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ABSTRACT

Increasing interest in rosemary plants is due to their antioxidant and health-enhancing properties. The aim of this study
was to evaluate the potential acute toxicity of two supercritical fluid extracts of rosemary. An acute safety study of rosemary
extracts was conducted in Wistar rats at a single oral gavage dosage of 2,000 mg/kg of body weight. Rosemary extracts were
well tolerated; no adverse effects or mortality were observed during the 2-week observation period. No abnormal signs,
behavioral changes, body weight changes, or change in food and water consumption occurred. Two weeks after a single oral
rosemary extract dose of 2,000 mg/kg of body weight, there were no changes in hematological and serum chemistry values,
organ weights, or gross or histological characteristics. Rosemary extracts appear to have low acute toxicity, and the oral lethal
doses (LDs,) for male and female rats are greater than 2,000 mg/kg of body weight.

Rosmarinus officinalis (rosemary) is an evergreen plant
of the Lamiaceae (Labiatae) family, which also includes
other plants such as Thymus vulgaris (thyme), Mentha pi-
perita (mint), Origanum vulgare (oregano), Lavandula of-
ficinalis (lavender), Hyssopus officinalis (hyssop), Ocimum
basilicum (basil), Origanum majoran (marjoram), and Sal-
via officinalis (sage). All these plants have been used for
imparting desirable flavors to food and, in some cases such
as rosemary, to prevent rancidity because of their inherent
antioxidant activity (2, 13, 26). In folk medicine, rosemary
has been used as a choleretic and a diuretic agent. Its vol-
atile oil has been used in high-quality cosmetics, insect re-
pellents, and remedies to treat minor gastrointestinal dis-
orders, to stimulate the skin, and as an adjuvant in rheu-
matic and circulatory disorders (/6). The European Scien-
tific Cooperative on Phytotherapy (9) has recommended the
internal use of rosemary leaf to improve hepatic and biliary
function and to treat dyspeptic complaints and has recom-
mended its external use as adjuvant therapy for rheumatic
conditions, peripheral circulatory disorders, and promotion
of wound healing and as a mild antiseptic. In traditional
European medicine, rosemary has been used internally as
a tonic, stimulant, and carminative to treat flatulence dys-
pepsia, stomach pains, headaches, and nervous tension. (5).

The aqueous extract of rosemary is reported to possess
antihepatotoxic activity (/2, 15). The antioxidant activity
of some plant products may be parallel to their hepatopro-
tective (chemopreventive) and antimutagenic activities (17,
25). Studies have revealed that rosemary extracts inhibit
phase I enzyme CYP450 activities and induce the expres-
sion of the phase II enzyme glutathione S-transferase (/8).

Rosemary leaf contains phenolic acids (2 to 3% ros-
marinic, chlorogenic, and caffeic acids), phenolic diterpen-
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oid bitter substances (up to 4.6% carnosic acid, carnosol,
rosmaridiphenol, and rosmanol), triterpenoid acids (olean-
olic and ursolic acids), flavonoids (apigenin, luteolin, ne-
petin, and nepitrin), 1.2 to 2.5% volatile oils (15 to 50%
1,8-cineole, 15 to 25% «-pinene, 12 to 24% «-terpineol,
10 to 25% camphor, 5 to 10% camphene, 1 to 6% borneol,
1 to 5% bornyl acetate), and tannins (3, 6, 9). Although
phenolic diterpenes, carnosic acid, carnosol, rosmanol, and
epi- and iso-rosmanol are antioxidant compounds in rose-
mary leaves (10, 17, 20, 22), about 90% of the antioxidant
activity of rosemary can be attributed to carnosol and car-
nosic acid (/). Supercritical fluid extraction has been sug-
gested as a method for selective isolation of antioxidants
from rosemary (23) mainly because of the mild processing
conditions and selectivity (21, 24).

There is limited information about the toxicological
safety of rosemary. Spurred by the growing interest in the
potential use of rosemary leaf extracts as a dietary supple-
ment and to establish toxicological safety data of these ex-
tracts, this research was undertaken to test the acute (limit
dose) toxicity of two extracts of rosemary leaf in rats in an
experimental design following the principles for the safety
assessment of food additives (27).

