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Genotoxic and antiproliferative effects of Alpinia zerumbet
(Zingiberaceae) essential oil in Allium cepa biotest

Efeito genotodxico e antiproliferativo do 6leo essencial de Alpinia zerumbet
(Zingiberaceae), em bioteste de Allium cepa
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ABSTRACT

The species Alpinia zerumbet, popularly known as colony, is quite abundant in northeastern Brazil
and is widely used for medicinal purposes due to its hypotensive and cardiovascular effects, without,
however, due scientific evidence. Therefore, the objective of this study was to evaluate the genotoxic
and antiproliferative effects of A. zerumbet essential oil in test systems with Allium cepa. The
chemical composition of the essential oil was determined by gas chromatography coupled with mass
spectrometry (GC-MS). The antiproliferative and genotoxic effects were tested in seven treatments with
three replications and five concentrations of essential oil (0.01, 0.05, 0,1, 0.5, and 1.0%) using onion
bulbs. Two roots were analyzed from each bulb, with a count of 500 cells per slide/root, totaling 3,000
cells per treatment. The results showed that the main chemical constituents of the essential oil were
1.8 cineole (60.50%) and terpinen-4-ol (23.80%). In the assays with A. cepa, both the mitotic index (Ml)
and the cellular alteration percentages differed significantly in relation to the control, through the
appearance of chromosomal and nuclear aberrations at the concentrations tested, revealing possible
harmful effects on human health.
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RESUMO

A espécie Alpinia zerumbet popularmente conhecida como coldnia é bastante abundante no nor-
deste brasileiro, largamente utilizada para fins medicinais, devido seu efeito hipotensor e cardio-
vascular, sem as devidas comprovacdes cientificas. Com isso, o objetivo deste estudo foi avaliar
o efeito genotdxico e antiproliferativo do éleo essencial de A. zerumbet, em sistemas testes com
Allium cepa. A composi¢cdo quimica do 6leo essencial foi determinada por cromatografia gasosa
acoplada a espectrometria de massas (CG-MS). O efeito antiproliferativo e genotéxico foi testado
em sete tratamentos com trés repeticdes, e cinco concentra¢des do 6leo essencial (0.01, 0.05,
0,1, 0.5 and 1.0%) utilizando bulbos de cebola. De cada bulbo foram analisadas duas raizes, com
contagem de 500 células por lamina/raiz, totalizando 3.000 células por tratamento. Os resultados
mostraram que os principais constituintes quimicos do éleo essencial foram 1,8 cineol (60,50%)
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e terpinen-4-ol (23,80%). Nos ensaios com A. cepa, tanto indice mitético (IM) quanto as porcenta-
gens de altera¢Bes celulares diferiram significativamente em relacdo ao controle, por meio do
aparecimento de aberra¢des cromossdmicas e nucleares nas concentra¢des testadas, revelando
possiveis efeitos nocivos a salde humana.

Palavras-chave: Alpinia zerumbet; Allium cepa; Sistema teste

1 INTRODUCTION

The botanical species Alpinia zerumbet (Pers.) Burtt & Smith, native to tropical
regions of South and Southeast Asia, popularly known as colony, helicondia, jardineira,
alpinia and shell ginger, belongs to the Zingiberaceae family. It is an aromatic herb with
2 to 3 meters in height, light green leaves, grouped in clumps, slightly aromatic flowers,
arranged in the form of large yellow-pink clusters and is widely used for therapeutic
purposes (Kawai et al., 2021; Cruz et al., 2020).

In folk medicine, it is used for respiratory disorders, expectoration, headache,
fever, relaxation, rheumatism and asdiureticand vermifuge (Azevedo, Lins, 2020). In vivo
and in vitro studies have demonstrated the therapeutic properties with antimicrobial,
antinociceptive, antioxidant, antihypertensive, antispasmodic, anti-inflammatory,
hypotensive, diuretic, sedative and cardiovascular activity (Nag et al., 2019; Xiao et al.,
2018; Kerdudo et al., 2017).

The pharmacological use of A. zerumbet is attributed to its active principles,
among which the essential oil (EO) commonly extracted from leaves, rhizomes, stems
and flowers stands out. EO are mixtures of lipophilic and volatile substances, produced
by aromatic plants as a result of their secondary metabolism, with wide application in
the food, beverage, personal care products, cosmetics, perfumes, cleaning products
and pharmaceutical compositions industries as a source of new bioactives molecules
(Almeida, Almeida, Gherardi, 2020; Nascimento, Prade, 2019).

