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Abstract: Lippia graveolens HBK (Verbenaceae) is an aromatic herb of economic importance in Mexico,
known as oregano. The leaves are used as condiments, and people use this species for respiratory and
digestive disorders. The aim of this work was to evaluate the cytotoxic effect of ethanolic extracts
obtained from free-oil leaves (L9) and stem (S15), against lung cancer cell line SK-LU-1, through
tetrazolium salt (MTT) assay. Extracts concentrations of 0.3 to 300 pg/mL were used and HFF-1 as
normal control cells. Both L9 and S15 extracts, showed cytotoxic effect, although stem was stronger than
leaves and without damage to normal cell control. The phenolic compounds caffeic acid and acacetin
were in higher concentration in L9, whereas naringenin, taxifolin, eriodictyol, luteolin, and apigenin had
higher concentrations in S15. The ethanolic extracts of L. graveolens have excellent cytotoxic activity,
and have a wide possibility of use in lung cancer treatment.

Keywords: Lippia graveolens HBK; Cytotoxic activity; Ethanolic extract; Lung cancer; SK-LU-1.

Resumen: Lippia graveolens HBK. (Verbenaceae) es una hierba aromatica de importancia econémica en
Meéxico, conocida como orégano. Las hojas se usan como condimento y en medicina tradicional se utiliza
para aliviar malestares respiratorios y digestivos. El objetivo de este trabajo fue evaluar el efecto
citotoxico de extractos etanélicos obtenidos de hojas sin aceite (L9) y tallo (S15), sobre la linea celular de
cancer de pulmén SK-LU-1, mediante el ensayo de la sal de tetrazolium (MTT). Los extractos se
aplicaron a concentraciones de 0,3 a 300 pg/mL vy se utilizaron células HFF-1 como control normal.
Tanto los extractos L9 como S15 mostraron efecto citotoxico, aunque el efecto del tallo fue mayor al de
las hojas y sin dafio al control celular normal. Los compuestos fendlicos acido cafeico y acacetina se
encontraron en mayor concentracion en L9, mientras que naringenina, taxifolina, eriodictyol, luteolina y
apigenina tuvieron mayor concentracion en S15. Los extractos etandlicos de L. graveolens tienen una
excelente actividad citotoxica, con amplia posibilidad de utilizar en el tratamiento de cancer de pulmén.

Palabras clave: Lippia graveolens HBK; Actividad citotoxica; Extracto etanélico; Cancer de pulmon;
SK-LU-1.
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INTRODUCTION

Lung cancer is the leading cause of cancer death
among men and the second cause of cancer death
among women worldwide (Sitarek et al., 2020), and
historical smoking patterns among the population
caused differences in trends and rates related to
various factors like age, race, sex, socioeconomic
status and geography (Torre et al., 2016).
Approximately 80% to 85% of the newly diagnosed
cases of lung cancer will be Non Small-Cell Lung
Cancer (NSCLC) and 15% to 20% will be small cell
lung cancer (SCLC) (Khanna et al., 2017).

Through innovative research on cancer
treatment, new drugs and treatment technologies are
currently being developed (Leri et al., 2020).
Chemotherapeutic agents damage normal cells, thus
causing adverse side effects like chest pain,
constipation, diarrhea, dyspnea, fatigue, mucositis,
pain, rash and vomiting among others (Pearce et al.,
2017). Therefore, traditional and complementary
medicine has been explored in order to propose new
alternatives that complement chemotherapy (Cheng
et al., 2018). An important source of novel effective
agents with medicinal potential is the plant
kingdom.

The use of natural phytochemical products,
in single or combinatorial therapy, is an emerging
strategy for prevention and cure of cancer, because
of the various remarkable anticancer properties of
these compounds (Sitarek et al., 2020). Cell death,
which  primarily occurs via apoptosis and
nonapoptotic mechanisms (necrosis, autophagy, and
cellular senescence), is one of the antineoplastic
effects of natural compounds (Wattanathamsan et
al., 2019). In lung cancer cell lines, the anti-cancer
mechanisms include cell cycle arrest, over-
expression of pro-apoptotic protein Bax, over-
expression of P21 and P53 genes, increase of
caspases-3 and 6, among others (Zhai et al., 2011,
Wang et al., 2016; Wang et al., 2019).

Phytotherapy  applies the traditional
knowledge of native communities around the world
in order to treat ailments, and various plant derived
natural products have demonstrated promising
effects against several diseases (Colalto, 2018).

Lippia graveolens HBK (Verbenaceae) is an
aromatic herb of economic importance that grows in
arid and semi-arid regions of Mexico, were known
as “oregano”. The species has been used for
centuries because of its multiple culinary, cosmetic
and medicinal properties (Lin et al., 2007).
Currently the leaves are marketed mainly for use a
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food seasoning, as well as for obtaining essential oil.
The stem does not have an established use, although
represents a high percentage of the plant (50% -
70%) (Gonzéalez-Guereca et al., 2007).

