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ABSTRACT. Rosmarinus officinalis (rosemary) oil is widely used
by the cosmetic, food, and pharmaceutical industries as a fragrance
component of soaps, creams, lotions, and perfumes. Although it is
popular, potential harmful side-effects of the oil have been described.
We investigated the genotoxic and mutagenic potential of essential oil
of R. officinalis in rodents, using comet, micronucleus and chromosome
aberration assays. The animals were treated by gavage with one of
three dosages of rosemary oil (300, 1000 or 2000 mg/kg). Liver and
peripheral blood cells were collected from Swiss mice 24 h after
treatment for the comet assay (genotoxicity endpoint), along with bone
marrow cells for the micronucleus test (mutagenicity endpoint). Bone
marrow cells were collected from Wistar rats 24 h after oil treatment
for the micronucleus and chromosome aberration assays. Based on
the comet assay, all three doses of rosemary oil induced significant

Genetics and Molecular Research 9 (4): 2113-2122 (2010) ©FUNPEC-RP www.funpecrp.com.br



E.L. Maistro et al. 2114

increases in DNA damage in the mouse cells. There was a significant
increase in micronucleated cells and chromosome aberrations only at
the two higher doses. We conclude that rosemary essential oil provokes
genotoxic and mutagenic effects when administered orally.

Key words: Chromosome aberrations; Comet assay; Essential oil;
Micronucleus test; Rosmarinus officinalis

INTRODUCTION

Rosemary (Rosmarinus officinalis (Labiatae)) originally cames from southern Eu-
rope (Héthelyi et al., 1987). Its leaves and oil are commonly used as spice and flavoring
agents in food processing because of its desirable flavor, antimicrobial and antioxidant ac-
tivity, due to phenolic diterpenes, such as rosmarinic acid and carnosol (Collins and Charles,
1987; Baratta et al., 1998; Mangena and Muyima, 1999; al-Sereiti et al., 1999; Larran et
al., 2001). This oil is widely used by the cosmetic, food, and pharmaceutical industries as
a fragrance component of soaps, creams, lotions, and perfumes. The leaves are used in the
preparation of alcoholic beverages (vermouth), herbal soft drinks, and cooked foods and
sauces. In medicine it is used as a stimulant of blood circulation, the heart, and the nervous
system, probably because of its camphor content. It is applied topically to treat articulation,
muscular, rheumatic, and traumatic pains; it is also employed in lotions against baldness
(Agel, 1991; Newal et al., 1996; al-Sereiti et al., 1999). However, potential harmful side ef-
fects of rosemary oil have been described. Lemonica et al. (1996) reported anti-implantation
effect of it and the aqueous extract of rosemary leaves in Wistar rats. Rosemary oil, taken
orally, can trigger convulsions; epileptic patients should exercise caution in using this oil,
and should never ingest quantities larger than those used in foods, especially during preg-
nancy. Topical preparations containing rosemary oil are potentially harmful to hypersensi-
tive people who may be allergic to camphor (Lemonica et al., 1996; Newal et al., 1996;
Burkhard et al., 1999).

Considering the high consumption of essential oil of rosemary, the reports of some
harmful side-effects, and the lack of in vivo genotoxic and mutagenic evaluations of this oil,
we examined the genotoxic/mutagenic potential of acute administration of rosemary oil in
rodent cells, using comet, micronucleus and chromosome aberration assays.

MATERIAL AND METHODS
Plant material

Plant material was obtained from Santos Flora Ltda. (Ervas Medicinais e Aromati-
cas) located in Sdo Paulo, SP, Brazil: this material had been imported from Turkey, with bo-
tanical identification as R. officinalis. A voucher specimen was deposited in the “Laboratério
de Fitofarmacos” of UNIFENAS, Alfenas, MG, Brazil. The oil was obtained by hydrodistil-
lation for 2 h in a Clevenger-like apparatus of dried crushed aerial parts. Rosemary essential
oil was recovered directly, using a micropipet from the upper part of the distillate, without
adding any solvent, and was stored in clean brown glass bottles at 4°C.
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Chemicals

The alkylating agent cyclophosphamide (CPA, CAS No. C 0768, Sigma) was used as
the DNA damaging agent in comet, micronucleus and chromosome aberration assays.

