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Abstract
Objective: To evaluate the anticancer and cytotoxic activity of the Origanum majorana and also to test its antioxidant
potential. Methods/Statistical Analysis: The in vitro anticancer and cytotoxic activity of the Polar (PF) and Non-Polar
Fraction (NPF) obtained from a total Ethanolic Extract (EE) of O. majorana were evaluated using the murine myeloma
cell lines Sp2/O-Ag14 (ATCC: CRL-1581) and VERO-ATCC-CCL81. The cell viability was measured with the Colorimetric
Quantification System of the Transmittance Index (CQSTI) method; a simple ANOVA of the CQSTI values of each cell line
treated with the different extracts was carried out. Findings: The preliminary phytochemical analysis determined the
presence of tannins, flavonoids and terpenes in the fractions. EE and PF showed a strong DPPH free radical scavenging
capacity, 88,8 and 85.9% uptake, respectively. EE and PF displayed promising anti anticancer activity for both cell lines,
so, EE, PF and NPF concentrations that produced 50% cell viability included 5.7 mg/mL, 5.8 mg/mL and 35.8 mg/mL,
respectively. Application/Improvements: For the first time it is shown that the PF from O. majoranaa low concentrations
affected myeloma cells but not VERO cells. These results indicate that this fraction has an anticancer activity. In addition,
our results demonstrated that the PF has a high phenolic content, this could be related to its cytotoxic activity.
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1. Introduction

Plants have been used in traditional medicine as
therapeutic alternatives for the prevention and treatment
of various diseases, including cardiovascular diseases and
inflammatory disorders, and may even reduce cancer
risk1, 2.
It has been shown that certain plants have a high
antioxidant capacity. Natural antioxidants are studied
extensively because of their ability to eliminate free radicals, which are known to damage cellular biomolecules
*Author for correspondence

(DNA, proteins, lipids, amines and carbohydrates) and
whose accumulation causes oxidative stress, which is
highly related to degenerative diseases such as cancer,
cardiovascular malfunction, diabetes, Alzheimer’s and
Parkinson’s disease, in addition to contributing to the
aging process3–6.
Because of the global threat of cancer, biomedical
scientists are continuously searching for new natural
compounds that can be used in the treatment of this disease or as potential adjuvants, with greater efficiency and
fewer side effects7.
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O. majorana L, of the family Lamiaceae, commonly
known as marjorana, has been used in traditional medicine
for the treatment of different diseases8; various extracts of
O. majorana have shown a high antioxidant potential9, 10.
Studies on the anticancer activity of O. majorana have
confirmed that this property inhibits the proliferation of
leukemic and breast cancer cells11, 12; another study demonstrated ant proliferative effect through the suppressing
activity of the NF-kB gene expression and the high antioxidant activity in the hepatocarsinoma cell line of O.
majorana13. The anticancer activity of O. majorana has
only been studied in raw or total extracts aqueous (solution of the soluble principles of a plant), ethanolic (base
in ethanol extraction) or hydroalcoholic extracts base in
water and ethanol or methanol) and essential oils; but
as far as it is known, the polar and non-polar fractions
of the total ethanolic extract have not been studied. The
objective of this study was to determine anticancer and
cytotoxic activity of the polar and non-polar fractions of
aethanolicextract of O. majorana, and also to verify the
antioxidant capacity with the aim of contributing to the
search for active ingredients related to their cytotoxic
activity.

2. Materials and Methods
2.1 Collection and Drying of the Plant
Material
O. majorana was acquired from a local market in

the city of Armenia. A voucher plant specimen
was deposited in Herbarium of the Universidad
del Quindío for taxonomic identification (HUQ034140).

2.2 Ethanolic Extract of O. majorana L.
Preparation
The leaves of O. majorana were dried in an oven at 38°C,
until constant weight was obtained, then homogenized;
this material was subjected to leaching with 95% ethanol for 15 days. The resulting extract was concentrated
with rotary evaporation at low pressure and vacuum filtered. The chlorophylls of the extract were precipitated
and separated with an ethanol water mixture (1:7), and
then stored at -20°C until use. Throughout the cell culture
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experiments, stock solutions were diluted with RPMI
1640 medium and DMEM (Dulbeco®).

