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Citral in lemon myrtle, lemongrass, litsea, Gisiia

and melissa essential oils suppress the growth
and invasion of breast cancer cells
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Abstract

Objective Although cancer therapy suppresses recurrence and prolongs life, it may be accompanied by strong

side effects; thus, there is a strong demand for the development effective treatments with fewer side effects. Cancer
therapy using plant-derived essential oils is attracting attention as one promising method. This study investigated

the antitumor effects of essential oil volatiles on breast cancer cells and identifies four essential oils that display antitu-
mor activity.

Methods Breast cancer cells were cultured in a 96-well plate, then one of twenty essential oils was added dropwise
to the central well. The plate was incubated at 37 °C for 48 h and the effect of the volatile components of each essen-
tial oil on the surrounding breast cancer cell growth ability was examined using an MTT assay. Gas chromatography
was used to investigate the concentration of the transpiration components that may affect cancer cells.

Results Of the 20 essential oils, Lemongrass, Lemon myrtle, Litsea, and Melissa displayed strong anti-tumor effects.
These essential oils inhibited the growth of nearby breast cancer cells, even when diluted more than 500-fold. The
transpiration component of lemon Myrtle showed the strongest antitumor effect, but was the least cytotoxic to mon-
onuclear cells in normal peripheral blood (PBMC). Each of these essential oils contained a very large amount of citral.
The ICy, against breast cancer cells when citral was volatilized from each essential oil was 1.67 pL/mL for geranial

and 1.31 ul/mL for neral. Volatilized citral alone showed strong anti-proliferation and infiltration-inhibiting effects.

Conclusion The transpiration components of Lemongrass, Lemon myrtle, Litsea, and Melissa are thought to inhibit
breast cancer cell proliferation due to their high levels of citral.
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drugs, radiation therapy, genomic diagnosis, and immune
checkpoint inhibitors. Advances in these therapeu-
tic methods and the development of new drugs have
extended the survival prognosis of breast cancer patients
[2]. In addition, genomic diagnosis has made it possible
to select and administer highly effective anticancer drugs
and molecularly targeted drugs; however, anticancer
agents have various side effects, such as hair loss, malaise,
nausea, diarrhea, constipation, cardiovascular effects,
and febrile neutropenia [3]. Thus, anticancer drug treat-
ments may significantly reduce the quality of life of breast
cancer patients by imposing greater pain and stress. Since
many breast cancer patients are not satisfied with current
anticancer drug treatments, there is a strong demand for
the development of new treatment methods with higher
therapeutic effects and fewer side effects.

Essential oils are volatile compounds extracted from
plants that have been found to have a variety of positive
effects, such as antibacterial, antiviral, and stress-reliev-
ing effects. The global COVID-19 pandemic of recent
years has caused an increase in the use of essential oils
in an effort to relieve the negative effects of isolation and
to help avoid contacting the virus. Commercially avail-
able essential oils are sprayed into rooms using diffusers,
added to food as flavorings, used as bath additives, mixed
with carrier oils for massage, and are generally widely
used as a raw material for pharmaceuticals, foods, per-
fumes, and cosmetics [4, 5].

Terpenes, the main components of essential oils,
are composed of two or more isoprene units (C5) and
include monoterpenes (C10), sesquiterpenes (C15), dit-
erpenes (C20), and terpenes with higher C25. Terpene
derivatives with functional groups, such as carbonyl and
hydroxy groups, are called terpenoids. The monoterpe-
noid aldehydes neral and geranial are cis—trans isomers,
collectively referred to as citral, and are reported to have
a wide range of biological properties (e.g., antitumor,
anti-inflammatory, antibacterial, anti-fungal, antiviral,
analgesic and anti-oxidative activities) [6, 7].

Globally, cancer prevalence is increasing yearly, which
has caused the diagnosis and treatment of cancer to
become very important issues. Synthetic anticancer
compounds represent the largest segment of the cur-
rent cancer treatment market, yet more than two-thirds
of the drugs currently in clinical use are either derived
directly from natural products or their biological activi-
ties are derived from natural products [8]. Many of the
terpenes and terpenoids found in essential oils display
antitumor activities [9]. Among these factors, detailed
research into the antitumor effects of monoterpenes and
sesquiterpenes, which have low molecular weights and
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high volatility, is expected to lead to the development of a
new drug discovery field encompassing cancer treatment
using scents.

