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ABSTRACT Lemongrass (Cymbopogon citratus Stapf) essential oil has been used worldwide because of its ethnobotanical

and medicinal usefulness. Regarding its medicinal usefulness, the present study evaluated the beneficial effects of lemongrass

essential oil (LGEO) oral treatment on cell proliferation and apoptosis events and on early development of hyperplastic lesions

in the mammary gland, colon, and urinary bladder induced by N-methyl-N-nitrosourea (MNU) in female BALB/c mice. The

animals were allocated into three groups: G1, treated with LGEO vehicle for 5 weeks (five times per week); G2, treated with

LGEO vehicle as for G1 and MNU (two injections each of 30 mg/kg of body weight at weeks 3 and 5); and G3, treated with

LGEO (five times each with 500 mg/kg of body weight per week) and MNU as for G2. Twenty-four hours after the last MNU

application, all animals were euthanized, and mammary glands, colon, and urinary bladder were collected for histological and

immunohistochemical analysis. LGEO oral treatment significantly changed the indexes of apoptosis and/or cellular prolif-

eration for the tissues analyzed. In particular, the treatment reduced the incidence of hyperplastic lesions and increased

apoptosis in mammary epithelial cells. This increment in the apoptosis response may be related to a favorable balance in Bcl-

2/Bax immunoreactivity in mammary epithelial cells. These findings indicate that LGEO presented a protective role against

early MNU-induced mammary gland alterations in BALB/c mice.
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INTRODUCTION

E ssential oil of aromatic plants has been used by
industries in the production of soaps, perfumes, and toi-

letries. In addition, many such oils have been used in tradi-
tional medicine for various purposes because some of them
exhibit antibacterial, antifungal, and insecticidal properties.1,2

Lemongrass (Cymbopogon citratus Stapf) leaves have
been widely consumed as infusions or decoctions in Brazilian
folk medicine to treat ailments because of their antispas-
modic, analgesic, anti-inflammatory, antipyretic, diuretic, and
sedative properties.3,4 In addition, lemongrass essential oil
(LGEO) has an immense commercial value as a food pre-
servative, flavoring agent, and ingredient in fragrances and
cosmetics.2 Also, various in vitro and in vivo pharmaco-
logical activities of LGEO have been described, including
anxiolytic and anticonvulsant activities,4,5 antibacterial,
antifungal, and antiprotozoal properties,6–10 potential im-
munostimulating action, and antiviral activity against herpes
simplex virus type 1.11,12

Previous in vitro and in vivo studies have shown anti-
mutagenic and antioxidant activities of lemongrass extracts
or their main compounds (i.e., citral, b-myrcene, and gera-
niol).13–19 Moreover, geraniol has been found to reduce the
proliferative activity of Caco-2 human colon and MCF-7
human cancer cell lines.20,21 In addition, lemongrass etha-
nolic extract, orally given to male Fischer 344 rats, inhibited
colonic aberrant crypt foci (ACF) and glutathione S-trans-
ferase placental form–positive foci development induced by
azoxymethane and diethylnitrosamine, respectively.22,23

Despite of these data, there is no information about the
beneficial action of LGEO oral treatment on carcinogen-
induced target organ toxicity and early development of
preneoplastic lesions in mice. Thus, the present study aimed
to determine whether LGEO could influence the acute
proliferative and apoptotic responses induced by the car-
cinogen N-methyl-N-nitrosourea (MNU) in the mammary
gland, colon, and urinary bladder of female BALB/c mice.

MATERIALS AND METHODS

LGEO extraction

Plant seedlings of specimens from the garden of medici-
nal plants at Lageado Farm, São Paulo State University,
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were cultivated at the Institute of Biosciences campus,
Botucatu, SP, Brazil. The plant was identified in the BOTU
Herbarium, Department of Botany, São Paulo State Uni-
versity, where a voucher specimen (number 23031) was
deposited. The LGEO was extracted from fresh lemongrass
leaves through 3 hours of boiling hydrodistillation using a
Clevenger apparatus. The extracted LGEO was stored at
4�C in a dark vessel up to the moment of use.

