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ABSTRACT: 

Schinus terebinthifolius Raddi is a plant species belonging to Anacardiaceae family, native to South America, with 

particular abundance in Brazil, Argentina and Paraguay. It is commonly known as Brazilian pepper tree. All plant 

parts have been used in traditional medicine for the treatment of several pathologies. In this paper, the cytotoxic 

effects of the essential oil of the commercial pink pepper fruit from the Tuzla market were investigated. To assess 

the cytotoxic potential, a tetrazolium salt reduction (MTT) viability assay was performed. The experiments were 

carried out on 3 human cell lines: lung carcinoma (H460), cervical adenocarcinoma (HeLa) and colorectal 

carcinoma (HCT116). Using GC/MS, 24 components of red pepper essential oil were identified, of which α-pinene, 

α-phellandrene, δ-3-carene and D-limonene dominate. The essential oil of the pink pepper fruit showed cytotoxic 

activity in the case of all tested cell lines under in vitro conditions. 
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INTRODUCTION 

 The most important role of secondary metabolites 

in plants is the resistance of plants to adverse external 

conditions such as climatic variations, mechanical 

damage, insects, etc. These metabolic end products are 

stored in leaves, flowers, roots and other plant parts, 

from which they can be isolated for other purposes, 

most importantly medicinal. Secondary metabolites 

are small organic molecules, interesting due to their 

structural diversity and biological effects. More than 

30% of medicinal products derive from natural 

products [1,2]. Important group of plant-based 

secondary metabolites are essential oils, which are 

responsible for the characteristic fragrance and taste of 

the plant. Plants containing essential oils are known as 

aromatic. Aromatic plants and essential oils are very 

often used in medicinal purposes, due to their 

antiseptic, analgesic, sedative, anti-inflammatory, 

spasmolytic and locally anesthetic effects [3]. 

Essential oils generally consist of a variety of chemical 

compounds, mostly benzene and terpene derivatives. 

These derivatives contribute to the rich bioactivity of 

essential oils [4]. Essential oils can be synthesized in 

all plant organs, mostly buds, flowers, leaves, seeds, 

fruits, roots. There are several methods for extracting 

essential oils, and steam distillation is the most 

common. The isolation method depends on the 

localization of the essential oils, as they can be stored 

in secretory cells, cavities, canals, epidermic cells or 

glandular trichomes. Mostly, essential oils are plant 

derived but some of them are originate from 

microorganisms and animals [4]. 

 Schinus terebinthifolius Raddi is a plant species 

belonging to Anacardiaceae family, native to South 

America, with particular abundance in Brazil, 

Argentina and Paraguay. It is commonly known as 

Brazilian pepper tree. All plant parts have been used 
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in traditional medicine for the treatment of several 

pathologies. It has been used for the treatment of 

ulcers, respiratory problems, wounds and arthritis. 

Antiseptic, antiinflammatory and haemostatic effects 

have also been noted. Many of these properties are 

associated with secondary metabolites of the plant, 

mainly polyphenols [5,6]. The resin obtained from the 

bark and stem is traditionally used in Brazil for 

cleaning the skin and the treatment of mycoses. 

Schinus species are characterized by pungent-smell 

essential oils concentrated especially in fruits. Besides 

fruits, essential oils from leaves and flowers of S. 

terebinthifolius have been analyzed. Several 

variations in composition of essential oils from 

different regions were detected. Characterization of 

the chemical constituents of S. terebinthifolius fruit 

essential oil revealed the presence of monoterpene 

hydrocarbons, such as α-phellandrene, limonene, β-

phellandrene, myrcene, and α-pinene as major 

components. Other reports suggested that the main 

components were sesquiterpenes, with germacrene-D, 

α-cadinol, and elemol as the main components. 

