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Abstract

Melissa officinalis L (lemon balm) is a traditional herbal medicine used widely as a mild sedative,
spasmolytic and antibacterial agent. This paper focuses on the analysis of the chemical composition
and the biological activities of M. officinalis essential oil obtained under controlled harvesting and
drying conditions. An in-vitro cytotoxicity assay using MTT indicated that this oil was very effective
against a series of human cancer cell lines (A549, MCF-7, Caco-2, HL-60, K562) and a mouse cell line
(B16F10). This oil possessed antioxidant activity, as evidenced by reduction of 1,1-diphenyl-2-picryl-
hydrazyl (DPPH). These results pointed to the potential use of M. officinalis essential oil as an
antitumoral agent.

Introduction

Originally native to the Eastern Mediterranean region and Western Asia, Melissa officin-
alis L. (lemon balm) is also found in tropical countries (Brazil) where it is popularly
known as erva-cidreira and melissa. Aqueous and alcoholic extracts of M. officinalis
are traditionally used for their spasmolytic (Chakurski etal 1981), nervous sedative
(Soulimani etal 1991), antiviral (Dimitrova et al 1993; Yamasaki etal 1998) and antioxi-
dant (Lamiason et al 1991; Campos & Lissi 1995) activities. Much less is known about the
properties of the essential oil from M. officinalis but it has been reported as having
antibacterial, antifungal, antiparasitic and antispasmolytic activities (Dikshit & Husain
1984; Larrando etal 1995; Mikus et al 2000; Sadraei et al 2003).

Essential oils from a broad spectrum of plant species have been shown to have
cytotoxic and/or antitumoral activity (Buhagiar etal 1999; Hayes & Markovic 2002;
Moteki et al 2002). There has been accumulating evidence supporting a role of antioxi-
dant mechanisms on the anti-cancer potential of dietary essential oils (Hansson etal
1994; Snklar 1998; Owen et al 2000; Dwivedi et al 2003). However, so far the presence of
these activities in M. officinalis essential oil has not been demonstrated. This paper has
evaluated the antioxidant activity of this oil, and has investigated its cytotoxicity on a
series of human cancer cell lines A549 (lung), Caco-2 (colon), MCF-7 (breast), HL-60
and K562 (leukemia) and a mouse cancer cell line BI6F10 (melanoma).

Materials and Methods

Essential oil

The culture of M. officinalis L was established at the Research Station “Campus Rural
da UFS”, Federal University of Sergipe, Brazil. Leaves were harvested at 0900 h, dried
at 40°C until complete dehydration had been achieved, and the essential oil was
obtained by hydrodistillation in a Clevenger-type apparatus as described by Blank
etal (2002). A Shimadzu QP5050A gas chromatograph interfaced to a mass spectro-
meter (GC-MS) instrument was used to analyse the oil. The following conditions
applied: column, DB5 (30 m long X 0.25 mm i.d. X 0.25-pum film thickness composed
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of 5% phenylmethylpolysilo xane), connected to an ion trap
detector operating in Electron Impact mode at 70V; carrier
gas was He, flow rate I mL min_l, split mode, with ratio of
1:5, and injection volume of 0.5 uL (in CH,Cl,); injector
and ion-source temperatures were 250 and 280 °C, respec-
tively. The oven temperature was programmed from 80 °C
(isothermal for 2 min), with an increase of 3°Cmin", to
180°C, then 10°Cmin~" to 300°C, ending with a 10-min
isothermal at 300°C. The calculation of the retention
indexes was made through co-injection with a n-alkane
series (Van den Dool & Kratz 1963). Identification of the
oil constituents were made based on the retention indexes
(Adams 1995) and by comparison of mass spectra with
computer search using NIST21 and NIST107 libraries.
Compound concentrations were calculated from the GC
peak areas and they were arranged in order of GC elution.

