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Background: Cisplatin has cytotoxic effects through free radical generation. Reports indicate 
that various members of Pinaceae family may have antioxidant properties. In this study we 
investigated the cytoprotective effects of needle volatile oil and bark extract of Pinus eldarica 
in Hepatoma G2 (HepG2) cell line. 

Methods: Using the maceration technique, we obtained the ethanolic extract of Pinus 
eldarica’s bark (BHAEPE). Folin-ciocalteu reagent was used to determine the total phenolic 
content of BHAEPE. The Needle’s Volatile Oil of Pinus eldarica (NVOPE) was obtained by 
Clevenger hydrodistillation method. The main components of NVOPE were identified by Gas 
Chromatography and Mass Spectrophotometry (GC-MS). We used DPPH assay to investigate 
the antioxidant activity of both NVOPE and BHAEPE. Also, MTT assay was performed to test 
the protective effects of both BHAEPE and NVOPE against cisplatin.

Results: Folin-ciocalteu test demonstrated that each gram of BHAEPE was equivalent to 
371±6 mg of gallic acid. Also, GC-MS identified germacrene D as the main component of 
NVOPE. BHAEPE had more antioxidant capacity compared to NVOPE. When incubated 
solely with cells, neither BHAEPE nor NVOPE represented cytotoxicity on. Furthermore, 
BHAEPE demonstrated mitogenic effects on higher doses (50, 75 and 100 μg/ml). However, 
both NVOPE and lower doses of BHAEPE (10, 20 μg/ml) could not protect the cells against 
cisplatin’s cytotoxicity, but higher doses of BHAEPE provided cytoprotective effects.

Conclusion: The antioxidant properties of both NVOPE and lower doses of BHAEPE did not 
adequately protect HepG2 cells against the cisplatin’s cytotoxicity. However, BHAEPE at high 
concentrations demonstrated cytoprotective effects.
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Introduction

isplatin is a chemotherapy agent used to 
treat various types of cancers originated 
from testes, ovarian, head, neck, and lungs 
[1]. However, its side effects, including 
neurotoxicity, ototoxicity, and nephrotoxic-

ity, limit cisplatin’s application as an anti-cancer agent 
[2]. These side effects have been linked to the generation 
of Reactive Oxygen Species (ROS) by this drug [3]. Cis-
platin’s mechanism of action is to form crosslinks within 
Deoxyribonucleic Acid (DNA) strands. This could result 
in genotoxicity, which further complicates the treatment C
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[4, 5]. Studies have reported that cisplatin interacts with 
DNA, Ribonucleic Acid (RNA), and various proteins 
leading to its cytotoxicity [6-9], which is associated with 
oxidative stress, cellular apoptosis, inhibition of DNA 
synthesis, cell cycle modulation, and DNA-adduct for-
mation [8]. 

Antioxidants could be used to protect against the genera-
tion of ROS; hence, inhibiting the oxidizing process and 
preventing further cellular damage [10]. Therefore, using 
an antioxidant agent to minimize the production of ROS 
by cisplatin may bring greater success to anticancer thera-
py. Studies have suggested that specific components found 
in certain plants have antioxidant activities. Among those 
are flavonoids, including taxifolin and catechin, that have 
been linked to rich antioxidant activity [11-13]. These 
plants’ constituents demonstrate their antioxidant poten-
tials by scavenging free radicals. Also, these components 
are able to chelate trace elements and inhibit enzymes, both 
of which are capable of generating free radicals [14]. Also, 
terpenes have been considered as antioxidant sources. For 
instance, germacrene D is a sesquiterpene with an extra 
cyclic methyl moiety, which is believed to be involved in 
free radical scavenging activities [15].

Previous studies have identified high antioxidant activ-
ity in several Pinaceae members due to their rich poly-
phenolic profiles [16, 17]. Pinus eldarica Medw. (Pina-
ceae) also known as “Tehran pine” is endemic to many 
regions in Iran. Its bark extract has been shown to be a 
source of polyphenolic compounds, such as catechin and 
taxifolin [18]. Also, the volatile oil from P. eldarica is a 
rich source of multiple terpenes, including germacrene 
D and β-caryophyllene [19]. More recent studies have 
indicated that the polyphenolic compounds may contrib-
ute to antioxidant activity through different mechanisms, 
such as hydrogen donation and free radicals scavenging 
[10]. The structural forms of terpenes have also provided 
these compounds with antioxidant property.

Due to the high content of polyphenolic and terpenes 
found in the bark and needle of P. eldarica, we aimed 
to investigate the cytoprotective effects of its products 
against cisplatin-induced cytotoxicity in Hepatoma G2 
(HepG2) cell line. 