Composition of the leaf essential oil differs depending 

on a geographical position. Limonene, germacrene-D, 

β- caryophyllene, α-copaene, and α-pinene were 

reported as the main components of the Brazilian 

specimens. In Egypt specimen, β-caryophyllene, cis-

β-terpineol, β-cedrene and citronellal were found as 

the major components [7,8]. Another research on the 

composition of essential oil isolated from leaves and 

twigs has revealed that major components were α-

phellandrene, α-pinene, limonene, β-phellandrene and 

p-cymene. The most abundant compounds as second 

dominating chemical class were sesquiterpene 

hydrocarbons, precisely germacrene-D, 

bicyclogermacrene and β-cubebene [9]. 

S. terebinthifoliusis promising medicinal plants for the 

treatment of inflammation, respiratory problems, 

rheumatism etc. Infusions and tinctures of bark and 

leaves are used traditionally to treat bacterial 

infections, to promote healing and for its anti-

ulcerogenic effect. Chemical analysis of the bark 

showed the presence ofanthraquinones, xanthones and 

free steroids [10]. Some in vitro and in vivo studies 

reported antioxidant, antibacterial, and antifungal 

activities of S. terebinthifolius extracts [11]. Ethyl 

gallate, methyl gallate, quercitrin, myricitrin and 

myricetin with radical scavenging potential were 

isolated from leaves extract [12]. An aqueous extract 

of aerial part of S. terebinthifolius has been found 

effective against Candida albicans, but it was not 

determined which compounds were responsible for 

antifungal activity [13]. Acetate fraction of S. 

terebinthifolius leaves exhibited anti-inflammatory 

and anti-allergic effect when administered orally. It 

was also demonstrated that ethyl acetate extract from 

the leaves promotes a topical anti-inflammatory effect 

and antioxidant activity both in vitro and in vivo [14]. 

Among afore mentioned, some extracts of S. 

terebinthifolius showed promising antitumour effects. 

It was suggested that decoction of flowers, stalks and 

leaves of S. terebinthifolius, can be used for the 

treatment of tumour and leprosy [13]. Cytotoxic 

activity against four different human tumor cell lines 

was also detected for hexane and dichloromethane 

extracts of S. terebinthifolius leaves, but further 

investigations are needed in order to identify and 

isolate bioactive compounds with cytotoxic properties 

[15]. Antitumor activity of S. molle and S. 

terebinthifolius fruit essential oils was evaluated 

against the breast cancer cell line (MCF-7), and it was 

concluded that the investigated oils induced promising 

in vitro antioxidant activity and cytotoxicity on this 

cell line. S. terebinthifolius essential oil, rich in 

sesquiterpenes, has been found as the most active [11]. 

In a follow-up study, the crude oil of S. terebinthifolius 

leaves was subjected to chromatographic separation 

procedures toafford afraction composed of α- and β-

pinenes. These compounds were tested in vitro against 

murine melanoma cell line, human melanoma, breast 

adenocarcinoma, leukemia and cervical carcinoma 

cell lines. The obtained results indicated that α-pinene, 

one of the major compounds of the investigated oil, 

might be responsible for its cytotoxic effect [16]. 

In this research, the chemical composition and 

cytotoxic activity of pink pepper essential oil were 

analyzed in vitro on three cell lines: H460 (lung 

carcinoma, large cell lung cancer), HeLa (cervical 

adenocarcinoma), and HCT116 (colorectal 

carcinoma). The aim is to examine the influence of the 

chemical composition on the cytotoxic activity of the 

essential oil and to compare the obtained results with 

previously published studies. 

 

MATERIALS AND METHODS 

 The pepper sample was obtained commercially. 

Pink pepper originates from Vietnam. The sample was 

crushed using an electric mill and kept in a dark and 

dry place until subjected to distillation. 

 

HYDRODISTILLATION 

 The crushed pink pepper fruit was subjected to 

hydrodistillation for four hours on a Clevenger 

apparatus. The obtained essential oil was separated, 

dried on anhydrous sodium sulfate and stored at -20°C 

until analysis. 
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GC/MS ANALYSIS 

 The essential oil of the red pepper fruit was 

analyzed by the gas chromatography with mass 

detector (GC-MSD) technique. This technique enables 

the identification of individual organic volatile 

compounds in essential oils (monoterpene and 

sesquiterpene alcohols and phenols, esters, aldehydes, 

ketones, etc.) with the help of GC-MS software with 

integrated databases or libraries of compounds - 

Wiley7NIST05 and NIST14. A semi-quantitative 

method was used to determine the composition of EO, 

in which individual peaks of chemical components 

within the obtained chromatogram were identified by 

comparing their retention indices with the indices of 

compounds within the databases, and by matching the 

mass spectrum of the compounds in the sample with 

the mass spectrum within the databases. 