The chromatographic oil profile of each extraction was
acquired in silica plates (Sigma-Aldrich, St. Louis, MO,
USA), using hexane plus ethyl acetate or toluene plus ethyl
acetate as mobile phases. LGEO samples or its main com-
pounds (citral, geraniol and b-myrcene) were diluted in di-
chloromethane and applied to the plate through capillary
tubes. Then, the plates were put into saturated cubes with
eluent, after which the compounds were separated through
affinity chromatography; plates were revealed by sulfuric
anisaldehyde. In addition, the plates were heated to a tem-
perature of 100�C for 5 minutes and immediately photo-
graphed. To avoid differences in LGEO constitution among
the extractions, the essential oils acquired on each extraction
were mixed and then used for the purposes of this study.
Finally, the essential oil mixture was analyzed by gas
chromatography coupled with mass spectrometry according
to the following conditions: injection of 1 lL of the solution
(1 lL of LGEO and 1 mL of ethyl acetate); silica capillary
column of DB-5 (30 m · 0.25 mm; particle size, 0.25 lm);
electron impact, 70 eV; utilizing helium at 1.0 mL/minute as
the carrier gas; injector temperature, 240�C; detector tem-
perature, 230�C; and temperature program, from 60�C to
240�C, 3�C/minute. The compounds were identified through
substance mass spectrum comparison with the gas chro-
matography/mass spectrometry database (NIST 62 library),
literature values, and retention indexes.24,25

Experimental design

The animals were handled in accordance with the Ethi-
cal Principles for Animal Research adopted by the Brazi-
lian College of Animal Experimentation and approved
by the Committee for Ethics in Animal Experimentation
at Botucatu Medical School, São Paulo State University.
Female BALB/c mice were obtained from the Multi-
disciplinary Center for Biological Investigation (Campi-
nas, SP, Brazil) and housed in polypropylene cages
covered with metallic grids in a room maintained at
22 – 2�C and 55 – 10% humidity and with a 12-hour light–
dark cycle. The animals were fed with commercial Purina
chow (LABINA, Paulı́nia, SP, Brazil) and water ad libitum
for a 2-week acclimation period. Then, the mice were al-
located into three groups (10 mice per group): G1, negative
control, received by gavage the LGEO vehicle (2% Tween
20, five times a week for 5 weeks); G2, positive group,
received by gavage the LGEO vehicle (2% Tween 20, five
times a week for 5 weeks) and two intraperitoneal injec-
tions of MNU (Sigma-Aldrich) (each at 30 mg/kg at the
end of weeks 3 and 5);26 and G3, test group, received by
gavage LGEO (500 mg/kg of body weight, five times a

week for 5 weeks) and the two MNU intraperitoneal in-
jections. All animals were euthanized at 24 hours after the
last MNU application. The LGEO dosage adopted here was
based on our previously published work.4

Clinical examinations were performed daily, and detailed
physical evaluations were done weekly. Food and water
consumption were recorded twice a week. The animals were
fasted overnight and euthanized by exsanguination under
sodium pentobarbital anesthesia (45 mg/kg of body weight).

Processing and analysis of tissues

At necropsy, the inguinal mammary glands, colon, and
urinary bladder were removed and fixed in 10% buffered
formalin for 24 hours for posterior histological analysis.
The mammary gland fat pads were processed for paraffin
embedding. The urinary bladder was inflated with 10%
phosphate-buffered formalin, cut in four to six strips, and
processed for paraffin embedding. The entire colon was
longitudinally opened, rinsed in saline, and flat-mounted in
fixative solution. Colons were stained with 2% methylene
blue in phosphate-buffered saline for 10 minutes for ACF
counting.27,28 After ACF analysis, proximal, middle, and
distal colon samples were cut into serial strips and processed
for paraffin embedding.