Materials and Methods

Plant Collection: The needles and bark of P. eldarica 
were collected in September 2019 from Isfahan, Iran su-
pervised and approved by Isfahan University of Medical 
Sciences. The collected samples were authenticated by 

the Department of Pharmacognosy, School of Pharmacy, 
Isfahan University of Medical Sciences.

Volatile oil preparation: A total of 3750 g leaves was 
collected. Leaves were cut into small pieces (an aver-
age of 2 cm each). Using the hydrodistillation Clevenger 
method, 100 g of the dried and powdered needles were 
hydrodistilled in 1L water for 4 h. The volatile oil thus 
obtained was stored in a sealed vial at 4°C until further 
experiments [20]. 

Extract preparation: Approximately 20 g of the col-
lected bark was powdered. Using maceration method, 
the powder was mixed in water and methanol at the ratio 
of 30:70. Next, the mixture was shaken for 30 minutes 
and kept in dark for 24 h. The mixture was shaken for 
30 minutes, and the extract was filtered and freeze-dried. 
The obtained Bark Hydroalcoholic Extract of Pinus el-
darica (BHAEPE) was kept at 4°C to ensure that the 
main components would remain stable until further ex-
periments [21].

Volatile oil analysis: The Needle Volatile Oil from 
Pinus eldarica (NVOPE) was analyzed using Agilent 
technologies 7890A Gas Chromatograph-Mass Spec-
trometer (GC-MS). This device was equipped with a 
5975C mass detector. The following procedure was fol-
lowed to analyze 0.1μl of NVOPE sample: split ratio 
of 1:10, helium carrier gas flow rate was set at 1.9ml/
min with 17.7lbf/in2 as the pressure, injection site’s 
temperature was set at 280°C. The column’s tempera-
ture was set to rise 4°C per minute from the initial 60°C 
until it reached 280°C. HP-5 MS capillary column was 
used (30m x 0.25 mm; film thickness 0.25 μm). Mass 
spectra’s ionized potential was 70eV, the ionizing source 
temperature and ionization current were 230°C and 750 
μA, respectively [20]. A computer matched the result of 
the analysis with its database (NIST and Wiley 275L). 
To calculate the Kovats index, the retention time of 
n-alkanes (C9-C20) was determined using the above-
mentioned technique. The components of NVOPE were 
identified using their Kovats index and compared with 
the standard [22]. 

Extract analysis: Folin-Ciocalteu reagent was used to 
analyze the Total Phenolic Content (TPC) of BHAEPE. 
This test was done using Blainski’s method with some 
modifications [23], with gallic acid as the standard. 
BHAEPE and gallic acid samples were first dissolved in 
10 ml of ethanol. Water was then added to a volume of 
100 ml for each sample. Next, 20 μl of the blank sample 
(ethanol mixed with water) along with gallic acid and 
BHAEPE samples were separately mixed with 1.58ml 
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water. Then, 100μl of F-C reagent was added to the mix-
ture. After 8 minutes, 300μl sodium bicarbonate was 
added to the samples. The samples were kept at room 
temperature in the dark for 3 h. The absorbance of the 
samples was read at 765 nm. The result was presented as 
mg of gallic acid equivalents/g (mg GAE/g) to BHAEPE 
’s weight using the following formula: 

(TPC=c.V/m)

In this formula, TPC shows the total phenolic content 
of the sample that is obtained by multiplying BHAEPE 
’s concentration obtained from gallic acid calibration 
curve (c) by the volume of BHAEPE used (V) divided 
by the BHAEPE mass (m).

Cell culture: HepG2 cell line was acquired from 
Rooyan Institute (Isfahan, Iran). Cells were cultured 
in Dulbecco’s Modified Eagle’s medium F12 and non-
essential amino acids, 10% fetal bovine serum, 100 IU/
ml penicillin, and 100 μg/ml streptomycin. Cells were 
grown in a T25 flask. The conditions inside the incubator 
(Memert, D91126, Germany) were set at 37°C, <5% car-
bon dioxide, and 95% humidity. In order to detach cells 
from the flask, first cells were rinsed with sterile phos-
phate buffer saline. Then, 1 ml of trypsin was added. The 
flask was kept inside the incubator for 3 minutes. Then, 2 
ml cell culture medium was added to the flask. Detached 
cells were centrifuged (Hermle, Z206A, Germany) at 
1800 rpm for 5 minutes and the cells were isolated for 
further experiments.