2.3 Polar and Non-Polar Fractions
Preparation
For raw extract fractionation, 10.5 g of the extract was
taken and mixed with silica gel at (beads 0.063 - 0.2 mm)
a ratio of 1:2, as described by14. The fractionation was
carried out with a glass column for chromatography. Nonpolar fraction separation was started with chloroform as
eluent. The fractionation of the non-polar compounds
was stopped when no any secondary metabolite was
present in the thin-layer chromatography assays. Once
the NPF was obtained, the fractionation was continued
gradually with absolute ethanol until the Polar Fraction
(PF) was obtained. An ethanol-water mixture was used to
extract the polar retentate of the extract, which was added
to the PF.

2.4 Preliminary Phytochemical Analysis
The raw extract and its polar and non-polar fractions
were evaluated for the identification of tannins, saponins,
flavonoids, quinones, sterols, triterpenoids, naphthoquinones and anthraquinones, cardiotonic glycosides,
terpenic lactones and alkaloids following the method
described by14, 15.

2.5 DPPH Radical Scavenging Activity
Concentrations of 2.5, 8, 14, 20, 26, and 32 μg/mL were
evaluated for theEE and PF, and concentrations of 0.8,
1.6, 2.4, 3.2, and 4.5 mg/mL were evaluated for the PAF,
prepared in methanol. 1mL of methanol solution of the
extract or fraction was taken, then, 0.5mL of a DPPH
solution (1,1-diphenyl-2-pricrilhidrazil free radical)
(0.2mM in methanol) was added and mixed. The mixture
was incubated at 25°C for 40 minutes in the dark, and the
absorbance was read at 517 nm. Methanol was used as the
blank. As a positive control, Butylated Hydroxy Toluene
(BHT) in methanol was used at the same concentrations
of the extract. The negative control was 0.5mL of DPPH˙
solution plus 1 mL of methanol16.
The DPPH˙ radical savaging percentage was c alculated
according to the following formula:
DPPH radicals uptake % = (Ac-A/Ac)*100(1)
Where:
Ac: Absorbance of the negative control
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A: Absorbance of the sample (with extract or with BHT).

2.6 Total Phenolic Content
The total phenolic content of 1 mg/mL of each of the
extracts,EE, PF, and NPF, was evaluated with tungsten and
molybdenum salts by adding the Folin-Ciocalteau reagent
and Na2CO3; brebely: 2.5 mL of the Folin-Ciocalteau
reagent (1/10 dilution) and 2 mL of 7.5% Na2CO3 (w/v)
were added to the extract, which was incubated at 40°C
for 15 minutes. The absorbance of the samples was measured at 765 nm; as a blank, 7.5% Na2CO3 was used in
distilled water. The results were expressed as mg Eq- of
gallic acid/g of extract16.

2.7 Anticancer Activity and Cytotoxicity
For the determination of the anticarcinogenic activity, Sp2/O-Ag14 (ATCC: CRL-1581) murine myeloma
cells were used; approximately, 10,000 cells per well
were placed in a 96-well plate with RPMI 1640 medium
(Dulbeco®), supplemented with fetal bovine serum
(Invitrogen), antibiotics (Penicillin-Streptomycin) - antifungal (Amphotericin B), and L-Glutamine; the cells were
incubated at a temperature of 37°C and an atmosphere
with 5% CO2.
For the cytotoxicity determination, Vero cells isolated
from African adult green monkey kidney epithelium,
Cercopithecusaethiops, were used. Approximately, 10,000
cells per well were placed in a 96-well plate with DMEM
medium (Dulbeco®), supplemented with fetal bovine
serum (Invitrogen), antibiotics (Penicillin-Streptomycin)
- antifungal (Amphotericin B), and L-Glutamine; the cells
were incubated at a temperature of 37°C and an atmosphere with 5% CO2.

