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ABSTRACT 

Rosmarinus officinalis (Lamiaceae) has been used since ancient times and it is popularly known as rosemary. This study aimed the 
effect of the essential oil (REO) in inflammatory and nociceptive models. Administration of doses (50, 100, 200, 500, 1000 and 2000 
mg/kg, p.o.) did not show toxicity in the LD50 assay. In the rat paw edema induced by carrageenan, administration of REO single 
doses (100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000 mg/kg, p.o.) had inhibited this edema in a dose-dependent manner and 
the ED50 established as 300 mg/kg. Different doses of REO (10, 50, 100, 200, 300 and 400 mg/kg, p.o.) have produced a dose-
dependent effect in the writhing test, and the ED50 established as 260 mg/kg. Daily administration of REO (6 days, 300 mg/kg, p.o) 
inhibited the granulomatous tissue formation by 59%. In the ear edema induced with oil of Croton, REO (300 mg/kg, p.o.) has 
inhibited the edema formation by 77%. In the vascular permeability assay, oral treatment with REO has inhibited the vascular 
permeability by 50%. The treatment with REO (300 mg/kg, p.o.) has produced an inhibition during both phase I (40%) and the phase 
II (48%) of the formalin test. REO has inhibited by 44% the number of gastric lesions induced by stress compared to the control 
group. According to the results, we suggest that REO has an anti-inflammatory activity on acute and chronic inflammatory processes 
as well as peripheral analgesic activity, and has shown to be harmless to the gastric mucosa.   

Keywords: Anti-inflammatory, antinociceptive, Essential oil, Lamiaceae, Rosmarinus officinalis. 

 
INTRODUCTION 

The use of aromatic medicinal plants with essential oil in 
its composition has been growing during the years. 
Moreover, it has become a highly important economical 
activity in several countries. Rosmarinus officinalis has 
been a used for the treatment of several illnesses because 
of its essential oil. Popularly known as rosemary, during 
the year of 1992, it was estimated the use of 295 tons of 
this specie, especially in cosmetics and food companies1,2. 

R. officinalis belongs to Lamiaceae family, and it is a bush 
which may grow up to 2 meters high. It presents 
opposite, small, aromatic leaves and white or pink small 
flowers1,3. The essential oil is obtained from the whole 
plant, especially from the leaves. The oil has shown many 
pharmacological activities, described by research groups 
all over the world.  

The essential oil composition has been described as a 
composition of several compounds, principally bornil 
acetate, borneol and linallol. Thirty compounds were 
identified in R. officinalis essential oil obtained by hydro 
distillation. The main constituents were alpha pinene, 
borneol, camphor and camphene4.   

The use of essential oils of rosemary in a study of 
cognitive performance and mood with 144 volunteers has 
shown a decrease in electroencephalogram (EEG) frontal 
alpha and beta power, suggesting increased alertness5. 
Rosemary enhanced memory performance but reduced 
memory reaction times. Other studies have similarly 

reported improved memory performance6,7 and 
alertness8 after olfactory exposure to different odors. This 
oil has shown to be able to increase memory and 
secondary factors related to memory in computerized 
cognitive assays9.  

The addition of essential oils from Salvia fruticosa and R. 
officinalis, compared to butylated hydroxytoluene (BHT) 
have shown that the addition of the essential oil reduced 
the lipidic peroxidation as well as BHT, and has also 
enriched the flavor10. The GC analyses have shown over 
41 terpens, including alpha- pinene, beta- myrcene, 
caryophillene, linallol, camphor and 1,8-cineol. From this 
specie, 26 antioxidants phenolic compounds have been 
isolated4. The antioxidant effect of the essential oil was 
determined by in vitro assays, showing a higher activity 
than vitamin E, Trolox and Butyl 4-Hydroxyanisole 
(BHA)11 and by the Briggs-Rasucher method12.  

