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Abstract

The plant Croton cajucara Benth. (Euphorbiaceae) is widely used in Amazonian folk
medicine for the treatment of a wide range of illnesses. In this investigation the analgesic
and anti-in¯ammatory properties of the essential oil from the bark of C. cajucara Benth.,
administered orally, were determined in several standard rodent models of pain and
in¯ammation.

We observed that pretreatment with essential oil signi®cantly reduced the latency of
sleeping time evoked by pentobarbital compared with the control group (P< 0�001). Doses of
100 or 1000 mg kgÿ1 also increased the sleeping time induced by pentobarbital (30�9� 3�91
and 52�1� 15�6 min, respectively) compared with the negative control (12�4� 4�27 min).
We investigated the antinociceptive effect of the essential oil in chemical (acetic acid) and
thermal (hot-plate) models of nociception in mice. Dipyrone (200 mg kgÿ1) and the highest
doses of the essential oil (1000 mg kgÿ1) signi®cantly inhibited acetic acid-induced
abdominal constriction in mice (5�00� 1�38 and 6�8� 2�1 constrictions, respectively)
compared with the negative control (33�1� 2). The same dose of essential oil also raised
the pain thresholds of mice in the hot-plate test and signi®cantly (P< 0�05) increased the
latency at all observation times. In acetic acid-induced abdominal constriction in mice
pretreatment of the animals with naloxone (5 mg kgÿ1) signi®cantly reversed the analgesic
effect of morphine and of the essential oil at the highest dose (1000 mg kgÿ1).

The essential oil of C. cajucara was also investigated for its anti-in¯ammatory prop-
erties. At the lowest dose (100 mg kgÿ1) the essential oil had anti-in¯ammatory effects in
animal models of acute (carrageenin-induced paw oedema in mice) and chronic (cotton
pellet granuloma) in¯ammation. The essential oil at doses of 50, 100 and 200 mg kgÿ1

signi®cantly and dose-dependently inhibited carrageenan-induced oedema (49� 5; 37� 5;
34� 8 mg, respectively) compared with the negative control (74� 8 mg). The essential oil
(100 mg kgÿ1) also inhibited chronic in¯ammation by 38% whereas diclofenac inhibited it
by 36%. However, the essential oil did not inhibit the migration of neutrophils into the
peritoneal cavity.

These data show that the essential oil from C. cajucara contains compounds that had a
signi®cant antinociceptive effect when the oil was administered at the highest dose. This
effect seems to be related to interaction with the opioid system. The essential oil also had a
signi®cant anti-in¯ammatory effect in acute and chronic in¯ammation models when
administered at lower doses. This effect seems to be related to cyclooxygenase inhibition.

Croton cajucara Benth, a herb which grows
exclusively in the Amazon forest, is used in folk
medicine as an agent for the treatment of diabetes,

diarrhoea, gastrointestinal disorders and liver dis-
eases (Di Stasi et al 1989); the bark and leaves of
the plant are commonly used in the form of tea or
as powdered and dried pills (Souza Brito & Nunes
1997).

When our group reported the antiulcerogenic
activity of dehydrocrotonin, a diterpene isolated
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from C. cajucara bark, in different ulcerogenic
models using mice and rats (Souza Brito et al
1998), studies of dehydrocrotonin demonstrated its
antinociceptive effect in the hot-plate and acetic
acid-induced constriction tests (Carvalho et al
1996). Cajucarinolide and isocajucarinolide, two
new clerodane diterpenes, have also been isolated
from the bark of C. cajucara. These compounds
have anti-in¯ammatory activity and inhibit bee
venom phospholipase A2 in-vitro (Ichihara et al
1992).

It was recently demonstrated that the essential oil
from C. cajucara has important antiulcerogenic
properties without signi®cant acute toxicological
effects (Hiruma-Lima et al 1999).

In this study, we have analysed another compo-
nent of the bark, the essential oil, possibly involved
in the anti-in¯ammatory and antinociceptive effects
of this plant.

Materials and Methods

Preparation and analysis of the essential oil
The stem bark of C. cajucara Benth. was collected
from our experimental plantation in Ben®ca, near
BeleÂm, ParaÂ, Brazil. A voucher specimen (no. 247)
was identi®ed by Nelson A. Rosa and is deposited
in the IAN Herbarium, BeleÂm, Brazil. The air-dried
and milled bark (20 kg) was subjected to steam
distillation for 6 h. Preliminary GC±FID and GC±
MS analysis performed with a Hewlett-Packard
model 6890 chromatograph equipped with an HP-5
capillary column showed the essential oil to contain
mainly sesquiterpenes. Complete analyses of the
samples are in progress. The essential oil was
emulsi®ed in 12% Tween 80 before administration
to the animals.