 GC/MS analysis of pink pepper fruit essential oil 

sample was performed on an Agilent Technologies, 

Inc. gas chromatograph (7820A) with capillary HP5-

ms ultra inert column (-60 to 325 °C, 30 m × 250 µm, 

film thickness 0.25 µm). The gas chromatograph was 

equipped with an Agilent mass selective detector 

(MSD-5977E). Helium gas (purity 5.0) was used as 

carrier gas at a constant flow rate of 1.0 mL/min. The 

sample was injected in a volume of 1 µL. The oven 

temperature was programmed from 60 °C (hold 1 min) 

to 246 °C (hold 0 min) at a rate of 3 °C/min and then 

to 280 °C at a rate of 10 °C/min. Before and after each 

injection, three washes of the needle with solvent (n-

hexane) were used. The program resulted in a total 

duration of 86.40 minutes. The mass detector (MSD) 

was operated in the 40-400 m/z range scan mode. The 

temperature of the MSD transfer line was 250 °C, and 

the temperature of the ion source was 230 °C. 

ChemStation software was used for instrument control 

and data analysis. The results are expressed as a 

percentage concentration (% (V/V)) of each 

component in relation to the entire area of the obtained 

chromatogram. 

 

ANALYSIS OF ANTICANCER POTENTIAL 

 The experiments were carried out on 3 human cell 

lines. The following cell lines were used: H460 (lung 

carcinoma, large cell lung cancer (ATCC®HTB-

177™), HeLa (cervical adenocarcinoma, ATCC® 

CCL-2™) and HCT116 (colorectal carcinoma 

ATCC® CCL-247™).  

 Cells were cultured as monolayers and maintained 

in Dulbecco's modified Eagle medium (DMEM), 

supplemented with 10% fetal bovine serum (FBS), 

2mM L-glutamine, 100 U/mL penicillin and 100 

μg/mL streptomycin in a humidified atmosphere with 

5% CO2 at 37˚C. 

 The panel cell lines were inoculated on to a series 

of standard 96-well microtiter plates on day 0, at 

1.5×104 cells/mL. Essential oil were then added at 

0.01 μL/mL, 0.05 μL/mL, 0.1 μL/mL, 0.5 μL/mL and 

1 μL/mL concentration and incubated for a further 72 

hours.  

 After 72 hours of incubation the cell growth rate 

was evaluated by performing the MTT assay, which 

detects dehydrogenase activity in viable cells. The 

MTT Cell Proliferation Assay is a colorimetric assay 

system, which measures the reduction of a tetrazolium 

component (MTT) into an insoluble formazan product 

by the mitochondria of viable cells. For this purpose 

the substance treated medium was discarded and 40 

μL of MTT reagent was added to each well at a 

concentration of 0.5 μg/μL. After four hours of 

incubation the precipitates were dissolved in 160 μL 

of DMSO. The absorbance (A) was measured on a 

microplate reader at 570 nm. The absorbance is 

directly proportional to the cell viability. The 

percentage of growth (PG) of the cell lines was 

calculated according to one or the other of the 

following two expressions: 

 
If (Atest - Atzero) ≥ 0 then:  PG = 100 x (Atest – Atzero) / (Acont - Atzero)  

If (Atest - Atzero) < 0 then:  PG = 100 × (Atest - Atzero) / Atzero)  
 

Where:  

Atzero = the average absorbance before exposure of 

cells to the test compound, 

Atest = the average absorbance after the desired period 

of time (72 h), 

Acont = the average absorbance after 72 hours with no 

exposure of cells to the test compound. 