Twelve different samples of rosemary were extracted 
using three different solvents. Moreover, different 
extraction procedures were performed as well. All of 
these obtained fractions have presented high antioxidant 
activity because of different concentrations of carnosic 
acid, related to the antioxidant activity and inhibition of 
linolenic acid oxidation. This study has demonstrated that 
the carnosoic acid is a potent antioxidant, but it is 
unstable, reacting to carnosol13.  

The presence of carnesol is also linked to the hepatic 
activity related to R. officinalis, which is able to regulate 
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plasmatic bilirrubin and hepatic parenquimal protection. 
Also, malondialdehyde (69%) and alanine amino 
transferases (50%) were found to be lower14.  

The inhalation of essential oil of rosemary does not 
produce a detectable analgesic effect. However, subjects’ 
retrospective evaluations of aroma-induced changes in 
pain intensity and pain unpleasantness suggested that 
they perceived some benefit of the intervention with 
rosemary essential oil. The anti-inflammatory activity of 
the extract obtained from this plant in animal models was 
evaluated with in vivo assays15. This study has aimed the 
effect of the essential oil of R. officinalis L. in 
inflammatory and analgesic in vivo assays. 

This study was designed to explore, in a controlled way, 
the effects of Rosmarinus officinalis essential oil on 
experimental models of acute and chronic inflammation 
in rats. The aim of this study was to verify the anti-
inflammatory effect of rosemary oil in different 
conditions.  

MATERIALS AND METHODS 

Vegetal material and essential oil extraction 

The vegetal material was obtained from Santos Flora Cia., 
São Paulo, sample ALER 04/02, from Turkey, with 
botanical authentication as Rosmarinus officinalis L. The 
specimen was storage at acclimatized room (15oC, low air 
humidity) during 2 months.  

The essential oil from R. officinalis (REO) was obtained 
using hydro-distillation from the dried aerial parts (500 
grams) using a Clevenger apparatus16. Briefly, the 
apparatus consists in a steam flow that passes through 
the dried plant carrying the volatile substances. The 
steam flow was kept during two hours. The process has 
furnished 7 g of REO (yielding 1.4% w/w). 

Phytochemical analysis by combined gas 
chromatography–mass spectrometry (GC–MS) 

The essential oil was submitted to quantitative analysis in 
a Hewlett-Packard 5890 Model II automated gas 
chromatograph mass spectrometer data system with 
selective mass detector Hewlett-Packard 5971. GC 
conditions: carrier gas, helium at flow rate of 1.0 ml 
min−1; sample size, 2 µl injected using the splitless 
injection technique; fused capillary silica column HP-S 
(25m × 0.20mm × 0.33 µm). Temperatures: injector = 
220◦C, detector = 280◦C, column = 60◦C, 3 ◦Cmin−1, 240 ◦C 
(7 min). The MS was taken at 70 eV. The main 
constituents were identified by comparison with the mass 
spectrums from Wiley and Nist 98 spectrum library. 

The essential oil was also analyzed using a Hewlett-
Packard 5890 Model II automated gas chromatograph 
with flame ionization detector. GC conditions: carrier gas, 
helium at flow rate of 1.0 ml min−1; sample size, 2 µl 
injected using the splitless injection technique; fused 
capillary silica column HP-S (25m × 0.20mm × 0.33 µm). 
Temperatures: injector = 220 ◦C, detector = 280 ◦C, 

column = 60◦C, 3◦Cmin−1, 240◦C (7 min). The identification 
of the main constituents was made by comparison of the 
obtained retention times (Rt) in comparison with 
previously injected known compounds. 

Animals  

Wistar male rats (Rattus norvegicus) and Swiss male 
albino mice (Mus musculus) weighing between 180g - 
200g and 20g - 25g respectively, were used in the 
experiments for anti-inflammatory and analgesic 
activities. The animals were acquired from the Biotery of 
the University of Alfenas (UNIFENAS). The animals were 
kept in climatized environment (25 ± 3°C), with light/dark 
control each 12 hours (7 a.m. to 7 p.m.). The animals 
were placed in cages up to 5 rats or 10 mice. They were 
kept without any food 12 hours before the experiments, 
and water was ad libitum. The study was approved by the 
UNIFENAS Bioethical Committee (Number 05A/2002).  