DPPH test: A solution 4 μg/ml of 2,2-Diphenyl-1-pic-
rylhydrazyl (DDPH) was made up at 4 μg/ml by dissolv-
ing 0.2 g DPPH powder in 50 ml of methanol. A 96-well 
plate was used to perform this test. Gallic acid (100μl) 
as the positive control and the desired concentrations 
of BHAEPE and NVOPE were mixed with 100 μl of 
DPPH solution. In order the samples with DPPH agent, 
the culture plate was left in the dark at room temperature 
for 30 minutes. The samples’ absorbance was read on 
an ELISA Reader (BioTek Instruments, Inc, 140213C, 
USA) at 517 nm. The DPPH solution was used as the 
negative control and the methanol-water mixture was 
marked as the blank. Using the following equation, the 
antioxidant activity of the samples was calculated:

AA%=100-{ [(Abssample-Absblank)×100]
(Abscontrol-Absblank)

}

Cell viability test: To determine the IC50 of cispla-
tin and investigate the safety and protective effects of 
BHAEPE and NVOPE on HepG2 cell line, we per-
formed 3-(4,5-dimethyl-thiazolyl-2)-2,5-diphenyl tetra-

zolium bromide (MTT) assay with minor modifications 
[24]. After detaching the cells from the culture flask, a 
total of 5×104 cells in the suspension were counted using 
Neubauer chamber counting grid. The cells were then 
incubated in a 96-well plate. Next, various concentra-
tions of BHAEPE, NVOPE, and cisplatin were added to 
the predetermined wells and the plate was incubated at 
37°C for 48 h. The medium was then removed and MTT 
reagent was added to each well and incubated for 3-4 h. 
DMSO was then added to each well and the absorbance 
was read at 570 nm using an ELISA Reader. The same 
media for cells was used as the blank. Cells that received 
nothing other than cell culture media were assigned as 
the negative control. To investigate the protective effects 
of BHAEPE and NVOPE against cisplatin and to keep 
them from cross interaction, cells were first incubated for 
3 h with BHAEPE or NVOPE at predetermined concen-
trations in assigned wells and then cisplatin was added 
to the wells.

Statistical analysis: The data are presented as 
Mean±SD. The statistical significance of the data was 
tested by one-way analysis of variance with Tukey’s 
multiple comparison post hoc test using GraphPad Prism 
8 (Graph Pad Software, Inc., CA, USA). Statistically 
significance was set at P<0.05.

Results

Analyses of volatile oil & extracts: The P. eldarica’s nee-
dles yielded 1.5 ml volatile oil. As shown in Figure 1, the 
main components of the oil were germacrene D (35%), 
β-Caryophyllene (18%) and δ-Cadinene (4%). The P. el-
darica bark yielded 22.54 g of extract. The Folin-Ciocal-
teu test revealed that 1g of BHAEPE had a total phenolic 
content equivalent to 371±6 mg of gallic acid. 

DPPH results: Greater antioxidant activity was ob-
served for BHAEPE as its concentration was increased. 
A direct association between the antioxidant activity and 
BHAEPE concentration was established at concentra-
tions below 20 μg/ml. At concentrations above 20 μg/
ml, BHAEPE did not have improved antioxidant activ-
ity. There was no correlation between NVOPE’s anti-
oxidant activity and samples’ concentrations. Moreover, 
NVOPE produced the maximum antioxidant activity at 
300 μg/ml dose. 

Effects of cisplatin, BHAEPE & NVOPE: Varying 
concentrations of cisplatin were incubated with the cells 
to determine the IC50 of this agent. Cisplatin at 15μM 
was selected as the optimal IC50 concentration over 48-
hour incubation to investigate the protective effects of 
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BHAEPE and NVOPE. Neither BHAEPE nor NVOPE 
demonstrated cytotoxic effects at any of the concentra-
tions used. Cell growth (P<0.05) was observed on high 
BHAEPE concentrations (50, 75, or 100 μg/ml) com-
pared to the negative control (Figure 2). None of the 

used concentrations of NVOPE and the low concentra-
tions of BHAEPE (10 and 20 μg/ml) provided protection 
for cells against cisplatin (P<0.001). However, BHAEPE 
showed cytoprotective effects against cisplatin at high 
concentrations (50, 75. and 100 μg/ml) (Figure 3).

Figure 3. The cytoprotective results 

(A) BHAEPE (Bark Hydroalcoholic Extract of Pinus eldarica) and (B) NVOPE (Needle Volatile Oil of Pinus eldarica) against Cis (Cisplatin)

Each bar graph is presented as Mean±SD. Asterisks (***) represent the statistical difference compared to cisplatin (P<0.001).

