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Abstract

Uncaria tomentosa (Willd.) DC (Rubiaceae) is a vine that grows in the Amazon rainforest. Its bark decoctions are used by Peruvian

Indians to treat several diseases. Chemically, it consists mainly of oxindole alkaloids. An industrial fraction of U. tomentosa (UT fraction),

containing 95% oxindole alkaloids, was used in this study in order to characterize its antinociceptive activity in chemical (acetic acid-induced

abdominal writhing, formalin and capsaicin tests) and thermal (tail-flick and hot-plate tests) models of nociception in mice. UT fraction given

by the i.p. route dose-dependently suppressed the behavioural response to the chemical stimuli in the models indicated and increased

latencies in the thermal stimuli models. The antinociception caused by UT fraction in the formalin test was significantly attenuated by i.p.

treatment of mice with ketanserin (5-HT2 receptor antagonist), but was not affected by naltrexone (opioid receptor antagonist), atropine (a

nonselective muscarinic antagonist), l-arginine (precursor of nitric oxide), prazosin (a1-adrenoceptor antagonist), yohimbine (a2-

adrenoceptor antagonist), and reserpine (a monoamine depleter). Together, these results indicate that UT fraction produces dose-related

antinociception in several models of chemical and thermal pain through mechanisms that involve an interaction with 5-HT2 receptors.

D 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Uncaria tomentosa (Willd.) DC (Rubiaceae) is a

woody liana, indigenous to the Amazon rainforest. It is

commonly known as cat’s claw or uña de gato due to its

morphological aspects. South American Indians have

reportedly used decoctions of the barks in folk medicine

as a ‘‘miraculous’’ remedy (Keplinger et al., 1999). Its

applications include the treatment of arthritis, rheumatism,

abscesses, inflammations, fever, allergy, asthma, cancer,

gastric ulcer, contraception, menstrual irregularity, recov-
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ery from childbirth, and skin impurities (Laus et al.,

1997).

Many biological activities have been described for

numerous extracts of Uncaria tomentosa (UT). The anti-

inflammatory activity has been assayed in vitro and in vivo.

It was demonstrated that an aqueous extract of UT was able

to minimize rat mucosal injury in the indomethacin-induced

intestinal inflammation, depredate peroxynitrite and attenu-

ate peroxynitrite-induced cell death, prevent the activation

of the transcription factor NF-nB, inhibit the expression of

inducible genes associated with inflammation—specifically

negating the expression of inducible nitric oxide synthase

(iNOS) and thereby attenuating NO production (Sandoval-

Chacón et al., 1998; Aguilar et al., 2002; Akesson et al.,

2003). Extracts and fractions of UT were also bioassayed by

the carrageenan-induced oedema test in rat paw, and the
ehavior 81 (2005) 466 – 477



S. Jürgensen et al. / Pharmacology, Biochemistry and Behavior 81 (2005) 466–477 467
most active fractions were isolated and analysed for their

chemical constituents; however, all the resulting compounds

were found to be inactive in this model at the tested doses,

which suggests that the strong anti-inflammatory action of

UT observed in other studies was due to a combination of

compounds (Aquino et al., 1991). Decoctions of the bark of

UT showed an antimutagenic effect in vitro, and were able

to inhibit the epithelial cell death in response to oxidant

stress (Rizzi et al., 1993; Miller et al., 2001). Antioxidant

properties have also been described (Sandoval et al., 2000).

Furthermore, it was found that UT extracts can have an

immunostimulant action and enhance DNA repair capability

(Lemaire et al., 1999; Sheng et al., 2000a,b).

Phytochemical analyses of Uncaria tomentosa root bark

have revealed the presence of triterpenes, quinovic acid

glycosides, some minor constituents and alkaloids (Aquino

et al., 1989, 1997). Alkaloids are usually divided into

classes according to their main chemical structure. The

indole family is the most numerous plant alkaloid class, and

oxindole alkaloids represent one of the major subgroups of

this class (Martin and Mortimore, 1990). Six main

pentacyclic oxindole alkaloids are found in UT: pteropodine

and isopteropodine as major alkaloids, together with

mitraphylline, isomitraphylline, speciophylline and uncarine

F (Stuppner et al., 1992a,b; Laus and Keplinger, 1994;

Ginkel, 1996). Other isomers – uncarines C, D and E –

were also reported in lower quantities (Muhammad et al.,

2001). In vitro cytotoxic activity of isolated oxindole

alkaloids was observed against four human cell lines

(Muhammad et al., 2001). In addition, antiviral activity of

U. tomentosa has also been described, as some quinovic

acid glycosides found in UT barks have shown an antiviral

effect against cell infection with DNAviruses (Aquino et al.,

1989).

Alkaloid compounds, such as morphine, have been

extensively used in human history to alleviate pain.