REO solution 

The essential oil of Rosmarinus officinalis was solubilized 
in Tween 80 (no more than 3%) and then suspended to 
provide a 100 mg/ml solution in water to be 
administered orally to the animals.  

Determination of ED50 

This assay intends to determine an effectiveness dose to 
use in the experiments during the study. Groups of rats (n 
= 6) were treated orally with REO (100, 200, 300, 400, 
500, 600, 700, 800, 900 and 1000 mg/kg) 30 min before 
the injection of the stimulus (carrageenan 1000 µg/paw, 
0.1 ml) into the right hind paw plantar surface. Sterile 
saline solution (0.9%, 0.1 ml) was injected into the left 
paw as the control reference for the tested paw. The 
inhibition of inflammation was calculated by measuring 
the volume difference between the right and left paws in 
comparison with the control group in the third hour (peak 
of edema). ED50 was determined from the curve drawn 
for the percentage of edema inhibition as a function of 
the dose17, using Graph Pad Instat® Software. 

Determination of LD50 

The lethal acute dose has been determined as the smaller 
dose with no side or toxic effects associated to it. REO 
was orally administered as a single dose to groups of mice 
(n = 10) at different concentrations (50, 100, 200, 500, 
1000 and 2000 mg/kg). These animals were observed for 
a 72-h period, and then for 7 days. The number of animal 
deaths was expressed as a percentile, and the LD50 was 
determined by the probit test using the death percentage 
versus the dose’s log18, with Graph Pad Instat® Software. 

Rats paw edema induced by carrageenan 

The inflammatory agent (carrageenan 1000 µg/paw, 0.1 
ml) was injected into the right hind paw planter surface of 
groups of rats (n = 6). Sterile saline solution (0.9%, 0.1 ml) 
was injected into the left paw as the control reference for 
the tested paw. The foot volumes of the animals were 
determined by plestimographic method19. This method 
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was used to evaluate the effectiveness of the REO (300 
mg/kg, p.o.) in the inhibition of the inflammatory process 
by comparison with the control (0.9% saline solution, 0.5 
ml, p.o.) and the standard drug, indomethacin (positive 
control, 10 mg/kg, p.o.). The results were obtained by 
measuring the volume difference between the right and 
the left paws. 

Writhing test 

Groups of mice (n = 6) were treated with REO (10, 50, 
100, 200, 300 and 400 mg/kg, p.o.), indomethacin 
(positive control, 10 mg/kg, p.o.) and control (0.9% saline 
solution, 0.25 ml, p.o.). The muscular contraction was 
induced by an intraperitoneal injection of 1.0% acetic acid 
solution (0.25 ml/animal) 30 min after the treatment. The 
number of muscular contractions was counted starting 5 
min after the stimulus injection for a period of 20 min. 
Data represents the average of the total writhes 
observed20. 

Granulomatous tissue induction 

Three groups of rats (n = 6) were used. Pellets weighing 
approximately 40 mg each were made with 5mm of 
dental cotton tampons. The pellets were sterilized and 
impregnated with 0.4 ml ampicillin water solution at the 
moment of implantation. Animals were anaesthetized, 
and the pellets were subcutaneously introduced through 
an abdominal skin incision. Each group was treated daily, 
for six consecutive days, with REO (300 mg/kg, p.o.), 
dexamethasone (positive control, 0.2 mg/kg, p.o.) or 
control (0.9% saline solution, 0.5 ml, p.o.). On the seventh 
day, the animals were sacrificed, the pellets dissected out 
and the granulomatous tissue dried at 60oC overnight to 
determine the dried weight. The difference between the 
initial and final weights was considered as the weight of 
the tissues produced21,22. 

