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Abstract

The anti-hyperalgesic action, antinociception, and also the possible mechanisms involved in the action of gallic acid ethyl ester
(GAEE) isolated from the aerial part of Phyllanthus urinaria, have been investigated in different models of chemical, mechanical and
thermal nociception in mice and rats. GAEE given by intraperitoneal (i.p.), oral (p.0.), intrathecal (i.t.) or by intracerebroventricular
(i.c.v.) routes produced dose-related antinociception when assessed against chemical nociception in mice. GAEE significantly inhibited
the hyperalgesia induced by bradykinin or substance P in rat paw, but did not affect the hyperalgesia caused by carrageenan or
prostaglandin E,. Furthermore, GAEE, in contrast to morphine, was completely ineffective in the hot-plate test in mice. The
antinociception produced by GAEE (i.p.) in the formalin test was significantly reversed by i.c.v. treatment of animals with pertussis toxin
and by i.t. administration of K* channel blockers such as apamin, charybdotoxin or glibenclamide, but not by tetragthylammonium. In
contrast, GAEE (i.p.) antinociception was unaffected by i.p. treatment of animals with naloxone or by nitric oxide precursor, L-arginine,
and this action was not secondary to its anti-inflammatory effect, nor was it associated with non-specific effects such as muscle relaxation
or sedation. Thus, GAEE produces dose-dependent and pronounced systemic, spinal and supraspina antinociception in mice, probably via
activation of K* channels and by a G, /o Pertussis toxin-sensitive mechanism. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction present in such Phyllanthus species were largely effective
in preventing the neurogenic nociception caused by forma-
lin or by capsaicin (Santos et a., 1995a,b), by a mecha
nism that is still not completely understood, but is unlikely
to be associated with interaction of opioid, adrenergic
(either o; or «,) or serotonergic systems, or with the
L-arginine-nitric oxide pathway (Santos et al., 1995a,b).
Many classes of naturally-occurring secondary metabo-
lites have been isolated and characterised in the plants of
the genus Phyllanthus such as flavonoids, akaloids, ter-
penes, lignans, tannins and phenols (Ueno et al., 1988;
Bachmann et al., 1993; Foo, 1993; Santos et al., 1995c;
Miguel et al., 1995, 1996; for review, see Calixto et al.,
1998). We have recently shown that some steroids,
flavonoids and tannins isolated from plants of the genus
Phyllanthus, identified as pB-sitosterol, stigmasterol,

* Corresponding author. Tel.: +55-48-3319491; fax: -+ 55-48-2224164; geraniin, furos n and qu?rcetin, produce Significam and
E-mail: calixto@farmaco.ufsc.br dose-related antinociception when assessed in severa

Previous studies from our group have shown that the
hydroalcoholic extracts obtained from the leaves, stems
and roots of several plants belonging to the genus Phyllan-
thus (Euphorbiaceag), such as P. corcovadensis, P. uri-
naria, P. niruri, P. tenellus, P. sellowianus and P. car-
oliniensis, and the extract of callus culture obtained from
some plants of this genus administered either by intraperi-
toneal (i.p.) or ora (p.o.) routes, produce dose-related
antinociception when assessed in chemical but not in
thermal behavioural models of nociception in mice (Gorski
et al., 1993; Santos et al., 1994, 1995a; Cechinel-Filho et
al., 1996). In marked contrast to that reported for most
non-steroidal anti-inflammatory drugs, the active principles
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Fig. 1. Molecular structure of GAEE.

chemical models of nociception in mice (Santos et 4.,
1995¢; Cechinel-Filho et al., 1996; Miguel et al., 1996).

In this study, we have investigated the anti-hyperalgesic
and antinociceptive properties and also the possible mecha-
nisms which underlie the antinociceptive action of gallic
acid ethyl ester (GAEE) (Fig. 1), isolated from P. urinaria
in thermal, mechanical and chemical models of nocicep-
tion in mice and rats.

2. Methods
2.1. Isolation of GAEE

Roots and aerial parts of P. urinaria were collected in
the State of Santa Catarinag, Brazil, and classified by Dr.
Leila da Graga Amaral and Ms. Mirian Ulyssea (Depart-
ment of Botany, Federa University of Santa Catarina,
UFSC). A voucher specimen was deposited in the herbar-
ium FLOR of the Department of Botany, UFSC,
Florianopolis, Brazil.

The dried plant material was powdered and extracted
exhaustively by percolation with 90% ethanol at room
temperature. The extracts were concentrated under reduced
pressure to 1/5 of their initial volume and then, after
dilution with five volumes of water, were extracted succes-
sively with hexane, dichloromethane and ethy! acetate. The
GAEE (Fig. 1) was isolated from ethanol extract by chro-
matography on a silica gel column eluted with chloro-
form—methanol, as described previously (Miguel et a.,
1995; Cechinel-Filho et al., 1996). The compound was
identified by direct comparison with authentic samples,
synthesis and by spectroscopic data (infra-red, proton- and
carbon-nuclear magnetic resonance). This compound has
been isolated from other species of Phyllanthus, such as
P. sellowianus, P. niruri, P. fraternus and P. carolinensis
(Miguel et al., 1995; Cechind-Filho et a., 1996 and
unpublished results).