In this study, we investigated the antitumor effects of
the volatile components of twenty commercially available
essential oils that are considered beneficial in the reduc-
tion of unpleasant symptoms and health maintenance.
Of these, we selected the essential oils with the strongest
antitumor effects for additional investigation, including
the antitumor factors contained in the oils. The purpose
of this research was to clarify the antitumor effects found
for the volatile components of essential oils and to deter-
mine which constituent(s) in the tested component may
be responsible for the antitumor and treatment-enhanc-
ing effects.

Materials and methods

Essential oil and adjustment

All essential oils, except for citral, were purchased from
doTERRA (Preasant Grove Utah, USA) (Table 1). These
essential oils were most often extracted using a steam
distillation process and their constituents were evalu-
ated using GC-MS. Citral was purchased from WAKO
(Osaka, Japan), then dissolved in dimethyl sulfoxide
(DMSO) to a concentration of 107> g/mL and stored
at—20°C.

Table 1 The common and the scientific name of each essential
oils

Common name Scientific name

Cedar Wood Cedrus deodara, Juniperus virginiana
Clove Eugenia caryophyllata
Copaiba Copaifera spp.

Frankincense Boswellia carteii, Boswellia Essential Oil

Grapefruit Citrus x paradisi

Hinoki Chamaecyparis obtusa

Lavender Lavandula angustifolia

Lemon Citrus limon

Lemongrass Cymbopogon citratus, Cymbopogon flexuosus

Lemon Myrtle Backhousia citriodora

Lime Citrus aurantiifolia
Litsea Litsea cubena
Melissa Melissa officialis
Niaouli Melaleuca viridiflora
Wild Orange Citrus sinensis
Oregano Origanum vulgare
Tangerine Citrus reticulata
TeaTree Melaleuca alternifolia
Thyme Thymus vulgaris
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Cell lines and culture conditions

Two breast cancer cell lines (SKBR3 & MCF7) were
purchased from the American Type Culture Collection
(Manassas, VA, USA). Both breast cancer cells were cul-
tured in Dulbecco’s modified Eagle medium (DMEM)
(Sigma-Aldrich, St. Louis, MO, USA) containing 5% fetal
calf serum (GIBCO, Gaithersburg, USA) and 1% Antibi-
otic—Antimycotic (Streptomycin-Amphotericin B and
Penicillin) (Thermo Fisher Scientific, Tokyo, Japan) were
added to all cultures. As controls, 3 mL peripheral blood
samples were obtained from a healthy volunteer who was
recruited before this study and provided informed con-
sent. Venous blood was collected in heparinized tubes.
Samples were processed and mononuclear cells (PBMC)
were isolated using Lymphoprep (StemCell Technologies,
Vancouver, Canada) centrifugation (800x g, 20 min), and
cultured in OpTmizer medium (Life Technologies Japan,
Tokyo, Japan).

Cell proliferation assay

The antitumor effects of the different essential oil com-
ponents were quantified using a colorimetric cell
viability assay (MTT) (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide). First, the cancer cells
were prepared in 96-well plates at a ratio of 1x10* per
100 ul. Next, the essential oil components were admin-
istered to the cultured cells at concentrations of 0.098—
50 pg/mL and incubated at 37 °C for 48 h. Afterwards,
10 pL of Solution I from the MTT cell proliferation assay
kit (Roche Diagnostics, Tokyo, Japan) was added to each
well. After reacting at 37 °C for 4 h, 100 pL of visualiza-
tion solution was added to each well and allowed to react
overnight at 37 °C. The absorbance at 570 nm was then
measured using a plate reader (iMark plate reader; Bio
Rad, Hercules, Calif.). The concentration resulting in 50%
inhibition (ICs,) was determined by curve fitting and was
used as criterion to judge the cytotoxicity of a compound.
For the transpiration component experiment, 50 pL of
undiluted or 500-fold diluted essential oil were adminis-
tered to the two central wells, and then allowed to react
at 37 °C for 48 h. The MTT assay was performed to eval-
uate the antitumor activity of the volatile components of
each essential oils.

Morphology observations and the assessment of apoptosis
response

The antitumor effects of essential oil components or
essential oil transpiration components on breast can-
cer cell lines was evaluated by observing individual cells
using a fluorescence microscope. Any breast cancer cells
that reacted to the essential oils were double-stained
with calcein-acetoxymethyl (AM) and propidium iodide
(PI) from the cell stain double-staining kit (Dojindo
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Laboratories, Tokyo, Japan). This process stained the
live cells green and the nuclei of the dead cells red. The
stained breast cancer cells were observed under a fluores-
cence microscope (Olympus CKX-53, Tokyo, Japan) and
any changes were photographed (Olympus DP28, Tokyo,
Japan).