Ear edema induced by Croton oil 

Groups of mice (n = 6) were used. The cutaneous 
inflammation was induced by Croton oil solution in 
acetone (10 mg/ml) on the right ear surface (0.1 ml, 1 
mg/ear). The same volume of acetone was applied on the 
left ear. Thirty minutes after the stimulus, REO (300 
mg/kg, p.o.), dexamethasone (positive control, 0.2 mg/kg, 
p.o.) and 0.9% saline solution (control, 0.25 ml, p.o.) were 
administered. After 6 hours, the animals were sacrificed 
and a sample (8 mm diameter) of each ear was obtained. 
The difference between the weigh of the stimulated ear 
(right) and the control ear (left) was the inflammation 
reference, expressed in mg23. 

Vascular permeability 

The procedure is based on a spectrophotometric 
determination of a dye forced out to the interstitial space 
by the action of an inflammatory agent (histamine). The 
dye used in the assay was Evans blue. Groups of rats (n = 
6) were treated with 0.9% saline solution (control, 0.5 ml, 
p.o.), cyproheptadine (positive control, 10 mg/kg, p.o.), 
and REO (300 mg/kg, p.o.). After 30 min the animals were 

challenged with histamine (50 µg/animal). The Evans blue 
exudates were spectrophotometrically determined at 620 
nm given a conversion factor calculated from calibration 
curves of the dye24. 

Formalin test in mice 

Groups of mice (n = 6) have received REO (300 mg/kg, 
p.o.), indomethacin (positive control, 10 mg/kg. p.o.), 
morphine (positive control, 1 mg/kg, i.p.) and 0.9% saline 
solution (control, 0.25 ml, p.o.). These mice had injected 
20 L of a 2.5% formalin solution in their right footpad. 
After formalin administration, animals were isolated and 
observed for the first five minutes (early phase – 
neurogenic pain) and between 20 to 25 minutes (late 
phase – inflammatory pain)25.  

Hot plate test 

Groups of mice (n = 6) had received REO (300 mg/kg, 
p.o.), indomethacin (positive control, 10 mg/kg. p.o.), 
morphine (positive control, 1 mg/kg, i.p.) and saline 
solution (control, 0.25 ml, p.o.). The hot plate apparatus 
(Socrel Mod. DS37, Ugo Basile, Italy) was maintained at 
55 ± 0.5oC. Animals were individual exposed and recorded 
the time they have spent to lick the footpad or any paw. 
The cut time used was 30 seconds. The measures were 
performed at 0, 30, 60, 90 and 120 minutes after 
treatments. The results were expressed as analgesia 
percentage, calculated by the formula (t1 – t0) / (t2 – t0) x 
100, were t0 is control time, t1 treated groups and t2 the 
cut time26. 

Gastric ulcer induced by stress 

Different groups of rats (n = 6) were treated with 0.9% 
saline solution (control, 0.5 ml, p.o.), cimetidine (positive 
control, 50 mg/kg, p.o.), REO (300 mg/kg, p.o.) and 
indomethacin (negative control, 10 mg/kg, p.o.). The 
number and severity of the lesions induced by water 
immersion stress were sorted out in three types: Type 1, 
presence of edema, hyperemia, and small hemorrhage; 
Type 2: presence of hemorrhage with small submucous 
erosions; and Type 3: presence of serious erosions with 
hemorrhagic boundaries and incursive lesions. A lesion 
index was determined following a matemathical formulae  
IL = (N3 x 3) + (N2 x 2) + (N1x 1) / N where N3, N2 and N1 
are the number of lesions and its severity and N the 
number of animals used in each experiment27. 