Animals and assay procedures

Experiments were carried out using 12-week-old albino Swiss mice weighing 25-30
g and 6-week-old Wistar rats, weighing approximately 100 g. The animals were acquired
from the animal house of the José do Rosario Vellano University (UNIFENAS), and kept
in polyethylene boxes, in a climate-controlled environment (25 + 4°C, 55 + 5% humidity)
with a 12-h light/dark cycle (7:00 am to 7:00 pm). Food (Labina - Purina) and water were
available ad libitum. The mice and rats were divided into experimental groups of six animals
each (3 females and 3 males). Rosemary essential oil was administered at a single dose of
0.5 mL by gavage, at concentrations of 300, 1000 or 2000 mg/kg body weight, selected on
the basis of acute toxicity studies in mice and ED, based on anti-inflammatory and analge-
sic activity analysis (Faria, 2005). The negative control groups (both mice and rats) received
distilled water. The positive control groups received 50 mg cyclophosphamide/kg. The Ani-
mal Bioethics Committee of UNIFENAS approved this study.

Comet assay

The alkaline comet assay was carried out using the method described by Speit and
Hartmann (1999) based on the original work of Singh et al. (1988) and includes modifications
introduced by Klaude et al. (1996) as well as some modifications. Briefly, liver and peripheral
blood cells were collected 24 h post-gavage. An aliquot of these cells was removed to determine
cell viability. Cell counting was performed using a hemocytometer. Cell viability was deter-
mined by Trypan blue dye exclusion. The number of Trypan blue-negative cells was considered
the number of viable cells; it was superior to 93%. A 10-uL aliquot was mixed with 120 uL
0.5% (w/v) low-melting point agarose at 37°C and rapidly spread on a microscope slide pre-
coated with 1.5% (w/v) normal-melting point agarose. Coverslips were added and the slides
were allowed to gel at 4°C, for 20 min, before gently removing the coverslips and immersing
the slides in cold freshly prepared lysing solution consisting of 89 mL of a stock solution (890
mL distilled water containing 2.5 M NaCl, 100 mM EDTA, 10 mM Tris and 1% (w/v) sodium
lauryl sarcosine with the pH set to 10.0 by the addition of about 8 g solid NaOH) plus 1 mL
Triton X-100 and 10 mL DMSO. After treatment, the slides were stored at 4°C for 1 h, protected
from light and then placed at the anode of a gel electrophoresis box containing high pH (>13)
electrophoresis buffer (300 mM NaOH per 1 mM EDTA, prepared from a stock solution of 10
N NaOH and 200 mM EDTA, pH 10) at 4°C for 20 min before electrophoresis to allow the
DNA to unwind. Electrophoresis was run at 25 V and 300 mA for 20 min at 4°C in an ice bath,
after which the slides were submerged in neutralization buffer (0.4 M Tris-HCI, pH 7.5) for 15
min, dried at room temperature and fixed in 100% ethyl alcohol for 10 min. The slides were
dried and stored at least overnight before staining by covering the preparation with 30 pL 1X
ethidium bromide staining solution (prepared from a 10X stock solution containing 200 pg/mL
ethidium bromide) and then covered with a coverslip. The material was evaluated immediately
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at a 400X magnification using an Olympus BX50 fluorescence microscope with a 515- to 560-
nm excitation filter and a 590-nm barrier filter.

The extent and distribution of DNA damage indicated by the comet assay was
evaluated by examining at least 100 randomly selected and non-overlapping cells on the
slides. The cells were visually scored, according to tail size, into four classes: 1) class 0,
undamaged and with no tail; 2) class 1, tail shorter than the diameter of the head (nucleus);
3) class 2, tail length one to two times the head diameter, and 4) class 3, tail longer than
twice the head diameter. Comets with no heads and images with nearly all DNA in the tail,
or with a very wide tail, were excluded from evaluation because they probably represent
dead cells (Hartmann and Speit, 1997). The total score for 100 comets was obtained by
multiplying the number of cells in each class by the damage class, ranging from 0 (all un-
damaged) to 300 (all maximally damaged).