Chemical compounds present in EO have diverse biological activities, including:
analgesic, antiviral, antispasmodic, anti-inflammatory, antioxidant, antimicrobial,

healing, insecticidal, larvicide, vermifuge and, among others (Jahanafrooz et al., 2024;
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Sellesetal., 2024, Pretietal., 2018; Orlanda, Nascimento, 2015). However, itis necessary
to carry out studies to prove its effectiveness and safety, regarding the toxic effects of
substances harmful to human health (Viana et al., 2023; Viana et al., 2022).

The evaluation of cytotoxic and genotoxic effects is essential to understand
the possible mechanisms of action, damage or mutations to nuclear DNA, in order
to develop new safe and effective drugs (Kim et al., 2019; Ozaslan, Oguzkan, 2018;
Turkez, Arslan, Ozdemir, 2017).

Bioassay with the Allium cepa plant test system as a bioindicator has shown good
results to evaluate the cytotoxic, genotoxic and mutagenic effects of several medicinal
plants. The in vivo assay employs the growth of A. cepa roots in direct contact with the
substance of interest, allowing the prediction of possible damage to the cell's DNA
(Fernandes et al., 2022; Parvan et al., 2020; Frota et al., 2019; Pastori et al., 2015).

The test is sensitive to detect numerous substances that cause chromosomal
alterations, due to the kinetics of proliferation, rapid root growth, large number of
dividing cells, excellent sensitivity, low cost, ease of handling and good correlation with
mammalian cells (Cuchiara, Borges, Dobrows, 2012).

Thus, the present study aims to evaluate the genotoxic and antiproliferative

effect of the essential oil Alpinia zerumbet in test systems with Allium cepa.

2 METHODOLOGY

2.1 Plant material

Leaves of Alpinia zerumbet were collected during the flowering of the plant, in
the municipality of Senador La Roque, Maranhao, Brazil (5°26'34"S 47°17'27"0), in June
2021. A voucher specimen is kept at the UEMASUL Herbarium, accession number RB

433485.
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2.2 Essential oil extraction

The essential oil was extracted from fresh plant material, subjected to
hydrodistillation in a clevenger apparatus for 4 h, according to the methodology
described by Orlanda and Nascimento (2015). The extraction yield was calculated in
the mass/mass ratio by measuring the density, observing the volume obtained in the

extraction system itself, and expressed in percentage (% v/p).
2.3 Chemical characterization of essential oil

Essential oil analysis was performed by gas chromatography coupled to mass
spectrometry (GC/MS) in a Shimadzu QP-5000 GC system, equipped with a Shimadzu
QP-5000 GC selective mass detector. Analysis parameters: 0.3 pL sample; split inlet
1:10; carrier gas: He (1 mL min™); HP5-MS fused silica capillary column (5% diphenyl
and 95% dimethyl polysiloxane, 30 m x 0.25 mm, film thickness: 0.25 pm); analysis
program:40°C(Ti)for 5min, 40-260°C, 4°C min"and 240°Cisotherm for 7.5 min; injector
and detector temperature: 280°C; interface temperature: 250°C; ionization energy: 70
eV, database: NIST, 1998. The essential oil components were identified based on the
retention index (RI), determined by using calibration curve of a homologous series of
n-alkanes (C,-C,,) injected into them. The chromatographic conditions of the samples
and in the fragmentation models of the mass spectra were both compared with data
from the literature. Essential oil components were identified by comparison of the

mass spectra obtained with the equipment database using the NIST library.
2.4 Genotoxic and antiproliferative effect

Allium cepa (onion) bulbs were placed for rooting in glass pots (8 =5 cm, height =
10 cm) filled with distilled water. The pots with the bulbs were kept in dark conditions
atroom temperature of 25 £ 1°C. When the adventitious roots reached a length of 2 to
3 ¢cm were treated with A. zerumbet essential oil at concentrations of 0.01, 0.05, 0,1, 0.5

and 1.0% for 24 h. In the tests, the solvent Triton X-100 was used as a negative control
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and 15% glyphosate was used as a positive control.