Statistical analysis 

The statistical analyses were done using Analysis of 
Variance (ANOVA) followed by the Tukey–Kramer 
multiple comparison test28. Results with P < 0.05 were 
considered to be significant. Data are expressed as mean 
± S.E.M.  
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RESULTS 

Phytochemical analysis by combined gas 
chromatography–mass spectrometry (GC–MS) 

The extraction of the essential oil using a Clevenger 
apparatus yielded 1.4% (w/w). The chromatographic 
analysis of the REO showed seven major monoterpenic 
constituents, representing 76.1% of the REO components, 
including: 1,8-cineole (28.1%), α-pinene (17.4%), camphor 
(9.2%), 2-ethyl-4,5-dimethylphenol (8.5%), camphene 
(4.8%), -pinene (4.6%), geranyl acetate (3.8%)  and 
unidentified terpenes (23.9%). 

Determination of LD50 

In the acute toxicity assay, no deaths were observed 
during the 72-h period after the administration of REO. At 
these doses (50, 100, 200, 500, 1000 and 2000 mg/kg), 
the animals showed no stereotypical symptoms 
associated with toxicity, such as convulsion, ataxy, 
diarrhea or increased diuresis. The median lethal dose 
was determined to be higher than the highest dose 
tested, 2.0 g/kg. 

Determination of ED50 

The treatment with REO produced a reduction of the 
edema induced by carrageenan in a dose-dependent 
manner (correlation coefficient r = 0.9671 and linear 
regression y = 12.53 x – 16.53). ED50 was determined as 
300 mg/kg (Fig. 1).  

y = 12,53x - 16,53
R2 = 0,9671
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Figure 1: Determination of the effectiveness dose 50 (ED50). 
Each point represents the average of eight animals, expressed 
as inhibition percentage. ED50 = 300 mg/kg (p.o).  
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Figure 2: Effect of the oral administration of REO (10, 50, 100, 
200, 300 and 400 mg/kg,) and indomethacin (10 mg/kg) on 
writhing induced in groups of mice by an intraperitoneal 
injection of 1.0% acetic acid. Data are expressed as mean ± 

S.E.M. *P < 0.05, **P < 0.01, ANOVA followed by the Tukey–
Kramer multiple comparison test. 

Writhing test 

In the writhing test, the treatment with different doses 
have produced a reduction of the writhes in a dependant 
manner as well (correlation coefficient r = 0.8891). The 
ED50 was determined as 261.0 mg/kg (Fig. 2). 

Rats paw edema induced by carrageenan 

The inhibitory activity shown by the essential oil of 
Rosmarinus officinalis (300 mg/kg) over a period of 4 
hours in carrageenan-induced paw inflammation was 
quite similar to that exhibited by the group treated with 
indomethacin. REO has inhibited this edema formation 
over the four hours of experimentation (P < 0.01), with 
the best activity at the second hour (Fig. 3). 

0

250

500

750

1000

1250

1500

1750

2000

0 1 2 3 4

E
de

m
al

)  
   

   
 

Control REO 300 mg/kg Indo

 *  *
 *

 *

 
Figure 3: Effect of the oral administration of REO (300 mg/kg) 
and indomethacin (10 mg/kg) in rat paw edema induced by 
carrageenan. Data are expressed as mean ± S.E.M. *P < 0.05, 
**P < 0.01, ANOVA followed by the Tukey–Kramer multiple 
comparison test. 

Granulomatous tissue induction 

Daily administration of REO had inhibited the formation 
of granulomatous tissue by 59%, comparing to the control 
group (P < 0.01). Moreover, the orally administered 
dexamethasone reduced its formation by 78% (P < 0.01). 
The treated groups have shown statistically differences 
from the control but not between them (Fig. 4). 
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Figure 4: Effect of the oral administration of REO (300 mg/kg), 
dexamethasone (0.2 mg/kg) on cotton pellet-induced 
granuloma pouch in rats. Data are expressed as mean ± S.E.M. 
*P < 0.05, **P < 0.01, ANOVA followed by the Tukey–Kramer 
multiple comparison test. 
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Ear edema induced by Croton oil 

The application of oil of Croton has induced an increasing 
edema over 6 hours. The treatment with REO has 
inhibited the edema formation by 77% when compared to 
the control group (P < 0.01). The group treated with 
dexamethasone has shown a similar inhibition (72%) to 
the group treated with REO (Fig. 5).  
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Figure 5: Effect of the oral administration of REO (300 mg/kg), 
dexamethasone (0.2 mg/kg) on ear edema induced by oil of 
Croton in mice. Data are expressed as mean ± S.E.M. *P < 0.05, 
**P < 0.01, ANOVA followed by the Tukey–Kramer multiple 
comparison test. 