Mitragynine, an indole alkaloid from the Thai medicinal

plant Mitragyna speciosa, had its antinociceptive activity

described by Matsumoto et al., (1996, 2004), and there is an

extensive literature describing the antinociceptive activity of

other alkaloids (Elisabetsky et al., 1995; Ameri, 1998;

Küpeli et al., 2002; Verotta et al., 2002). However, no

previous correlation between the alkaloids of Uncaria

tomentosa and antinociceptive activity has been reported

so far. In this study, we have examined in detail the

antinociceptive properties of UT in chemical and thermal

models of nociception in mice and also some of the

mechanisms that might potentially underlie this activity.
2. Materials and methods

2.1. Animals

Male Swiss mice weighing 35–40 g were used in all

experiments. Animals were housed under standard light/
dark cycle (12 h each) and temperature (22T2 -C) and

acclimatized to the laboratory for at least an hour before the

tests. Food and water were available ad libitum. The

experiments were performed after approval of the protocol

by the Institutional Ethics Committee and were carried out

in accordance with the National Institutes of Health Guide

for Care and Use of Laboratory Animals (Publication No.

85-23, revised 1985) and the Ethical Guidelines for

Investigations of Experimental Pain in Conscious Animals

(Zimmermann, 1983). The numbers of animals and inten-

sities of noxious stimuli used were the minimum necessary

to demonstrate the consistent effects of the drug treatments.

2.2. Drugs

Formalin (Nuclear, SP, Brazil), acetic acid (Cinética

Quı́mica, SP, Brazil), capsaicin (8-methyl-N-vanillyl-6-non-

enamide; Calbiochem, San Diego, USA), atropine sulphate,

chlorimipramine hydrochloride, clonidine hydrochloride,

ketanserin, l-arginine (l-ARG), NG-nitro-l-arginine (l-

NOARG), naltrexone hydrochloride, phenylephrine hydro-

chloride, prazosin hydrochloride, reserpine, R-(�)-DOI (R-

[-]-2,5-Dimethoxy-4-iodoamphetamine), yohimbine (Sigma

Chemical Co., St. Louis, MO, USA), ascorbic acid and

morphine hydrochloride (Merck AG, Darmstadt, Germany)

were dissolved in PBS (NaCl 137 mM, KCl 2.7 mM and

phosphate buffer 10 mM; Sigma Chemical Co., St. Louis,

MO, USA). Capsaicin was dissolved in 1% dimethylsulph-

oxide (Sigma Chemical Co., St. Louis, MO, USA) and PBS.

Reserpine was dissolved in 2% ascorbic acid solution.

Prazosin was dissolved in 0.2% dimethylformamide (Sigma

Chemical Co., St. Louis, MO, USA) solution.

An industrial standardised Uncaria tomentosa fraction

(UT fraction) containing 95% oxindole alkaloids was used in

all experiments. Plant material was collected in Pozuzo area,

in Peru. The following stereoisomers were identified by

HPLC method: speciophylline, uncarine f, mitraphylline,

isomitraphylline, pteropodine, rhynchophylline, isorhyncho-

phylline and isopteropodine, accounting for 95% of the

sample (m/m). In order to be administered by i.p. route, the

fraction was dissolved in Tween-80 (Fischer Scientific

International) and then diluted with PBS in order to obtain

a 10% Tween-80 solution. The final concentration of Tween-

80 did not exceed 10% and did not cause any ‘‘per se’’ effect.

Control animals received vehicle only (10 mL/kg i.p.).

2.3. The abdominal writhing test

The writhing test was carried out according to the

method previously described by Koster et al. (1959).

Animals were pre-treated intraperitoneally (i.p) with the

UT fraction at the following doses: 3, 10, 30 and 100 mg/kg

administered 30 min before the induction of nociception.

0.6% acetic acid solution was injected i.p. (10 mL/kg) and

the animals were placed in an acrylic observation chamber

(12�12�25 cm). The number of writhing responses
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(abdominal cramps) was counted in 20 min after the

injection of acetic acid.

2.4. The capsaicin test

The procedure used was similar to that described

previously (Santos and Calixto, 1997). The noxious

stimulus consisted of 20 AL of a capsaicin solution (1.6

Ag/paw prepared in PBS) injected i.pl. in the ventral

surface of the right hind paw. Immediately after the

injection, animals were placed in an acrylic observation

chamber and observed for 5 min. The time spent licking

and biting the injected paw was measured with a

stopwatch and considered as an indication of nociception.

Animals were pre-treated with doses of the UT fraction

(30, 100 and 300 mg/kg, i.p.), administered 30 min before

the induction of nociception.

2.5. The formalin test

The procedure used was essentially the same as that

previously described by Hunskaar et al. (1985) with minor

modifications. A 20-AL aliquot of 2.5% formalin solution

(0.92% formaldehyde) made up in PBS was injected

intraplantarly (i.pl.) in the right hind paw of the animal.

Subsequently to the formalin injection, animals were

placed in an acrylic observation chamber, and the time

spent licking or biting the injected paw was measured

with a stopwatch and considered as a quantitative

indication of nociception. The early phase of the

nociceptive response normally peaks from 0 to 5 min

and the late phase from 15 to 30 min after formalin

injection, which represents the direct effect of formalin on

nociceptors and inflammatory nociceptive responses,

respectively (Hunskaar and Hole, 1987; Tjølsen et al.,

1992). Animals were pre-treated intraperitoneally (i.p)

with the UT fraction (10–300 mg/kg) administered 30

min before the formalin injection.