Cell viability assay

Essential oil was solubilized in dimethylsulfoxide (DMSO;
Sigma, St Louis, MO) then diluted in culture media for
use. Cell lines (HL-60, K562, A549, Caco-2, MCF-7 and
B16F10) were maintained in RPMI-1640 or Dulbecco’s
Minimum Essential Medium (DMEM), supplemented with
10% heat-inactivated fetal calf serum (FCS), 100 U mL ™"
penicillin, 100 ugmL " streptomycin and 2 mM L-glutamine
at 37°C/5% COx. Cells (104/well) were cultivated for 24 h
before the test compounds were added. After this time dif-
ferent dilutions of the essential oil (1:2000, 1:10 000, 1:50 000
and 1:100 000 v/v) or of DMSO (at the same concentration
carried by the oil) were added to triplicate wells and the cells
were cultivated for a further 48 h. Cell viability was evalu-
ated by (3-[4,5-dimethylthiazol-2-yl]-2,5-di phenyltetrazolium
bromide) MTT (Mosmann 1983) and the percentage inhibi-
tion of cell viability was calculated using cells treated with
DMSO as controls. Cisplatin (Technoplatin, Zodiac, SP,
Brazil) and vincristine (Sigma, St Louis, MO) were used as
positive controls of antitumoral activity for A549 and K562,
respectively.

Antioxidant activity

The antioxidant activity was measured by the 1,1-diphenyl-
2-picrylhydrazyl radical (DPPH; Sigma, St Louis, MO)
reduction assay as described by Ramos etal (2003).
Samples of the oil in ethanol (ranging from 0.005 to
25.0 uLL mL_l) were mixed with a solution of DPPH
(0.3mm in ethanol) at room temperature and 30 min later
the absorbance was measured at 515nm. An ethanolic
solution of the oil was used as a blank and the solution of
DPPH in ethanol was used as a negative control. The IC50
values were calculated by linear regression of plots where
the abscissa represented the volume of tested oil and the
ordinate the average percent of antioxidant activity from
three separate tests.

Statistical analysis

Analysis of variance was used to evaluate the inhibitory
effect of the different dilutions of the oil on the cells.

A post-hoc test (Tukey) was used to determine the effec-
tiveness of each dilution relative to the control. A non-
parametrical statistical test (Kruskal-Wallis) was used to
analyse the effect of the different dilutions of the oil in
each cell.

Results

Considering the great application of essential oils in indus-
try, we searched for the best conditions to obtain an oil
with a composition that would fit international demand. It
was observed that harvesting at 0900 h and drying the
leaves at 40 °C resulted in the best chemical composition
(Blank et al 2002). The chemical analysis of the M. officin-
alis essential oil is shown in Table 1. The essential oil
content and yield obtained were 0.97% and 18.030 L per
hectare.

To investigate the tumoricidal activity of M. officinalis
essential oil, we evaluated its effect on the viability of five
human cancer cell lines and a mouse melanoma cell line. As
shown in Figure 1, for the oil dilutions ranging from 1:50 000
to 1:2000 (0.02-0.5 x 103) the essential oil induced a dose-
dependent inhibitory effect on all lines tested that was sig-
nificantly different (Kruskal-Wallis and one-way analysis
of variance, P < 0.0001). At the dilution of 1:100 000
(0.01 x 10%) the effect of the oil was negligible. Thus, the
inhibitory effect of oil on cell viability ranged from
939+0.6% for K562 to 73.9+164% for B16FI10 at
1:2000 dilution (0.5 x 103) and from 952+12% to
45.1 £ 5.8% for K562 and MCF-7, respectively, at 1:10 000
dilution (0.1 x 10). Two-way analysis of variance showed
that the cells were also different (P =0.026) at different oil

Table 1 Composition of the essential oil of Melissa officinalis
leaves harvested at 0900h and oven dried at 40°C.

Retention Component (%) RRI RRI
time (min) exp.* lit.
4.891 6-Methyl-5- 1.10 982 985
hepten-2-one
7.795 Linalool 0.83 1099 1098
9.227 - 0.49 1141 -
9914 Cis-Chrysanthenol 1.81 1161 1162
10.563 Isomenthol 291 1180 1182
13.084 Neral 39.28 1241 1240
14.343 Geranial 47.32 1270 1270
16.066 Methyl geranate 0.50 1322 1323
16.622 - 0.70 1336 -
17.576 - 0.44 1356 -
18.105 - 1.00 1372 -
18.508 Geranyl acetate 1.51 1383 1383
20.160 (E)-Caryophyllene 0.94 1424 1418
26.707 Caryophyllene oxide 1.17 1584 1581

*RRI, relative retention index calculated applying Van den Dool &
Kratz (1963). **Comparison of the relative retention time with those
reported by Adams (1995).
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concentrations (P < 0.0001) that was suggestive of a specific
effect of the oil. Treatment of A549 with 50 ugmL " cispla-
tin and of K562 with 60 nm vincristine reduced the viability
of the cells by 98.0% and 95.1 & 3.1%, respectively.