Mexican native communities have used
various plants like oregano to treat respiratory
diseases (Leyva-Lopez et al., 2016). Many of the
studies are focused on oil extracted from its leaves
(Leyva-Lopez et al., 2017). The beneficial properties
of oregano, such as its antioxidant and anti-
inflammatory activities, have been related to the
presence of metabolites, such as terpenes, phenolic
acids and flavonoids, both in leaves and stem
(Gonzélez-Gliereca et al., 2007; Gutiérrez-Grijalva
et al., 2018), that could be used to treat and prevent
cell damage related to some illnesses.

Therefore, the objective of this study was to
evaluate the cytotoxic effect of ethanolic extracts
obtained from free-oil leaves (L9) and stem (S15)
against non-small cell lung cancer cell line SK-LU-
1.

MATERIALS AND METHODS

Plant materials

Oregano samples were collected in Cuencamé
Durango, México, (coordinates N 24° 52° 127; W
103° 41 45”), on August 2018 and taxonomically
identified as Lippia graveolens by Instituto
Politécnico Nacional (CIIDIR-IPN) Durango’s
herbarium, with voucher number 40073.

In this investigation, oregano waste was
used, which correspond to residual leaves, after
essential oil extracted through a supercritical process
with CO2, and the remaining stems from the
collection of plant material.

Both materials were dried under controlled
temperature of 23°C, and powdered to 60 mesh
screens.

Reagents

Ethanol was purchased from Merck. Fetal Bovine
Serum (FBS) were from Bio West, antibiotic-
antimycotic (streptomycin sulfate - amphotericin
B), phosphate buffered saline (PBS) and 0.25%
trypsin-EDTA were from Gibco, MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide), DMSO, Roswell Park Memorial Institute,
(RPMI), cis-diammine dichloride platinum (Il) (Cis-
platin), were from Sigma Aldrich. Standards for
identification were used and purchased from Sigma-
Aldrich Co. The rest of chemicals and reagents used
for the experimentation all were of analytical grade.
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Preparation of oregano extracts

Pulverized material of leaves and stem with 8.0%
and 8.5% humidity, respectively, were extracted
independently, with a mixture ethanol/water 50/50
v/v, and a mass/volume ratio of 1/30, according to
Soto-Garcia & Rosales-Castro (2016). Preparation
consisted of macerating the samples under
controlled temperature of 23°C and stirring for 24 h,
then filtered. Fresh solvent was added and the
procedure was repeated. The extracts obtained in the
first and second maceration were combined and
concentrated under vacuum in a rotary evaporator at
40°C, after frozen at -20°C and then lyophilized.
Yielding after lyophilization were 30.5% of dry
extractfor leaves (L9) and 19.9% for stem (S15).

Phenolic  profile  determination by Liquid
chromatography- coupled to mass spectrometer
(UPLC-MS)

Phenolic profile of oregano extracts was analyzed by
UPLC-MS, according to Villegas-Novoa et al.,
(2019), using an Acquity UPLC system (Waters Corp.
Milford, MA, USA), C13 100 mm X

2.1 mm x 1.7 pm column (Water Corp.,
Milford, MA, USA), operated at 40°C. UPLC
system coupled with a tandem Xevo TQ-S triple
guadrupole mass spectrometer (Waters Corp.,
Milford,MA, USA).

The elution profile included two solvents:
acidified water with 7.5 mM formic acid (A) and
acetonitrile LC/MS-grade (B); initial 97% A; 1.2
min, 91% A; 3.8 min, 84% A; 11.4 min, 50% A;
13.2 min, 97% A and 15.0 min, 97% A. MRM data
were collected from 0 to 16 min. The flow rate was
210 pL/ min and ionization was carried out using as
co-solvent methanol with 0.1% formic acid (v/v) at
a flow of 5 pL/min with the use of an isocratic
solvent manager. The compounds were identified
through the interpretation of their mass spectra, the
MS/MS arrangement and using standards (Sigma-
Aldrich) of different phenolic compounds (phenolic
acids and flavonoids). The negative ionization mode
was used. They were quantified from the standard
curve of each of the compounds (standards). The
UPLC and tandem Xevo TQ-S triple quadrupole
mass spectrometer control and data processing were
performed using MassLinx software (Waters Corp.,
Milford, MA, USA) (Villegas-Novoa et al., 2019).