2.6. The tail-flick test

A radiant heat tail-flick analgesiometer was used to

measure response latencies according to the method

described previously by D’Amour and Smith (1941), with

minor modifications. In this model, animals respond to a

focused heat stimulus by flicking or removing their tail,

exposing a photocell that is situated immediately below it.

The intensity of radiant heat was adjusted so that the animal

flicked its tail within 5 to 10 s (20 W). The reaction time of

each animal was recorded 30 min before the administration

of UT fraction (100 and 300 mg/kg, i.p.) and 30, 60, 90 and

120 min after the treatment. An automatic 20 s cut-off was

used to minimize tissue damage. Animals were selected 24 h

previously on the basis of their reactivity in the test to

ensure that all those used exhibited responses within the

normal range.
2.7. The hot-plate test

The hot-plate test used to measure response latencies was

carried out according to the method described by Eddy and

Leimbach (1953), with minor modifications. In this experi-

ment, the hot-plate (Ugo Basile, model-DS 37) was

maintained at 56T1-C. Animals were placed in a glass

cylinder of 24-cm diameter on the heated surface, and the

time between placement and shaking or licking of the paws

or jumping was recorded as the index of response latency.

The reaction time was recorded 30 min after administration

of UT fraction (30, 100 and 300 mg/kg, i.p.) or morphine

(10 mg/kg, s.c.). An automatic 30 s cut-off was used to

minimize tissue damage. Animals were selected 24 h

previously on the basis of their reactivity in the test to

ensure that all those used exhibited responses within the

normal range.

2.8. Assessment of locomotor activity

In order to investigate the possible non-specific muscle

relaxant or sedative effects of UT fraction, mice were

tested on the rota-rod (Rosland et al., 1990). The apparatus

consisted of a bar with a diameter of 2.5 cm, subdivided

into four compartments. The bar rotated at a constant

speed of 22 revolutions per minute and animals were

evaluated for the time spent to fall from the bar. The

animals were selected 24 h previously by eliminating those

mice that did not remain on the bar for 60 s. Animals were

treated with UT fraction (100 and 300 mg/kg, i.p.) or the

same volume of vehicle (10 mL/kg, i.p.), 30 min before

being tested. Results are expressed as the times for which

animals remained on the rota-rod bar. The cut-off time

used was 60 s.

2.9. Investigation of the mechanism of action

To address some of the mechanisms by which UT

fraction causes antinociception in the formalin-induced

nociception, animals were treated with different drugs

through several routes of administration. The choice of

the doses of each drug was based on previous data in the

literature or on preliminary experiments carried out in our

laboratory (not shown). The formalin test was chosen for

this purpose because of the specificity and sensitivity in

nociception transmission that this model provides (Le

Bars et al., 2001).

In order to investigate the participation of the opioid

system in the antinociceptive effect of UT fraction, mice

were pre-treated with naltrexone (1 mg/kg, i.p., a non-

selective opioid receptor antagonist), and after 15 min, the

animals received an injection of UT fraction (100 mg/kg,

i.p.), morphine (5 mg/kg, i.p., used as positive control) or

vehicle. Another group of animals was pre-treated with

vehicle and after 20 min received UT fraction, morphine, or

vehicle, 30 min before formalin injection.



Table 1

Comparison between ID50 values, and their respective 95% confidence

limit, of pre-treatment (i.p.) with UT fraction in three chemical models of

nociception in mice

Assay ID50 value and 95%

confidence limit (mg/kg)

Abdominal writhing test 12.78 (5.80–19.76)

Capsaicin test 68.5 (44.97–92.03)

Formalin test –1st phase 107.11 (88.12–126.10)

Formalin test –2nd phase 95.25 (71.33–119.17)
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Fig. 1. (A) Effect of pre-treatment with UT extract at the doses of 3, 10,

30 and 100 mg/kg, i.p, in the abdominal writhing test induced with i.p.

(10 mL/kg) injection of 0.6% acetic acid solution. (B) Effect of pre-

treatment with UT extract at the doses of 30, 100 and 300 mg/kg, i.p, in

the capsaicin test. Each column represents the number of cramps or the

reactivity time (time spent licking/biting injected paw) of six animals per

group as meanT standard error of mean (SEM). **p <0.01.
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To investigate the possible involvement of the muscarinic

system in the antinociceptive action of UT fraction, mice

were pre-treated with atropine (a nonselective muscarinic

antagonist, 0.1 mg/kg, i.p.), and after 15 min, they received

UT fraction (100 mg/kg, i.p.) or vehicle injection, before

being subjected to the formalin test 30 min later. Another

group of animals was pre-treated with vehicle and after 20

min, they received UT fraction or vehicle, 30 min before

formalin injection.

To examine the possible participation of the adrenergic

system in the antinociceptive effect of UT fraction, animals

were pre-treated with prazosin (an a1-adrenoreceptor antag-

onist, 0.15 mg/kg, i.p.) or with yohimbine (an a2-adrenor-

eceptor antagonist, 1.0 mg/kg, i.p.), and after 15 min, the

animals received UT fraction (100 mg/kg, i.p.), phenyl-

ephrine (an a1-adrenoreceptor agonist, 10 mg/kg, i.p.),

clonidine (an a2-adrenoreceptor agonist, 0.1 mg/kg, i.p.),

or vehicle injection. Other groups of animals were pre-

treated with vehicle (10 mg/kg, i.p.), and after 20 min

received UT fraction, phenylephrine, clonidine, or vehicle

injection 30 min before formalin injection.