Animals
All experiments were performed on male albino
Wistar rats, 180±230 g, and albino Swiss, 30±35 g,
or Balb=C, 25±30 g, mice from the Central Animal
House of the Universidade Estadual de Campinas
(CEMIB=UNICAMP). The animals were fasted
before all assays because the standard drugs or
essential oil were always administered orally (p.o.),
except for morphine, indomethacin and dexa-
methasone, which were injected subcutaneously
(s.c.); pentobarbital sodium and naloxone were
administered intraperitoneally (i.p.). The animals
had free access to certi®ed Nuvilab CR-a (Nuvital)
and tap water and were kept in the animal house
under standard conditions of 12 h dark±12 h light,
humidity (55%) and temperature (22� 1�C). All

experiments were performed in the morning, and
according to current guidelines for the care of
laboratory animals and ethical guidelines for
investigation of experimental pain in conscious
animals (Zimmermann 1983). The Ethics Com-
mittee of Unicamp, Brazil, approved all experi-
mental protocols.

Drugs
The substances and reagents were prepared imme-
diately before use. Acetic acid, Giemsa, (Merck),
pentobarbital sodium (Cristalia), dipyrone sodium
(Hoechst) sodium diclofenac (Ciba-Geigy), dexa-
methasone (Prodome), Tween 80 (Synth) and
ketamine chloride (Konig) were obtained com-
mercially in Brazil. Indomethacin, carrageenan
type IV, lipopolysaccharide, morphine hydro-
chloride and naloxone hydrochloride were from
Sigma (MO). All drugs were diluted with physio-
logical saline except for indomethacin which was
diluted with sodium bicarbonate (5%). All reagents
used were of a high grade of purity.

Pentobarbital-induced sleep
Thirty minutes after administration of different
doses (50, 100 or 1000 mg kgÿ1) of essential oil
from C. cajucara, Swiss mice were given pento-
barbital (40 mg kgÿ1, i.p.). The latency to sleep
(time between pentobarbital administration and loss
of the righting re¯ex) and duration of sleeping time
(time between loss and subsequent recovery of the
righting re¯ex) were recorded for animals pre-
treated with 12% Tween 80 (vehicle) or with the
drug (Pieretti et al 1991).

Abdominal constriction caused by intraperitoneal
injection of acetic acid
The response to intraperitoneal injection of 0�6%
acetic acid solution, contraction of the abdominal
muscle and stretching of the hind limbs, was
induced according to procedures described by
Koster et al (1959). Animals (Swiss mice) were
pretreated with the essential oil (100, 500 and
1000 mg kgÿ1) and negative control animals
received a similar volume of vehicle (10 mL kgÿ1).
Positive control mice received dipyrone
(200 mg kgÿ1, p.o.). The drugs were administered
30 min before injection of acetic acid. After the
challenge, pairs of mice were placed in separate
transparent boxes and the number of abdominal
constrictions was counted over the period from 6
to 21 min. Antinociceptive activity was expressed
as the reduction of the number of abdominal
constrictions.
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Hot-plate test
The hot-plate test was used to measure latencies
according to the method described by Eddy &
Leimback (1953), with minor modi®cations. In
these experiments, the hot-plate apparatus (Ugo
Basile, Model-DS 37) was maintained at 56� 1�C.
Animals (Swiss mice) were placed in a 24-cm
diameter glass cylinder on the heated surface and
the time between placement and licking of the paws
or jumping was recorded as latency. Latency was
recorded for control mice (treated with vehicle) and
for animals pretreated with morphine (10 mg kgÿ1,
s.c.) used as positive control, or pretreated with
essential oil (1000 mg kgÿ1, p.o.). All substances
were administered 30 min before the beginning of
the experiment. Animals were selected 24 h before
on the basis of their reactivity to the test. Only the
animals with a reaction within the range 3�9±6�9 s
were selected. Negative control animals received a
similar volume of 12% Tween 80 (10 mL kgÿ1,
p.o.). All animals were observed before (0) and 30,
60 and 90 min after drug administration. A latency
period of 30 s was de®ned as complete analgesia.