The treated roots were fixed in modified Carnoy’s solution (ethanol:acetic acid -
3:1, v/v) for 24 h. Fixed roots were hydrolyzed with 1 mol L' HCI for 5 minutes to soften
the tissues. Root tissue was stained with 2% acetic orcein for 30 minutes after washing
with distilled water (Pastori et al., 2015).

Squash technique was used to prepare blades according to Guerra and Souza
(2002), Armbruster et al. (1991), with modifications. For each treatment, three onion
bulbs served as replicas.

Cytotoxic potential of the essential oil was studied by determining the mitotic
index - MI (Equation 1) and percentage of occurrence of cellular changes (Equation
2). The analysis was performed using the Carl Zeiss Software Zen 2012 microscope
connected to the ICCT Camera (40-100X objective), by observing 500 cells per meristem

root and F1 region of the bulb, totaling 3.000 cells analyzed in each treatment.

Number of dividing cells (1 )
100
Total cells

Mitotic index (%) =

Altered Cells (%) _ Number of cells with cellular alterations %100 (2)

Total dividing cells

2.5 Statistical analysis

A completely randomized design adopted. Data were submitted to analysis of
variance (ANOVA) followed by the Tukey test (p < 0.05). Data were analyzed using the

SisVar 5.6 software (Ferreira, 2011).
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3 RESULTS AND DISCUSSION

3.1 Chemical composition

The essential oil from A. zerumbet leaves showed a yield of 0.22%, 0.92 + 0.01 g mL"
density at 25°C, a mild odor and a light yellow appearance. A similar result was obtained
by Canuto et al. (2015) who showed a yield of 0.23%.

In total, nine chemical constituents were identified by GC-MS, terpenic in nature,
containing mono and sesquiterpenes (Table 1). The major compounds found were 1,8

cineole (60.50%) and terpinen-4-ol (23.80%).

Table 1 - Chemical composition of A. zerumbet essential oil

N° Component Rl (minutes)®> Percentage® Molecular Formule
1 B-Pinene 17.33 5.12 CoHie
2 a Phellandrene 18.03 3.27 CoHie
1,3 Clycohexadiene, 1-methyl-4 -
18.41 1.35 CoHie
(1-methylethyl)
4 O - Cymene 18.67 1.67 CoHis
d - Limonene 18.86 0.90 CoHie
6 Eucalyptol (1,8 cineole) 19.01 60.50 C,,H,0
7 B-Linalool 21.26 1.10 C,,H,s0
Bicyclo [3.1.0] hexan-2-ol, 2-methyl-
22.37 2.29 C,,H,:0
5-(1-methylethyl) -, (10,2[3,5q)-
9 Terpinen-4-ol 23.82 23.80 C,,H,s0

Source: Authors (2021)
Note: ?Retention indices (RI); ®% GC peak

The main chemical components of A. zerumbet essential oil most cited in the
literature are two oxygenated monoterpenes, terpinen-4-ol and 1,8-cineole (Souza et al.,
2018; Jezler et al., 2013; Santos et al., 2012; Rezende et al., 2011; Barcelos et al., 2010). Both
compounds were found to be present in this study.

Thevolatile substances presentinA. zerumbet essential oil may have animportant

influence on its biological activity. Terpinen-4-ol showed cardiac arrhythmogenic

Ci e Nat., Santa Maria, v. 46, 73445, 2024



Sousa, M. A. A. de, Silva, F. S. L., & Orlanda, J. F.F. | 7

activity and may have an influence on hypotensive effects (Gondim et al., 2017). In
addition, terpinen-4-ol and 1,8-cineole have antimicrobial activity (Matasyoh et al.,

2007; Janssen & Scheffer, 1985).
3.2 Antiproliferative effect

The evaluation of the antiproliferation effect of EO allows evaluating the action
of chemical compounds on cell growth (Mohanty et al., 2023; Silva et al., 2019). Effect
of A. zerumbet essential oil on the mitotic index (MI) differed significantly between

treatments (Table 2).