Paraffin blocks with the target organs were cut in 5-lm-
thick sections and stained with hematoxylin and eosin for
histological or immunohistochemical analysis. In hematoxy-
lin and eosin–stained slides, preneoplastic lesions were ana-
lyzed in order to evaluate the protective effects of LGEO in
early initiation phase of carcinogenesis. Mammary lesions
were classified as alveolar/ductal hyperplasia, colon lesions
as ACF, and urothelial lesions as simple or nodular hyper-
plasia, according to previously published criteria.26,28–30

Under hematoxylin and eosin staining, apoptotic cells were
identified by typical morphological criteria as previously
described.26,30,31

Immunohistochemical staining for proliferation cellular
nuclear antigen (PCNA) was performed using the strepta-
vidin–biotin peroxidase method, according to previously
established procedures.32 In brief, deparaffinized 5-lm-
thick sections were subjected to antigenic detection by 0.1 M
citric acid (two cycles of 5 minutes each in a microwave
oven) and were treated with 3% hydrogen peroxide for 10
minutes, nonfat milk for 60 minutes, anti-PCNA antibody
(1:100 dilution, Dako, Glostrup, Denmark) conjugated with
anti-mouse antibody (1:200 dilution, Dako) overnight, and
streptavidin–biotin peroxidase solution (1:50 dilution,
Vector Laboratories, Burlingame, CA, USA) for 45 minutes.
Chromogen color development was accomplished with 3,3-
diaminobenzidine tetrahydrochroride (Sigma-Aldrich), and
counterstaining was performed with Harris’s hematoxylin.

Cell proliferation and apoptotic indexes were expressed
as the percentage of PCNA S phase–positive cells or apo-
ptotic cells/apoptotic bodies among the total number of cells
counted, respectively.26,30 Cell proliferation and apoptosis
indexes were analyzed in order to evaluate the LGEO pro-
tective effects on acute proliferative and apoptotic responses
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induced by the carcinogen MNU in the mammary gland,
colon, and urinary bladder.

Apoptosis biomarker analysis

As apoptosis is an important event in the eradication of cells
that are suffering DNA insult due to genotoxic chemicals or
radiation exposures,31,32 apoptotic biomarkers were investi-
gated by in situ protein expression, including Bcl-2 protein
(anti-polyclonal rabbit anti-Bcl-2 [N-19] at 1:200 dilution,
Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA) and
Bax protein (anti-polyclonal rabbit anti-bax [G-23] at 1:200
dilution, Santa Cruz Biotechnology Inc.) by immunohisto-
chemical reaction as described above. Mammary gland was
chosen for this analysis because of the lower incidence of
proliferative/preneoplastic lesions and increased apoptosis
indexes found in the LGEO + MNU-treated group compared
with the MNU alone–treated group (see Results). The ex-
pression level of the regulatory apoptotic proteins Bcl-2 and
Bax was evaluated by using a semiquantitative score (0, lack
of expression; + 1, weak expression; 2 + , medium expression;
3 + , strong expression) and counting 10 random microscopic
fields consecutively for each mouse ( · 40 objective).

Statistical analysis

Body weight and food consumption and cell proliferation
and apoptosis indexes were compared among the experi-
mental groups using analysis of variance or Kruskal–Wallis
tests with a posteriori contrast tests, when necessary. Bcl-2
and Bax scores were analyzed using Kruskal–Wallis tests.
The incidence of preneoplastic lesions was compared by v2

or by the Fisher test. The significance level adopted was
P < .05. The statistical analyses were performed using Sigma
Stat software ( Jandel Corp., San Rafael, CA, USA).

RESULTS

The compounds of the essential oil used in this study and
their relative percentages are shown in the gas chromatog-
raphy/mass spectrometry chromatogram of Figure 1. The
major compounds found in lemongrass were citral (neral
and geranial), geraniol, and b-myrcene, representing
89.07% of the total oil; the remaining percentage was the

compounds 6-methyl-5-hepten-2-one and undeca-2-one as
previously described by other investigators.33,34

No significant variation in food or water consumption
was observed during the 5-week experimental period, and
final body weights were similar among the groups (data
not shown). At the end of week 5, proliferative and/or
preneoplastic lesions induced by the MNU applications
were detected in the mammary glands (e.g., alveolar/ductal
hyperplasia), colon (e.g., ACF), and urinary bladder (e.g.,
simple or nodular hyperplasia) of the female BALB/c mice.
A significant reduction (40% vs. 100%, P < .05) of alveolar/
ductal hyperplasia incidence was observed in the LGEO +
MNU-treated group (G3) compared with the MNU-treated
group (G2) (Table 1). Nevertheless, there were no clear dif-
ferences in colonic ACF incidence (100% vs. 100%) and
multiplicity (i.e., aberrant crypts per ACF, 2.12 – 0.32 vs.
2.21 – 0.31) or urothelial simple or nodular hyperplasia
incidence (40% vs. 50%) between the MNU-treated groups
(G2 and G3) (Table 1). No proliferative and/or pre-
neoplastic lesions were detected in vehicle-treated mice
(group G1) (Table 1).