Micronucleus and chromosome aberration assays

The rats were injected intraperitoneally with 0.5 mL 0.16% colchicines, 90 min
prior to euthanasia, 24 h after the oil treatments. Both femur bones were excised and the
bone marrow flushed into test tubes, using a syringe. For the micronucleus assay in both
mice and rats, the assay was carried out following standard protocols, as recommended by
Schmid (1975) and Krishna and Hayashi (2000). The bone marrow from both femurs was
flushed out using 2 mL saline (0.9% NaCl) and centrifuged for 7 min. The supernatant was
discarded and spread smears made. The slides were coded for “blind” analysis, fixed with
methanol and stained with Giemsa solution. For analysis of the micronucleated cells, 2000
polychromatic erythrocytes per animal were scored to determine the mutagenic property of
the extract. To detect possible cytotoxic effects, the poychromatic erythrocyte/normochro-
matic erythrocyte ratio in 200 erythrocytes/mouse was calculated (Gollapudi and McFad-
den, 1995). The cells were blindly scored under a light microscope at a 1000X magnifica-
tion. The mean number of micronucleated polychromatic erythrocytes in individual mouse
and rat was used as the experimental unit, with variability (standard deviation) calculated
from differences among animals within the same group.

Bone marrow preparations from the other femur from Wistar rats were used for
analysis of chromosome aberrations in metaphase cells, using the technique of Preston
et al. (1987). One hundred metaphases per animal (600 metaphases per group) were ana-
lyzed, in order to determine the number of chromosomal aberrations, in a blind test. The
chromosomal aberrations were classified according to Savage (1976) as gaps, breaks, de-
letions, fragments, rings, and dicentric chromosomes. Since the cytogenetic significance
of gaps is still not well established, statistical analyses were carried out excluding gaps.
The mitotic index was obtained by counting the number of mitotic cells in 1000 cells per
animal.

Statistical analysis

The comet, micronucleus and chromosome aberration assay data were submitted to
one-way analysis of variance (ANOVA) and the Tukey-Kramer multiple comparison test (So-
kal and Rohlf, 1995), using the GraphPad Instat® program version 3.01. The results were con-
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sidered to be statistically significant at P < 0.05.
RESULTS

Our comet assay results are shown in Tables 1 and 2, where the female and male results
for the different concentrations of oil and the cyclophosphamide-positive control are compared
with the negative control (water). As expected, when the positive control was compared to the
negative control, we found that cyclophosphamide induced a significant increase (P < 0.001 or
greater) in comet assay DNA migration for mouse liver and leukocyte cells (Tables 1, 2). We
found a significant increase in DNA migration at all three doses of rosemary oil in both liver
cells and leukocytes. At oil doses that induced a significant increase in DNA damage, most of
the damaged cells showed minor damage (class 1), very few had a large amount of damage
(classes 2 and 3).

Table 1. DNA migration in the comet assay for the assessment of genotoxicity of Rosmarinus officinalis essential
oil in liver cells of female (F) and male (M) Swiss mice in vivo.