Vascular permeability 

The vascular permeability has been decreased in the 
group treated with REO by 50% when compared to the 
control group (P<0.05). The group treated with 
cyproheptadine, a H1 antagonist, has decreased the 
vascular permeability by 70%. This result is statistically 
different from both the control group (P < 0.01) and the 
treatment with REO (P < 0.05). These results are shown at 
Figure 6.  
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Figure 6: Effect of the oral administration of REO (300 mg/kg), 
cyproheptadine (10 mg/kg) on the vascular permeability 

induced by histamine in rats. Data are expressed as mean ± 
S.E.M. *P < 0.05, **P < 0.01, ANOVA followed by the Tukey–
Kramer multiple comparison test. 

Formalin test in mice 

The treatment with REO has inhibited the phase I in the 
formalin test by 40% and the phase II by 48% (P < 0.05) 
when compared to the control group. The treatment with 
morphine has produced an inhibition by 83% and 92% 
respectively (P < 0.01). All groups have shown statistically 
significant differences (Figure 7). 
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Figure 7: Effect of the administration of REO (300 mg/kg, p.o.), 
morphine (1.0 mg/kg, i.p.) and indomethacin (10 mg/kg, p.o.) in 
the formalin test in mice. Data are expressed as mean ± S.E.M. 
*P < 0.05, **P < 0.01, ANOVA followed by the Tukey–Kramer 
multiple comparison test. 

Hot plate test  

During the hot-plate test, the group treated with REO has 
shown a longer latency time (before the treatment) but 
this difference was not significant (data not shown). Only 
the group treated with morphine has increased the 
latency time (P < 0.01).  

Gastric ulcer induced by stress 

The treatment with REO in the gastric lesions induced by 
stress has decreased the lesions by 44% when compared 
to the control group (P < 0.05) and by 64% when 
compared to the group treated with indomethacin (P < 
0.01). The group treated with cimetidine has shown a 
better effect when compared to the control group, 
decreasing the lesions by 79% (P < 0.01) when compared 
to REO (P < 0.05). These results are presented at Table 1.  

 

Table 1: Effect of the administration of REO (300 mg/kg, p.o.), indomethacin (10 mg/kg, p.o.) and cimetidine (10 mg/kg, 
p.o.) on the gastric mucosa in rats submitted to stress.  

Treatment 
Lesion severity 

Ulcer index 
 1+  2+ 3+ 

Saline solution (0.5 ml, p.o.) 42 ± 1.6 46  ±  1.7 34  ±  1 47.2 
REO (300 mg/kg, p.o.) 18 ± 0.8 22  ± 1.5 23  ±  1.9 26.2* 
Indomethacin (10 mg/kg, p.o.) 84 ±  2.4 62 ± 2.4 53  ±  1.7 73.4 
Cimetidine (10 mg/kg, p.o.) 26 ± 0.97 7 ± 1.4 3  ±  0.6 9.8** 

Data are expressed as mean ± S.E.M. *P < 0.05, **P < 0.01, ANOVA followed by the Tukey–Kramer multiple comparison 
test. 
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DISCUSSION 

Essential oils are complex mixtures of volatile, liquid, 
lipophilic and odoriferous substances. The composition of 
an essential oil is genetically determinate, specific for a 
tissue or a characteristic of its development stage. These 
facts also corroborates to its concentration in the plant2.  

Rosmarinus officinalis is an aromatic plant which names 
means “marine rock”, since it has been endemic in coasts 
with rocks. This plant presents about 0.48% to 1.75% of 
essential oil9. The sample used in this study has yielded 
1.4% in agreement with literature data.   