MATERIALS AND METHODS

Test compound, reagents, chemicals, and materials. The
R. officinalis L. sample consisted of recently collected dried rose-
mary leaves obtained from Herboristeria Murciana (Murcia,
Spain). Antioxidant activity depends primarily on genetic and
growing conditions (such as the quality of the original plant, its
geographical origin, and climatic conditions), the harvesting date,
and its storage and processing and secondarily on the extraction
process and its selected parameters. The activity is related to the
concentration of phenolic diterpenes in the rosemary extracts. To
study the toxicity of representative rosemary extracts, two differ-
ent samples of wild rosemary (A and B) harvested at different
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times (autumn and spring 2005, respectively) and containing dif-
ferent concentrations of phenolic diterpenes, representing medium
and high values found in commercial supercritical extracts, were
tested. Rosemary leaves were dried using a traditional method
previously described (/4). Cryogenic grinding of the sample was
performed under carbon dioxide, and particle size was determined
by sieving the ground plant material to the appropriate size (be-
tween 999 and 500 wm). The whole sample with a moisture con-
tent of 7% was stored for a maximum of 4 months at —20°C until
used to prevent changes in the antioxidant properties. 2,2-Diphen-
il-1-pycril hydrazyl hydrate (DPPH, 95% purity) was purchased
from Sigma-Aldrich (Madrid, Spain), and carnosic acid (95%) and
carnosol (96%) were obtained from Alexis Biochemical (Lausen,
Switzerland). High-performance liquid chromatography (HPLC)
grade methanol and acetonitrile were obtained from Lab Scan
(Dublin, Ireland), acetic acid (99%) was from Merck Schuchardt
(Hohenbrunn, Germany), Milli-Q water was from a purification
system (Millipore, Billerica, Mass.), and CO, (N-48 quality) was
from Air Liquide Espafia S.A. (Madrid, Spain). Commercial corn
oil (ASUA, Koipe, SOS Cuétara S.A., Madrid, Spain) was used
as a vehicle to dissolve the rosemary extracts. All other chemicals
were of the highest quality grade and were obtained from com-
mercial sources.

Supercritical fluid extraction of rosemary. Extraction of
the two different rosemary samples was carried out in a pilot-
scale supercritical fluid extractor (Iberfluid, Barcelona, Spain)
with a 285-ml extraction cell as previously described (23). Frac-
tionation was achieved in two different separators assembled in
series, with independent control of temperature and pressure, by
either a decrease in pressure or a decrease in both pressure and
temperature.

The extraction cell was filled with 60 g of ground rosemary
and 60 g of washed sea sand (Panreac, Barcelona, Spain). Dy-
namic extraction was performed at 150 bar and 40°C (pey, = 0.731
g/ml), and the extract was fractionated in two separators at 40°C,
where pressures were set, in the first stage at 50% of extraction
pressure (pey, = 0.240 g/ml) and in the second stage at a fixed
value of 20 bar (pey, = 0.041 g/ml). Ethanol (7%) was used as a
modifier. The addition of ethanol started after the selected pressure
had been reached at half of the extraction time (60 min). The
extracts were kept under N, at —20°C in the dark, and ethanol
was eliminated at 35°C in a vacuum rotary evaporator.

Antioxidant activity assay. The antioxidant activity was de-
termined by the DPPH scavenging assay based on a procedure
described by Brand-Williams et al. (4). This method involved neu-
tralization of free radicals of DPPH by the antioxidant extracts.
For each sample, different concentrations were tested (from 1 to
10 pg/ml in the DPPH-methanol solution). The DPPH solution
(1,950 pl of 23.5 pg/liter DPPH in methanol) was placed in test
tubes, and 50 pl of the different concentrations of samples were
added. Reactions were complete after 3 h at room temperature,
and absorbance was measured at 516 nm in a UV-120-01 spec-
trophotometer (Shimazdu, Kyoto, Japan). Methanol was used to
adjust the apparatus to zero, and the DPPH-methanol solution was
used as a reference sample. The DPPH concentration in the re-
action medium was calculated from the following calibration
curve as determined by linear regression (r = 0.999): y = 0.0247x
— 0.0029.