Treatments Animals Total! Comet class Scores
0 1 2 3
Control F, 5 95 5 0 0 5
F, 1 99 1 0 0 1
F, 2 98 2 0 0 2
M, 4 96 4 0 0 4
M, 3 97 3 0 0 3
M, 5 95 5 0 0 5
Mean + SD 333+1.6 333+ 1.6
R. officinalis oil F, 13 87 11 2 0 15
(300 mg/kg) F, 9 91 8 1 0 10
F, 15 85 15 0 0 15
M, 22 78 20 2 0 24
M, 18 82 15 3 0 21
M, 20 80 15 5 0 21
Mean + SD 16.16 + 4.7%* 17.66 + 5.2*
R. officinalis oil F, 27 73 24 3 0 30
(1000 mg/kg) F, 17 83 17 0 0 17
F, 16 84 13 3 0 19
M, 17 83 15 2 0 19
M, 17 83 15 2 0 19
M, 15 85 13 2 0 17
Mean + SD 18.16 = 4.4%* 20.16 +£4.9*
R. officinalis oil F, 16 84 15 1 0 17
(2000 mg/kg) F, 20 80 18 2 0 22
F, 20 80 18 2 0 22
M, 15 85 15 0 0 15
M, 11 89 10 1 0 12
M, 15 85 15 0 0 15
Mean + SD 16.16 + 3.4%* 17.16 £ 4.0*
Cyclophosphamide F, 45 55 25 10 10 75
(50 mg/kg) F, 35 65 24 6 5 51
F, 33 68 25 5 3 44
M, 34 66 32 2 0 36
M, 26 74 15 8 3 40
M, 45 55 25 15 5 70
Mean + SD 36.33 + 7.4%* 52.66 + 16.2%*

*Significantly different from the negative control (P < 0.05). **Significantly different from the negative control (P
<0.001). 'Total number of damaged cells (classes 1 + 2 + 3).
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Table 2. DNA migration in the comet assay for the assessment of genotoxicity of Rosmarinus officinalis
essential oil in peripheral blood cells from Swiss mice female (F) and male (M) in vivo.

Treatments Animals Total' Comet class Scores
0 1 2 3
Control F, 2 98 2 0 0 2
F, 2 98 2 0 0 2
F, 2 98 1 1 0 3
M, 3 97 2 1 0 4
M, 5 95 3 2 0 7
M, 2 98 2 0 0 2
Mean + SD 2.66+1.2 333+£19
R. officinalis oil F, 10 90 9 1 0 11
(300 mg/kg) F, 9 9] 9 0 0 9
F 31 69 28 3 0 34
M, 7 93 4 2 1 11
M, 30 70 24 5 1 37
M, 10 90 4 5 1 17
Mean + SD 16.16 = 11.1* 19.8 £ 12.4*
R. officinalis oil F, 20 80 13 7 0 27
(1000 mg/kg) F, 14 86 10 4 0 18
F 22 78 18 4 0 26
M, 18 82 17 1 0 19
M, 17 83 13 4 0 21
M, 9 91 17 1 1 22
Mean + SD 16.66 £ 4.6* 22.1 +£3.6%*
R. officinalis oil F, 25 75 22 2 1 29
(2000 mg/kg) F, 26 74 19 7 0 33
F 33 67 30 3 0 36
M, 31 69 27 4 0 35
M, 31 69 23 7 1 40
M, 18 82 15 3 0 21
Mean + SD 27.30 + 5.5%** 32.3 £ 6.6%%*
Cyclophosphamide F, 40 60 21 13 6 65
(50 mg/kg) F, 38 62 25 9 4 55
F 37 63 17 15 5 62
M, 27 73 17 7 3 40
M, 32 68 17 11 4 51
S 49 51 28 13 8 78
Mean + SD 37.10 & 7.4%%* 58.5 & 13.0%**

*Significantly different from the negative control (P < 0.05). **Significantly different from the negative control (P <
0.01). ***Significantly different from the negative control (P <0.001). 'Total number of damaged cells (classes 1 +2 +3).

Table 3. Polychromatic erythrocytes with micronuclei (MNPCE) observed in bone marrow cells of female (F)
and male (M) Swiss mice and Wistar rats treated with Rosmarinus officinalis essential oil, and respective controls.