 

 Each test point was performed in quadruplicate in 

three individual experiments. The results are 

expressed as concentration-response graphs. A 

negative percentage indicates cytotoxicity following 

drug treatment where -100% shows no cells survived 

the treatment at the specific drug concentration. The 

results are also expressed as GI50, a concentration 

necessary for 50% of inhibition. 

 

RESULTS AND DISCUSSION 

GC/MS ANALYSIS 

 By hydrodistillation, essential oil was isolated 

from red pepper with a yield of 1.77%. The chemical 

constitution of the essential oil obtained from the pink 

pepper are presented in Table 1. The identification of 

24 components by GC/MS allowed for 97.1% of the 
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total pink pepper fruit oil to be identified. 

Monoterpenes constitute 80.1% of essential oil, 

whereas the identified sesquiterpenes corresponded to 

17.1%. The most abundant components were four 

monoterpenes δ-3-carene (22.0%), D-limonene 

(16.5%), α-phellandrene (16.1%) and α-pinene 

(13.4%) followed by two sesquiterpenes germacrene 

D (4.9%) and caryophyllene (4.1%). GC/MS 

chromatogram of Pink pepper fruit essential is shown 

in Figure 1. 

 
Table 1. Chemical composition of Pink pepper fruit essential oil 

Test parameter / Component 
Retention 

index 

Retention 

time 

Result 

v/v (%) 

α-thujene 929 5.639 0.329 

α-pinene 937 5.842 13.437 

sabinene 974 6.971 1.580 

β-pinene 979 7.077 2.649 

β-myrcene 991 7.500 3.019 

α-phellandrene 1005 7.973 16.134 

δ-3-carene 1011 8.176 22.027 

o-cymene 1022 8.650 2.949 

D-limonene 1030 8.819 16.492 

α-terpinolene 1088 11.043 1.442 

5-isopropenyl-2-methyl-7-oxabicyclo[4.1.0]heptan-2-ol 1169 17.915 0.389 

δ-elemene 1338 21.577 0.725 

β-elemene 1391 23.877 0.315 

caryophyllene 1419 24.968 4.058 

trans-α-bergamotene 1435 25.658 0.249 

humulene 1454 26.351 0.411 

germacrene D 1481 27.484 4.906 

bicyclogermacrene 1495 28.098 0.473 

aciphyllene 1499 28.212 0.310 

δ-cadinene 1524 29.184 0.764 

elemol 1549 30.186 3.526 

germacrene B 1557 30.444 0.288 

caryophyllene oxide 1581 31.442 0.301 

rosifoliol 1600 32.432 0.356 

  

 

 

Figure 1. GC/MS chromatogram of Pink pepper fruit essential oil 
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ANTICANCER POTENTIAL 

 The treatment of HeLa, H460, and HCT116 cell 

lines with essential oil from pink pepper fruit 

demonstrated a dose-dependent decrease in cell 

growth. At the lowest concentrations of 0.01 µL/mL 

and 0.1 µL/mL, the essential oil had no effect on cell 

viability, with the growth percentage (PG) remaining 

at 100%. However, at a higher concentration of 1 

µL/mL, a significant cytotoxic effect was observed, 

resulting in a 100% reduction in cell growth. This 

indicates that the essential oil of pink pepper exhibits 

potent anticancer activity at higher concentrations, 

effectively inhibiting the proliferation of these cancer 

cell lines. Dose-response profiles are shown in Figure 

2. GI50 values for Pink pepper fruit essential oil are 

shown in Table 1. 