To investigate the role played by the nitric oxide-l-

arginine pathway in the antinociception caused by UT

fraction in the formalin test, mice were pre-treated with l-

arginine (l-ARG; 600 mg/kg, i.p., a nitric oxide precursor)

and after 20 min, they received UT fraction (100 mg/kg, i.p.),

NG-nitro-l-arginine (l-NOARG, 75 mg/kg, i.p., a nitric

oxide synthase inhibitor) or vehicle. Another group of

animals was pre-treated with vehicle and after 20 min

received UT fraction, l-NOARG, or vehicle, 30 min before

the formalin test.

We next investigated the possible role played by reserpine

in the antinociceptive effect of UT fraction in the formalin

test. For this purpose, mice were pre-treated with reserpine (5

mg/kg, i.p., a catecholamine depleter), and after 24 h, the

animals received an injection of UT fraction (100 mg/kg,

i.p.), chlorimipramine (1.0 mg/kg, i.p., a monoamines

reuptake inhibitor) or vehicle. Another group of animals

was pre-treated with vehicle and after 24 h received UT

fraction, chlorimipramine, or vehicle, 30 min before formalin

injection.

Finally, to explore the possible participation of the

serotonergic system in the antinociceptive action of UT

fraction, mice were pre-treated with ketanserin (a 5-HT2

receptor antagonist, 1.0 mg/kg, i.p.), and after 20 min, the

animals received UT fraction (100 mg/kg, i.p.), DOI (a
selective 5-HT2A receptor agonist, 1.0 mg/kg, i.p.), or

vehicle. Other groups of animals were pre-treated with

vehicle, and after 20 min received UT fraction, DOI, or

vehicle injection 30 min before formalin injection.

2.10. Statistical analysis

The results were expressed as meanT standard error of

mean (SEM). Statistically significant differences between

groups were measured using one-way analysis of variance

(ANOVA) followed by Dunnett’s test or Student–New-

man–Keuls’ test. The geometric mean ID50 values (Table

1), accompanied by their respective 95% confidence limits,

were determined by non-linear regression from individual

experiments using ‘‘Graph Pad Prism Software.’’ Unpaired

Student’s t test with Welch correction was used in the

analysis of rota-rod data.
3. Results

3.1. The abdominal writhing test

The pre-treatment of animals with UT fraction caused a

significant reduction in the number of abdominal writhing
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Fig. 3. Effect of pre-treatment with UT extract at the doses of 30, 100 and

300 mg/kg, i.p., or morphine (10 mg/kg, s.c.) in the tail-flick test (A) or in
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responses of approximately 54, 72 and 97%, at the doses

of 10, 30 and 100 mg/kg i.p, respectively, when compared

to vehicle-treated control (23T3.3 writhing responses)

(Fig. 1A). ANOVA found extremely significant effects

between groups [F(4,43)=10.175, P <0.0001].

3.2. The capsaicin test

In the capsaicin test, animals that had been pre-treated

i.p. with UT fraction at the doses of 30, 100 and 300 mg/kg

(Fig. 1B) showed a statistically significant reduction in the

response to the noxious stimulus of approximately 11, 66

and 94%, respectively, when compared to vehicle-treated

control response (29T1.0 s). ANOVA considered extremely

significant effects between groups [F(3,23) = 48.019,

P <0.0001].

3.3. The formalin test

The pre-treatment of animals with varying doses of UT

fraction significantly reduced the time spent licking or biting

the injected paw in the formalin test. The percentages of

inhibition for the doses of 10, 30, 100, 150 and 300 mg/kg

in the early phase (Fig. 2A) were 8, 30, 33, 65 and 94%,

while the corresponding values for the second phase were

28, 36, 41, 94 and 100%, respectively (Fig. 2B). Control

values for the early and late phases were 71.1T2.8 s and
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Fig. 2. Effect of pre-treatment with UT extract at the doses of 10, 30, 100,

150 and 300 mg/kg, i.p., in both phases of the formalin test. Each column

represents reactivity time (time spent licking/biting injected paw) of 6–10

animals per group as meanTSEM. *p <0.05 and **p <0.01.

the hot-plate test (B). Each column represents the latency(s) expressed as

meanTSEM of six animals per group. **p <0.01.
208.6T9.7 s, respectively. ANOVA considered extremely

significant effects between groups in both phases

[F(5,50)=45.716 (first phase) and F(5,59)=48.208 (second

phase), P <0.0001].

3.4. Tail-flick and hot-plate tests

In the tail-flick test, the treatment of animals with UT

fraction at the dose of 300 mg/kg caused a significant

increase of 192% in the latency, 120 min later (Fig. 3A).

ANOVA considered very significant effects between groups

[F(3,26)=6.243, P=0.0029]. Control latency was 7.3T1.5
s. Similarly, treatment with UT fraction at the dose of 300

mg/kg increased the latency in the hot-plate test by about

311% (Fig. 3B). ANOVA considered extremely significant

effects between groups [F(4,30)=12.976, P <0.0001].

