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Cytotoxic effects of essential oils from four Lippia alba chemotypes in human 
liver and lung cancer cell lines

Sandra Montero-Villegasa, Rosana Crespoa, Boris Rodenak-Kladniewa, María Agustina Castroa, Marianela Gallea, 
José F. Cicciób, Margarita García de Bravoa and Mónica Poloa

afacultad de ciencias Médicas, instituto de investigaciones Bioquímicas de la Plata “Prof. Dr. rodolfo r. Brenner” (iniBiolP) unlP-conicEt cct 
la Plata, la Plata, argentina; bEscuela de Química y centro de investigaciones en Productos naturales (ciProna), universidad de costa rica, san 
José, costa rica

ABSTRACT
Essential oils (EOs) from aromatic plants contain molecules that can interfere with diseases such 
as cancer and are considered attractive because of their widespread use, good bioavailability, low 
toxicity and affordable cost. EOs from Lippia alba (LaEOs) manifest intraspecific chemical differences 
in its composition – defined as chemotypes – and is notable for the chemical diversity of their 
volatile secondary metabolites. We evaluated LaEOs chemotypes cytotoxicity on human cancer 
culture cells and investigated the mechanisms involved in tagetenone (ta) chemotype cytotoxicity. 
It exhibited selective cytotoxicity against HepG2 and A549 cells. The mechanism involved cell cycle 
arrest and apoptosis induction. Tagetenone chemotype (LaEOta) treatment caused 3-hydroxy-3-
methylglutaryl-coenzyme A reductase decrease and profound cholesterogenesis inhibition with 
farnesyl pyrophosphate redirection towards other end products, such as ubiquinone. This work 
contributes to a clearer understanding of mechanisms of action of LaEOta, thus suggesting that the 
use of that tagetenone chemotype could provide significant health benefits as a chemopreventive 
and/or chemotherapeutic agent.

1. Introduction

Cancer has emerged as one of the most alarming dis-
eases in the last decades. According to World Health 
Organization (1), incidence and mortality of cancer is 
increasing worldwide indicating the deficiency in pres-
ent cancer therapies.

Currently used drugs for cancer treatment are often 
associated with the development of multidrug resistance, 
serious side effects and high cost. Therefore, anticancer 
agents with higher tumour burden reduction efficacy, 
fewer side effects and acquired at affordable cost are crit-
ically needed (2).

Plants represent a viable alternative because they con-
tinue being the major source and inspiration for devel-
oping therapeutic agents. The interest in medicinal plant 
research for cancer treatment has recently increased (2,3).

Among plant-derived compounds, essential oils (EOs) 
from aromatic plants have been attractive for their wide-
spread use, good bioavailability, low toxicity and econom-
ical price (4–6). EOs are complex mixtures of odoriferous 
substances consisting mostly of hydrophobic chemical 

components, diffusing easily across cell membranes and 
then inducing biological reactions through which a wide 
variety of bioactivities including anticancer action is 
exerted (4–6). The anticancer potential of EOs and their 
components have been recently published by several 
authors (7–10).

Indeed, EO biological activity is related to the chemical 
composition of its main components. Monoterpenes are 
the most abundant constituents, and antitumour activity 
of EOs has often been related to the presence those ter-
penoids in phytocomplex (8,11,12).

An intervention in several biochemical processes has 
been proposed to explain the anticancer effects of EOs 
and their constituents (9). Multiple inhibitory effects exer-
cised by monoterpenes on mevalonate pathway (MP) are 
among those interactions (13–16). MP is a metabolic route 
where various intermediates and end products are gener-
ated with key roles in cell growth, migration, survival and 
differentiation in mammalian cells (17,18). The main reg-
ulation point in MP is catalysed by 3-hydroxy-3-methyl-
glutaryl-coenzyme A reductase (HMGCR), its inhibition 
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Herbarium of the University of Costa Rica (L. alba carvone 
chemotype: USJ 70741, L. alba piperitone chemotype: USJ 
93918, L. alba tagetenone chemotype: USJ 70698, and L. 
alba citral chemotype: USJ 100626).

2.2. Essential oils extraction and analyses

2.2.1. Oil extraction
Dried leaves were hydrodistilled at atmospheric pressure, 
for 3 h, using a Clevenger-type apparatus. The essential 
oils were collected and dried over anhydrous sodium 
sulphate, filtered and stored at 4–10 °C in the dark, for 
further analysis. The oil yields from diverse chemotypes 
were: L. alba carvone (ca), 1.8% (v/w); L. alba (pi), 0.4%; 
L. alba tagetenone (ta), 0.8%, and L. alba citral (ci), 0.9%. 
Extractions were performed in triplicate.

2.2.2. Gas chromatography analyses
The essential oils were analysed by gas chromatography 
with flame ionization detector (GC–FID) and gas chro-
matography–mass spectrometry (GC–MS) according to 
Chaverri and Cicció (24). Briefly, the analytical GC was 
carried out on a Shimadzu GC-2014 gas chromatograph 
and the data were obtained on a poly (5% phenyl-95% 
methylsiloxane) fused silica capillary column (30  m × 
0.25 mm; film thickness 0.25 μm), (MDN-5S, Supelco), 
with a Shimadzu GCsolution™ Chromatography Data 
System software, version 2.3. Operating conditions were: 
carrier gas N2, flow 1.0 mL/min; oven temperature pro-
gram: 60–280  °C at 3  °C/min, 280  °C (2  min); sample 
injection port temperature 250 °C; detector temperature 
280 °C; split 1:60. The percentages of the constituents were 
calculated by electronic integration of FID peak areas 
without the use of response factor correction.