Cell lines

SK-LU-1 and HFF-1 cell lines were purchased from
American Type Culture Collection. SK-LU-1 cell
line was maintained with Roswell Park Memorial
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Institute (RPMI) medium and HFF-1 with
Dulbecco’s Eagle Modified Medium (DMEM)
(Sigma Aldrich). Both mediums were supplemented
with 10% FBS (Biowest), and 1% antibiotic-
antimycotic (Gibco, CA, USA). All cell cultures
were grown at 37°C in a 5% CO.,

Cell treatment and tetrazolium salt (MTT) viability
assay

The MTT viability assay was performed according
to Mosmann (1983). This assay is based on the
reduction of yellow MTT (3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide) to formazan
by mitochondrial succinate dehydrogenase, which is
present only in viable cells. The resulting
absorbance value is directly proportional to the
number of viable cells. Cells were harvested with
0.25% trypsin and resuspended in RPMI and
DMEM medium. Cell lines were deposited in 96-
well microplates at 8,000 cells/well. The microplates
were incubated at 37°C in5% CO- for 24 h before
adding treatments.

The leaves and stem extracts were dissolved
in dimethyl sulfoxide (DMSO; Sigma-Aldrich, MO,
USA) and after with DMEM and RPMI to reach the
concentrations tested (0.3, 1, 3, 10, 30, 100 y 300
pg/mL). DMSO was used as vehicle control (0.1%)
and cisplatin as positive control (5 pg/mL). Cells
were exposed to treatments for 24 or 48 h. After
time exposure, every treatment was replaced with
100 pL of MTT (0.5 mg/mL) and then cells were
incubated for an additional 4 h. MTT solution was
removed and formazan crystals were dissolved in
100 pL DMSO. Finally, the plates were read at 570
nm in a micro plate spectrophotometer (Epoch;
BioTek, VT, USA). The assays were performed in
triplicate in three independent studies. The
percentage of viability was calculated according to
the formula:

% viability = [mean Optical Density (O.D.)
treated cellsx100]/(mean O.D. control cells)
(Espinosa-Paredes et al., 2020).

The concentration leading to 50% inhibition
of cell viability (ICsp) was calculated by non-linear
regression analysis with GraphPad Prism 7.0
software (GraphPad, CA, USA). The results were
expressed as an average + Standard Deviation. 1Csg
were expressed as an average = S.E.M. Selectivity
Index of each extract was calculated dividing ICso of
normal cells control between 1Cso of cancer cell line.
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RESULTS

The phenolic profile in leaves L9 and stem S15
extracts are shown in Table No. 1, which were
identified and evaluated according to the reference
standards. Some  differences  between  the
percentages of the compounds evaluated were found,

Lippia graveolens extracts against lung cancer

the more important are caffeic acid and acacetin
were in higher concentration in leaves (14.67%,
10.44%) compared to the stem (7.34%, 0.94%),
whereas naringenin, taxifolin, eriodictyol, luteolin,
and apigenin had higher concentrations in the stem.

Table No. 1
Phenolic compounds identified in L. graveolens by UPLC-MS, leaves (L9) and stem (S15)

S15 (%) Identification

Rt(min)  [M-H L9 (%)
4.32 179 14.67
5.80 463 3.59
6.35 609 0.32
6.41 303 17.61
7.56 137 2.01
7.79 435 1.00
8.67 287 15.13
8.92 285 4.43
8.96 301 0.80
9.73 271 25.95
9.84 269 1.53
12,51 283 10.44

7.34 Caffeic acid
2.82 Quercetin-3-glucoside

0.35 Rutin

21.31  Taxifolin

2.86 2-hydroxybenzoic acid
0.90  Phloridzin

20.59  Eriodictyol

6.12 Luteolin

0.96 Quercetin

30.11  Naringenin

2.18  Apigenin

0.94  Acacetin

Expressed as relative percentage (%) dry extract

The cytotoxic effect of L. graveolens leaves
L9 and stem S15 extracts against SK-LU-1 cells, are
shown in Figure No. 1, as average of three
independent experiments. Both extracts decreased
cell viability effect against SK-LU-1 cell line.
The 1Cso values for L9 resulted in 14.57 £ 1.33
pg/mL and 41.69 + 1.15 pg/mL at 24 h and 48 h
respectively. The extract S15 showed a strong effect
against non-small cell lung carcinoma compared to
L9. In the case of the stem extract S15 the ICso
values resulted in 7.80 + 1.32 pg/mL and 0.81 +
0.28 pg/mL, at 24 h and 48 h respectively. Vehicle
control (DMSO 0.1%) did not decreased cell
viability compared to negative control (116.49 *
7.88%). In contrast, chemotherapeutic agent
cisplatin (5 pg/mL) decreased cell viability to 60.02
+ 4.10% and 24.80 + 1.77% at 24 h and 48 h,
respectively.