Figure 2. Various concentrations 

(A) Cis (cisplatin), (B) BHAEPE (Bark Hydroalcoholic Extract of Pinus eldarica) and (C) NVOPE (needles volatile oil of Pinus 
eldarica) compared to NC (negative control)

Each bar graph is presented as Mean±SD. Asterisks (* & ***) represent statistical differences at P<0.05 and P<0.001, respectively

Figure 1. Graph obtained from needle volatile oil of Pinus eldarica (NVOPE) by gas chromatography-mass spectrophotometry 
analysis

Germacrene D (A) was the main component of NVOPE following β-Caryophyllene (B) and δ-Cadinene (C)
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Discussion

This study investigated the cytoprotective effects of 
the bark and needles oil of P. eldarica against cisplatin-
induced cytotoxicity in hepatoma G2 (HepG2) cell line. 
Our results show that the main component of NVOPE 
was germacrene D and that none of NVOPE’s concen-
trations exerted cytoprotective effects against cisplatin. 
By comparing BHAEPE and NVOPE, it was evident 
that BHAEPE provided higher antioxidant capacity as 
compared to NVOPE. The maximum antioxidant capac-
ities of BHAEPE and NVOPE were 20 μg/ml dose and 
former at 300 μg/ml, respectively. Also, based on Folin-
ciocalteu test, BHAEPE was considered as a source of 
polyphenolic compounds. Previous reports have indicat-
ed that other members of Pinaceae family are also rich in 
polyphenols [25, 26]. A study has suggested that the total 
phenolic content of 100g of butanolic bark extract from 
both Pinus roxburghii and Pinus wallichiana is equiva-
lent to 893±0.15 mg, and 591±2.31 mg of gallic acid, 
respectively [26]. Moreover, low doses of BHAEPE did 
not protect the cells against cisplatin. However, BHAEPE 
provided cytoprotective effects at higher concentrations. 
Also, neither BHAEPE nor NVOPE provided cytotoxic 
effects in HepG2 cells against cisplatin (Figure 2). 

The mitogenic and anti-aging effects of P. maritime 
bark extract (Pycnogenol®) have previously been re-
ported, suggesting that the effects were due to the radi-
cal scavenging activity of polyphenolic contents; i.e., 
mainly proanthocyanidins in Pycnogenol® [27]. Since P. 
eldarica and P. maritime are both members of Pinaceae 
family and have similar phenolic profiles [18], the mi-
togenic effects seen at high concentrations of BHAEPE 
may be associated with the high amounts of phenolic 
compounds. Although a study has reported the cytotoxic 
activity of the volatile oil from Pinus heldreichii, Pinus 
peuce, and Pinus mugo needles in HeLa, CaCo-2 and 
MCF-7 cell lines [28], our results suggest that NVOPE 
did not provide cytotoxic effects in HepG2 cells. How-
ever, NVOPE at 0.05 μg/ml produced lower cell viabil-
ity than other concentrations, even though the difference 
was statistically insignificant (Figure 2).

There have been reports of different volatile oil yields 
and constituents depending on the seasons when samples 
were collected [29, 30]. Furthermore, other factors such 
as environmental temperature, and age of the tree could af-
fect the volatile oil, suggestive of fluctuations in the yields 
of volatile oil and constituents by various reports [29, 31]. 
Our data from a research under publication suggest that 
BHAEPE has mitogenic effects at higher doses on HU-
VECs cell line. Moreover, NVOPE and BHAEPE have 

had cytoprotective effects on these cells against cisplatin 
cytotoxicity [32]. Since HUVECs is a normal cell line, but 
HepG2 is a cancerous cell line, there might be unknown 
mechanisms to explain how the antioxidant capacity dif-
fers for protecting normal versus cancer cell lines. The 
finding is of interest since the objective in chemotherapy is 
to kill cancer cells without harming the normal cells. Cis-
platin acts as an anti-tumor drug via multiple mechanisms, 
one of which being through oxidative stress [8]. 

Finally, different mechanisms of cytotoxicity other than 
oxidative stress might exist through which cisplatin inter-
acts with normal versus malignant cells. It could be specu-
lated that the antioxidant capacity of BHAEPE and NVO-
PE were not capable of interacting with cisplatin’s other 
cytotoxic mechanisms; therefore, they did not protect the 
cells at certain concentrations. In this study only certain 
concentrations of both BHAEPE and NVOPE were used 
to elaborate their cytotoxicity/protectivity against cis-
platin in HepG2 cells. Nevertheless, other cytotoxicity 
methods could be used to investigate the potential of the 
volatile oil and bark extract of P. eldarica against cispla-
tin in this cell line. Further investigations are required to 
uncover the unclear mechanisms of radical scavenging ef-
fects of these compounds in different cell lines.

Conclusions

Our experimental findings suggest that neither 
BHAEPE nor NVOPE caused any cytotoxicity in 
HepG2 cells. Hence, these compounds may be consid-
ered safe with the cell line used in this study. Moreover, 
neither NVOPE or low doses of BHAEPE could not 
protect cells against cisplatin-induced cytotoxicity, but 
BHAEPE at high doses provided promising cytopro-
tective effects. The antioxidant properties of P. eldarica 
might have differing effects in protecting normal cells 
versus malignant cells.
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