Investigation of the mechanism of the analgesic
action of the essential oil
The possible participation of the opioid system in
the antinociceptive effect of the essential oil from
C. cajucara was investigated by the method
described by Trentin et al (1997). To investigate
this mechanism we also used the model of acetic
acid-induced abdominal constriction in mice, with
some modi®cations. Animals were pretreated with
naloxone (5 mg kgÿ1, i.p.) 15 min before oral
administration of the essential oil (1000 mg kgÿ1)
and subcutaneous administration of morphine
(10 mg kgÿ1). Control animals received a similar
volume of vehicle (10 mL kgÿ1, p.o.).

Carrageenan-induced paw oedema in mice
The method used was similar to that described by
Henriques et al (1987). Male mice were pretreated
with indomethacin (30 mg kgÿ1, s.c.), as positive
control, or with essential oil (50, 100 or
200 mg kgÿ1, p.o.) 30 min before injection of
300 mg carrageenan (1% suspension in normal sal-
ine). The paw volume was determined 4 h after
carrageenan injection. The increase in weight
caused by the irritant was calculated by subtracting
the weight of the untreated left paw from that of the
treated right paw.

Granuloma cotton pellet in rats
Groups of Wistar rats were used to determine the
effects of the essential oil (100 mg kgÿ1) on the

proliferative phase of granuloma (the dry weight of
the pellet 6 days after treatment) according to the
method of Swingle & Shideman (1972). Dental
cotton rolls (Johnson & Johnson) were cut into 20±
30-mg pellets which were sterilized and implanted
subcutaneously into the dorsal region of the rats.
The animals were kept under ketamine anaesthesia.
Different groups of animals were treated orally
with 10 mL kgÿ1 vehicle (control group); diclofe-
nac (5 mg kgÿ1) was used as a standard reference
drug. The animals were treated daily for 6 days. On
the 7th day, they were killed by cervical dislocation
and the granulomatous tissues were removed. The
pellets were dried overnight at 60�C and the granu-
lomas were weighed. The difference between the
®nal and initial weights was regarded as the granu-
lomatous tissue produced.

Migration of neutrophils to the peritoneal cavity
Groups of ®ve male Balb=C mice were used to
study the peritoneal exudate (Popper & Watnick
1974). The essential oil of C. cajucara was studied
for its capacity to inhibit cellular migration to the
peritoneal cavity. Drugs or vehicle were adminis-
tered orally to groups of ®ve Balb=C mice. LPS
(200 ng=cavity) and Ca�2-free phosphate-buffered
saline (PBS) were injected into the peritoneal
cavity 30 min later, and after 6 h the animals were
killed. After gentle massage, peritoneal exudates
were removed and total leucocytes determined in a
Neubauer chamber; the differential leucocyte
morphologies were also determined by microscopic
counting of May±Giemsa-stained slides. The
inhibitory effect of essential oil (100 mg kgÿ1) on
neutrophil migration was compared with that of the
negative (12% Tween 80) and positive (indo-
methacin, 20 mg kgÿ1, s.c., and dexamethasone,
0�5 mg kgÿ1) controls, 1 h after intraperitoneal
administration of the stimuli.

Statistical analysis
Results are presented as means� s.d. or s.e.m. All
data were analysed statistically by analysis of var-
iance followed by the Dunnett pairwise test. A
P value < 0�05 was considered to be indicative of
signi®cance.

Results and Discussion

Previous chromatographic analysis has shown that
the essential oil obtained from Croton cajucara
bark contains no trace of dehydrocrotonin. Thus,

EFFECTS OF ESSENTIAL OIL OF CROTON CAJUCARA 1449



the anti-in¯ammatory and antinociceptive effect of
the essential oil can be attributed solely to its own
composition, mainly terpenes.

The potential analgesic and anti-in¯ammatory
effects of the essential oil were investigated. In this
study, pretreatment with essential oil signi®cantly
and dose-dependently increased the latency of
sleeping time evoked by pentobarbital, as shown in
Table 1.

All doses of the essential oil from C. cajucara
signi®cantly reduced the latency between pento-
barbital administration and loss of the righting
re¯ex. Pretreatment with doses of 100 or
1000 mg kgÿ1 increased the sleeping time induced
by pentobarbital.