Percentage PCNA S phase-labeling and apoptosis indexes
in the mammary gland, colon, and urinary bladder 24 hours
after MNU treatment are presented in Figure 2. MNU ad-
ministration induced an increase in the cell proliferation in-
dex in the colon (i.e., non-altered crypt epithelial cells) and in
the urinary bladder (i.e., non-altered urothelial epithelial
cells) compared with the vehicle-treated group (G2 vs. G1,
.05 < P < .001), but not in the mammary gland (i.e., non-
altered alveolar/ductal epithelial cells). Moreover, apoptotic
indexes were higher in the colon and urinary bladder of
MNU-treated mice but lower in the mammary gland, com-
pared with the vehicle-treated group (G2 vs. G1,
.05 < P < .001). On the other hand, LGEO (500 mg/kg) treat-
ment for 5 weeks significantly reduced both cell proliferation
and apoptotic indexes in urothelial epithelial cells compared
with the MNU-treated group (G3 vs. G2, .05 < P < .01) and
the apoptotic index in colonic epithelial cells. In contrast,
LGEO treatment significantly reduced cell proliferation but
increased the apoptosis index in the mammary gland com-
pared with the MNU-treated group (G3 vs. G2, P < .05).

Bcl-2 and Bax proteins were immunohistochemically lo-
calized in the cytoplasm of mammary epithelial cells of

FIG. 1. Chromatogram and chemical
composition obtained by gas chroma-
tography coupled with mass spec-
trometry from C. citratus essential oil.
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terminal buds, ducts, and alveoli (Fig. 3A and B). The aver-
age score levels of Bcl-2 expression were significantly lower
(P = .027) in mammary epithelial cells of the LGEO + MNU-
treated group (G3) than in the vehicle-treated and MNU
alone–treated groups (G1 and G2, respectively) (Fig. 3C). In
contrast, Bax expression was significantly higher (P = .014) in
the LGEO + MNU-treated group (G3) compared with the
other groups (G1 and G2) (Fig. 3D). The average score levels
of Bcl-2/Bax ratio was also significantly lower (P = .002) in
MNU-treated groups (G2 and G3) than in the vehicle-treated
group (G1) (Fig. 3E).

DISCUSSION

The present study was designed to investigate the possible
modifying effects of LGEO on chemically induced target
organ toxicity and surrogate proliferative/preneoplastic lesion
development in female BALB/c mice. The findings of this
study indicated that LGEO oral administration, before and
during MNU exposure, reduced target organ cytotoxicity
(i.e., cell proliferation and/or apoptosis responses) in colonic
crypt and bladder urothelial epithelial cells. LGEO treatment
also increased apoptosis in mammary epithelial cells (i.e.,
terminal buds, alveolus, and ducts) compared with the MNU-
treated group and significantly reduced the early development
of proliferative/preneoplastic lesions in this organ.

MNU is a direct methylating agent that reacts with cellular
macromolecules, including DNA, causing relatively high
levels of O6-methylguanine, which results in a predominant
DNA lesion.35 Epidemiological and experimental studies
have shown a strong correlation between the occurrence of
O6-methylguanine and cancer development.36,37 Therefore,
MNU has been used as a potent carcinogen in chemically
induced rodent mammary gland, colon, and urinary bladder
carcinogenesis models,26,38–40 and it has been demonstrated
to exert acute cytotoxicity on mammary, colonic, and ur-
othelial epithelial cells by inducing cell death.41–43