The percentage of remaining DPPH versus the extract con-
centration was then plotted to obtain the amount of antioxidant
necessary to decrease the initial DPPH concentration by 50%
(ECsg). Thus, the lower the ECs, the higher the antioxidant pow-
er. Each determination was repeated twice.
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HPLC-diode array detection analysis. The analysis of the
A and B extract samples was carried out in an HPLC apparatus
(Varian Pro-star, Palo Alto, Calif.) equipped with a Nova Pack
C,g column (Waters, Barcelona, Spain) of 15 by 4.6 mm and a
3.5-wm particle size. The mobile phase consisted of 1% acetic
acid in acetonitrile (solvent A) and 1% acetic acid in water (sol-
vent B) applied with the following gradient: O to 5 min, 50% B;
5 to 15 min, 50 to 30% B; 15 to 40 min, 30 to 0% B. The flow
rate was constant at 0.7 ml/min. Injection volume was 20 ul, and
detection was accomplished with a diode array detection system
(Varian) monitoring the signal at a wavelength of 230 nm.

Acute oral toxicity test: animals and diets. Wistar male and
female rats (Charles River Inc., Margate, Kent, UK) approximate-
ly 8 weeks of age were individually housed in polycarbonate cages
with sawdust bedding and maintained in environmentally con-
trolled rooms (22 * 2°C and 50% = 10% relative humidity) with
a 12-h light-dark cycle (light from 8:00 a.m. to 8:00 p.m.). Food
(AO03 rodent diet, Scientific Animal Food and Engineering, Vil-
lemoisson-sur-Orge, France) and water were available ad libitum.
The rats were divided into three groups of 12 animals each (6
males and 6 females). Group 1 (control) received corn oil orally,
and groups 2 and 3 received extract A or B orally. This study was
approved by the Ethics Committee of the Complutense University.

Dose preparation and administration. After an overnight
fast, rats were weighed (162 to 181 g), and oral doses of A and
B rosemary extracts were administered by gavage at a single limit
dosage of 2,000 mg/kg of body weight. This dosage was selected
on the basis of a preliminary study performed with single animals
of one sex in which no evidence of toxicity was observed at oral
dosages of 50 and 500 mg/kg of body weight. The extracts were
prepared in an organic vehicle (corn oil), which contained 200
mg/ml extract A or extract B. The extracts were weighed, trans-
ferred to a foil-wrapped labeled container with a portion of the
vehicle that had been heated to approximately 50°C, and mixed
on a magnetic stir plate with a stir bar until the extract dissolved.
The 200 mg/ml extract A or extract B preparation was prepared
immediately prior to administration (10 ml/kg of body weight or
2 ml per rat weighing 200 g). Rats were observed for mortality
and clinical signs. At the end of a 2-week observation period, the
rats were examined by necropsy, and the weights of the organs
were recorded.

Observations. The animals were observed twice daily (a.m.
and p.m.) for mortality and morbidity. Detailed physical exami-
nations of each animal were made prior to the study and daily
until day 15. Rats were observed for their general condition and
the condition of the skin and fur, eyes, nose, oral cavity, abdomen,
and external genitalia, evaluated for respiration rate, and palpated
for masses. Body weights and food and water consumption were
measured daily, and at the end of the 2-week observation period
a macroscopic examination was performed.

Clinical test parameters. Blood samples for hematology and
clinical chemistry evaluation were obtained from the retroorbital
plexus from animals under light anesthesia induced by CO, in-
halation. EDTA was used as an anticoagulant for hematology sam-
ples, and lithium heparin was used as an anticoagulant for clinical
chemistry samples. Blood samples were collected from animals
before treatment and at the end of the study period (day 15). Food
was withheld for approximately 18 h before blood collection, and
samples were collected early in the working day to reduce bio-
logical variation; water was provided ad libitum. Clinical pathol-
ogy parameters (hematological and clinical biochemical) were
evaluated. Most hematology variables were evaluated with a Coul-
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FIGURE 1. High-performance liquid chromatogram of rosemary extract A.

ter/CELL-DYN 3500 whole blood automated analyzer (Abbott,
Chicago, Ill.). Differential leukocyte count and blood cell mor-
phology slides were prepared with a Geometric Data Hemastainer
(Thermofisher Scientific, Waltham, Mass.). Clinical chemistry pa-
rameters were evaluated with a spectrophotometer (Advia 1650
chemistry analyzer, Bayer, Leverkusen, Germany).