2.2.3. GC–MS analyses
GC–MS analyses were performed with a Shimadzu GC-17A 
gas chromatograph coupled with a GCMS-QP5000 appa-
ratus and with GCMSsolution™ software (version 1.21), 
with Wiley 139 and NIST computerized databases. The 
analyses were carried out with the same column described 
above. Operating conditions were: carrier gas He, flow 
1.0 mL/min; oven temperature programme: 60–280  °C 
at 3 °C/min; sample injection port temperature 250 °C; 
detector temperature 260 °C; ionization voltage: 70 eV; 
ionization current 60 μA; scanning speed 0.5 s over 
38–400 amu range; split 1:70.

2.2.4. Compound identification
The oil constituents were identified using the retention 
indices (RI) on DB-5 type column (25) and by comparison 
of their mass spectra with those published in the litera-
ture (26) or those of the author’s database. To obtain the 

may constitute an effective strategy to reduce malignant 
cell growth.

Lippia alba (Mill.) N.E. Brown is a common aromatic 
shrub belonging to the Verbenaceae family, present in 
the Americas, ranging from subtropical regions of North 
America (northern Mexico and Texas) and the Neotropics 
(dry forests of Central America or in humid regions of the 
Caribbean Islands and the Amazon Rainforest in South 
America) to subtropical regions of the Southern Cone 
(Argentina, Brazil, and Uruguay). This species is of great 
interest for its various medicinal uses, especially against 
digestive disorders and as a sedative remedy (19,20).

Lippia alba essential oil (LaEO) is notable for the 
chemical diversity of volatile secondary metabolites. 
Monoterpenes – namely myrcene, limonene, 1,8-cineole, 
linalool, citral (mixture of geranial and neral), carvone 
and tagetenone (mixture of myrcenone and two isomeric 
ocimenones) – are frequently found (21). Also, according 
to environmental and habitat conditions, L. alba species 
may exhibit intraspecific chemical differences in EO com-
position defined as chemotypes (19,20). Natural variabil-
ity of chemical composition of essential oils might have 
significant influence on biological activities and thus pos-
sible therapeutic effects (19,20). The cytotoxicity of vari-
ous LaEO chemotypes, and of some major components, to 
several tumour cell lines – has been demonstrated (22,23). 
Nevertheless, those studies still presented only prelimi-
nary screening data and therefore did not describe any 
definitive mechanism of action.

We herein investigated cytotoxicity of four LaEO 
chemotypes in human liver carcinoma (HepG2), human 
lung carcinoma (A549) and Vero cells aiming to test their 
possible use as alternative agents for cancer therapy. Some 
cytotoxicity-involved mechanisms of LaEO to cancer cells 
were also evaluated.

2. Experimental part

2.1. Plant material

Leaves were collected from four L. alba chemotypes 
(carvone, piperitone, tagetenone, and citral) cultivated in 
Costa Rica. The L. alba carvone (plants originally from 
Costa Rica) and piperitone chemotypes (plants origi-
nally from Argentina) were cultivated in the wet tropic of 
Bougainvillea S. A., in Baltimore, Matina (10°01′03″N, 83° 
19′41″W), Province of Limón. The L. alba tagetenone and 
citral chemotypes (plants originally from Costa Rica) were 
cultivated in a private garden in San Rafael de Montes 
de Oca (9°56′37″N, 84° 01′01″W), near San José city in 
the Central Valley, Province of San José. The plants were 
identified by R. Ocampo and J. F. Cicció, University of 
Costa Rica. A voucher specimens were deposited in the 
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retention indices for each peak, 0.1 μL of n-alkane mixture 
(C8–C32) was co-injected under the same experimental 
conditions reported above.

2.3. Cell lines, cultivation and treatment conditions

Human liver carcinoma (HepG2), human lung carcinoma 
(A549) and the noncancerous African green monkey kid-
ney (Vero) cell lines used in this study and obtained from 
the American Type Culture Collection were cultured in fil-
ter-sterilized Eagle’s Minimum Essential Medium (MEM; 
Gibco, Invitrogen Corporation, California, USA) supple-
mented with 10% (v/v) fetal bovine serum (FBS; Natocor, 
Córdoba, Argentina) and 100 U/mL penicillin and strep-
tomycin (Richet, Argentina) and were maintained at 37 °C 
in an atmosphere of 5% CO2-air.

Since the cell lines employed in the present study had 
different proliferation rates, the number of cultured cells 
used in the assays was adjusted to a density such that the 
cells reached the exponential growth phase before start-
ing the experimental incubations and then remained in 
that phase during the entire treatment. HepG2, A549 and 
Vero cells were accordingly seeded at densities of 20,000, 
10,000 and 45,000 cells/cm2, respectively, and grown 
under standard conditions for 24 h before changing the 
medium to fresh medium containing various concentra-
tions of EOs dissolved in dimethyl sulphoxide (DMSO, 
final concentration 0.2% [v/v]). Control cells were treated 
with the equivalent amount of the DMSO vehicle.

In the experiments with Mv, cells were treated with 
EO plus 0.5 mmol/L Mv (Sigma–Aldrich, St. Louis, MO, 
USA) for 48 h under the above conditions.