The acute treatment with MNU increased the apoptotic
levels in the colon and urinary bladder probably because of
DNA damage in the epithelial cells. Moreover, LGEO oral
treatment reduced the deleterious effects of MNU exposure
detected by the lower cell proliferation index in the urinary
bladder and the lower apoptotic index in both the colon and
urinary bladder, without an effective action against early
preneoplasia development. Thus, LGEO oral treatment only
attenuated the cytotoxic effects of the carcinogen in these
target organs. It is interesting that LGEO oral treatment not
only increased apoptosis, but also reduced cell proliferation
in the mammary gland, resulting in a protective action
against mammary hyperplasia development. In fact, there
are hallmarks of the range of complex steps that occur
during tumor development. Sustained proliferative signal-
ing, resistance to cell death, and replicative immortality are
included among them.44 The disruption of the proliferation/
apoptosis normal balance toward proliferative activity may
lead to hyperplasia of the cells, which may result in tumor
growth.45,46 Shilkaitis et al.45 demonstrated, like our find-
ings, that cell proliferation is similar in both normal mam-
mary tissue and hyperplastic terminal end buds. However,
apoptosis is relatively high in normal terminal end buds and
decreases in the hyperplastic terminal end buds of MNU-
treated female Sprague–Dawley rats. The differential re-
sponses of mouse mammary gland, colon, and urinary
bladder to MNU exposure could be due to differences in
organ microenvironments and/or because of the metabolic
and DNA repair machinery.47

Apoptosis is an important regulatory process in the pro-
tection against the development of cancer. It provides an in-
nate cellular defense against tumorigenesis by removing cells
with genomic instability and by deleting cells with DNA
damage induced by genotoxic agents such as carcinogens.31,32

Moreover, the increase or facilitation of apoptosis during
initiation events of chemical carcinogenesis increases the
elimination of mutated cells that may otherwise progress to
malignancy after a long period of latency.31,32 The regulators
of apoptosis are divided into two major programs: the ex-
trinsic program involves extracellular death signals, and the
intrinsic program involves signals of intracellular origin.44

DNA damage is one of the events able to trigger the intra-
cellular death signals.48 Both intrinsic and extrinsic apoptotic
programs involve the activation and/or suppression of various
gene families. Among these families, Bcl-2 protein and
other members of its family protect the cells from apopto-
sis, whereas Bax and related proteins potentiate the

Table 1. Incidence and Multiplicity

of Preneoplastic/Proliferative Lesions

in Mammary Gland, Colon, and Urinary Bladder

of Female BALB/c Mice

Treatment group

Organ, lesion
Vehicle

(G1)
MNU
(G2)

LGEO + MNU
(G3)

Mammary gland
Alveolar/ductal

hyperplasia
Incidence 0 100% 40%*
Multiplicity 0 1.20 – 0.13 0.43 – 0.20**

Colon
ACF

Incidence 0 100% 100%
Total AC 0 8.86 – 2.26 9.30 – 2.37
Total ACF 0 4.30 – 1.08 4.00 – 2.37
Multiplicity (AC/ACF) 0 2.21 – 0.31 2.12 – 0.32

Urinary bladder
Simple/nodular

hyperplasia
Incidence 0 40% 50%
Multiplicity 0 1.50 – 1.23 1.60 – 1.36

Data are percentage incidence (percentage of mice bearing lesion) or

mean – SEM multiplicity (mean number of lesions per mouse per group).

Statistically different from group G2: *P < .05, **P = .027. Group G3 was

compared only with group G2.

AC, aberrant crypt; ACF, aberrant crypt foci; LGEO, lemongrass essential

oil (500 mg/kg, five times per week for 5 weeks); MNU, N-methyl-N-

nitrosourea (two injections each of 30 mg/kg of body weight, at the end of

weeks 3 and 5).
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cell death.49,50 The Bcl-2/Bax ratio intrinsically controls the
relative susceptibility of cells to induction of apoptosis.49,50

Bcl-2 and Bax are differentially expressed in various tissues
and cell populations, including mammary gland.51,52 In hu-
man and rodent mammary gland, Bcl-2 and Bax proteins are
constitutively expressed in normal epithelial cells but vari-
ably expressed in preneoplastic and neoplastic lesions.51,52