Anatomical pathology. At the end of the observation period
(2 weeks), all animals were weighed, euthanized by CO, inhala-
tion, exsanguinated, and necropsied. The necropsy included a
macroscopic examination of the external surface of the body, all
orifices, the cranial cavity; the brain and spinal cord, the nasal
cavity and paranasal sinuses, and the thoracic, abdominal, and
pelvic cavities and viscera. Descriptions of all macroscopic ab-
normalities were recorded. Samples of the following tissues and
organs were collected from all animals at necropsy and fixed in
neutral phosphate-buffered 4% formaldehyde solution: adrenal
glands, brain, heart, ileum, jejunum, cecum, colon, duodenum,
kidneys, liver, lungs, pancreas, spleen, stomach, testes, thymus,
and thyroid and parathyroid glands. The organ:body weight ratios
were calculated. All organ and tissue samples for histopathologi-
cal examination were processed, embedded in paraffin, cut at an
approximate thickness of 2 to 4 pum, and stained with hematoxylin

TABLE 1. Components of supercritical rosemary extracts ana-
lyzed by HPLC

% area
Compound tg (min) Extract A Extract B
Rosmanol 2.942 2.7 3.9
Rosmanol isomer 3.218 2.7 0.6
Genkwanin 4.002 2.9 2.8
Carnosol 7.566 11.3 10.1
Carnosic acid 11.898 47.2 53.1
Methyl carnosate 14.418 5.2 6.3
Cirsimaritin 16.555 1.3 3.5

Not identified 26.7 19.7

and eosin. Slides of all organs and tissues listed above were col-
lected on day 15 from the control and treated groups.

Statistical analyses. All data are expressed as means * stan-
dard error of the mean (SEM) of 12 determinations (i.e., 12 sam-
ples each from six male and six female rats). Differences between
control and treated groups were evaluated with a one-way analysis
of variance followed by Dunnett’s test (8), and differences were
considered significant at P < 0.05.

RESULTS

Characterization and antioxidant potential of rose-
mary extracts. Two supercritical fluid extracts of rose-
mary, A and B, were used in the safety study. Both extracts
were obtained with supercritical carbon dioxide and were
characterized by HPLC to determine the concentration of
phenolic diterpenes (see Fig. 1), and their antioxidant ac-
tivity was evaluated with the DPPH method. The HPLC-
diode array detection method was chosen based on previous
work done in our laboratory (23), and compounds were
characterized for their retention times (tz) and UV spectra.
Both extracts had similar relative amounts of phenolic com-
ponents, as expressed in area percentage (Table 1), whereas
the total concentration, expressed as micrograms per mil-
ligram of extract, for both the most active components (i.e.,
carnosol and carnosic acid) and the total phenolic diter-
penes was around twice as high in extract A (Table 2).

TABLE 2. Concentrations of main antioxidants in tested extracts
and antioxidant activity (ECs)

Compound Extract A Extract B
Carnosol (ug/mg) 112.7 459
Carnosic acid (pg/mg) 477.8 245.9
Total diterpenes (jg/mg) 700.1 343.1
ECso (pg/ml) 6.32 15.82
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FIGURE 2. Changes in body weight of rats during the 2-week
observation period after treatment with rosemary extracts A and
B. Group 1, control (& ); group 2, single oral dose of rosemary
extract A ar 2,000 mg/kg of body weight (B); group 3, single oral
dose of rosemary extract B at 2,000 mg/kg of body weight (A).
Data represent the mean = SEM for 12 rats.