For cell treatments with simvastatin (Sv; Merck, Sharp 
and Dohme, Argentina), the drug was added to the culture 
medium as the sodium salt in aqueous solution at the 
indicated concentrations for 48 h (27).

2.4. Cell viability and cell proliferation

2.4.1. MTT assay
The malignant human cell lines (HepG2 and A549) and 
the noncancerous cell line (Vero) were seeded in 24-well 
plates and treated with increasing concentrations of 
an EO. After treatment, cell viability was tested by the 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay according to Crespo (14). All exper-
iments were repeated at least three times.

The phytochemical effect on cell viability was quan-
tified as the percentage of control absorbance. The con-
centration that reduced cell viability by 50% (the IC50) 
was obtained by nonlinear regression and is used as the 
cytotoxicity analysis parameter.

Accordingly, in the experiments the concentrations of 
the chemotypes will be expressed as multiples or fractions 
of the respective IC50 value followed by an ‘×’. Therefore, 
to convert this notation into absolute concentration 
units, the respective IC50 values listed in Table 2 must be 
substituted.

The selectivity index (SI) was calculated as the ratio 
of the IC50 for the Vero cells divided by the IC50 for the 
HepG2 or A549 cells. The SI value indicates the degree 
of selective toxicity of a given EO to the cancerous cell 
lines tested relative to that of the nonmalignant line. Any 
sample of an SI value higher than 3 was considered to have 
a high selectivity (28).

2.4.2. Viable cell count assay
To confirm the results of the MTT assay, cell prolifera-
tion was assessed by cell counting using the Trypan blue 
dye exclusion test to differentiate live and dead cells. 
Human tumour cells seeded in six-well microtest plates 
were treated with increasing concentrations of EO. The 
cells were harvested by trypsinization, the cell suspen-
sions mixed (1/1, v/v) with 0.4% (w/v) trypan blue solu-
tion, and cells that excluded Trypan blue counted in a 
Neubauer chamber. Results are expressed as percentage 
of viable cells for each concentration tested in comparison 
to control treatment.

2.5. Cell cycle analysis

HepG2 and A549 cells were seeded and treated in 25 cm2 
culture flasks. After treatment, the cell distribution among 
the different stages of the cell cycle was determined by 
flow cytometry as previously described (14). Ten thousand 
events were evaluated per experiment and cellular debris 
was omitted from the analysis.

2.6. Assay of nuclear morphology

Nuclear morphology was visualized by DNA staining 
with Hoechst 33342 (Sigma–Aldrich, St. Louis, MO, USA) 
and propidium iodide (PI). HepG2 cells were seeded and 
treated on cover slips placed in six-well plates. Medium 
with 3% (v/v) DMSO was used as the positive control 
for apoptosis. After treatment, the cells were washed 
with phosphate-buffered saline (PBS: NaCl 137 mM; KCl 
2.7 mM, 10.0 mM Na2HPO4, 2.0 mM KH2PO4, pH 7.4), 
stained with 5 μg/mL Hoechst 33342 in PBS in the dark 
for 20 min at 37 °C, counterstained with 25 μg/mL PI in 
PBS in the dark for 15 min at 4  °C and finally washed 
three times with PBS. The samples were observed under 
an Olympus BX51 fluorescence microscope (Tokyo, 
Japan) equipped with an Olympus DP70 digital camera. 
The microscopical fields were photographed, and merged 
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and, free and esterified cholesterol separated by TLC on 
silicagel G according to Kladniew (27). The quantifica-
tion was made by means of a curve constructed with pure 
standards by means of a curve constructed with pure 
standards that had been run on the same TLC plate. The 
spot images were analysed by the Image J program.

2.10. HMGCR levels (Western blotting)

HepG2 cells were seeded and treated in 25-cm2 flasks. 
After treatment, the cells were harvested by scraping and 
HMGCR levels were determined by Western blotting as 
previously described (27). Sv at 5 μM was used as a posi-
tive control for increased HMGCR levels since the inhibi-
tion of the enzyme by the drug results in a compensatory 
de novo synthesis of the HMGCR protein.

2.11. Statistical analysis

Experimental data were expressed as the means  ±  SD. 
Statistical analysis was performed through the use of the 
one-way analysis of variance (ANOVA) and the Tukey–
Kramer multiple-comparisons test with the significance 
level set at p < 0.05 or else the unpaired Student t-test. 
(GraphPad InStat program). The IC50 values for cell via-
bility after exposure to the EOs were calculated from the 
MTT results by nonlinear-regression curves (SigmaPlot 
software; Systat Software, Inc., Point Richmond, CA). The 
Selective Index for the two tumour cell lines was calcu-
lated against the noncancerous cell line (Vero) from the 
IC50 values obtained for all three of the MTT results.

3. Results

3.1. Chemical composition of LaEO chemotypes 
cultivated in Costa Rica

Among the compounds identified in the leaf oil, five main 
classes could be distinguished: monoterpene hydrocar-
bons, oxygenated monoterpenes, sesquiterpene hydro-
carbons, oxygenated sesquiterpenes and the aliphatic 
6-methyl-5-hepten-2-one. Table 1 lists the chemical com-
positions of the LaEOs from the carvone (ca), piperitone 
(pi), tagetenone (ta) and citral (ci) chemotypes. The main 
constituents of the leaf oils were oxygenated monoterpe-
nes with a yield of over 50% in all instances.