 

 

Figure 2. Dose-response profiles for Pink pepper fruit essential oil on H460, HeLa and HCT116 cell lines 

 
Table 2. GI50 values for Pink pepper fruit essential oil 

Cell lines GI50 (nL/mL) 

Lung carcinoma (H460) 423±121 

Cervical adenocarcinoma (HeLa) 439±72 

Colorectal carcinoma (HCT116) 271±42 

 

 Previous studies have shown that fruit essential oil 

is more cytotoxic on tumor cells than leaf oil, 

particularly effective in reducing cell viability in 

MCF-7 cell lines compared to A549 and HT-144 cells 

[17]. Santana et al. evaluated the activity of S. 

terebinthifolius leaves essential oil against five 

different tumor cell lines: B16F10-Nex2, A2058, 

HeLa, MCF-7, and HL-60, with HL-60 cells showing 

the most sensitivity. The crude oil was separated into 

a mixture of α- and β-pinenes, which exhibited 

moderate cytotoxicity. α-Pinene, a major compound 

(5.71%) isolated from the ripe fruits of S. 

terebinthifolius, was found to induce apoptosis and 

confer antimetastatic protection, suggesting it might 

be responsible for the observed cytotoxic effect of the 

crude oils [16]. The essential oil from S. 

terebinthifolius demonstrated greater anticancer 

effectiveness against the human breast cancer cells 

(MCF-7) compared to that from S. molle [11]. The 

ethanol extract of S. terebinthifolius fruit inhibited 

50% of cell growth, indicating effective in vitro 

cytotoxic activity against the MCF-7 cell line. This 

cytotoxic activity is likely due to the polyphenolic 

content, as phenolic compounds are known to protect 

against cancer development and suppress cancer cell 

activity [18]. The methanolic extract (MEST) was also 

tested on ten human tumor cell lines from various 

tissues (U251, MCF-7, NCI-ADR/RES, 786-0, NCI-

H460, PC-3, OVCAR-3, HT-29, K-562, and HaCaT). 

MEST showed selectivity for prostate, ovarian, breast, 

glioma, and non-tumoral cells, with the highest 

inhibitory activities observed in ovarian cancer cells 

[19]. A 2023 study investigated the chemical 

composition and cytotoxic activity of essential oils 

extracted from unripe and ripe pink pepper fruits. 

Chemical analysis revealed that the major components 

of unripe-EO were α-pinene (29.16%), dl-limonene 

(20.65%), and ρ-cymene (15.86%), while ripe-EO was 

characterized by l-phellandrene (38.91%), sylvestrene 

(23.02%), and α-pinene (21.62%). The cytotoxic 

activity of these essential oils was evaluated against 

HL-60 (acute promyelocytic leukemia) and SK-MEL-

28 (malignant melanoma) cell lines, with significant 

cytotoxic effects, particularly from the unripe fruits 
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[20]. α-Pinene isolated from S. terebinthifolius leaves 

induces apoptosis and confers antimetastatic 

protection in a melanoma model. In a study where the 

viable B16F10-Nex2 murine melanoma cell line was 

injected into mice and treated with α-pinene 

intraperitoneally, a significant reduction in lung 

colonization was observed after 12 days, indicating a 

potent antimetastatic effect. These oils can also 

promote the depolarization of mitochondrial 

membranes, leading to apoptosis and necrosis [21]. 

Essential oils from the leaves, fruits, and bark of 

Schinus terebinthifolius of Egyptian origin exhibit 

significant cytotoxic activities against liver (HepG-2) 

and colon (Caco-2) carcinoma cells. Both cell lines 

displayed cytopathic effects, including cell distortion 

and degeneration. These structural changes are 

consistent with the observed reduction in cell viability, 

suggesting that the essential oils induce cell death 

through apoptosis or other cytotoxic pathways. These 

findings support the potential of these essential oils as 

sources of novel antitumor agents and underscore the 

need for further studies to isolate and characterize the 

bioactive compounds responsible for their cytotoxic 

effects [22]. 

 

CONCLUSION 

 The treatment of HeLa, H460, and HCT116 cell 

lines with essential oil from pink pepper fruit 

demonstrated a dose-dependent decrease in cell 

growth. At the lowest concentrations of 0.01 µL/mL 

and 0.1 µL/mL, the essential oil had no effect on cell 

viability, with the growth percentage (PG) remaining 

at 100%. However, at a higher concentration of 1 

µL/mL, a significant cytotoxic effect was observed, 

resulting in a 100% reduction in cell growth. 
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