it also does not induce genotoxicity. Cells treated with
both cisplatin and different concentrations of PEBHAE (with
a 24-h incubation period in-between) had less MN formation
compared with the positive control (cells that were incubated
with 10 μM of cisplatin alone). Also, these groups showed
decreased cytostasis percent compared with the positive control,
which signifies that they have neutralized the cytotoxicity of
cisplatin. Several studies have also stated the protective effects
of different agents with antioxidant properties against cisplatin-
induced genotoxicity viaMN assay [51–53]. Since PEBHAE is a rich
source of antioxidant components, less MN formation could be
due to its ability to scavenge free radicals generated by cisplatin.

Conclusion
Our results suggest that both PENVO and PEBHAE are a major
source of antioxidant components,with the latter being stronger.
Also, not only both agents (i.e. PENVO and PEBHAE) had no
cytotoxic effects on normal cells but also they could protect cells
from the cisplatin-induced cytotoxicity. Both PENVO and PEBHAE
could be used to stop the devastating progression of free radicals
generated by cisplatin and thereby have genoprotective effects.
However, further in vivo studies are recommended to ensure the
safety and protective profile of P. eldarica.
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