Control value was 9.4T1.0 s.

3.5. Assessment of locomotor activity

Treatment of animals with UT fraction at the doses of

100 and 300 mg/kg, given by i.p. route, did not significantly

affect the motor response of animals. The mean performance

in the rota-rod test was 36.2T9.5 s (control value 50.5T9.5
s) and 43.4T5.6 s (control value 57.0T2.3 s) in the presence

of the 100 and 300 mg/kg doses of the tested fraction,



0

25

50

75

100

***
******

(A)

control

control phenylephrine UT fraction

 prazosin

B
it

in
g

/li
ck

in
g

 t
im

e 
(s

)

0

50

100

150

200

250

*** ***
***

(B)

control prazosin

B
it

in
g

/li
ck

in
g

 t
im

e 
(s

)

•••

•••

S. Jürgensen et al. / Pharmacology, Biochemistry and Behavior 81 (2005) 466–477 471
respectively (n =10 each group; data not shown). The two-

tailed P values were 0.3134 and 0.0659 for the groups

treated with 100 and 300 mg/kg of UT fraction, respectively.

3.6. Analysis of possible mechanism of action of UT fraction

3.6.1. Opioids

The results presented in Fig. 4 show that the pre-

treatment of mice with naltrexone (a nonselective opioid

antagonist, 1.0 mg/kg, i.p.), given 15 min earlier, did not

significantly modify the antinociception caused by UT

fraction against either phase of formalin-induced nocicep-

tion. However, under the same conditions, naltrexone

completely reversed the antinociception caused by morphine

(5 mg/kg, s.c.) in the formalin test (Fig. 4). ANOVA

considered extremely significant effects between groups in

both phases [F(5,53)=21.931 (first phase) and F(5,55)=

52.801 (second phase), P <0.0001].

3.6.2. Cholinergic mechanisms

The previous treatment of animals with atropine (a

nonselective muscarinic antagonist, 0.1 mg/kg, i.p.), given

20 min earlier, did not significantly modify the antinoci-

ception caused by UT fraction in either phase of formalin-
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Fig. 4. Influence of the pre-treatment of animals with naltrexone (1 mg/kg,

i.p.) on the antinociception caused by UT extract (100 mg/kg, i.p.) or

morphine (5 mg/kg, i.p.) in phases 1 and 2 of the formalin test. Each

column represents the reactivity time of 6–10 animals per group as

meanTSEM. *p <0.05 and ***p <0.001 represent the statistical differences

between treated groups and control group (vehicle only), while &&&p <0.001
represents the statistical difference between groups treated with morphine in

the absence and presence of naltrexone.

Fig. 5. Influence of the pre-treatment of animals with prazosin (0.15 mg/kg,

i.p.) on the antinociception caused by UT extract (100 mg/kg, i.p.) or

phenylephrine (10 mg/kg, i.p.) in phases 1 and 2 of the formalin test. Each

column represents the reactivity time of 6–10 animals per group as

meanTSEM. ***p <0.001 represents the statistical difference between

treated groups and control group (vehicle only), while &&&p <0.001
represents the statistical difference between groups treated with phenyl-

ephrine in the absence and presence of prazosin.
induced nociception (results not shown). ANOVA consid-

ered extremely significant effects between groups in both

phases [F(3,26)=19.165 (first phase) and F(3,23)=40.077

(second phase), P <0.0001].

3.6.3. a-Adrenergic mechanisms

The treatment of mice with prazosin (an a1-selective

antagonist, 0.15 mg/kg, i.p.) or yohimbine (an a2-selective

antagonist, 1.0 mg/kg, i.p.), 20 min before, significantly

reversed the antinociception caused by phenylephrine (an

a1-selective agonist, 1.0 mg/kg, i.p.) or clonidine (an a2-

selective agonist, 0.1 mg/kg, i.p.), but did not significantly

change the antinociception caused by UT fraction in both

phases of the formalin test (Figs. 5 and 6). ANOVA

considered extremely significant effects between groups in

both phases for a1 [F(5,38)=21.207 (first phase) and

F(5,43) = 48.955 (second phase), P <0.0001] and a2

[F(5,35)=29.286 (first phase) and F(5,35)=46.997 (second

phase), P <0.0001].

3.6.4. NO system

The results presented in Fig. 7 show that the pre-

treatment of mice with the nitric oxide precursor l-ARG
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(600 mg/kg, i.p.), given 20 min earlier, completely reversed

the antinociception caused by l-NOARG (a nitric oxide

synthase enzyme inhibitor, 75 mg/kg, i.p.), when analysed

against both phases of the formalin test. However, under the

same conditions, l-ARG did not significantly modify the

antinociception caused by UT fraction in the formalin test

(Fig. 7). ANOVA considered extremely significant effects

between groups in both phases [F(5,38)=17.121 (first

phase) and F(5,37)=30.777 (second phase), P <0.0001].

