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In this study; it was aimed to investigate the anticancer and cytotoxic activities on DU-145 prostate
cancer and MCF-7 breast cancer cell lines and WI-38 human fibroblast cell line of essential oil
(Nioli) obtained from Melaleuca viridiflora Sol. ex Gaertn. plant and its antimicrobial effects on
various bacteria and yeast cells. Content analyzes of Nioli essential oil were made by Gas
Chromatography-Mass Spectrometry (GK-KS). The antimicrobial effects of the essential oil were
determined using Disk Diffusion and Minimum Inhibition Concentration (MIC) tests. Its cytotoxic
effects were determined by the XTT (2,3-bis-(2-methoxy-4-) nitro-5)-sulfophenyl)-2H-tetrazolium-
5-carboxanilide) test; were investigated at different concentrations in breast cancer (MCF-7),
prostate cancer (DU-145) and healthy human fibroblast (W1-38) cell lines. In the disc diffusion
method of essential oil; It was determined that it formed an inhibition zone against Klebsiella
pneumoniae bacteria at 200, 100, 50, 25 and 12.5 pg/mL concentrations, and against Candida
albicans yeast at 200 and 100 pg/mL concentrations. Nioli essential oil showed the highest
antibacterial effect against Bacillus cereus. While it was moderately effective against Pseudomonas
aeruginosa and Candida albicans, it reached MIC values effective against other bacteria. It was
observed that the anticancer activity of Nioli essential oil was more effective in DU-145 prostate
cancer cells compared to MCF-7 breast cancer cells, and it had no toxicity in WI-38 healthy human
fibroblast cells.
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Introduction

Medicinal and aromatic plants have been used in the
prevention of diseases and in the treatment due to their
healing effects since the existence of humanity (Bayram et
al., 2010; Sevindik et al., 2017). Accordingly, plant
essential oils have been used in many scientific and
commercial fields for many vyears. Food industry,
cosmetics, medicine, aromatherapy and phytotherapy are
the leading areas among these fields (Hammer et al., 1998;
Mohammed et al., 2022). The fact that essential oils have a
wide range of uses has attracted the attention of many
scientists. As a result of many researches, their chemical
structures and biological activities were evaluated and
these properties were put into practice (Mouhssen, 2004;
Uysal et al., 2021; Akgiil et al., 2022). Essential oils
contain aromatic compounds with volatile and unique
odor, obtained from medicinal and aromatic plants, in
liquid form at room temperature (Oussalah et al., 2007;
Kina et al., 2021; Unal et al., 2022). Essential oils can be
found in the organs of plants such as flowers, fruits, bark,

This work is licensed under Creative Commons Attribution 4.0 International License

leaves, roots, resins and wood. Plant essential oils contain
terpenic substances (about 90%), terpenic hydrocarbons
and their oxygenated derivatives, as well as organic acids,
alcohols, phenols and ketones (Celik and Celik, 2007;
Tanker et al., 1990).

Melaleuca genus is a plant species belonging to the
Myrtaceae family, growing naturally in the Australian
continent and Asia, generally spreading in tropical regions,
and consisting of evergreen trees and shrubs in winter. It is a
fruit-like capsule up to 6 m in length, with a bare body and
spongy leaves, with alternating leaves (Nevin et al., 2016).

The essential oil produced by distillation of the leaf
parts of plants belonging to the M. viridiflora species of the
Myrtaceae family is called Nioli. This oil, which is
obtained from the plant and has volatile properties,
contains a large amount of monoterpenes and
sesquiterpenes (Bombarda et al., 2001). The antibacterial
and antifungal activities of the essential oil obtained from
plants belonging to the Melaleuca genus have been proven.
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The data suggest that 1,8-cineol, terpinen-4-ol, and methyl
eugenol, in particular, play key roles in mediating the
antimicrobial activity of this oil (Sharifi-Rad et al., 2017).
Through its high content of eucalyptol; it is included in the
content of pharmaceutical products due to its therapeutic
effect in diseases such as cough, cold, rheumatism,
neuralgia and is used for upper respiratory tract disorders
in aromatherapy (Elliot and Jones, 1993). In external use,
due to its fungicidal and bactericidal effect, it is used in the
treatment of cystitis, in vaginal washing, and its solutions
at a rate of 5-15 % in the treatment of acne (Nevin et al.,
2016). It is known that niolin suppresses the hormone
called a-melanocyte, which activates oxidative stress in
B16 melanoma cells (Chao et al., 2017).