2.8 Evaluation of Cell Viability
Cell viability was determined byalamar Blue® assay and a
color quantification system was based on images (CQSColorimetric Quantification System); so, cell viability was
estimated by determining alamar Blue reduction whit
digital images processing (CQSTI transmittance index).
Digital cameras, with red, green and blue (RGB) filters,
captured red (600 to 700 ηm) and green (from 500 to 600
ηm) light wavelengths in ranges bordering the absorption
bands of resazurin and resorufin17.
In order to measure the well signals, color images of an
empty microplate (blank) and of a microplate loaded with
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samples were captured and analyzed using the software
Image J17. The CQSTI transmittance index was calculated
with the following formula:
CQSTImn = Wrmnx (MAXBr / Brmn) − Wgmn x (MAXBg
/ Bgmn) (2)
Where:
m = Microplate column
n = Microplate row
Wrmn = red spectrum density of the well
Wgmn = green spectrum density of the well
Brmn = red spectrum density of the well of the empty
microplate image (blank)
Bgmn = green spectrum densityof the well of the empty
microplate image (blank)
MAXBr= The highest value of Br of the empty microplate
image (blank)
MAXBgr = The highest Bg value of the empty microplate
image (blank)
CQSTI values of each extract indirectly interpreted as cell
viability or ant carcinogenic effect in the murine myeloma
cells.

2.9 Statistical Analysis
A simple ANOVA of the CQSTI values of each cell line
treated with the different extracts was performed and a
multi-rank test was performed to determine which means
were significantly different from others. The statistical
program Statgraphics Centurion XV was used.

3. Results and Discussion
3.1 Preliminary Phytochemical Analysis of
the EE, PF and NPF of O. majorana
The evaluation of the presence of the secondary
metabolites in the different extracts was carried out qualitatively with chemical reactions that alter the molecular
structure of compounds. This analysis indicated the presence of tannins, anthocyanins, flavonoids, terpenes,
quinones, alkaloids (from the purines group), cardiotonics, coumarins and terpenic lactones, some of which were
revealed with thin-layer chromatography using UV light.
The vibrational analysis of the infrared spectrum
indicated the presence of C-H bonds in several of the
peaks seen in the NPF spectrogram, demonstrating the
possible presence of compounds such as terpenes or triterpenes in this fraction. The infrared spectrogram for the
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PF showed vibration bands of OH bonds at 3420.66 cm-1,
CH at 2924.66 cm-1, C = C at 1074.13 cm-1 - 1628.15
cm-1, these types of vibrations possibly they are i ndicative
of phenolic or polyphenolic compounds18.

3.2 DPPH Radical Scavenging Activity
In this study, the CE and PF showed a strong DPPH free
radical scavenging capacity, where the maximum uptake
of DPPH radicals was found in the EE and PF, 88, 85 and
85.9% uptake, respectively.
The EE and its polar fraction PF had the highest DPPH
radical scavenging activity; the IC50 was determined for
the EE, PF and NPF (Table 1). The EE exhibited the highest percentage of radical uptake (12.1 μg/mL), and the
NPF had a low capacity for inhibiting DPPH radicals
(2400 μg/mL).

3.3 Determination of the Total Phenolic
Content
The EE exhibited the highest content of phenolic compounds (458.4 mg Eq- of gallic acid/g of EE), followed
by the PF (251.4 mg Eq- of gallic acid/g of PF). The nonpolar fraction had the lowest phenolic content (9.6 mg
Eq- gallic acid/g NPF).
O. majorana L. has a marked antioxidant potential
because a very good free radical scavenging percentage was obtained at low concentrations; in addition, the
measured phenolic content showed that the raw extract
and the polar fraction possessed a considerable amount
of phenols. The high content of phenolic compounds in
O. majorana has been related to its ability to eliminate
free radicals associated with its strong antioxidant activity12. Several reports have indicated that O. majorana has
a high capacity for inhibiting DPPH radicals11, 19. When
comparing the obtained values, it was concluded that
the polar compounds present in the O. majorana in this
study exhibited a higher radical scavenging percentage
and phenolic content, with higher results than in the
Table 1. Determination of the concentration that
inhibited 50% (IC50) of the DPPH radicals of the
raw extract and polar and non-polar fractions of O.
majorana

4

IC50/

Ethanolic
Extract
(μg/mL)

Polar Fraction
(μg/mL)

Non-polar Fraction
(μg/mL)

IC50

12.1 ± 1.3

16.7 ± 2.0

2400 ± 0.17
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described studies11. This may have been due to the fact
that its active components were altered by differences in
the geographical richness from which the plants were
obtained and by climatic characteristics such as temperature and humidity20.