3.6.5. Biogenic amines

Fig. 8 shows that the pre-treatment of animals with

reserpine (5 mg/kg, i.p.), 24 h before, caused a significant

inhibition of chlorimipramine (10 mg/kg, i.p.)-induced

antinociception when assessed against both phases of

formalin-induced pain. Under the same conditions, reserpine

did not significantly modify the antinociception caused by

UT fraction in the formalin test. ANOVA considered

extremely significant effects between groups in both phases

[F(5,36)=19.280 (first phase) and F(5,38)=116.68 (second

phase), P <0.0001].
3.6.6. 5-HT systems

Finally, the treatment of animals with ketanserin (1.0 mg/

kg, i.p.) given 20 min before, completely reversed the

antinociception caused by DOI (1.0 mg/kg, i.p.) against

formalin-induced licking (Fig. 9). Under the same con-

ditions, ketanserin treatment significantly antagonised the

antinociceptive action of the UT fraction in the formalin test

(Fig. 9). ANOVA considered extremely significant effects

between groups in both phases [F(5,40)=19.001 (first

phase) and F(5,39)=20.991 (second phase), P <0.0001].
4. Discussion

The present study demonstrates that systemic (i.p.)

administration of UT fraction elicits a dose-dependent

inhibition of the nociceptive behavioural response in mice

submitted to chemical and thermal pain-inducing stimuli.

The most relevant findings in the work are that (1) i.p.

administration of UT fraction causes significant inhibition

against both phases of the pain response to the intraplantar

injection of formalin, and against the nociception caused by

activation of vanilloid receptors by capsaicin in the mouse
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Fig. 8. Influence of the pre-treatment of animals with reserpine (5 mg/kg,

i.p.) on the antinociception caused by UT extract (100 mg/kg, i.p.) or

chlorimipramine (10 mg/kg, i.p.) in phases 1 and 2 of the formalin test.
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Fig. 9. Influence of the pre-treatment of animals with ketanserin (1 mg/kg,

i.p.) on the antinociception caused by UT extract (100 mg/kg, i.p.) or DOI

(1 mg/kg, i.p.) in phases 1 and 2 of the formalin test. Each column

represents the reactivity time of 6–10 animals per group as meanTSEM.

***p <0.001 represents the statistical difference between treated groups and
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paw; (2) the antinociceptive action of UT fraction in the

formalin test was significantly reversed by i.p. pre-treatment

of animals with ketanserin, but not naltrexone, atropine,

prazosin, yohimbine, l-arginine, or reserpine; (3) UT

fraction was effective at increasing the response latency of

animals in both thermal nociceptive models (tail-flick and

hot-plate tests); and (4) the dose of UT fraction that caused

significant antinociception did not produce any statistically

significant motor dysfunction or any detectable side effect

(see data).

4.1. Profile of antinociceptive activity

A considerable number of studies have suggested that

extracts or isolated compounds obtained from Uncaria

tomentosa have a broad spectrum of biological activities,

including anti-inflammatory, antioxidant, antiviral, antimu-

tagenic, anticancer, and immunomodulatory activities

(Miller et al., 2001; Sandoval-Chacón et al., 1998; Sandoval

et al., 2000; Akesson et al., 2003). In addition, it has been

shown that Uncaria tomentosa is a remarkably potent

inhibitor of NF-nB and is an effective inhibitor of TNF-a
gene expression in vitro and in vivo (Sandoval-Chacón et

al., 1998; Akesson et al., 2003). However, in spite of the

considerable amount of data regarding the anti-inflamma-

tory effects of UT, the putative antinociceptive activity of

UT as well as its mechanisms of action in rodents had not

been reported.

The results reported here indicate that i.p. administration

of UT fraction, at doses that did not produce any statistically

significant motor dysfunction or any detectable side effect,

produced marked and dose-related antinociception when

assessed in acetic acid-induced visceral nociception. The

acetic acid-induced writhing test in mice produces a type of

nociceptive response that can be considered a visceral

inflammatory pain reflex, and has long been used as a

screening tool for the assessment of analgesic or anti-

inflammatory properties of new agents (Vyklicky, 1979;

Tjølsen and Hole, 1997). At the cellular level, protons

depolarize sensory neurones by directly activating a non-

selective cationic channel localized on cutaneous, visceral

and other types of nocisponsive peripheral afferent C-fibres
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(Reeh and Kress, 2001; Julius and Basbaum, 2001). This

method shows good sensitivity, as it allows for the effects of

weak analgesics, but shows poor specificity because the

abdominal writhing response may be suppressed by muscle

relaxants and other drugs, leaving scope for the misinter-

pretation of results (Le Bars et al., 2001). This can be

avoided by complementing the test with other models of

nociception and a motility test. For this reason, UT fraction

was examined for its inhibitory action on motility in the

rota-rod test. It showed no statistically significant interfer-

ence in motility patterns at a dose that produced complete

suppression of the writhing response.

Another important finding is the demonstration that i.p.

administration of UT fraction produces a dose-dependent

antinociceptive effect on the capsaicin-induced paw licking

response, which is very similar to the abdominal writhing

test. Capsaicin is regarded as a valuable pharmacological

tool for studying a subset of mammalian primary sensory C-

fibres and Ay afferent neurones, including polymodal

nociceptors and warm thermoceptors (for review, see

Holzer, 1991; Jancso, 1992). In addition, it has been

proposed that capsaicin-induced nociception is brought

about by activation of the capsaicin receptor, also known

as the vanilloid receptor (VR), termed VR subtype 1 (VR1),

which is a ligand-gated nonselective cation channel in

primary sensory neurones (Caterina et al., 1997; Tominaga

et al., 1998). Studies have shown that, in the periphery,

capsaicin evokes the release of neuropeptides, excitatory

amino acids (glutamate and aspartate), nitric oxide and pro-

inflammatory mediators that transmit nociceptive informa-

tion to the spinal cord (Sakurada et al., 1992, 1996, 2003).