It is already known that many neurosedative
drugs tend to increase sleeping time and reduce
locomotor activity (Baldessarini 1990). Although
this effect might result from a sedative and not
necessarily analgesic property, this does not seem
to be so for the essential oil of C. cajucara. In
previous studies (Hiruma-Lima et al 1999) in which
we evaluated the toxicity of the essential oil, we
also observed that some signi®cant alterations, such
as reduced spontaneous activity, occurred only
above an oral dose of 2�2 g kgÿ1. Behavioural
observations showed that the doses selected had no
signi®cant effect on the spontaneous activity of the
animals.

To verify the possible analgesic effect of the
essential oil we used two models of induced pain,
chemical (abdominal constriction test) and thermal
injury (hot-plate test). Our data showed that oral
administration of the essential oil inhibited acetic
acid-induced constriction in mice, as can be seen
from Table 2.

Only the highest dose (1000 mg kgÿ1) of the
essential oil signi®cantly reduced the number of
constriction and stretching episodes induced by
0�6% acetic acid solution. The amount of protection
by dipyrone, used as a positive control in this
model, was 85% and the dose-dependent protective

effect of the essential oil was 80% at the highest
dose. When it was tested at 100 and 500 mg kgÿ1,
the essential oil had no signi®cant protective effect
against painful stimulation with acetic acid (17 and
38% inhibition, respectively).

It is known that constriction induced by acetic
acid is a non-selective model, e.g. morphine-like or
aspirin-like compounds inhibit the pain in this
model. Collier et al (1968) postulated that acetic
acid acts indirectly by inducing the release of
endogenous mediators that stimulate the nocicep-
tive neurons sensitive to non-steroidal anti-in¯am-
matory drugs, to narcotics and to other centrally
active drugs (Vaz et al 1996). Thus, the abdominal
constriction elicited by acetic acid is considered a
less selective antinociceptive model and has been
used as a non-speci®c test to assess the potential
analgesic activity of drugs. The data obtained
suggest that the analgesic activity of the highest
dose of essential oil might be partially related to
inhibition of prostaglandin synthesis, considering
that abdominal constriction is related to sensitiza-
tion of nociceptive receptors by prostaglandins
(Ferreira & Vane 1974).

In the second phase of this investigation we stu-
died the effects of the essential oil in the hot-plate
test. The ef®cacy of the essential oil against a
thermal stimulus in the hot-plate test indicated a
possible central analgesic property of the com-
pounds present in the oil. These results are pre-
sented in Table 3.

Essential oil (1000 mg kgÿ1) signi®cantly
increased the reaction time of mice to the stimuli,
as observed for morphine (10 mg kgÿ1) used as a
reference drug in this model. Both substances had
signi®cant antinociceptive effects compared with
control values. At this time we assumed possible
action of the essential oil on opioid receptors. We
used naloxone, a non-selective antagonist of opioid
receptors, in an attempt to gain some insight into
the mechanisms involved in the antinociceptive

Table 1. Effects of different oral doses of the essential oil
from C. cajucara on sleep induced by intraperitoneal pento-
barbital (40 mg kgÿ1) in mice.

Treatment n Dose
(mg kgÿ1)

Latency
(min)

Duration
(min)

Control 8 ± 7�04� 1�35 12�4� 4�2
Oil 7 50 4�35� 0�77** 22�8� 9�6
Oil 6 100 4�41� 0�43** 30�9� 3�9*
Oil 8 1000 4�60� 0�14** 52�1� 15**

Values are means� s.d. *P< 0�005, **P< 0�001 compared
with control (analysis of variance, F(3�25) latency� 15�1;
duration� 19�5 (P< 0�05); Dunnett's Test).

Table 2. Effect of the essential oil from C. cajucara, given
orally, against acetic acid-induced abdominal constriction in
mice.

Treatment n Dose
(mg kgÿ1)

Number of
abdominal

constrictions

Protection
(%)

Control 13 ± 33�10� 2�04 ±
Dipyrone 10 200 5�00� 1�38* 85
Oil 10 100 27�5� 1�5 17
Oil 8 500 20�6� 2�1 38
Oil 10 1000 6�80� 2�10* 80

Values are means� s.e.m. *P< 0�001 compared with con-
trol (analysis of variance, F(4,46)� 32�0 (P< 0�05); Dunnett's
test).
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properties of the essential oil. The data shown in
Table 4 indicate that the non-selective opioid
antagonist naloxone consistently reversed the anti-
nociception induced by the essential oil and mor-
phine against acetic acid-induced pain. Our results
show that the essential oil at a high dose probably
interacts with the opioid system.