Table 2 - Effect of A. zerumbet essential oil on the mitotic index of A. cepa

Concentrations (%)

Treatments

CN cp 0.01 0.05 0.1 0.5 1.0
Interphase 2742 2977 2918 2944 2944 2961 2834
Prophase 150 20 65 50 48 30 85
Cells Metaphase 8 0 7 3 0 0 2
Anaphase 37 2 4 1 0 0 1
Telophase 63 1 6 2 8 9 78
Total cells 3000 3000 3000 3000 3000 3000 3000
Mitotic index (%) 8.6a 0.77c 2.73bc 1.87c 1.87c 1.3c 5.53ab

Source: Authors (2021)
Note: CN = Negative control; CP = Positive control

In general, the IM of A. cepa cells showed significantly lower values compared
to the negative control (CN = 8.6%). These results demonstrated that the essential oil
reduced the cell division rate of A. cepa cells. Several studies have shown that essential
oils reduce the mitotic index in A. cepa (ISSA et al., 2020; SHARMA et al., 2019; UBESSI
etal., 2019). Issa et al. (2020) found that increasing concentrations of essential oil from
Vitex negundo leaves (0.01 - 0.10 mg mL") decreased IM in A. cepa. Sharma et al. (2019)

observed that the volatile oil of Hyptis suaveolens (0.05 - 2.5 mg mL") reduced the cell
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division rate of A. cepa cells by up to 63.0% for the highest concentration tested.

The 1.0% essential oil concentration the highest Ml value (5.53%) and did not
present significant differences from the negative control, followed by the lowest
concentration tested 0.01%. Intermediate essential oil concentrations (0.05, 0.1 and
0.1%) showed lower Ml and did not differ from the positive control (CP = 0.77%). These
results disagree with most of the studies cited with essential oil, where normally the
highest concentrations are those with the lowest MI and generally the rate of cell
division decreases with increasing concentration (Issa et al., 2020; Sharma et al., 2019).
However, (it is possible to find) there are to find studies in the literature with similar
results (Mohammed et al., 2015; Pastori et al., 2015; Chukwujekwu, Van Staden, 2014;
Dias et al., 2014). Dias et al. (2014) observed that with increasing concentrations of
Mikania cordifolia extract, the IM of A. cepa also increased. Mohammed et al. (2015)
observed that a compound isolated from Coleus forslohlii, forskolin, had a higher Ml in
A. cepa at the highest concentrations tested. Pastori et al. (2015) found that the infusion
of Polygonum punctatum had the highest Ml for the highest concentration tested.

The reduction in the mitotic index indicates antiproliferative or cytotoxic activity
ofthe essential oil (Issa etal., 2020; Sharma et al., 2019; Prajitha, Thoppil, 2016; Pastori et
al., 2015; Chukwujekwu, Van Staden, 2014). According to Hoshina (2002), a decrease in
the mitotic index (M) is indicative of cytotoxicity of the substance, whereas an increase
indicates that there was an induction of cell division, which can lead to the appearance
of tumors in living beings. The antiproliferative effect of the essential oil demonstrated
by the reduction in the mitotic index in A. cepa cells may occur due to changes in the
cell cycle, such as blocking DNA synthesis or reducing the rate of cytokinesis (Issa et al.,
2020; Liman et al., 2020; Prajitha, Thoppil, 2016, Mohammed et al., 2015).

All the tested concentrations of A. zerumbet EO showed lower Ml in relation to
the negative control, which may indicate possible cytotoxicity of the essential oil. Some

studies carried out with A. zerumbet confirm that its essential oil has antiproliferative
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activities. Castro et al. (2016) observed that A. zerumbet essential oil at a concentration
of 100 mg mL"' completely inhibited the bacterial growth of Staphylococcus aureus.
Victério et al. (2009) also verified antibacterial activity against A. zerumbet.

However, some studies carried out with EO of A. zerumbet obtained discordant
results. Cavalcanti et al. (2012) found that concentrations of 500 pg mL" showed
antiproliferative effects and DNA damage, while concentrations of 50 - 300 pg mL"
did not induce genotoxicity in human leukocytes. Roman Junior et al. (2017) observed
that compounds isolated from the extract of A. zerumbet leaves have antiproliferative
activity against some lines of breast cancer and leukemia cells.

For Itoyama et al. (1997) the high concentration of some chemical compounds
may have an inhibitory or stimulating effect on the cell cycle, as has happened with
caffeinein Drosophila prosaltans. In addition to concentration, the chemical composition
of the essential oil also has a strong influence on the biological activity of essential oils

(Sousa et al., 2020; Orlanda, Nascimento, 2015; Bakkali et al., 2008).
3.3 Genotoxic effect

Micronucleus test in A. cepa has been considered an efficient system to evaluate
the genotoxic effects promoted by changes in genetic material, due to exposure to
various substances, based on the number of cells carrying chromosomal and nuclear
aberrations (Schreiner et al, 2024; Freitas, Uchba, Magalhdes, 2020; Pathiratne,
Hemachandra, 2015).