Analysis of the concentration of volatile components
A total of 0.1 mL DMEM was administered to each well
of a 96-well plate and MonoTrap RCC18 (GL Sciences,
Tokyo, Japan) was added at regular intervals (proximal:
1.0 cm, middle: 2.0 cm, and distal: 3.0 cm) from the center.
In addition, 50 pL of essential oil diluted to 0.02 mg/mL
was administered to two wells in the center of the plate.
Each plate was allowed to stand at 37 °C for 48 h. After
the incubation, MonoTrap was moved in a glass con-
tainer containing 2 mL hexane and subsequently sealed.
The concentration of citral (geranial and neral, the two
geometric isomers that are collectively termed citral) in
each hexane solution was measured at the International
University of Health and Welfare, using GC-MS-QP2010
(Shimadzu Corporation, Kyoto, Japan). A DB-5MS cap-
illary column (30 m x 0.25 mm LD.; 0.25 um non-polar
column; Agilent Technologies, Tokyo, Japan) was used
for analysis. Helium (99.99995%; 1.82 mL/min) was used
as the carrier gas. The inlet line and source temperatures
were set at 250 °C. The column oven temperatures were
set at 40 °C for 2 min, then increased to 200 °C at a rate of
5 °C/min and maintained at 200 °C for 2 min.
Component analysis was performed on each essential
oil using GC-MS at the Aromatic Plant Research Center
(Lehi, Utah, USA). Components that were found in the
essential oil at 0.1% or more were studied further.

Cell migration and cell invasion assays

The cell migration and invasion assays were performed
using the CytoSelect 24-well cell migration and invasion
assay (8um, cololymetric format) kits (CELL BIOLABS,
INC. San Diego, CA, USA). In the cell migration assay,
SKBR3 breast cancer cells were plated in serum-free
DMEM in the upper chamber at 1x10° cells per well,
respectively. The lower well contained DMEM with 10%
FBS. The SKBR3 cells were allowed to migrate for 24 h.
Then, the medium was aspirated from the inside of the
insert, and the interior of the inserts was swabbed to
remove non-migratory cells. The insert was stained with
the cell stain solution for 10 min at room temperature,
and the migratory cells were counted with a light micro-
scope. Then, 200 pL of extraction solution was added to
the insert and incubated for 10 min; after the incubation,
100 pL of sample was transferred to a 96-well microtiter
plate and the OD at 560 nm was measured in the plate
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reader. The cell invasion assay was performed in a similar
manner to the cell migration assay, except that the mem-
brane filter was precoated with a uniform layer of dried
basement membrane matrix solution. This basement
membrane layer serves as a barrier to discriminate inva-
sive cells from non-invasive cells.

Statistical analysis

All data are expressed as means+ /—standard deviation.
One-way analysis of variance and post hoc Bonferroni’s
multiple comparisons tests were used. The significance
level was set at 5%. All statistical analyses were per-
formed using Graph Pad prism version 9.4.1 (GraphPad
software Inc., San Diego, Calif.).

Results

Antitumor effect by each essential oil transpiration

component

The common and the scientific name of each essential

oils that were analyzed in this study are listed in Table 1.
Figure 1 provides the results of the MTT assay, which

shows the cancer cells that stopped proliferating in the

yellow-stained areas and those that were actively pro-

liferating in the navy-stained areas. DMSO was used as

a control and did not change the proliferative ability of

DMSO

Lemongrass

y
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the breast cancer cells. Four essential oils stained the
entire plate yellow: Lemongrass, Lemon myrtle, Litsea,
and Melissa. Thyme and oregano essential oils displayed
fairly strong tumor growth inhibitory effects. The citrus
essential oils, such as lemon, orange, grapefruit, lime, and
tangerine inhibited cancer cell growth only in the wells
located near these essential oils. Frankincense, clove,
niaouli, tea tree, hinoki, lavender, copaiba, and cedar
wood essential oils also only inhibited proliferation in the
nearby cancer cells. Based on these results, lemongrass,
lemon myrtle, litsea and melissa were selected for further
study.