Therefore, the suppression of the capsaicin-induced acute

pain response and of the acetic acid-induced abdominal

writhing response, caused by treatment with UT fraction, is

complementary indication that the antinociceptive action of

this plant is strongly observed when the noxious stimulus is

conducted mainly by C-fibres.

In the formalin test, UT fraction caused significant and

dose-related antinociception when administered by i.p. route

against both early and late phases of the pain response in

mice. These two phases of manifested behavioural response

differ in origin of the neuronal impulse: the first is acute and

represents the direct chemical stimulation of nociceptors,

while the second is tonic and may result from the peripheral

inflammatory process (Hunskaar and Hole, 1987) possibly

associated with a centrally-mediated facilitation (Martindale

et al., 2001). Experimental data indicate that formalin

predominantly evokes activity in C-fibres (Tjølsen et al.,

1992), although in the first phase of pain Ay-fibres are

thought to be responsible for fast nociceptive transmission

(Julius and Basbaum, 2001). The major transmission path-

way for inflammatory pain has been documented as that

comprising peripheral polymodal receptors around small

vessels that signal to the CNS via afferent C-fibres entering

the dorsal horn (Kumazawa et al., 1996). Recently, Ribeiro

et al. (2000) demonstrated that the nociceptive activity of
acetic acid may be due to the release of cytokines, such as

TNF-a, interleukin-1h and interleukin-8, by resident peri-

toneal macrophages and mast cells. Thus, the antinocicep-

tive action of UT may be due, at least in part, to inhibition of

the release of TNF-a and other cytokines by resident local

cells. However, this possibility, in the case of UT fraction,

remains to be tested in future studies. The formalin test is a

satisfactory and comprehensive model for evaluating the

antinociceptive activity of drugs, and since UT fraction was

effective at inhibiting both phases of pain, it can be

suggested that it has great potential as an analgesic drug.

Another interesting result of the current study was the

fact that i.p. administration of UT fraction produced a

significant antinociception in thermal models of nocicep-

tion: the tail-flick and the hot-plate tests. We observed a

significant increase in the reaction time of animals in both

models, but only for the group treated with the highest dose

of 300 mg/kg, while in the nociception caused by acetic acid

and formalin, ten times-lower doses were able to efficiently

inhibit the nociceptive response with the same statistical

significance. This disparity, however, was expected, due to a

similar dose-profile of other analgesics in these models in

mice. It is known, for example, that thermal stimuli models

are less sensitive to morphine than other models such as the

acetic acid-induced writhing test and, therefore, the effective

dose of morphine in the former is sixteen times greater than

in the latter one. Morphine depresses responses in the dorsal

horn, produced by C-fibres, more easily than it depresses

those produced by Ay-fibres (Le Bars et al., 1976, 2001),

hence, drugs with similar profiles can be compared with

morphine on the basis of the selectivity of fibres on which

they act.

The tail-flick is considered to be a spinal reflex, but the

mechanism of response could also involve higher neural

structures (Jensen and Yaksh, 1986). The hot-plate test

produces, at constant temperature, two kinds of behavioural

response, which are paw licking and jumping. Both of these

are considered to be supraspinally-integrated responses

(Chapman et al., 1985).

4.2. Mechanisms of action

Further experiments were undertaken to elucidate the

molecular mechanism by which UT fraction exerted its

antinociceptive activity. The present results lead to the

conclusion that the opioid system is unlikely to be involved.

This is drawn from the fact that pre-treatment of animals

with naltrexone, a nonselective opioid receptor antagonist,

completely inhibited the antinociceptive effect of morphine

but not the action of UT fraction. Furthermore, the results of

the present study provide consistent evidence to suggest that

the l-arginine nitric oxide pathway is unlikely to be

involved in the antinociceptive action of UT fraction. This

evidence derives from the fact that pre-treatment of animals

with the substrate for NOS, l-arginine, significantly

reversed the antinociception caused by l-NOARG (a known
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inhibitor of NOS), but not the antinociceptive action of UT

fraction, in the formalin test.

Furthermore, the results of the present study provide

consistent evidence that antinociception elicited by the UT

fraction is independent of the activation of important

endogenous analgesic systems, namely cholinergic and

noradrenergic systems. In fact, the treatment of animals

with atropine, a nonselective muscarinic antagonist, failed to

interfere with UT fraction-induced antinociception when

assessed in the formalin model of pain. Moreover, the a1

and a2-adrenoceptors appear unlikely to be involved in the

antinociceptive action of UT fraction, evidenced by the fact

that selective antagonists of these receptors failed to alter the

antinociception caused by treatment with UT fraction, in

conditions where they produce significant inhibition of the

antinociception caused by the respective selective agonists.