Microorganisms can gain resistance to antibiotics over
time, and as a result of this resistance, the importance of
studies on the development of new generation drugs in the
fight against infections is increasing (Sevindik, 2019). It
has been observed that microorganisms do not form the
resistance mechanism against synthetic antibiotics against
plants. This situation inevitably increases the importance
of herbal medicines or plant extracts (Celik and Celik,
2007; Toroglu and Cenet, 2006).

In cancer treatment, various treatments are applied
according to the location of the tumor in the body, the
physiological condition of the patient and the structure of
the tumor. Chemotherapy and radiotherapy are among the
most commonly used methods in routine (Kiltie et al.,
2005).

Cancer is one of the diseases with the highest mortality
rate in the world. This has given great importance to cancer
treatment research. Of late years, there has been an
growing trend in the preference of medicinal and aromatic
plants in cancer treatment due to their high activity, low
toxicity and many natural anticancer agents in their content
(Dastan et al., 2016).

In this study, the anticancer activities of Nioli (M.
viridiflora) essential oil on DU-145 prostate cancer and
MCF-7 breast cancer cells, cytotoxic activities on WI-38
human fibroblast cell line and antimicrobial effects on
various bacteria and yeast cells were investigated.

Materials and Methods

Essential Oil Sample

Nioli essential oil was supplied by Art de Huile
(Turkey).

GC-MS (Gas Chromatopraphy-Mess Spectrometry)

GC-MS analyzes for the determination of the
components in the Nioli essential oil sample were

Table 1. Components of Nioli essential oil

commissioned by Art de Huile, which supplied the oil. The
average values of the essential oil composition are given in
(Table 1). These components are alpha pinene, alpha
terpineol, beta pinene, cineol 1.8, gamma terpinene,
limonene, viridiflorol. When the GC-MS results were
examined, it was determined that the content of Nioli
essential oil had the highest rate of cineol 1.8 (52,63%) and
the lowest rate of gamma terpinene (1.80%). Cineol 1.8
was determined as the major essential oil component.

Antimicrobial Activity Tests

Disc diffusion (Kirby-Bauer) and microdilution broth
methods were used to determine the antimicrobial activity
of Nioli essential oil.

Disc Diffusion Method

In the dis diffusion test, Staphylococcus aureus (ATCC
29213), Bacillus cereus (ATCC 14579), Pseudomonas
aeruginosa (ATCC 27853), Escherichia coli (ATCC
25922), Klebsiella pneumoniae (ATCC 13883), Candida
albicans (ATCC 10231) strains were used. Dilutions of
Nioli essential oil (100-1.56 pg/mL) were absorbed into
blank discs with 20 pL. Mueller-Hinton Agar (MERCK)
and Sabouraud Dextrose Agar (Neogen) agars were
inoculated with 0.5 McFarland turbidity bacterial and yeast
solutions using sterile swab sticks. Essential oil
impregnated discs were placed. Antibiotic discs were used
for positive control (OXOID). Bacterial plaques were
incubated at 37 £ 0,1°C for 24 hours, and yeast plaques at
25 + 0,1°C for 48 hours. At the end of the expected time,
the diameters of the zones observed in the medium were
measured in mm (CLSI M02, 2018).

Minimum Inhibition Concentration (MIC)

For the experiment, 96-well microtiter plates with U-
type wells were used. MHB was used for bacteria and SDB
was used for yeast. 10 uL essential oil (200 pg/mL) was
applied to the first well, followed by serial dilutions.
Bacteria and yeasts adjusted to McFarland 0.5 turbidity
were diluted to 5 x10° cfu/mL for bacteria and 0.5-2.5 x10°
cfu/mL for yeasts and 50 pl was added onto the wells
(CLSI M07-A9, 2012; CLSI M27-A2, 2012). Plates were
incubated for 24 hours at 37°C. In order to better observe
the growth at the end of the incubation, 50 uL of 2,3,5-
Triphenyltetrazolium chloride (TTC) (Meck, Germany)
solution of 2 mg/mL was applied to all. Incubation process
complete at 37°C for 2 hours. The first well in which a
decrease in the color of Formazan due to the presence of
live microorganisms in the wells was observed was
accepted as the MIC. MIC results according to reference
sources; It was evaluated as effective (MIC <100 pg/mL),
Moderate (100 <MIC < 625 pg/mL), Weak (MIC >625
png/mL) (Kuete, 2010; Awouafack et al., 2013).