Antitumor effect of each essential oil

The MTT assay examined the tumor growth inhibitory
effects of these four essential oils when acting directly on
breast cancer cells. The ICg, for the SKBR3 cells was the
lowest as 18.3 ug/mL for lemon myrtle and the highest as
29.1 pg/mL for the Melissa essential oil (Fig. 2). The ICy,
values for the MCF7 cells was also shown the lowest as
12.2 pg/mL for Lemon Myrtle. Thus, we concluded that
all four essential oils inhibited the proliferation of the
breast cancer cells and Lemon Myrtle had the strongest
activity when applied directly to the cancer cells.

P A& B s oo )

Fig. 1 Antitumor effect of each essential oil transpiration component. Two types of breast cancer cells (SKBR3 and MCF7) were incubated in 96-well
plates, and each essential oil was transferred into the two center wells. After 48 h, the MTT assay was performed, and the results are of the plate are

shown
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Fig. 2 Antitumor effect of each essential oil. Each type of breast cancer cells (SKBR3 and MCF7) was incubated with varying doses of four essential
oils for 48 h. The MTT assay was performed and the ICs, was analyzed. Each bar represents the mean = SD of triplicate experiments
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group) and cancer cells in the wells farthest from that

essential oil (distal group) were stained with calcein-

Lemon Myrtle
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AM and PI and analyzed using a fluorescence micro-
scope (Fig. 3). In both cell lines, many red-stained dead
cell nuclei were observed in the proximal group, whereas

Fig. 3 Morphological changes in breast cancer cells due to volatile components of essential oils. Two types of breast cancer cells (SKBR3 and MCF7)
were incubated with four 500-fold diluted essential oils for 48 h. Morphological changes in breast cancer cells were analyzed by fluorescence
microscopy (400x) after staining with Calcein-AM (Cal) and propidium iodide (PI). Phase contrast modes (PC) and merged modes (Mer) are

also shown. The white bar equals 20 um
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a lot of green-stained viable cells were observed in the
distal group. The ratio of dead cells to living cells in the
proximal group was slightly lower in Melissa essential
oil, but no clear difference was observed in Lemongrass,
Lemon Mpyrtle, or Litsea. Although the number of dead
cells was smaller than that of the proximal group, some
cancer cells in the distal group also showed cell death.
The ratio of dead cells and viable cells in the distal group
was almost the same for each essential oil.

Antitumor effect by transpiration component of each
essential oil

The MTT assay was used with each of the four essen-
tial oils diluted 500-fold and the changes in cell growth
inhibitory effects depending on the distances from the
center were compared (Fig. 4a). Lemon myrtle sup-
pressed the proliferation of the breast cancer cells the
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most and melissa suppressed cell proliferation the
least. A plate reader was used to measure the absorb-
ance of each well and the cell survival rate (%) of the
three groups were compared based on their distances
to the essential oil: proximal group (0.8-1.0 cm), mid-
dle group (1.6-2.0 cm), and distal group (2.4—3.0 cm)
(Fig. 4b). In the proximal group, both cell lines were
significantly suppressed by Lemon Myrtle (p<0.05),
whereas Lemongrass and Litsea displayed similar
growth rates, and Melissa had the weakest effect on
the proliferation rates of the breast cancer cells. Lemon
Myrtle also significantly decreased the proliferation
rate of SKBR3 in the middle group, but no clear differ-
ence was observed in the MCF7 cells. No differences
were observed in the growth inhibitory effects of each
essential oil against SKBR3 and MCF7 in the distal
group.
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Fig. 4 Antitumor effect by transpiration component of each essential oil. a Two types of breast cancer cells (SKBR3 and MCF7) were incubated

in a 96-well plate, and four types of essential oils were transferred into the two center wells (LG: lemongrass, LM: lemon myrtle, litsea, and melissa).
After 48 h, MTT assay was performed, and the results for the plate are shown. b The average of intensities of each group (proximal, middle,

and distal) is shown in the bar graph. Each bar represents the mean + SD of triplicate experiments (ns: not significant, *: p<0.05 and **: p<0.01)
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Effect of volatile components of each essential oil

on normal cells

The MTT assay was also used to compare the effects of
the volatile components of these essential oils on nor-
mal human PBMC (Fig. 5). In the proximal group, lemon
myrtle did not suppress cell proliferation more signifi-
cantly than the other essential oils. No significant dif-
ferences were observed between the essential oils in the
middle group and the proximal group, and cytotoxicity
to the PBMC was very low. These results indicate that
lemon myrtle does not affect normal cells, even though
the two breast cancer cell lines studied here experienced
strong cytostatic effects at the same dose.