The effect of A. zerumbet essential oil on the change rate showed a significant
difference between treatments (Table 3). The positive control (CP = 8.7%) showed the
highest cell alteration date. The essential oil caused an increase in the cellular change
rate in the root cells of A. cepa, when compared to its negative control (CN) which
did not show any change in cell division, despite having the highest MI. These data

corroborate several studies that confirm that essential oils have genotoxic activity (Issa
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et al., 2020; Sharma et al., 2019).

Table 3 - Effect of A. zerumbet essential oil on the cellular alterations of A. cepa

Concentrations (%)

Treatments
CN (of 4

0.01 0.05 0.1 0.5 1.0
Number of dividing cells 258 23 82 56 56 39 166
Disorganized cell division - 2 2 2 - - 10
Microkernel - - - 1 2 - -
Anaphase bridge with 1
chromosome break
Total changes 0 2 3 3 2 0 10
Cellular change (%) Oe 8.7a 3.66d 5.36¢ 3.57d Oe 6b

Source: Authors (2021)
Note: CN = Negative control; CP = Positive control

The changes that occurred in the positive control were expected, as several
studies have already shown that glyphosate is capable of inhibiting cell division and
inducing chromosomal changes in A. cepa meristematic cells (Mercado, Calefio, 2019;
Pastori et al., 2015; Souza et al., 2010), such as breaks, chromosome bridges, and
micronuclei (Mercado, Calefio, 2019)

Several studies have been carried out on the genotoxic effects on A. cepa, but
most are with plant extracts and infusions. Pastori et al. (2015) found that the infusion
of Polygonum punctatum with a lower concentration had a higher percentage of cellular
changes. A similar result was found in Table 3, where the 0.05% concentration had a
higher cellular change rate than those of 0.1 and 0.5%.

The main cellular alterations found in dividing cells were disorganized cell

division (CP, 0.01, 0.05 and 1.0%), micronucleus (0.05 and 0.1%) and anaphase bridge
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with chromosomal breakage (0.05%) according to Table 3 and Figure 1.

Figure 1 - Cellular changes in A. cepa bulbs treated with A. zerumbet essential oil. (a) cells
in normal prophase and anaphase (CN); (b) disorganized division (CP); (c) disorganized
cell division (0.01%); (d) anaphase bridge with chromosomal breakage (0.01%), (e)
disorganized cell division (0.05%); (f) micronuclei (0.05%); (g) micronuclei (0.1%); (h)

disorganized cell division (1.0%)

These changes are commonly found in A. cepa cells subjected to treatments
with essential oils (Issa et al., 2020; Sharma et al., 2019) or extracts (Akwu et al., 2019;
Prajitha, Thoppil, 2016).

However, some studies with the same species have reported that the volatile oil
does not have genotoxic and mutagenic capacity (Cavalcanti et al., 2012). Cavalcanti
et al. (2012) found that the A. zerumbet essential oil only has genotoxic effects at
concentrations above 500 pg mL', and that concentrations of 50 - 500 pg mL" have an
antioxidant protective effect caused by H,0,,.

Anaphase bridges are likely formed during chromatid organization the spindle,
caused by rupture, fusion, uneven exchange of chromatid translocation (Liman et al.,
2020; Chukwujekwu, Van Staden, 2014).

The genotoxic effect of A. zerumbet essential oil, as well as the antiproliferative,

may be due to changes in the cell cycle, such as inhibition of DNA synthesis or mitotic
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spindle, in addition to the generation of reactive oxygen species caused by treatment
with the essential oil (Issa et al., 2020).

The indices of cellular alterations found indicated a possible genotoxic activity of
the essential oil in a test assay with A. cepa, at least at the concentrations tested. Thus,
the cellular alterations found in this study may be due to both the concentration and

the chemical constitution of the essential oil.

4 CONCLUSIONS

This study demonstrated that A. zerumbet essential oil has antiproliferative
activities in A. cepa, which makes it suitable for future studies in tumor cells, for
example. However, due to its genotoxic activity, it can also affect non-target human
cells. More studies are needed on the genotoxic and antiproliferative potential of A.
zerumbet in other tests, as well as evaluation of the quantitative chemical composition

of the essential oil and its individual constituents.
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