3.4 Anticancer and Cytotoxic Activity of the
EE, PF and NPF of O. majorana.
The CQSTI values of the different concentrations of the
NPF, PF, EE and control exhibited a statistically significant difference (P <0.05).So, PF concentrations from 6.4 to
10, mg/mL and NPF concentration from 36 to 45 mg/mL
affected myeloma cells but not VERO cells. PF had a better
performance at low concentrations than NPF. This results
indicates that these fractions have a cytotoxic potential in
murine myeloma cells (anticancer activity) (Table 2).
A comparison analysis of multiple ranges was used to
determine that 2 and 4 mg/mL of EE, 4, an d 5.2, and 6.4
mg/mL of PF and, 9, 18, and 27, mg/mL of NPF did not
have statistically significant differences between them or
when compared to control, which indirectly indicated the
presence of viable cells in these wells and, therefore, low
cytotoxicity.
The CQSTI-mediumwas obtained for these cell lines,
interpreted as the concentration at which only half of the
AB reduction occurs. The mean CQSTI of the EE, PF and
NPF was obtained at the following concentrations: 5.7
mg/mL, 5.8 mg/mL and 35.8 mg/mL, respectively. These
CQSTI- mean values indirectly indicate 50% cell viability.
The comparison of these values obtained in the
determination of viability leads to the conclusion that
the murine myeloma cell line Sp2/O-Ag14 is significantly sensitive to extracts of O. majoranaas it is shown in
Figure 1. Studies have shown that low concentrations of
O. majorana induce an accumulation of arrested cells in
apoptosis-resistant mitosis and, at higher concentrations
of O. majorana, trigger massive apoptosis in the breast
cancer cells MDA-MB-23112. O. majorana at low cytotoxicity concentrations has a high ant proliferative potential
and strong pro-apoptotic effect on human lymphoblastic leukemia cells11, 21. The essential oil of O. majorana
has been shown to have a cytotoxic and apoptotic effect
on human hepatic carcinoma cells22. According to these
authors and the results obtained in this study O. majorana
has a promising ant carcinogenic effect, which should be
considered for future research aimed at the determination
and isolation of the active principles.
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Table 2. Cell viability of polar and non-polar fraction from O. majorana leaves
PF Concentration

CQSTI
(%Viability)

CQSTI
(%Viability)

NPF Concentration

CQSTI (%Viability)

CQSTI
(%Viability)

mg/mL

VERO

Myeloma

mg/mL

VERO

Myeloma

4

47.02

100

9

48.14

100

5.2

53.25

81.32

18

47.23

100

6.4

58.32

9.6

27

53.44

100

7.6

68.35

0

36

58.32

20.79

8.8

77.27

0

45

51.15

0

10

80.42

0

54

69.78

0

Plants have proven to be an excellent source of new
drugs, including ant carcinogenic agents. The identification and development of new plant chemotherapeutic
agents have gained significant recognition in the field of
cancer therapy and have become an important area of
experimental cancer research.
Figure 1.
Effect of O. majorana EE on the murine
myeloma cells Sp2/O-Ag14. A: 4 mg/mL and B: 11 mg/mL.

O. majorana has low cytotoxicity in healthy
lymphocytes11, and its alcoholic, aqueous extracts and
volatile oils have a protective effect on the toxicity of lead
acetate in mice23. According to these reports, O. majorana
has low cytotoxicity in healthy cells, and, according to this
study, the tested concentrations of the fractions probably
have low cytotoxicity, but they have a greater effect on
murine myeloma cells and other cell line11, 12, 24.
This study has some limitations, for example, it did not
delve into the type of compounds that the polar fraction
has, and its possible ant carcinogenic effect.

4. Conclusion
The results obtained in this study and those found in literature show that O. majorana has a promising anticancer
effect, with promising chemo preventive use, and should
be considered for future research aimed at determining
and isolating the active principles.
For the first time it is shown that the PF from O. majoranaa low concentrations affected myeloma cells but not
VERO cells. This result indicates that this fraction has an
anticancer activity. In addition, our results demonstrated
that the PF has a high phenolic content; this could be
related to its cytotoxic activity.
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