Comparative study of constituents in each essential oil

To clarify why lemon myrtle exhibited the strongest anti-
tumor effects, GC—-MS was used to analyze the com-
ponents of each essential oil. The components whose
content in the essential oil was 0.1% or more are listed in
Table 2.

Geranial was the most abundant component in the
four essential oils, followed by neral. The resulting total
citral levels were 70.04% in lemongrass, 83.77% in lemon
myrtle, 78.52% in litsea, and 40.34% in melissa. The citral
content was highest in lemon myrtle, which was consist-
ent with the results of the antitumor effects (Fig. 4). Thus,

Lemon Myrtle
PBMC | PBMC

(a)  Lemongrass
PBMC | PBMCM

x500
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we determined that citral was the most abundant tumor
growth inhibitor in these essential oils.

Comparison of citral concentrations in volatile components
of essential oils

The citral adsorption rate of the MonoTrap RCC18
placed in each well was quantified using gas chromatog-
raphy (Fig. 6). In the proximal group, the average geranial
and neral concentrations were 5.0 ul/ml and 3.5 ul/ml,
respectively. The concentrations were significantly higher
in lemon myrtle than in the other essential oils. No sig-
nificant differences in citral concentrations were found
in the middle and distal group essential oils. The citral
concentrations (ICg,) at which each essential oil showed
cytotoxicity to breast cancer cells was 1.67 ul/ml for gera-
nial and 1.31 ul/ml for neral (Figs. 4 and 6).

Citral antitumor effects

We investigated the antitumor effect of citral in vitro.
When citral was directly applied to breast cancer cells,
the IC;, was 7.9 uM for SKBR3 and 7.5 uM for MCF7
(Fig. 7a). When the volatile components of citral acted on
the breast cancer cells, cell proliferation in the proximal
to partially distal groups was suppressed at 500-fold dilu-
tion (Fig. 7b). Intensity decreased to 9.0% in the proximal
group, 15.2% in the middle group, and 67.1% in the dis-
tal group; thus, showing a stronger antitumor effect than

Melissa
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Fig. 5 Effect of volatile components of each essential oil on healthy cells. a PBMCs were incubated in a 96-well plate, and four types of essential
oils were transferred into the two center wells (LG: lemongrass, LM: lemon myrtle, litsea, and melissa). After 48 h, the MTT assay was performed,

and the results for the plate are shown. b The average of the intensities of each group (proximal, middle, and distal) are shown in the bar graph.
Each bar represents the mean =+ SD of triplicate experiments (ns: not significant, *: p<0.05, **: p < 0.01, ***: p <0.005)
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Table 2 Components and concentrations (%) in each essential oil
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Lemon grass Lemon Myrtle Litsea Melissa Chemical Class
1 Geranial 40.23 44 3947 2318 Monoterpene Aldehyde
2 beta-Caryophyllene 1.54 0.16 1.02 17.61 Sesquiterpene Hydrocarbon
3 Neral 29.81 39.77 29.05 17.16 Monoterpene Aldehyde
4 Limonene 0.33 / 14.37 0.53 Monoterpene Hydrocarbon
5 Germacrene D 0.24 0.02 0.01 9.63 Sesquiterpene Hydrocarbon
6 Geraniol 8 2.08 0.63 2.99 Monoterpene Alcohol
7 Geranyl acetate 535 / 0.03 2.23 Monoterpene Ester
8 trans-Isocitral 1.33 39 1.96 0.86 Monoterpene Aldehyde
9 Citronellal 0.25 0.24 0.62 338 Monoterpene Aldehyde
10 trans-beta-Ocimene 0.19 0.08 0.01 2.7 Monoterpene Hydrocarbon
11 cis-Isocitral 0.25 2.27 1 / Monoterpene Aldehyde
12 6-Methyl-5-hepten-2-one 1.67 1.62 0.82 2.06 Aliphatic Ketone
13 Sabinene / / 1.81 / Monoterpene Hydrocarbon
14 Myrcene 0.08 0.29 1.51 0.16 Monoterpene Hydrocarbon
15 alpha-Pinene 0.23 / 146 / Monoterpene Hydrocarbon
16 delta-Cadinene 0.38 0.04 0.04 144 Sesquiterpene Hydrocarbon
17 2-Nonanone 1.38 / / / Aliphatic Ketone
18 gamma-Cadinene 1.29 / / 0.5 Sesquiterpene hydrocarbon
19 alpha-Humulene 0.18 0.02 0.1 1.28 Sesquiterpene Hydrocarbon
20 Nerol / 1.29 0.33 1.05 Monoterpene Alcohol
21 Linalool 1.14 0.68 0.98 1 Monoterpene Alcohol
22 Camphene 1.12 / 0.27 / Monoterpene Hydrocarbon
23 1,8-Cineole 0.1 / 1.09 / Monoterpene Ether
24 beta-Pinene 0.02 / 1.08 / Monoterpene Hydrocarbon
25 Caryophyllene oxide 0.56 / 0.13 1.04 Sesquiterpene Ether