Treatments and animal specie ~ Dose Number of MNPCE per animal MNPCE PCE/NCE
(mg/kg) (Mean =+ SD) (Mean + SD)
F, F, F, M, M, M,

Negative control 0
Swiss mice 1 2 1 0 2 1 1.1+0.75 1.72+0.37
Wistar rat 1 2 2 2 3 2 2.0+0.63

R. officinalis oil 300
Swiss mice 2 1 2 3 3 2 2.1+0.75 1.25+£0.32
Wistar rat 3 0 5 0 5 8 35+3.14

R. officinalis oil 1000
Swiss mice 2 3 3 2 2 3 2.5+ 0.54* 1.69 +0.53
Wistar rat 4 7 1 4 5 6 45+2.07

R. officinalis oil 2000
Swiss mice 3 4 3 3 3 2 3.0 +0.63%* 1.64 +0.37
Wistar rat 6 6 10 5 8 9 7.3 + 1.96%*

Cyclophosphamide 50
Swiss mice 6 8 5 7 6 7 6.5+1.04%**  1.61+0.55
Wistar rat 7 9 10 12 11 11 10.0 + 1.78%**

Two thousand cells were analyzed per animal, for a total of 12,000 cells per group. *Significantly different from
negative control (P < 0.05). **Significantly different from negative control (P < 0.01). ***Significantly different
from negative control (P < 0.001). PCE/NCE = poly- and normochromatic erythrocytes.
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In the micronucleus assay evaluation of the mutagenic potential of rosemary oil (Table
3), there was a significant increase in the mean number of micronucleated polychromatic erythro-
cytes in bone marrow with 1000 mg oil/kg in Swiss mice (P < 0.05) and 2000 mg oil/kg in both
mice and rats (P < 0.01), as well as in the positive control.

The ratio of polychromatic erythrocytes to normochromatic erythrocytes (Table 3) ana-
lyzed in Swiss mice bone marrow cells treated with cyclophosphamide or oil was not significantly
different from the negative control group (P> 0.05).

A single exposure to rat of three doses of the oil significantly increased the mean num-
ber of chromosome aberrations at metaphase at 2000 mg/kg (Table 4). As expected, animals
treated with cyclophosphamide had a significantly higher number of chromosome aberrations.
In all treatments with essential oil, the most frequent chromosomal aberrations observed were
gaps, followed by chromatid breaks, isochromatidic breaks and deletions. In the oil-treated
groups, cells with more than one chromosome aberration were not observed. The mitotic index
(used as a measure of evaluation of cell cycle kinetics) values obtained from the analysis of 1000

Table 4. Mitotic index (MI) and distribution of the different types of chromosomal aberrations (CA) observed in female
(F) and male (M) Wistar rat bone marrow cells treated with Rosmarinus officinalis essential oil, and respective controls.

Treatments Animal MI (%) Chromosomal aberrations Total CA Cells
without gaps ~ with CA
Gaps Breaks
C IC C IC AO
Negative control F, 5.1 1 0 1 0 0 1 1
(Water) F, 6.4 0 0 1 0 0 1 1
F 8.9 1 0 1 0 0 1 1
M, 7.9 1 0 1 0 0 1 1
M, 5.8 1 0 1 0 0 1 1
M 7.2 0 0 0 0 Idel 1 1
Mean+SD 6.8+ 1.3 1.0+0.0
R. officinalis oil F, 11.4 1 0 2 0 0 2 2
(300 mg/kg) F, 7.7 2 0 0 1 0 1 1
F, 12.9 1 1 3 0 0 3 3
M, 123 0 1 0 0 0 0 0
M, 12.7 1 2 0 0 2r 2 2
M, 8.9 2 1 1 0 0 1 1
Mean+SD 10.9+2.1* 1.5+1.0
R. officinalis oil F, 12.1 0 2 3 0 Ir 4 4
(1000 mg/kg) F, 5.5 4 0 0 1 0 1 1
F 59 0 1 1 0 1del 2 2
M, 7.4 0 0 2 0 0 2 2
M, 9.9 0 4 1 0 Idel 2 2
M 12.4 1 4 1 1 0 2 2
Mean+SD  8.8+3.0 2.16£0.9
R. officinalis oil F, 6.5 1 1 2 0 If 3 3
(2000 mg/kg) F, 12.2 0 2 2 1 Idel 4 4
F 7.8 1 0 2 0 If 3 3
M, 114 1 5 1 0 1del 2 2
M, 11.8 0 3 2 0 Ir 3 3
M, 12.5 2 2 2 0 2del 4 4
Mean+SD 103 +2.5 3.16 £0.7*
Positive control F, 7.2 3 0 3 0 1del 4 4
cyclophosphamide F, 8.5 4 1 2 0 2del, 1f 5 5
(50 mg/kg) F, 7.8 3 3 2 1 Ir 4 4
M, 8.7 3 1 2 0 3del 5 5
M, 7.5 3 3 2 0 Idel,1f 4 4
M, 7.4 5 3 3 0 1del/Ir 5 5
Mean+SD 7.8 +0.6 4.5+0.5*