The results of normal control cell line HFF-
1, are shown in Figure No. 2. The ICso values for L9
resulted in 59.86 + 1.22 ug/mL and > 300 pg/mL, at
24 h and 48 h, respectively and S15 the ICs values

resulted in 50.77 + 1.37 pg/mL and >300 pg/mL, at
24 h and 48 h respectively. Regarding Selectivity
Index, the extract S15 was more selective than L9,
with 6.5 and 4.1, respectively.

DISCUSSION

Smoking is a risk factor that increases the number of
cases of Lung cancer which constitutes a worldwide
public health problem (Tindle et al., 2018). Due to
the high incidence of this type of cancer, it is
necessary to conduct investigations that propose new
therapies, such as traditional and complementary
medicine (Liao et al., 2017). There is great interest
in the search for secondary metabolites obtained
from vegetal species for the treatment of these
pathologies that affect humans (Ye et al., 2017; Yu
et al, 2018). In this context, polyphenolic
compounds as naringenin, taxifolin, eriodictyol,
caffeic acid, luteolin, quercetin-3-glucoside, 2-
hydroxybenzoic acid, apigenin, quercetin, phlorizin,
acacetin and rutin were found in free-oil leaves L9
and stem S15 of L. graveolens. Some of these
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compounds, in addition to quercetin hexoside,
kaempferol, pylosin, cirsimaritin, have been
previously reported in leaves and stems of L.
graveolens (Gonzélez-Gliereca et al.,, 2007;
Gutiérrez-Grijalva et al,  2018). Another
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compounds detectedin an hydroethanolic extract of
L. graveolens leaves are Hispidulin, Lancilactone B,
Camaric acid and Salviol among others (Cortés-
Chitala et al., 2021).
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Figure No. 1
Cytotoxic effect of Lippia graveolens leaves (L9) and stem (S15) extracts against SK-LU-1 cells
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Figure No. 2
Cytotoxic effect of Lippia graveolens leaves and stem extracts againstHFF-1 cells

These phenolic compounds are related to
reduce inflammation and treatment of respiratory
and digestive disorders, headaches, rheumatism and
diabetes  (Gutiérrez-Grijalva et al., 2018;
Tungmunnithum et al.,, 2018). In L. graveolens
leaves extract, the biological effect as antioxidant
and anti-inflammatory, is attributed at these

compounds (Lin et al., 2007; Pérez-Gutiérrez, 2014;
Gutiérrez-Grijalva et al., 2018).

Results indicated that Mexican oregano
leaves and stem extract showed a favorable effect by
decreasing the percentage of cell viability against
SK-LU-1 cells. The stem extract S15 exerted a
higher effect than leaves extract L9. The flavonoid
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galagin, isolated from a methanolic extract from
leaves and flowers of L. graveolens, exhibited high
anti-proliferative effect, resulting an ICso of 37.1 £
1.0 uM against U251 (glioblastoma) (Amador et al.,
2020).

Other flavonoids demonstrated an exerted
anti-proliferative effect against lung cancer through
specific mechanism. Naringin, tangeretin and
hesperidin isolated from Citrus platymamma fruit
exerted a cytotoxic effect against NSCLC cell line
A549 showing an ICso value of 364 ng/mL at24 h
(Nagappan et al., 2016). Eriodictyol induced cell
cycle arrest in Go/M phase on A549 cells (lung
cancer), as well as an inhibition of MTOR/PI3K/Akt
(Zhang et al., 2020). Moreover, the combination of
flavonoids and chemotherapy drug increases the
apoptotic rate. In NSCLC cells, Apigenin-cisplatin
combination produced S phase prolongation, more
G2/M cell cycle arrest and increase apoptosis
compared with cisplatin or apigenin alone, by
inducing p21 and PUMA respectively (Yan et al.,
2020).

It is advisable to evaluate the effect of
extracts against normal cell to determine the
selectivity of extracts to produce damage to cancer
cells. Both extracts (L9 and S15) were selective to
SK-LU-1 cells compared to HFF-1 given the
selectivity indexes. Authors recommend selectivity
indexes >2 (Suffness & Pezzuto, 1990). Thus, both
extracts decrease cell viability on malignant cells
rather than normal cells.
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Considering the effectiveness of L.
graveolens extracts against SK-LU-1 cells and that
stem is valueless waste byproduct, development of
an anticancer drug represents an opportunity to use
the stem in a valuable way. However, like other
agro-industrial by-products represents an
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leaves and stem decreased cell viability in lung
cancer cell line SK-LU-1, without affecting cell
viability in cells HFF-1. The effect may be attributed
to its polyphenolic composition. These by-products
(residual leaf after the extraction of essential oil and
the stem) are an important source of compounds that
can be exploited by the pharmaceutical industry and
applied as a complement in the treatment of lung
cancer.
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