Because naloxone, a classical morphine-receptor
antagonist (Faden 1988), modi®ed the analgesia
induced by treatment with the essential oil, it is
most likely that the effect results from action on
morphine receptors. Furthermore, the in¯uence of
this essential oil on the reaction time of mice sub-
mitted to the hot-plate test is consistent with the
interpretation that its analgesic property is indeed
of central origin, but only at the highest doses.
However, a peripheral analgesic action of the oil
has not been ruled out.

Because of the folk medicine use of Croton
cajucara infusion against liver in¯ammation, and
because of the anti-in¯ammatory property of
dehydrocrotonin (Carvalho et al 1996), we decided
to test the effect of the essential oil in some classic
models of in¯ammation.

In¯ammation is the response of living tissues to
injury. It involves a complex array of enzyme

activation, mediator release, extravasation of ¯uid,
cell migration, tissue breakdown and repair (Vane
& Bolting 1995). It is also known that anti-
in¯ammatory effects can be elicited by a variety of
chemical agents and that there is little correlation
between their pharmacological activity and che-
mical structure (SertieÂ et al 1990). This, associated
with the complexity of the in¯ammatory process,
makes the use of different experimental models
essential when conducting pharmacological trials.

Indomethacin and diclofenac, like most non-
steroidal anti-in¯ammatory compounds, inhibit the
biosynthesis of prostaglandins and this effect might
explain their anti-in¯ammatory activity on carra-
geenan-induced paw oedema (Higgs et al 1979).
On the other hand, dexamethasone, a steroidal anti-
in¯ammatory drug, inhibits the phospholipase A2

enzyme which is responsible for release of arachi-
donic acid (Vane & Bolting 1995).

When assayed on the classic mice paw oedema
induced by carrageenan, the essential oil reduced
the paw swelling as effectively as did indometha-
cin. The anti-oedematogenic responses obtained as
a result of administration of C. cajucara essential
oil (50, 100 and 200 mg kgÿ1), indomethacin
(20 mg kgÿ1) and vehicle on the carrageenan-
induced hind paw oedema in mice are shown in
Table 5.

The essential oil at doses of 50, 100 and
200 mg kgÿ1, signi®cantly inhibited carrageenan-
induced oedema by 34, 50 and 54%, respectively,
4 h after carrageenan administration. These
responses were dose-dependent. The maximum
effect of the oil was obtained with the highest dose
used, i.e. 200 mg kgÿ1. Indomethacin signi®cantly
inhibited paw oedema in mice by 67�5%. These
data reveal the existence of a marked peripheral
analgesic property of the essential oil at low dose.

This effect con®rmed the results obtained for the
constrictions induced by acetic acid, which involve
the synthesis of prostaglandins or other endogenous

Table 3. Effect of the essential oil from C. cajucara
(1000 mg kgÿ1), given orally, in the hot-plate test in mice.

Observation time Latency (s)
(min)

Control Morphine Oil

0 5� 0�93 5�0� 0�7 5�25� 0�71
30 5�12� 1�13 13�1� 2�3* 8�50� 1�19*
60 5�25� 1�03 13�3� 1�2** 8�75� 1�28**
90 6�25� 1�91 12�1� 2�9** 9�88� 1�64*

Values are the means� s.d. (N� 8). *P< 0�05, **P< 0�001
compared with control (analysis of variance, F(2,21)

0 min� 0�26 (P> 0�05); 30 min� 48�6; 60 min� 88�6;
90 min� 14�3 (P< 0�05); Dunnett's test).

Table 4. Effects of the essential oil from C. cajucara on
acetic acid-induced abdominal constriction in mice pretreated
with naloxone (5 mg kgÿ1).

Treatment n Dose
(mg kgÿ1)

Number of
abdominal

constrictions

Protection
(%)

Control 13 ± 33�1� 2�0 ±
Morphine 7 10 0* 100.
Naloxone�morphine 7 100 27�7� 1�7 16�3
Naloxone� oil 7 1000 24�6� 3�1 25�7

Values are means� s.d. *P< 0�001 compared with control
(analysis of variance, F(3,30)� 38�4 (P< 0�05); Dunnett's test).

Table 5. Effects of the essential oil from C. cajucara and of
indomethacin on carrageenan-induced hind paw oedema in
mice.