in lemon myrtle. When normal PBMC reacted with cit-
ral, the intensity was 60.3% in the proximal group, 57.1%
in the middle group, and 83.9% in the distal group. The
cell migration and cell invasion assays were performed
on SKBR3 breast cancer cells exposed to the volatile
components in citral at 500-fold dilution (Fig. 7c). The
ability of the SKBR3 cell line to migrate and invade was
significantly reduced by the volatile components of citral
(p<0.01). Thus, transpired citral has a strong antitumor
effect.

Discussion

Diagnosis and treatment of breast cancer

Aromatherapy for the prevention and treatment of can-
cer has been practiced as an alternative therapy using
plant-derived essential oils [10]. For example, it has been
shown that frankincense induces apoptosis in breast can-
cer cells and that lavender induces apoptosis in stom-
ach, skin, and breast cancer cells [11, 12]. Carvacrol is a
monoterpene extracted from, for example, Thymus vul-
garis (thyme) and Origanum vulgale (oregano) and kills
multiple cancer cells such as breast, stomach, colorectal,
and liver cancer by arresting the cell cycle [13, 14]. In

the present study, lemongrass, lemon myrtle, litsea, and
melissa had the strongest antitumor effects (Fig. 1) on
breast cancer cells. In contrast to other studies that have
shown that each essential oil directly acts on cancer cells,
this study compares the antitumor effects of the tran-
spiration components of each essential oil. No previous
reports have focused on the transpiration components of
each essential oil and compared them. This method has
good value as a basic study in the potential treatment of
cancer with essential oils.

Lemon myrtle

Lemon Myrtle (Backhousia citriodora), a shrub of the
Myrtaceae family, is a species native to the rainforests
of the Queensland coastal region of Australia [15]. It has
a rich lemon scent, contains citral, and is used as a tra-
ditional spice in Australia. Previous studies have shown
that lemon myrtle has high antioxidant and anti-inflam-
matory effects due to its suppression of the production
of inflammatory mediators, such as nitric oxide (NO)
[16-18]. In addition, lemon myrtle has been found to act
directly on colon, stomach, and bladder cancer cells by
inducing apoptosis via Caspase3 [19]. In this study, the
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transpiration component of lemon myrtle essential oil
displayed strong cytotoxicity against breast cancer cells
but did not display any toxicity in normal white blood
cells. Lemon myrtle’s carcinogenic effect was the strong-
est of the four tested essential oils, which might be due
to it having the highest citral concentration (a mixture
of neral and geranial isomers) of the four oils. Citral is
a monoterpene and is known to be a component with a
low molecular weight and high volatility. These results
suggest that lemon myrtle may be beneficial as a cancer
treatment due to its antitumor effects.

Lemongrass

Lemongrass (Cymbopogon spp.) is a perennial plant
of the grass family and is widely used in tropical coun-
tries, especially in Southeast Asia. The lemongrass genus
includes about 180 species, such as Cymbopogon citra-
tus and Cymbopogon flexuosus. Lemongrass essential oil
contains numerous bioactive compounds, including cit-
ral, citronellol, citronellal, limonene, linalool, and nerol
[20]. Lemongrass essential oil has been reported to dis-
play antibacterial, anti-inflammatory, anticancer, anti-
mutagenic, and antidiabetic activities [21]. In particular,

C. citratus essential oil has been reported to exert potent
cytotoxic activity against various cancer cell lines [22, 23].