Antioxidant activity of the rosemary extracts was mea-
sured using the DPPH method. Both extracts had antioxi-
dant activity, as demonstrated by the low ECs, values (less
than 16 pg/ml), although the antioxidant activity found for
extract A was much higher (ECsq = 6.32 wg/ml) because
of the higher concentration of carnosic acid and total diter-
penes than those in extract B (ECsy = 15.82 pg/ml). This
result was as expected because an important relationship
between the antioxidant activity of rosemary extracts and
the concentration of such phenolic compounds was found
in previous studies (7).

Acute safety study results. No abnormal signs, be-
havioral changes, body weight changes, macroscopic find-

ACUTE TOXICITY OF ROSEMARY EXTRACTS 793

ings, or organ weight changes were observed. All animals
survived the 2-week observation period. No body weight
changes or anatomical abnormalities were noted at necrop-
sy. Therefore, rosemary extracts A and B have a low risk
of acute toxicity, and the oral lethal dosage (LDs() for male
and female rats is higher than 2,000 mg/kg of body weight.

Body weight and food consumption. Body weight
data are depicted in Figure 2. There were no significant
differences in body weights among groups. Similarly, no
significant differences in food and water consumption were
noted. Body weight and food and water consumption thus
were unaffected (P < 0.05) by administration of rosemary
extracts A and B as a single oral dose of 2,000 mg/kg of
body weight.

Clinical pathology. No changes in hematological and
clinical chemistry parameters of the treated rats were relat-
ed to the corn oil treatment. The hematological and clinical
chemistry parameters assessed 2 weeks after administration
of A and B rosemary extracts as a single oral dose of 2,000
mg/kg of body weight were not significantly different com-
pared with those of controls (Tables 3 and 4). No treatment-
related changes were noted.

Anatomical pathology. Significant differences in or-
gan weight or tissue:body weight ratios were related to the
extracts. A and B rosemary extracts were not associated
with any incidence of macroscopic and microscopic chang-
es. No treatment-related histopathological changes were ob-
served 2 weeks after adminstration of A and B rosemary
extracts as a single oral dose of 2,000 mg/kg of body
weight, and no histological correlates for the organ weight
changes were found. Microscopically, minimal spaces in
the periportal areas of the liver were observed occasionally

TABLE 3. Hematological parameters in rats after the 2-week observation period following a single oral dose of rosemary extracts A

and B at 2,000 mg/kg of body weight ¢

Group 2 (extract A) Group 3 (extract B)

Parameter? Group 1 (control)
RBC (X10%/l) 7.86 = 0.07
Hemoglobin (g/dl) 15.65 £ 0.13
Hematocrit (%) 47.35 £ 0.61
MCV () 61.80 = 0.55
MCH (pg) 19.95 = 0.21
MCHC (g/dl) 33.73 £ 0.17
RDW (%) 18.96 = 0.29
WBC (X103/pl) 8.67 £ 0.50
Banded neutrophils (X 103/l) 0.00 = 0.00
Neutrophils (X 10%/pl) 1.05 * 0.05
Eosinophils (X103/l) 0.05 = 0.01
Lymphocytes (X103/pl) 7.20 = 0.46
Monocytes (X 103/l) 0.23 = 0.03
Basophils (X 103/ul) 0.00 = 0.00
Platelets (X103/l) 654.42 = 13.81
MPV (fl) 6.30 = 0.15
Platelets (%) 0.41 = 0.02

7.86 = 0.07 8.06 = 0.09
1545 = 0.14 15.85 = 0.12
46.67 = 0.30 47.89 = 0.51
60.60 + 0.37 60.34 + 0.37
19.64 = 0.18 20.02 £ 0.19
33.14 £ 0.28 3346 £ 0.22
19.25 = 0.16 18.59 = 0.47

7.79 £ 0.53 8.27 = 0.64

0.00 = 0.00 0.00 = 0.00

0.95 = 0.05 1.20 = 0.18

0.04 = 0.01 0.06 = 0.01

6.54 = 0.47 6.99 = 0.50

0.19 = 0.03 0.23 £ 0.05

0.00 £ 0.00 0.00 £ 0.00

652.50 = 16.40 646.67 = 29.52

6.12 = 0.12 6.17 = 0.10

0.41 £ 0.02 0.41 £ 0.02

@ Data are expressed as mean = SEM (n = 12; 6 male and 6 female rats) in each group. Differences between treatment groups and the

control group were not significant.