In this study, we evaluated the safety and efficacy of the 
essential oil obtained from R. officinalis. ED50 of REO was 
established as 300 mg/kg by the carrageenan-induced 
paw edema in rats and 261 mg/kg for the writhing test in 
mice. Using the acute toxicity assay, the median lethal 
dose (LD50) was determined to be higher than 2.0 g/kg. In 
this assay, neither deaths nor symptoms associated with 
toxicity, such as convulsion, ataxia, diarrhea or increased 
diuresis occurred during the 72-h observation period. 
These results indicate the effectiveness and relative 
safety of REO for the treatment of conditions associated 
with inflammation.  

Carrageenan-induced edema has been commonly used as 
an experimental animal model for acute inflammation 
and is believed to be biphasic. The early phase (1–2 h) of 
the carrageenan model is mainly mediated by histamine, 
serotonin and increased synthesis of prostaglandins in the 
damaged tissues surroundings. The late phase is 
sustained by prostaglandin release and mediated by 
bradykinin, leukotrienes, polymorphonuclear cells and 
prostaglandins produced by tissue macrophages29. There 
was a significant reduction (P < 0.05) in this assay at 300 
mg/kg dose of REO and at 10 mg/kg of indomethacin. 
Both results are statistically significant compared to the 
control, but not between them. Since the 300 mg/kg dose 
has presented the best performance and is quite similar 
to the determined ED50, it had been used during the 
study. 

The intraperitoneal administration of agents that irritate 
serous membranes provokes a stereotypical behavior in 
mice and rats which is characterized by abdominal 
contractions, movements of the body as a whole, twisting 
of dorsoabdominal muscles, and a reduction in motor 
activity and coordination29. The quantification of 
prostaglandins by radioimmunoassay in the peritoneal 
exudates of rats obtained after the intraperitoneal 
injection of acetic acid demonstrated high levels of 
prostaglandins PGE2 and PGF2 during 30 min after 
stimulus30,31. It should be taken into consideration that 
the mechanism involved in the genesis of the 
carrageenan-induced edema may cause the release of 
prostaglandins and kinins, among other substances11,30. 
The writhing test has shown results similar to that 
obtained in the edematogenic assay using carrageenan. 
All REO doses tested in this assay have produced a 
significant inhibition in a dose dependant manner.  

The ear edema induced with topical application of oil of 
Croton has been used to evaluate anti-inflammatory 
activity of topical agents. This oil is a vascular irritant, 
leading to infiltration of leukocytes and other defense 
cells, causing intracellular edema and topic dermatitis32. 
This process may be inhibited by the use of corticoids33. 
The group treated with REO has inhibited the edema by 
77%, just as dexamethasone (72%). Both results are 
different from the control group but not between them. 
Since the inhibition of both treatments is similar, 
probably the REO has inhibited the formation of cyclo-
oxygenases products generated by the topic application 
of oil of Croton34,35.   

The anti-inflammatory and antinociceptive effects of 1,8-
cineol, presented in large quantity in essential oils 
obtained from Rosmarinus officinalis have been 
described36. Since this compound acts on prostaglandins 
models for evaluation of anti-inflammatory drugs, it has 
an important hole on the inhibition of the inflammatory 
process.  

The acute inflammation causes an increase in the vascular 
permeability, releasing compounds related to the 
inflammatory response. Histamine and serotonin have a 
role in this process. The treatment with REO has 
antagonized this process by 50%, and cyproheptadine, an 
H1 antagonist, has shown the best activity, inhibiting this 
process by 70%.  