Name of Component Reference GC-MS (%)
Alpha pinene 6.0-15.0 8.28
Alpha terpineol 5.0-10.0 7.63
Beta pinene 1.0-5.0 211
Cineol 1.8 45.0-65.0 52,63
Gamma terpinene 1.0-4.0 1.80
Limonene 3.0-12.0 7.73
Viridiflorol 2.0-10.0 5.08
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Cytotoxic Activity

In our study, MCF-7, DU-145, WI-38 cell lines were
used for cytotoxic activity determination. Essential oils
were prepared at different concentrations (200-1.56
pg/mL) and used. Cells were incubated in 5% COz at 37°C.
1% penicillin (100 U/mL) and streptomycin (100 pg/mL)
and 10% fetal bovine serum (FBS) were added to all wells.

Cytotoxicity was interpreted according to the XTT
method. Cells were added to the wells in the appropriate
medium, test compounds were applied in varying
proportions and incubated in CO, medium at 37°C for 24
hours. When the time was up, 100 pL of XTT solution was
added to all wells and incubated for an additional 2 hours
and optical density values were determined at 475 nm
(Adukwu et al., 2016).

Results and Discussion

Globally, cancer is the cause of the majority of diseases
and deaths caused by them, which can affect almost every
organ in the human body. World Health Organization data
show that; Deaths due to cancer in the world are 1 in 6 of
all other deaths. According to statistics, worldwide cancer
cases will rise to 29.4 million per year by 2040 (Jain et al.,
2021). While the most common type of cancer in women
is breast cancer, it is stated as prostate cancer in men.
(Parkin et al., 2005).

Serious side effects are observed in people due to the
use of chemotherapy drugs in cancer treatment. Today,
methods such as chemotherapeutic drugs, radiotherapy,
surgical treatment and hormone therapy used in the
treatment of cancer have made it much more important to
search for alternative methods that can be used in treatment
because of the low probability of success and side effects
(Tekin et al., 2012).

The importance of introducing alternative and
complementary drugs and treatment methods for the
treatment of cancer is emphasized in clinical,
epidemiological and experimental studies. Plants are the
leading natural resources preferred in the traditional
treatment of different types of cancer diseases. About 60%
of the sources used for anticancer treatment consist of
plants, seafood or microorganisms (Jain et al., 2011).

According to another study; It was concluded that
Niaouli essential oil inhibited all microorganisms except P.
aeruginosa (Hammer et al., 1998).

As a result of examining the antimicrobial effect of
various essential oils on the Swiss microflora; They
concluded that essential oils of Eucalyptus globulus
Labill., Melaleuca alternifolia (Maiden & Betche) Cheel,
Pimpinella anisum L. and Syzygium aromaticum (L.) Merr.
& L.M.Perry offered the most effective antimicrobial
efficiency (Ponce et al., 2003).

Table 2. Disc diffusion results of Nioli essential oil

Byahatti et al; They evaluated the anticancer activity of
M. alternifolia on the Leukemia cancer cell line (K562)
with the MTT test and mentioned the existence of
statistically significant results (Byahatti et al., 2018).

The in vitro antitumor activity of M. alternifolia plant
belonging to the genus Melaleuca was analyzed according
to long-term exposure to doxorubicin to human melanoma
M14 WT cells and their drug-resistant counterparts, M14
ADR cells. As a result of the experiment, it was revealed
that the presence of antioxidant and cytotoxic effects was
significant (Bhalla et al., 2013).

According to the study of Chabir et al.; Melaleuca
armillaris (Sol. ex Gaertn.) Sm. essential oil has been
observed to have high cytotoxic activity on MCF-7 cells
(Chabir et al., 2011).

In another study; Antimicrobial and in vitro anti-tumor
activities of essential oil obtained from M. alternifolia
plant were tested. The essential oil has important
antimicrobial  efficiency  against  other  tested
microorganisms beyond Aspergillus niger; It was also
concluded that it exhibits potent cytotoxicity against the
human lung cancer cell line (A549), the human breast
cancer cell line (MCF-7) and the human prostate cancer
cell line (PC-3) (Xia et al., 2009).

With the study of Rapper et al.; It has been revealed that
viridiflorol and furanoeudesma-1,3-diene, which are
compounds found in the essential oil of plants of the genus
Melaleuca, have activity against the pathogen
Haemophilus influenzae (Rapper et al., 2021).

Viridiflorol in the composition of essential oils
obtained from plants of the genus Melaleuca; It is a
phytochemical that can work as an anti-cancer compound.
The effects of viridifluoro at various concentrations were
investigated in vitro on breast, lung and brain cancer cells
and these cell lines were found to exhibit cytotoxic and
apoptotic abilities (Akiel et al., 2022).