Although MNU administration in itself slightly decreased the
Bcl-2/Bax ratio in our study (maybe because of the activation
of the DNA repair machinery, which is able to trigger apo-
ptotic signals, for example, through p53 activity),44,48 LGEO
oral treatment effectively increased apoptosis after treat-
ment with MNU, suggesting that it may be protective in the
early stages of mammary carcinogenesis. Therefore, the

mechanism by which LGEO protected the mammary gland
from the cancer initiation may be by changing the balance
of Bcl-2/Bax in situ expression toward apoptosis increase.
Thus, we assumed that the slight decrease of Bcl-2/Bax
ratio in the MNU-treated group was a consequence of the
DNA repair machinery activation, but other signals (i.e.,
the inactivation of the extrinsic apoptotic program) could
be responsible for the decrease in the apoptotic levels. The
lower Bcl-2/Bax ratio caused by LGEO treatment was re-
sponsible for the higher apoptotic index than in the MNU-
treated group.

Putative preneoplastic lesions have been well character-
ized in mice as alveolar/ductal hyperplasia in the mammary
glands, ACF in the colon, and simple and nodular

FIG. 2. Proliferation cellular nuclear
antigen (PCNA) labeling index (%)
and apoptosis index (%) for (A and B,
respectively) alveolar/ductal mammary
epithelial cells, (C and D, respectively)
colonic crypt epithelial cells, and (E
and F, respectively) urothelial cells.
Statistically different from groups G1
(*) and G2 (**) (.05 < P < .01).
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hyperplasia in the urinary bladder.53 Putative preneoplastic
lesions have been considered potential surrogate end point
biomarkers for the potential chemopreventive identification
of agents capable of inhibiting or suppressing rodent che-
mical carcinogenesis at different stages.54 A few studies
have been done on anticarcinogenic effects of lemongrass in
chemically induced models in rodents based on surrogate
preneoplastic lesions as end points. Dietary lemongrass
extract given for a 6-week treatment reduced the number of

glutathione S-transferase placental form–positive lesions per
liver area and decreased the oxidative damage in the liver,
assessed by 8-hydroxydeoxyguanosine in male F344 rats
initiated by diethylnitrosamine;23 in addition, dietary lem-
ongrass ethanolic extract given for 5 weeks—before and
during azoxymethane-initiation phase—or given during the
post-initiation phase for 12 weeks reduced the ACF inci-
dence. Similarly, in initiation protocols, lemongrass reduced
levels of colonic N7-methylguanine and O6-methylguanine

FIG. 3. Mammary gland images la-
beled immunohistochemically for (A)
Bcl-2 and (B) Bax proteins: weak cyto-
plasmic immunoreactivity for (A1) Bcl-2
and (B1) Bax and strong cytoplasmic
immunoreactivity for (A2) Bcl-2 and
(B2) Bax. (C–E) Graphic representation
of analysis of Bcl-2, Bax, and Bcl-2/Bax,
respectively, scores. Statistically different
from groups G1 (*) and G2 (**)
(P < .02).
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DNA adducts as well as fecal b-glucuronidase activity in
male F344 rats and oxidative damage induced by tert-butyl
hydroperoxide in an in vitro system.22 Using a multi-organ
carcinogenesis bioassay, we recently demonstrated that the
post-initiation treatment with LGEO presented a potential
chemopreventive action against mammary carcinogenesis,
but not against colon and urothelial carcinogenesis, in female
BALB/c mice.55 Thus, an effective influence of LGEO on the
initiation stage of the mammary carcinogenesis, as demon-
strated herein by reduction of hyperplastic lesions, should
continue to be investigated, mainly in long-term bioassays.

In conclusion, our results indicated that LGEO modulated
the colonic and urothelial cytotoxicity induced by the direct-
acting carcinogen MNU, but with no reduction in develop-
ment of preneoplastic/neoplastic lesions. However, LGEO
oral treatment acted as a potential blocking agent against
MNU-induced mammary damage by activating apoptosis
of the potentially initiated cells. Further studies are warranted
to better evaluate the mechanisms involved in the protective
action of LGEO on the cytoxicity and carcinogenicity in-
duced by MNU in female BALB/c mice as well as the safety
of the administration of this essential oil to animals.
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