3.2. Cytotoxicity of LaEO chemotypes to cancerous 
and nonmalignant cells

In order to analyse cytotoxicity, cells were treated with 
increasing concentrations of EOs and the viability deter-
mined by the MTT assay. Table 2 shows the IC50 values 
obtained from concentration to viability plots for the 

images (with blue and red fluorescence) were analysed 
through the use of ImagePro Plus v. 5.1 software (Media 
Cybernetics, Silver Spring, Md.).

A total of at least 200 cells were counted and classi-
fied into the following four cellular states according to the 
Hoechst 33342-PI labelling observed (29): LN, live cells 
with normal nuclei LA, live cells with apoptotic nuclei; 
DN, dead cells with normal nuclei; and DA, dead cells with 
apoptotic nuclei. Small elements corresponding to apop-
totic bodies were expressly noted and disregarded in the 
cell counting so as not to overestimate the number of apop-
totic cells. The experiment was conducted in triplicate.

The percentages of apoptotic cells were determined 
according to the following formula:

2.7. In situ detection of apoptosis – the TUNEL assay

HepG2 and A549 cells were seeded and treated on covers-
lips placed in six-well plates. The cells undergoing apopto-
sis after treatment with EO were identified through the use 
of the terminal deoxynucleotidyl transferase dUTP nick 
end labelling (TUNEL) reaction carried out with the in situ 
cell death detection kit with TMR red as the fluorescent 
marker for labelling dUTP (Roche, Mannheim, Germany) 
according to the manufacturer’s protocol. The TUNEL 
positive cells were evaluated under a fluorescence micro-
scope (Olympus BX51) and the results analysed by means 
of the software described above. The cells were counted 
in 10 random fields with 300 cells each in 3 individual 
experiments. The results were expressed as the per cent of 
TUNEL positive cells relative to the total number of cells, 
the latter being determined by uptake of the fluorescent 
dye DAPI (4′,6-diamidino-2-phenylindole dihydrochlo-
ride; Invitrogen by Life Technologies, California, USA).

2.8. Incorporation of [14C]acetate into 
nonsaponifiable lipids

HepG2 and A549 cells were seeded in six-well plates and 
treated as described above before the addition of 2 μCi/
mL [14C]acetate (56.8 Ci/mol; Perkin Elmer Life Science, 
Inc.; Boston; MA) for the final 3 h. The nonsaponifiable 
lipids were then extracted, separated and identified as 
previously reported (27). After separation by thin-layer 
chromatography (TLC), all the lipid classes were identi-
fied by comparison with a standard mixture containing 
cholesterol, lanosterol, dolichol, ubiquinone and squalene.

2.9. Free and esterified cholesterol content

HepG2 and A549 cells were seeded in culture flasks and 
treated as described above. The total lipids were extracted 

Percentage of apoptotic cells =
LA + DA

LN + LA + DA + DN
× 100
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normal and tumour cell lines treated with each one of 
the EOs extracted from the L. alba chemotypes. LaEOs 
from the citral and tagetenone chemotypes are the most 
efficient in reducing the viability of HepG2 and A549 
carcinoma cells, where the sensitivity (vulnerability) of 
both tumour cell lines to the oils’ cytotoxicity was similar. 
Although, the IC50 values in the noncancerous cell line 
Vero were higher than in the tumour cells for all the oils 
tested, only the tagetenone chemotype presented a high 
selectivity (SI > 3) for both tumour cell lines.

Figure 1 shows representative curves of cell viability 
in response to treatment with increasing concentrations 
of LaEOta, the most efficient and selective chemotype. 
In both tumour cell lines, treatments with up to 80 μg/
mL of LaEOta produced a progressive dose-dependent 
decrease in cell viability. Thereafter, the curve plateaued 
at an inhibition of viability greater than 95% up to the 
maximum concentration tested in the MTT assay (100 μg/
mL; Figure 1(A)). In the Vero nontumour line, LaEOta 
did not produce a statistically significant inhibition of 
cell viability within the concentration range tested for the 
malignant cells. From a concentration of 200 μg/mL on, 
however, exposure to LaEOta resulted in a dose-depend-
ent decrease in the viability the Vero cells as well (Figure 
1(B)), reaching a value of 82% at the highest concentration 
tested (800 μg/mL).

3.3. Antiproliferative activity of LaEOta in human 
liver and lung carcinoma cells

To confirm the results of the effect of LaEOta  – the chem-
otype with the lowest IC50 and highest SI according MTT 
assay – on cancer cells proliferation, HepG2 and A549 
cells were treated with progressive LaEOta concentrations 
(0–80 μg/mL) for 48 h and the total number of viable cells 
counted. Exposure of HepG2 and A549 cells to LaEOta 
within this concentration range reduced cell prolifera-
tion of the two lines in a dose-dependent manner (Figure 
2(A)), with concentrations of 36 and 40 μg/mL inhibiting 
the proliferation of these liver and lung carcinoma model 
lines by 50%, respectively.

Photomicrographs in Figure 2(B) illustrate the mor-
phologic changes accompanying the concentration-de-
pendent suppression of proliferation produced in both 
cell lines after treatment with LaEOta for 48  h. In the 
absence of LaEOta, HepG2 cells exhibited their typical 
epithelial morphology and normal trabecular growth. 
Treatment with LaEOta at 16 μg/mL caused vacuolation 
and the loss of that trabecular organization, resulting in 
the presence of cells that were isolated and more rounded 
up. In cells treated with higher concentrations, these mor-
phologic features increased along with the formation of 
cells with marked cytoplasmic vacuolization, chromatin 

(A)

(B)

Figure 1.  Effect of laEota on cell viability in human cancer cell 
lines (hepG2 and a549) and a noncancerous cell line (Vero). 
cell viability is expressed as a per cent of the untreatedcontrol 
value. Panel a: laEota concentration range producing a selective 
decrease in the viability of the tumour cell lines; Panel B: extended 
laEota concentration range producing a decrease in the viability 
of the noncancerous Vero cells. Data are the means  ±  sD of 
three independent experiments performed in at least triplicate; 
*p < 0.05, **p < 0.01, ***p < 0.001.