b RBC, red blood cell count; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemo-

globin concentration; RDW, nucleated red blood cell count; WBC, white blood cell count; MPV, mean platelet volume.
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TABLE 4. Clinical chemistry parameters in rats after the 2-week observation period following a single oral dose of rosemary extracts

A and B at 2,000 mg/kg of body weight®

Group 2 (extract A) Group 3 (extract B)

Parameter? Group 1 (control)
Glucose (mg/dl) 77.17 = 2.20
Urea nitrogen (mg/dl) 24.00 = 1.42
Creatinine (mg/dl) 0.55 = 0.01
Total protein (g/dl) 6.84 = 0.13
Total bilirubin (mg/dl) 0.30 = 0.03
Calcium (mg/dl) 11.12 £ 0.12
Sodium (mEqg/liter) 150.75 = 0.62
Potassium (mEq/liter) 6.37 = 0.25
ASAT (Ulliter) 97.00 £ 2.19
ALAT (U/liter) 49.33 £ 143
Alkaline phosphatase (U/liter) 100.25 * 2.32

7742 + 2.81 78.00 = 1.13
25.75 £ 1.46 25.08 £ 1.00
0.55 = 0.02 0.55 = 0.03
691 = 0.18 6.75 = 0.12
0.34 £ 0.04 0.30 £ 0.02
11.01 = 0.12 10.87 = 0.12
149.33 £ 0.79 149.50 + 1.05
6.72 = 0.20 6.89 = 0.11
98.75 £ 1.34 98.75 £ 2.87
50.00 % 2.26 50.58 £ 0.93
101.42 = 2.73 100.42 = 2.99

@ Data are expressed as mean = SEM (n = 12; 6 male and 6 female rats) in each group. Differences between treatment groups and the

control group were not significant.

b ASAT, aspartate amino transferase; ALAT, alanine amino transferase.

in male rats from the treated and control groups. These
spaces were considered incidental and not related to treat-
ment.

DISCUSSION

There are no published conventional safety studies on
rosemary extract despite widespread interest in its use be-
cause of its antioxidant activity. This study is the first pub-
lished examination of the acute toxicity of rosemary leaf
extracts. The objective was to evaluate the acute toxicity of
two representative rosemary leaf extracts (A and B) and to
provide information for further studies. The two extracts
tested had different concentrations of phenolic diterpenes,
representing medium and high values that can be found in
commercial supercritical extracts. Extract A had higher an-
tioxidant activity than did extract B. Antioxidant activity
was closely related to the concentration of the phenolic con-
stituents. Both extracts A and B had a low level of acute
toxicity in Wistar rats. The oral lethal dose (LDsg) for male
and female rats is greater than 2,000 mg/kg of body weight.
Although rosemary extracts A and B did not produce acute
toxicity, subchronic toxicity studies lasting 23 and 90 days
are necessary to assess comprehensively the safety of these
extracts.

Because the most significant human exposure to rose-
mary occurs through ingestion of this plant as a food ad-
ditive, dosed feeding or the gavage route is the preferred
route of exposure in rodent toxicity studies. However, the
European Commission has approved the internal use of
rosemary leaf for dyspeptic complaints and the external use
as supportive therapy for rheumatic diseases and circulatory
problems. Because of its anti-inflammatory and antioxidant
properties, rosemary is used to treat localized injuries.
Therefore, future studies on rodent chronic toxicity should
be conducted using dermal exposure. This type of exposure
is important because contact dermatitis through topical ap-
plication of plants belonging to the Labiatae family has
been described (11, 19).

In the present study, rosemary extracts A and B were
not associated with negative toxicological effects at a single

dose of 2,000 mg/kg of body weight. No deaths or negative
clinical signs were observed during the study. No signifi-
cant differences in body weight gain, food and water con-
sumption, organ weight, hematological parameters, clinical
chemistry parameters, gross anatomy, or histological fea-
tures were noted. These findings provide the basis for the
selection of doses for use in long-term toxicity studies.
These rosemary extracts were well tolerated by both male
and female rats at an acute dose of 2,000 mg/kg of body
weight.
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