According to the GC-MS analysis in our study, alpha
pinene, alpha terpineol, beta pinene, cineol 1.8, gamma
terpinene, limonene, viridiflorol components were
determined in the content of Nioli essential oil. It was
determined that cineol 1.8 (52,63%) was in the first place
and alpha pinene (8.28%) was second in the content of our
foundation oil. In our study; The content of our Nioli
essential oil sample is very similar to the results obtained
from studies conducted by different researchers in the
literature.

According to disk diffusion test (Table 2), Nioli
essential oil formed an inhibition zone against K.
pneumoniae bacteria at 1,2,3,4 and 5 concentrations, and
against C. albicans yeast at 1st and 2nd concentrations.

Nioli Essential Oil -- Disc Diffusion Zone Diameters (mm)
Mikroorganizma Concentrations (pug/mL) Positive Negative
1 2 3 4 5 6 7 8 Control Control
Escherichia coli - - - - - - - - 19 _
Pseudomonas aeruginosa - - - - - - - - 17 -
Staphylococcus aureus - - - - - - - - 19 -
Klebsiella pneumoniae 9 8 8 8 7 - - - 22 -
Bacillus cereus - - - - - - - 20 -
Candida albicans 8 6 - - - - - - 18 .
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Table 3. MIC results of Nioli essential oil

Microorganisms

Nioli Essential Oil (ug/mL)

Escherichia coli 100
Pseudomonas aeruginosa >200
Staphylococcus aureus 100
Klebsiella pneumoniae 100
Bacillus cereus 6.25
Candida albicans >200
Table 4. 1Csp values of Nioli essential oil
ICso(ug/mL) MCF-7 DU-145 WI-38
Nioli 18.49 £0.98 15.85 £0.15 39.45+0.85

The antimicrobial test results (MIC) of Nioli essential
oil obtained from the M. viridiflora plant are shown in
(Table 3). Nioli essential oil provided the maximum
antibacterial effect against B. cereus (MIC: 6.25 pg/mL).
While it was moderately effective against P. aeruginosa
and C. albicans, it reached MIC values effective against
other bacteria.

Solutions of Nioli essential oil was used to determine
antitumor activities on DU-145 and MCF-7 cell lines, It
was prepared at concentrations of 200 pg/mL, 100 pg/mL,
50 pg/mL, 25 pg/mL, 12.5 pg/mL, 6.25 pg/mL, 3.125
pg/mL, 1.56 pg/mL. Viability of cells was determined by
XTT test. % Inhibition was determined by making the
calculations specified in the reference sources and the
relevant tables and figures were obtained.

Nioli essential oil was determined to have a quite
activity on MCF-7 cells in the first 4 concentrations. A cell
killing rate of over 100% was found at the 2 highest
concentrations (200 pg/mL and 100 pg/mL). The
determination of the 1Cso value as 18.49 pg/mL shows the
effectiveness of Nioli essential oil even at low
concentrations (Table 4).

It was determined that the first 6 concentrations of Nioli
essential oil showed a quite activity (80% and above) on
DU-145 cells. At the highest concentration of the essential
0il (200 pg/mL), a cell killing rate of over 100% was found.
Even at the lowest concentration (1.56 ug/mL), the rate of
killing cancer cells, which is 77.14%, is quite high. The
determination of the I1Cso value as 15.85 pg/mL shows the
effectiveness of Nioli essential oil even at low
concentrations (Table 4).

Eight different concentrations of Nioli essential oil was
tested on the WI-38 cell line, a normal human lung
fibroblast cell, and cytotoxic activity results were
evaluated as % cell viability. Cell viability was determined
as 100% at the last 5 concentrations. It was observed that
Nioli essential oil (Table 4) had no significant toxicity in
the healthy WI-38 cell line at the effective doses (ICsp =
39,45 ng/mL).

Conclusion

In this study; the antitumor activities of Nioli essential
oil obtained from M. viridiflora plant on DU-145 and
MCF-7 cell lines and cytotoxic activities on WI-38 cell line
were investigated. In addition, its antimicrobial effects on
various bacteria and yeast cells were investigated. It was
observed that the inhibitory effect of Nioli essential oil on
the DU-145 cell line was higher than that of the MCF-7 cell

line. It was determined that the essential oil had no toxic
effect on healthy WI-38 cell lines at concentrations
effective on DU-145 and MCF-7 cells. Results have been
obtained that Nioli essential oil has the capacity to be used
as an alternative product in anticancer treatments. At the
next stage, it may be suggested that this essential oil be
tested in animal experiments and then directed to clinical
research and developed as a chemotherapy drug.
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