Table 2. ic50 values of essential oil chemotypes from Lippia alba 
for all three cell lines and the selectivity index with respect to the 
cancer cell lines.

notes: laEoca  =  essential oil carbona chemotypes from Lippia alba; laEo-
pi = essential oil piperitona chemotypes from Lippia alba; laEota = essen-
tial oil tagetenona chemotypes from Lippia alba; laEoci = essential oil citral 
chemotypes from Lippia alba.

aic50 values (µg/ml) obtained from nonlinear-regression analysis of dose-re-
sponse viability curves. Values are expressed as the means ± sD, as deter-
mined from the results of the Mtt assay in triplicate experiments.

bsi refers to the selectivity index, calculated as the ratio of ic50 for Vero cells / 
cancer-cell lines: an si value > 3 accordingly indicates high selectivity.

Cell lines

IC50
a (SI)b

LaEOca LaEOpi LaEOta LaEOci
hepG2 347.2 ± 28.3 412.2 ± 30.8 33.6 ± 4.0 34.4 ± 3.1

(1.3) (1.4) (6.7) (2.6)
a549 275.2 ± 18.7 304.4 ± 23.7 30.4 ± 3.2 36.1 ± 3.4

(1.6) (1.9) (7.4) (2.5)
Vero 452.1 ± 37.4 592.3 ± 41.5 225.6 ± 15.2 88.8 ± 7.8
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a subsequent mitosis. In order to determine if the antipro-
liferative effects of LaEOta were associated with changes 
in cell cycle distribution, we treated the HepG2 and A549 
carcinoma cells with 0.5× and 1.0× IC50 concentrations of 
LaEOta for 48 h and then analysed PI-stained cells in a 
flow cytometer (Figure 3).

In HepG2 cells (Figure 3(A)), following a 48-h incu-
bation with LaEOta, the percentage of cells in the G1 
phase increased, especially at the concentration 1.0× IC50 
LaEOta. Conversely, the percentage of cells in the S phase 
decreased. Thus, the G1/S ratio, an indicator of G1 arrest, 
became elevated from 1.1 ± 0.1(control) to 1.8 ± 0.2 (at 
0.5× IC50 LaEOta, p < 0.001) and 2.9 ± 0.4 (at 1.0× IC50 
LaEOta, p < 0.001).

LaEOta had a different effect of on the cell cycle dis-
tribution in A549 cells (Figure 3(B)). Following a 48-h 
incubation with 0.5× IC50 LaEOta, the percentage of cells 
in the G1 and S phase and the resulting G1/S ratio did 
not change significantly; whereas exposure to 1.0× IC50 

condensation and plasma-membrane blebbing, changes 
reminiscent of apoptosis-induced cell death.

The normal epithelial morphology of the untreated 
A549 cells was also evident. Exposure to LaEOta at 28 μg/
mL caused a reduction in cell volume and the acquisition 
of a spindle-shaped morphology. A higher concentra-
tion (40 μg/mL) produced cytoplasmic vacuolation and 
condensation of the cell chromatin, changes reminiscent 
of cells dying through apoptosis, as was observed in the 
HepG2 cultures. Upon treatment with an oil concentra-
tion that inhibited the proliferation by over 70% (that is, 
64 μg/mL), along with the morphologic changes at the 
lower oil levels, the cells also became rounded up with 
some detaching from the growing surface.

3.4. Effect of LaEOta on cell cycle progression

Proliferating cells require cell cycle progression from the 
initial postmitotoic G1 phase through S and G2 into M for 

(A)

(B)

Figure 2.  inhibition of proliferation of hepG2 and a549 carcinoma cells after treatment with laEota. Panel a: the cell numbers are 
expressed as percentages of the cells in the untreated control cultures. Data are the means ± sD, n = 4; *p < 0.05, **p < 0.01, ***p < 0.001. 
Panel B: Photomicrographs of human carcinoma cells following a 48-h treatment with the progressive concentrations of laEota indicated 
in the lower right-hand corner of each field.
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dye), nuclear components distributed evenly, apparently 
intact genomic DNA, and the absence of red fluorescence 
(from the lack of penetration of the PI dye), which pattern 
denotes intact normal cells. After exposure to LaEOta, 
numerous cells exhibited features typical of apoptosis. The 
apoptotic nuclei clearly contained a highly condensed or 
fragmented chromatin that was uniformly Hoechst 33342 
fluorescent. In the cells at the beginning of apoptosis, 
the membrane permeability was still conserved and the 
red fluorescence was therefore absent; whereas, the cells 
late in apoptosis emitted a red fluorescence because the 
membrane integrity had been compromised and the PI 
had entered the cells (Figure 4(A), subfields 1 and 2). An 
increase in cells that emitted a red fluorescence with intact 
nuclei and organized chromatin – that is, dead cells with 
normal nuclei – as well as necrotic cells are also observed 
(Figure 4(A), subfield 2).