It is well known that serotonin (5-HT) pathways within

the CNS arise from a series of nuclei situated in the midline

of the brain stem, the raphe nuclei, which represent the

richest source of neuronal 5-HT synthesised in the mamma-

lian brain (Fields et al., 1991; Millan, 2002). In addition,

several studies have shown that the bulbospinal serotonin

system may suppress incoming noxious input to the spinal

cord and inhibit pain transmission (Basbaum and Fields,

1984; Alhaider, 1991). Descending serotonergic pathways

modulate the activity of projection neurons directly, as well

as via interneurones (Alhaider et al., 1991). The multiple 5-

HT receptor types within the spinal cord appear to fulfil

different roles in the control of nociception, reflecting their

contrasting patterns of coupling to intracellular transduction

mechanisms (Millan, 1995; Bardin et al., 2000). The

activities of 5-HT receptors are complex and sometimes

even contrasting, and can depend on (1) the receptor

subtype being activated, (2) the relative contributions of

pre-versus postsynaptic actions of receptors, and (3) the

nociceptive paradigm in terms of quality and intensity of

stimulus (Sawynok and Reid, 1996; Millan, 2002), and (4)

the dose-related effect, which can be pro- or antinociceptive,

of agonists and antagonists of serotonergic receptor sub-

types (Hylden and Wilcox, 1983). Several pieces of

evidence point to 5-HT2 and 5-HT3 receptors modulating

nociceptive transmission, as activation of these receptors in

the spinal cord produces antinociception in the formalin test

and other models (Bardin et al., 2000; Sasaki et al., 2001;

Millan, 2002). Furthermore, the results of the present study

show that UT fraction produces antinociception that appears

to be mediated by an interaction with 5-HT2 receptors. This

assertion is supported by the demonstration that a selective

antagonist of 5-HT2A receptors, namely ketanserin, consis-

tently reversed the antinociception caused by both systemic

administration of UT fraction and DOI, a 5-HT2 receptor

agonist, when analysed in the formalin test in mice. In

addition, another important finding regarding the activity of

UT alkaloids on serotonergic receptors is our result showing

that pre-treatment of mice with reserpine, 24 h prior to the

treatment with UT fraction, was not able to prevent the
antinociceptive effect of the latter. Reserpine depletes

monoamines stores, which, in normal conditions, exacer-

bates nociceptive behaviour in formalin-induced nocicep-

tion. Therefore, it is likely that these alkaloids exert their

action independently from endogenous 5-HT. Kang et al.

(2002) had previously demonstrated an interaction between

oxindole alkaloids from Uncaria tomentosa and 5-HT2

receptors. That study showed that pteropodine and isopter-

opodine, both pentacyclic oxindole alkaloids identified and

isolated from this plant (Laus et al., 1997), markedly

enhanced the current responses evoked by serotonin on 5-

HT2 receptors expressed in Xenopus oocytes. Thus, the

present findings extend literature data and show that UT

fraction may be able to directly interact with 5-HT2

receptors, rather than releasing endogenous 5-HT from

nerve terminals of the descending monoaminergic neurones,

and this results in blockade of the nociceptive information

transmission in the spinal cord.

Kitajima et al. (2002) developed a study of the chemical

synthesis of a monoterpenoid glucoindole alkaloid 3,4-

dehydro-5(S)-5-carboxystrictosidine, which was isolated

from Peruvian Uncaria tomentosa. The structure of the

compound was established by the synthesis from secologa-

nin and l-tryptophan through a Bishler–Napieralski reac-

tion. It has been long known that l-tryptophan is the natural

precursor for the biosynthesis of indolamine 5-HT, or

serotonin, as well as being the precursor molecule for the

plant biosynthesis of all indole alkaloids. All of these pieces

of evidence lead to a possible relationship between the

chemical structure of compounds and biological activity.

It is important to state that the total pentacyclic oxindole

alkaloid concentration of UT fraction is 95% (m/m) and this

percentage contains the six main oxindole alkaloids

described by other authors as characteristic of Uncaria

tomentosa (Laus and Keplinger, 1994). We believe that it

represents a special opportunity for characterizing its bio-

logical activity and diminishes the possibility of interference

from other chemical substances.

In conclusion, the data from the present study show that

UT fraction exerts pronounced systemic antinociception in

chemical (acetic acid-, formalin-, and capsaicin-induced

pain) and thermal (hot-plate and tail-flick test) models of

nociception in the mouse at a dose that does not interfere

with the locomotor activity of animals. In addition,

antinociceptive effect of UT fraction involves an interaction

with serotonergic (specifically 5-HT2) systems, but not with

opioidergic nor noradrenergic systems nor the l-arginine

nitric oxide pathway. Furthermore, the antinociceptive

action demonstrated in the present study supports, at least

partly, the ethnomedical uses of this plant.
5. Conclusions

Uncaria tomentosa is a very important plant from the

ethnopharmacological point of view, since it has spread
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from therapeutic and prophylactic application by native

South American Indians to commercial use around the

world. The characterization of its biological activities is,

therefore, of major importance. This study reveals a potent

antinociceptive activity of an alkaloid-rich fraction of this

plant and an involvement of serotonergic mechanisms in

this activity.
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