The granulomatous tissue induction has been a widely 
used method for the assessment of anti-inflammatory 
substances21,22. It may be divided in phases, occurring at 
the same time. The liberation of plasmatic mediators and 
the increase of the vascular permeability happen at first. 
Then, there is a phase characterized by cellular and 
plasmatic exudates. Afterwards, there is a degenerative 
and necrotic phase and the last one characterized by cell 
proliferation to repair the damaged tissue37. The 
treatment with REO had inhibited the granulomatous 
tissue formation by 59%, as well as dexamethasone, 
which had inhibited the granulomatous tissue formation 
by 78%.  

The formalin test has been used to study central 
analgesia, during the first phase and inflammation in the 
second phase. In terms of fibre size/conduction velocity, 
there are two main groups of nociceptive somatic primary 
afferent neurons, those with C-fibres and those with A-
fibres. The stimulation from the external environment 
mechanonociceptive neurons (Type A nociceptive nerve 
fibres) gives rise to a well-localized sharp sensation, while 
stimulation of nociceptive neurons (Type C nociceptive 
nerve fibres) is said to give rise to a poorly localized 
unpleasant sensation38. The activation of afferent Type C 
nociceptive nerve fibres may be more effective in causing 
reflex changes such as cardiovascular or respiratory 
changes39. Also, the release of excitatory amino acid 
neurotransmitters in the CNS facilitates acetylcholine 
secretion at synapses40. Adrenocorticotrophic hormone 
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release from the pituitary gland after 
intracerebroventricular injection was also described41. 

The intraplantar injection of formalin stimulates the Type 
C nociceptive nerve fibres inducing a neurogenic pain 
during a 5 to 10 minutes period. After 30 minutes, the late 
phase is caused by inflammation and spinal cord 
stimulus42. The genesis of pain by formalin involves pos-
synaptic NMDA receptors, corresponding to the delta 
Type A or Type C nociceptive nerve fibers. These receptors 
have been associated to memory and learning process as 
well as acute and chronic painful syndromes. If the 
stimulus is repetitive, there is an increase of the receptor 
fields and the nociceptive spinal neurons, releasing 
glutamate and Substance P that stimulates NMDA 
receptors. This complex activates the protein C kinases 
through the inositol pathway, synthesizing nitric oxide and 
prostaglandins, leading to the secondary hyperalgesia43. 
The group treated with REO has shown a significant 
inhibition both in the first and second phase compared to 
the control group (P < 0.01). The effect was similar to the 
group treated with indomethacin, confirming the 
peripheral effect of REO and suggesting an inhibition of 
prostaglandin synthesis, once it was effective in the 
writhing test as well. The hot-plate test did not show 
significant results, only for the group treated with 
morphine, suggesting a NSAID effect of this extract since it 
did not inhibit the central pain but inhibited the 
abdominal constrictions and has also demonstrated an 
anti-inflammatory effect. 

The hydroethanolic extract from Rosmarinus officinalis 
aerial parts has decreased the ulcerative gastric lesions 
induced by indomethacin, ethanol and reserpine in rats 
because of the presence of antioxidant compounds44. 
Also, it has been shown that natural compounds with 
antioxidant activity protect against several 
physiopathological illness, preventing or diminishing the 
oxidative stress45.   

The group treated with REO has shown less hazardous 
effects in the gastric mucosa, with a lesion index smaller 
compared to the group treated with indomethacin (P < 
0.05). It had shown no difference with the group treated 
with cimetidine, the standard drug used in this assay, 
suggesting a protective action44. Another fact that must 
be considered is the antioxidant potential of the essential 
oil which could prevent the formation of gastric lesions 
induced by stress.   

The anti-inflammatory and analgesic activities of the 
aerial parts crude extract from Rosmarinus officinalis in 
vivo assays have been previously described15. This study 
corroborates the anti-inflammatory and analgesic effects 
regarding this medicinal plant. Therefore, the essential 
oil has inhibited both acute and chronic inflammatory 
process, similar to COX inhibitors, but it did not induce 
gastric lesions. It is strongly suggested that the 
pharmacological activity of this plant is probably because 
of terpenic compounds, such as camphor and 1,-8-
cineol36,46,  from the essential oil. 
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