Figure 4(B) shows the percentages of apoptotic cells 
calculated as described in Materials and Methods and 
summarized in the legend to the figure. The treatment of 
HepG2 cells with 1.0× IC50 LaEOta increased the percent-
age of apoptotic cells by more than fivefold.

To confirm this preliminary indication of the induc-
tion of apoptosis by LaEOta in the HepG2 and A549 cells 
treated with 1.0× IC50 of LaEOta for 48 h, we conducted the 
TUNEL assay on cultures incubated under the same con-
ditions. The data obtained demonstrated that the exposure 
of HepG2 and A549 cells to 1.0× IC50 of LaEOta caused 

LaEOta decreased the percentage of cells in the S phase 
while also elevating the percentage of the G1-phase cells, 
thus causing a significant increase (p < 0.05) in the G1/S 
ratio from 1.8 ± 0.2 (control) to 2.3 ± 0.1 (at 1.0× IC50 
LaEOta,). Concomitantly, the percentage of cells in the G2 
phase increased from 5.0 ± 0.5% (control) to 9.2 ± 1.0% (at 
0.5× IC50 LaEOta, p < 0.001) and to 7.7 ± 0.1% (at 1.0× IC50 
LaEOta, p < 0.001), thus suggesting a LaEOta-mediated 
G2-phase arrest.

3.5. Apoptosis induced by LaEOta

According to the cytotoxicity data, both carcinoma cell 
lines (HepG2 and A549) were sensitive to the cytotoxic 
effects of LaEOta. Having noted that the morphologic 
changes in LaEOta-treated cells resembled apoptosis 
(Figure 2), we therefore investigated whether the mecha-
nism of action of LaEOta against the malignant cell lines 
involved the involvement of apoptosis.

Apoptosis in HepG2 cells was assayed cytologically 
by means of double staining with Hoechst 33342 and PI. 
Cells were incubated with or without LaEOta (1.0× IC50) 
for 48 h before the assessment of apoptosis and the deter-
mination of morphologic changes in the cell nuclei by 
fluorescence microscopy.

As observed in Figure 4(A), most of the control cells 
exhibited intact nuclei of ovoid shape stained with a mod-
erately bright blue fluorescence (from the Hoechst 33342 

(A)

(B)

Figure 3. cell cycle analysis of hepG2 (Panel a) and a549 (Panel B) carcinoma cells after treatment with laEota for 48 h. in the left-hand 
figures of each panel, the per cent distribution of each phase of the mitotic cycle indicated on the abscissa is plotted on the left ordinate, 
while the ratio of the G1- over the s-phase per cent distributions is plotted on the right ordinate. the bars represent the means ± sD 
(n = 3). *p < 0.05, **p < 0.01, ***p < 0.001 vs. control. the right-hand profiles are representative flow cytometry records illustrating the 
typical differences in the curves obtained between the control (light lines) and experimental (dark lines) groups.
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and ubiquinone) after incubating the cells with 1.0× IC50 
of LaEOta for 48 h.

In the HepG2 cells (Figure 6(A)), the incorporation 
of acetate into squalene and lanosterol (MP intermedi-
ates specifically involved in cholesterol synthesis) and 
into ubiquinone (another final product of the MP besides 
cholesterol) could be readily quantified. The exposure to 
LaEOta inhibited cholesterogenesis by about 90% and 
decreased the incorporation of radioactivity into lanosterol 
(by 70%) and squalene (by 80%), whereas the incorpora-
tion into ubiquinone became increased (by about fourfold).

In the A549 cells (Figure 6(B)), the incorporation 
of [14C]acetate into only cholesterol, lanosterol and 

an increase in the number of cells positively labelled with 
TMR red through the TUNEL reaction, thus confirming 
that LaEOta induced apoptosis in both tumour cell lines 
(Figure 5 and Table 3).

3.6. Effect of LaEOta on the MP

We have previously proposed that EO-mediated growth 
suppression may be attributed to an inhibition of the MP. 
A quantification of the incorporation of radioactivity was 
used to determine the extent to which [14C]acetate was 
metabolized to cholesterol and other nonsaponifiable 
lipids of the MP (for example, lanosterol, squalene, dolicol, 

(A)

(B)

Figure 4.  cytological assay of the induction of apoptosis in hepG2 cells through hoechst-33342–propidium-iodide double staining. 
Panel a: representative composite photographic images of microscopical fields of hepG2 cells visualized by fluorescence microscopy 
(magnification 400×) revealed nuclear morphologic changes induced by laEota and detected through dual staining with hoechst 
33342 and Pi. the cells shown had been treated with 0.2% (v/v) DMso (control), 3% (v/v) DMso (+ control) or 1.0× ic50 laEota (laEota) 
for 48 h before being stained with the fluorescent dyes. subfields (1) and (2) are magnified images of the regions indicated as 1 and 2 in 
Panel a. the arrows indicate: live cells with apoptotic nuclei (orange), dead cells with apoptotic nuclei (white) and dead cells with normal 
nuclei (yellow). Panel B: Percentages of apoptosis. the merge images from Panel a (blue and red fluorescence) of at least a total of 200 
cells were analysed and classified according to the morphology of the hoechst-33342–stained nuclei into normal or apoptotic cells 
and, depending on whether or not Pi stained the nuclei, into to live or dead cells. the percentages of apoptotic cells were calculated as 
described in Materials and Methods. Values are the means ± sD, n = 4. **p < 0.01, ***p < 0.001.
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we treated HepG2 and A549 cells with increasing con-
centrations of LaEOta (0.5×, 1.0×, and 1.75× IC50), or 
with Sv with or without mevalonate (Mv; 0.5 mM) for 
48 h, then measured cellular viability by the MTT assay. 
The competative inhibitor of HMGCR Sv, at the indicated 
concentrations, was employed as a positive control for 
the possibility of a reduced cell growth that could then 
be restored by the addition of Mv. When added to the 
culture medium, though, Mv did not reverse the decrease 
in viability caused by the LaEOta concentrations tested. 
Exogenous Mv, however, as expected, significantly restored 
cell viability in the Sv-treated cells (Table 4).