Treatment n Dose
(mg kgÿ1)

Paw weight
(mg)

Inhibition
(%)

Control 11 ± 74� 8 ±
Indomethacin 14 20 24� 7** 67�5
Oil 24 50 49� 5* 34
Oil 22 100 37� 5** 50
Oil 10 200 34� 8** 54

Values are means� s.e.m. *P< 0�005, **P< 0�001 com-
pared with control (analysis of variance, F(4�76)� 7�10
(P< 0�05); Dunnett's test).
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mediators of the in¯ammatory process in the
nociceptive mechanism (Emin et al 1992).

It is known that the acute in¯ammatory response
consists of three main vascular effects: vasodilata-
tion and increased vascular ¯ow; increased vascular
permeability; and leukocyte migration to the
injured tissues.

Histamine and 5-HT are usually responsible for
eliciting the immediate response of in¯ammation in
rats, whereas the kinins and prostaglandins mediate
the more prolonged delayed-onset responses (Di
Rosa et al 1971; Goetzel 1980).

The cotton pellet granuloma bioassay in rats is
frequently used as an experimental model to study
the effect of drugs on chronic in¯ammation.
Swingle & Shideman (1972) demonstrated that
there are three phases of in¯ammation after pellet
implantation. The last phase is cell proliferation
between the third and sixth day; this phase can be
inhibited by anti-in¯ammatory steroids such as
dexa-
methasone and also by non-steroidal anti-in¯am-
matory drugs. Thus, we decided to investigate
whether the essential oil could modify the last
phase of the cotton pellet granuloma.

The effects of the essential oil and diclofenac on
the cotton pellet granuloma are summarized in
Table 6.

The essential oil signi®cantly inhibited (by 38%)
the proliferative phase of the granuloma, as also did
diclofenac (36% inhibition). We suggest that the
anti-in¯ammatory effect of the essential oil is also
related to cyclooxygenase inhibition.

Finally, we studied the effects of essential oil and
of two positive controls, dexamethasone and indo-
methacin, on induced neutrophil migration in mice.
It has been suggested that the effect of drugs on
neutrophil migration is a characteristic of anti-
in¯ammatory agents whose mechanism of action is
related not to inhibition of the arachidonic acid
pathway but to inhibition of prostaglandin release
by aspirin-like drugs (Flower 1990). The data
obtained are shown in Table 7.

Neutrophil migration also was not signi®cantly
reduced in the peritonitis model. Dexamethasone, but
not the essential oil or indomethacin, inhibited neu-
trophil migration into the peritoneal cavity by 88%.
These data reveal that the anti-in¯ammatory effect of
the essential oil is not similar to that of steroidal anti-
in¯ammatory drugs. On the other hand, neither the
anti-oedema nor the antiproliferative effects of the
essential oil were correlated with an ability to reduce
the number of neutrophils migrating into the perito-
neal cavity.

These results, when taken together, lead us to
conclude that the essential oil has both anti-in¯am-
matory and analgesic activity. Our data provide a
scienti®c basis for the utilization of this plant in folk
medicine to treat some in¯ammatory processes.
Studies are in progress to identify the components of
the essential oil responsible for the effects described.
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Table 7. Effect of the essential oil from C. cajucara and indomethacin of dexamethasone on the white cells of peritoneal exudates
in mice.

Treatment (before LPS)a Dose (mg kgÿ1) Number of leukocytes (6105 mL)

Leucocytes Inhibition (%) Neutrophils Inhibition (%) Macrophages

Control 10 mL kgÿ1 13� 2 ± 7� 1 ± 5�0� 0�8
Indomethacin 20 14� 3 ± 6� 2 15 10� 3
Dexamethasone 0�5 7� 1 43 0�8� 0�1* 88�5 7�0� 0�5
Oil 100 14� 2 ± 4� 0�6 42�8 9� 2

a200 ng=cavity LPS. Values are means� s.e.m. of results from ®ve animals. *P< 0�05 compared with control (analysis of
variance, F(3,17) leucocytes� 3�31 (P> 0�05); neutrophils� 3�18 (P< 0�05); macrophages� 2�67 (P< 0�05); Dunnett's test).

Table 6. Effects of the essential oil from C. cajucara and of
diclofenac on cotton-pellet granulomas in rats.

Phase Treatment n Dose
(mg kgÿ1)

Pellet
increase (mg)

Inhibition
(%)

Proliferative Control 6 ± 26�1� 3�9 0
Proliferative Diclofenac 6 5 16�8� 2�9* 36
Proliferative Oil 7 100 16�1� 2�8* 38

Values are means� s.d. *P< 0�001 compared with control
(analysis of variance, F(2,15)� 29�1 (P< 0�05); Dunnett's test).
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