Melissa

Melissa (Melissa officinalis L.) is a perennial plant of the
Labiatae family, also known as lemon balm [24]. It gen-
erally grows in the Mediterranean region and western
Asia and is intensively cultivated in Europe. Melissa has
various medicinal effects, such as hypoglycemic, hepato-
protective, antibacterial, antidepressant, hypnotic, seda-
tive, and antioxidant effects [25]. Melissa has also been
reported to exhibit cytotoxic effects on lung, breast,
ovarian, pancreatic, colon and brain tumor cells [26, 27].
Rosmarinic acid in melissa is reported to display a strong
antitumor effect [28].

Litsea

Listea (Litsea cubeba) is a 3—10 m evergreen tree or shrub
widely distributed in Southeast Asia, southern China,
Japan, and Taiwan and is used as a traditional medicine
to treat various ailments [29]. Litsea exhibits cytotoxic-
ity against lung, breast, gastric, uterine, ovarian, and
hepatoma cells [30, 31] and potentiates the cytotoxicity
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of oxaliplatin [32]. Seal et al. reported that the volatile
components of litsea essential oil inactivate the protein
kinase Akt in lung cancer cells, induce apoptosis through
mitochondrial membrane potential depolarization, and
arrest the cell cycle in the G1/S phase, thereby inhibiting
cancer cell growth [33]. Since the volatile components of
litsea essential oil can be delivered directly to the lung
tissue by inhalation, it is expected that a new treatment
method will be established.

Citral

Citral (3,7-dimethyl-2,6-octadien-1-al) is an aldehyde
component found in essential oils extracted from citrus,
lemongrass, and ginger [34]. Citral induces apoptosis
in gastric, colon, breast, uterine, ovarian, and prostate
cancer cells [35-38]. Citral also downregulates alde-
hyde dehydrogenase (ALDH) activity and Wnt signal-
ing, thereby suppressing spheroid formation, one of the

mechanisms of drug resistance acquisition [39, 40]. Cra-
votto et al. reported that the oral administration of cit-
ral to mice and rats resulted in its rapid absorption in the
gastrointestinal tract [41]. Although most of the citral
applied to the skin was volatilized and lost, the remain-
ing citral was absorbed into the body. Citral in the blood
was rapidly metabolized and excreted in the urine. Nano-
structured lipid carriers encapsulating citral (NLC-Cit-
ral) were formed to prevent citral loss by volatilization
and promote its uptake into tumor cells, thus suppressing
breast cancer cell proliferation and metastasis in vivo and
in vitro [42, 43].

Oral or dermal lethal dose (LD50) values of citral in
rats exceeded 1000 mg/kg, with the acute toxicity of
citral reported to be low in rodents [41]. In this study,
each transpiration component of the four essential
oils displayed almost no cytotoxicity to normal cells
(PBMC) in the middle and distal groups (Fig. 5). Lemon
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Mpyrtle, which had the highest citral content, was signif-
icantly less cytotoxic than the other three essential oils;
however, when citral alone was reacted with PBMC, it
showed relatively strong cytotoxic effects to the cells
in the middle group, which was equivalent to that of
the proximal group (Fig. 7b). Thus, citral-rich lemon
myrtle may contain a component that reduces citral’s
cytotoxicity to normal cells. Further research is needed
to identify this component. The results of this study
indicate that essential oils that contain a large amount
of citral, such as lemon myrtle, could be promising in
future cancer treatments due to their transpiration
components.

This study found that the volatile components of
essential oils that contain a large amount of citral, such
as Lemongrass, Lemon Myrtle, and Litsea, all have high
antitumor activity. Furthermore, it was shown that the
higher the citral concentration in the volatile fraction,
the stronger the antitumor activity. These essential oils,
along with Litsea, are considered important essential
oils for new treatments by inhaling volatiles.

Conclusion

The volatile components of lemongrass, lemon myrtle,
litsea, and melissa essential oils were shown to have
high antitumor activities, with lemon myrtle display-
ing the strongest activity. Moreover, these four essential
oils displayed a low cytotoxicity to normal PBMCs. All
of these essential oils contained a large amount of cit-
ral, which is thought to induce cell death in breast can-
cer cells in its volatilized state. When citral was reacted
independently with breast cancer cells, it showed a
strong antitumor effect that reduced cell proliferation,
migration, and invasiveness. Based on these findings,
the four essential oils could be used to induce cell death
in breast cancer cells via the transpiration of citral;
thus, suggesting the possibility of its use as an effective
ingredient for cancer treatment.
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