4. Discussion

The study of natural products has been the single most 
successful strategy for the discovery of new medicines used 
in anticancer therapy (2,3). In the work presented here, we 
initially assessed the potential pharmacologic utility in can-
cer therapy of EOs extracted from four L. alba chemotypes 
(carvone, piperitone, tagetenone, and citral) cultivated in 
Costa Rica. One of the parameters to consider in the selec-
tion of potential antitumour drugs is their effectiveness in 
inhibiting tumour cell growth. Therefore, in order to ana-
lyse the cytotoxity of the four LaEO chemotypes in tumour 
cells, we evaluated the effect on cell viability.

The National Cancer Institute of the USA (US-NCI) 
established that a crude extract that shows an IC50 value 
of less than 100 μg/mL should be considered cytotoxically 
active. When the IC50 value is lower than 30 μg/mL, the 
US-NCI considers such an extract promising for purifi-
cation and a study of the biologic activity (30).

The assays reported here indicated that 50% inhibition of 
viability was obtained with concentrations near 30 μg/mL 

ubiquinone could be quantified; whereas squalene and 
other MP intermediates and final products remained 
undetectable under these treatment conditions. LaEOta 
decreased the incorporation of radioactivity into choles-
terol and lanosterol by about 90%, but the ubiquinone 
labelling was greatly increased (by about 25-fold).

Despite this profound inhibition of cholesterogen-
esis, cholesterol content in the two cell types remained 
unchanged (data not shown).

3.7. Effect of LaEOta on HMGCR

In order to determine if the antiproliferative effects were 
associated with a downregulation of HMGCR, we treated 
HepG2 cells with 0.5× and 1× IC50 of LaEOta for 48 h and 
determined HMGCR protein levels by Western blotting. 
The results indicated that LaEOta reduced HMGCR levels 
in a concentration-dependent manner (Figure 7).

3.8. Effect of mevalonate (Mv) addition on the 
inhibition of cell viability induced by LaEOta

To determine whether HMGCR inhibition was the cause 
or the result of LaEOta-induced tumour cell cytotoxicity, 

A549

HepG2

Control LaEOta + Control

Figure 5.  representative fluorescence photomicrographs (40×) of some fields of hepG2 and a549 cells showing laEota-induced 
apoptosis as measured by the tunEl reaction. cells incubated without Eo, then fixed and treated with Dnaase for 30 min before the 
tunEl assay were used as a positive control for the tMr-red labelling of free 3'-hydroxyl groups in the tunEl reaction (+ control). the 
apoptotic cells with tMr red fluorescence indicate Dna breakage in contrast to the nonapoptotic nuclei stained with DaPi alone.

Table 3. induction of apoptosis in hepG2 and a549 cells by laEo-
ta as determined by the tunEl assay.

notes: the tunEl-positive cells were counted in 10 random fields with 
300 cells/field under each experimental condition. the values are the 
means ± sD, n = 4.

**p < 0.01.

% Apoptotic cells
hep G2 a549

control 0.57 ± 0.14 1.67 ± 0.57
1.0× ic50 9.38 ± 1.35** 6.32 ± 3.34 **
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for the A549 and HepG2 cells with the LaEOs of tage-
tenone and citral chemotypes (Table 2). The IC50 values 
obtained for A549 and HepG2 cells treated with the LaEOs 
of carvone and piperitone chemotypes failed to classify as 
cytotoxic crude extracts by the US-NCI criteria. For the 
IC50 values in Vero cells, LaEOs carvone, piperitone and 
tagetenone chemotypes showed little or no cytotoxicity, 
and only the citral chemotype could be considered cyto-
toxically active in this nontumour cell line.

Another parameter to consider in the screening of 
anticancer drugs is the selectivity of the cytotoxicity on 
tumour cells compared to nontumour cells. According 
to the criteria used by Bézivin et al. (2003), the selectiv-
ity index (SI) is of interest when values are greater than 
3. In the present work, the only LaEO that was highly 
selective for tumour cells was the tagetenone chemotype 
with an SI near to 7 (Table 2). Moreover, concentrations 
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Figure 6. [14c]acetate incorporation into cholesterol and other nonsaponifiable lipids of the mevalonate pathway in hepG2 and a549 
cells. the incorporation of radioactivity into cholesterol, lanosterol, squalene,and ubiquinone in hepG2 cells (Panel a) and into cholesterol, 
lanosterol and ubiquinone in a549 cells (Panel B) was located by autoradiography and quantitated by densitometric analysis. the data 
are expressed as the means ± sD (n = 4); *p < 0.05, **p < 0.01, ***p < 0.001.

of this chemotype that exhibited a strong cytotoxicity to 
the carcinoma cell lines (at more than a 95% inhibition 
of viability) did not significantly affect the noncancerous 
cell line (Figure 1). Therefore, because LaEOta manifests 
both a marked cytotoxicity and a strong selectivity for 
cancerous cells, this EO represents a promising anticancer 
phytocomplex to be evaluated in pre-clinical tests.