Evaluation of the antioxidant activity of M. officinalis
essential oil by DPPH reduction assay (Figure 2) gave an
EC50 value of 2.0 uL.

Discussion

The ingestion of plant extracts with medicinal properties
represents an alternative for the treatment of different
pathological states in economically unprivileged coun-
tries. However, in the absence of a scientific basis, such
practices may generate serious adverse effects. The analy-
sis of the pharmacological activity of plant extracts may
therefore make possible the design of less expensive thera-
pies to be used in developing regions.

Essential oil from M. officinalis has a great economical
importance due to its use in industry, especially the pharma-
ceutical industry. The effects of harvesting time and
drying on the production of the essential oil obtained
from a culture established in the northeastern region of
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Figure 2 Antioxidant activity of M. officinalis essential oil. Anti-
oxidant activity was measured by 1,1-diphenyl-2-picrylhydrazylradi-
cal (DPPH) reduction. Data were expressed as mean & s.d. of at least
three different experiments.

Brazil was investigated by Blank etal (2002). Holla etal
(1997) analysed a commercially available essential oil of
M. officinalis cultivated in the Slovak Republic and
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obtained 33.60% geranial, 22.18% neral and 0.00% cis-
geraniol and trans-geraniol. Under the conditions used in
this experiment, harvesting at 0900 h and drying the leaves
at 40 °C, the proportion of the main components of the
oil, geranial (47.32%) and neral (39.28%), was improved
in relation to the oil produced by Holla etal (1997) and no
geraniol was encountered.

Our data demonstrated that M. officinalis essential oil
inhibited the viability of several tumour cell lines in a
concentration-dependent manner. At oil dilutions ranging
from 1:50 000 to 1:2000 a significant effect was observed
for each cell. A non-specific toxic effect of the oil was
ruled out by the use of a two-way analysis of variance in
as much as it showed differences between different cells
and different dilutions of the oil. The capacity to kill
cancer cell lines is not a property particular to M. officin-
alis essential oil. In-vitro cytotoxic activity (Setzer etal
1999; Buhagiar etal 1999; Angelopoulou etal 2001; Hayes
& Markovic 2002; Moteki et al 2002) and in-vivo tumor-
icidal activity (Shwaireb 1993) of essential oils had been
described already. In some cases, this activity was attri-
buted to specific components of the oil. Geraniol, a
component of some essential oils, has been shown to
inhibit the proliferation of human colon cancer cells in-
vitro (Carnesecchi etal 2001) and the growth of pancreatic
(Burke et al 1997), hepatic and skin (Yu etal 1995) tumours
in-vitro and in-vivo. Since the oil used in our study did not
contain geraniol (Table 1), we need to identify which of its
components was responsible for the observed antitumoral
activity.

Antioxidant activity of Melissa tea and hydro-alcoholic
extracts have been described (Lamiason etal 1991; Lugasi
etal 1996). We demonstrated that this activity was present
in M. officinalis essential oil. The antitumour properties of
several antioxidants have been described, such as Panax
ginseng (Keum etal 2000), glycolic acid (Hong etal 2001;
Ahn etal 2002), resveratrol (Surh etal 1999; Kozuki etal
2001; Kapadia etal 2002) and of the ethanolic extract of
the flowers of Prunus persica (Heo etal 2001). Thus our
data indicated that the antioxidant properties of M. offi-
cinalis essential oil might contribute to its antitumoral
activity.

Conclusion

In addition to establishing the best conditions to obtain
essential oil from Melissa officinalis, the results demon-
strated that this oil has antioxidant and tumoricidal activ-
ity indicative of its potential use for cancer treatment and/
or prevention. Experiments are necessary to identify
which of the oil components are responsible for these
activities.
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