One hundred cells were analyzed per animal, for a total of 600 cells per treatment. C = chromatid-
type; IC = isochromatid-type; OA = other aberrations: del = deletion; f = acentric fragment; r = ring;
*Significantly different from negative control (P < 0.001).
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cells/animal for a sample of 30 animals (N = 6/group) ranged from 5.1 to 12.9% (means). The
mitotic index of bone marrow cells exposed to rosemary oil increased only at the 300 mg/kg dose,
when compared to the negative control.

DISCUSSION

We assessed the genotoxicity/mutagenicity of R. officinalis essential oil in rodent pe-
ripheral blood leukocytes and in liver and bone marrow cells. The choice of these cells is
mainly because of the large number of easily available mitotic cells and the thick network of
blood vessels, which allows good contact of the target cells with the adsorbed or administered
compound (Barale et al., 1992). Rosemary oil induced a significant increase in DNA migration
of the liver and leukocyte cells at all three doses in the comet assay, and at the highest dose
(2000 mg/kg) it significantly increased the number of micronucleated cells and chromosome
aberrations in bone marrow cells, based on the micronucleus and chromosome aberration as-
says. In this latter assay, although the number of gaps at all three doses of the oil was increased
when compared with the control group, gaps were excluded from the statistical analysis since
they are considered by some investigators to be of debatable genetic significance, because
their presence does not always lead to chromosome aberrations in the subsequent cell divi-
sions (Preston et al., 1987).

A decrease in the ratio of polychromatic erythrocytes to normochromatic erythrocytes
in the micronucleus test and a decreased mitotic index in the chromosome aberration assay are
indicators of bone marrow toxicity induced by mutagens (Suzuki et al., 1989). Although rose-
maryoilincreased DNAdamageinliverandleukocytecells,and chromosomeaberrations, atthe
2000 mg/kg dose, the results of polychromatic to normochromatic erythrocyte ratio and mitotic
index assay showed that a single dose of rosemary oil did not negatively affect hematopoiesis.

Gaiani et al. (2006) investigated the genotoxic potential of hydro-alcoholic extract of R.
officinalis in vivo in bone marrow cells of Wistar rats by micronucleus and chromosome aber-
ration assays and concluded that at 6.43, 100 and 200 mg/kg body weight doses, this extract is
not mutagenic. We used higher doses of rosemary oil, the smallest dose tested (300 mg/kg) was
chosen on the basis of ED, of 261 mg/kg, obtained by Faria (2005) in an anti-inflammatory and
analgesic investigation.

There are other reports of toxic effects of rosemary oil. Papachristos and Stamopoulos
(2002) reported fumigant toxicity of rosemary essential oil vapors against larvae and pupae of
Acanthoscelides obtectus; ovocidal, repellent and fumigant activity against other insects was
also reported (Shaaya et al., 1997; Hori, 1998; Tung et al., 2000). Damasco and Lemonica
(1999) reported a high incidence of anomalous embryos in rats treated with 260 mg/kg rose-
mary ethanolic extract from the first to the fourth day of gestation. A higher dose (1040 mg/
kg) administered during the same period reduced the number of blastocysts found in the uterus.
The genotoxic and mutagenic effects of the rosemary oil that we observed here could be re-
sponsible for the embryotoxic effects reported in the above studies, since chromosome breaks
and deletions are important factors responsible for abortion in humans and animals (Beckman
and Brent, 1984).

We concluded that rosemary oil induces genotoxicity in peripheral blood and liver
cells of mice, and induces on the composition of the oil, which can vary depending on the
geographic origin of this material.
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