The cytotoxicity and selectivity of various Lippia-genus 
EOs have been analysed by other authors, but with vari-
able results (11,22,23). To the best of our knowledge, this 
present communication constitutes the first evaluation of 
the LaEO tagetenone chemotype.

The different biologic activities of the various types 
and chemotypes of EOs have been attributed mainly to 
differences in the composition of the constituent mono-
terpenes, those being considered primarily responsible for 
the antitumour activity when present (11,12,22).
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one or more of the other components in the complete EO 
(31,32). Therefore, studies on individual ingredients might 
report results that do not reproduce the effect of treatment 
with the phytocomplex as a whole.

While the selectivity and cytotoxicity of the EOs is well 
documented in screening studies, the mechanisms under-
lying these effects have been very little explored. Different 
mechanisms may account for the reported cytotoxicities 
of EOs or their constituents (9).

Cell cycle arrest is a common cause of the growth inhi-
bition of cell populations and is one of the mechanisms 
through which EOs can exercise their cytotoxicity (9). We 
show here that LaEOta cytotoxicity to HepG2 and A549 
cells is linked to an inhibition of proliferation as a result of 
cell cycle arrest (Figure 3). Cytostatic effects with arrests 
at both G1 and G2 have been reported for other essential 
oils and monoterpenes (11,33).

The induction of apoptosis, an event accompanying cell 
cycle arrest in isoprenoid-induced growth suppression, is 
another mechanism through which EOs can exert their 
cytotoxicity (9), whose action is considered a valuable 
asset in cancer therapies.

In this work, we have demonstrated that LaEOta is able 
to induce alterations in nuclear morphology and DNA 
fragmentation in HepG2 and A549 tumour cells (Figures 
4 and 5, Table 3), characteristic stages of cell death effected 
through apoptosis. Thus, the anticancer mechanism of 

We recently reported that the 1,8-cineole, one of the 
principal monoterpenes of LaEOta, inhibited the viability 
of HepG2 and A549 cells (27). The IC50 values registered 
for 1,8-cineole with the two cell lines (6,050 μM = 933 μg/
mL and 5030 μM = 776 μg/mL, respectively) were much 
higher than those found here for LaEOta. This difference 
would be consistent with the findings of several authors 
and is attributed to increased activity of the main compo-
nents through an additive or synergistic interaction with 
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Figure 7. Effect of laEota on hMGcr protein levels in hepG2 cells. cells in exponential growth were treated with 0.5× and 1.0× ic50 of 
laEota. simvastatin (sv) at 5 µM was employed as a positive control for increased hMGcr levels. the results are expressed as corrected 
band density relative to that of the control. Data are expressed as the means ± sD (n = 3); *p < 0.05, **p < 0.01, ***p < 0.001. au, arbitrary 
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Table 4. failure to prevent the decrease in cell viability in hepG2 
and a549 cells caused by essential oil tagetenona chemotypes 
from Lippia alba (laEota) through the addition of exogenous me-
valonate.

notes: cell viability was determined by the Mtt assay and the results ex-
pressed as a per cent of the control values. the data are the means ± sD 
(n = 4). nd, not determined.

*p < 0.05.; **p < 0.01.; ***p < 0.001 vs. the same treatment without Mv.

HepG2 A549

−Mv +Mv  −Mv +Mv
control 100.00 ± 

2.93
109.00 ± 

10.84
100.00 ± 

3.16
110.00 ± 

6.18
0.5× ic50 78.64 ± 7.22 78.59 ± 7.58 82.91 ± 0.59 74.89 ± 5.49
laEo
1.0× ic50 41.64 ± 6.29 38.85 ± 1.46 54.93 ± 2.96 61.52 ± 3.37
laEo
1.75× ic50 15.39 ± 4.94 14.09 ± 0.97 30.59 ± 1.27 36.15 ± 2.72
laEo
sv 10 µM 77.78 ± 3.05 123.16 ± 

2.70***
nd nd

sv 20 µM nd nd 60.13 ± 1.61 98.68 ± 
4.92***
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Although cholesterogenesis is profoundly inhibited, the 
cellular cholesterol content is preserved probably because 
the cells were able to meet their cholesterol requirement 
through the uptake of exogenous sterol from the serum 
in the medium, as we previously reported for HepG2 cells 
treated with the monoterpene geraniol (16). Therefore, 
the inhibition of cholesterol synthesis would appear not 
to be the cause of the antiproliferative effect of LaEOta.

Certain monoterpenoids contained in EOs compete 
with protein isoprenylation reactions by slowing down 
or blocking the function of cellular signalling proteins 
that lead to the growth of cancer cells (37–39). Many EO 
constituents inhibit Ras-family isoprenylation and thereby 
block the development of cancer. Such was found to be 
the action of limonene (37,40) and perillyl alcohol (35). 
Further studies are required to elucidate whether or not 
an inhibition of protein prenylation is linked to the cyto-
toxicity exerted by this EO.

In conclusion, LaEOta exhibited significant cytotoxic-
ity against human hepatic and pulmonary carcinoma cells 
and showed potential selectivity towards malignant cells. 
Cytotoxic mechanism of LaEOta with HepG2 and A549 
cells involved cell cycle arrest and apoptosis induction.
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