2.2. Pharmacological analysis

2.2.1. Animals

Non-fasted male Swiss mice (25-35 g) or male Wistar
rats (150-180 @), housed at 22+ 2°C under a 12-h
light /12-h dark cycle and with access to food and water
ad libitum, were acclimatised to the laboratory for at least

1 h before testing and were used throughout the experi-
ments. The experiments reported were carried out in accor-
dance with the current guidelines for the care of laboratory
animals and the ethical guidelines for investigations of
experimental pain in conscious animals according to Zim-
mermann (1983).

2.2.2. Acetic acid-induced abdominal constriction

The abdominal constrictions resulting from i.p. injection
of acetic acid (0.6%) were produced according to the
procedure described previously (Corréa et a., 1996; Vaz et
al., 1996). Animals were pre-treated with GAEE by i.p.
(50.5-504.6 p.mol /kg) or p.o. (252.3—1009.2 pwmol /kg)
routes, 30 and 60 min prior to injection of acetic acid,
respectively. Control animals received a similar volume of
vehicle injection. Antinociceptive activity was expressed
as the reduction in the number of abdominal constrictions,
i.e., the difference between the control animals (vehicle
pre-treated mice) and the mice pre-treated with GAEE.

2.2.3. Formalin-induced nociception

The procedure used was essentially similar to that de-
scribed previoudy (Vaz et al., 1996; Santos and Calixto,
1997a). Animals were injected intraplantarly with 20 wl of
2.5% formalin solution (0.92% of formaldehyde), made up
in phosphate-buffer solution (concentration: NaCl 137 mM,
KCl 2.7 mM and phosphate buffer 10 mM), in the right
hindpaw. Mice were immediately placed in a glass cylin-
der 20 cm in diameter and observed from 0 to 30 min
following formalin injection. The amount of time spent
licking the injected paw was timed with a chronometer and
was considered as indicative of nociception. The first
phase of the nociceptive response normally peaked 5 min
after formalin injection and the second phase 15 to 30 min
after formalin injection, representing the neurogenic and
inflammatory nociceptive responses, respectively
(Hunskaar and Hole, 1987). Animals were treated with
GAEE by i.p. (5.0-50.5 wmol /kg) or p.o. (252.3—1009.2
pwmol /kg) routes, 30 and 60 min before formalin injection,
respectively. Other groups of animals were treated with
GAEE intracerebroventricularly (i.c.v., 1.5-50.4
nmol /site) or intrathecally (i.t., 5.0-151.3 nmol /site) as
described previously (Vaz et al., 1996; Santos and Calixto,
1997a; Beirith et al., 1998), 15 min before formalin injec-
tion. Control animals received a similar volume of vehicle
systemically (i.p. or p.o., 10 ml /kg) or centraly (i.c.v. or
i.t, 5ul/site).

To investigate whether the antinociceptive activity of
GAEE in formalin-induced nociception was associated with
anti-oedematogenic activity, we measured the paw oedema
by comparing the difference in weight between the forma-
lin-treated paw and the control paw (treated with vehicle).
For this purpose, animals were sacrificed 30 min after
formalin injection by cervical dislocation, and the paw was
cut at the knee joint and weighed on an analytical balance.
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2.2.4. Capsaicin-induced nociception

In an attempt to provide more direct evidence concern-
ing the possible antinociceptive effect of the GAEE on
neurogenic nociception, we aso investigated whether
GAEE antagonised capsaicin-induced licking in the mouse
paw. The procedure used was similar to that described
previously (Santos and Calixto, 1997a,b). After the adapta-
tion period, 20 wl of capsaicin (1.6 wg/paw made in
phosphate-buffer solution) was injected intraplantarly in
the right hindpaw. Animals were observed individually for
5 min following capsaicin injection. The amount of time
spent licking the injected paw was timed with a chronome-
ter and was considered as indicative of nociception. Ani-
mals were trested with GAEE by i.p. (15.1-151.3
wmol /kg) or p.o. (252.3-1009.2 wmol /kg) routes, 30
and 60 min before capsaicin injection, respectively. Con-
trol animals received a similar volume of vehicle injected
by i.p. or p.o. routes.

2.2.5. Hyperalgesia in the rat paw

The procedures used were similar to those described
previously (De Campos et a., 1996). The animas were
pre-treated i.p. with the GAEE (15.1-151.3 pwmol /kg) 30
min before injection of 0.1 ml of bradykinin (3 nmol /paw),
substance P (10 nmol /paw), carrageenan (300 w.g/paw),
prostaglandin E, (10 nmol /paw) or phosphate-buffer solu-
tion aone, into the right hindpaw. The hyperalgesia was
evaluated 0.5 h later, except for carrageenan, which was
assessed at 3 h. The nociceptive threshold (of sgueak
response or paw withdrawal) was assessed by applying
increasing pressure to the dorsal site of inflamed or control
paws, using a Basile analgesy meter (Ugo Basile, Milan,
Italy) according to the method of Randall and Selitto
(1957), with minor modifications. The weight on the
analgesy meter ranged from 0O to 750 g, and the threshold
was expressed as load (g) tolerated. When bradykinin was
used, animals were pre-treated with the angiotensin-con-
verting enzyme-inhibitor, captopril (5 mg/kg, s.c.), 1 h
prior to experiments, to prevent its degradation (Corréa
and Calixto, 1993).

2.2.6. Hot-plate test

The hot-plate test was used to measure the response
latencies according to the method described by Eddy and
Leimbach (1953), with minor modifications. In these ex-
periments, the hot-plate (Ugo Basile, model-DS 37) was
maintained at 56 4+ 1°C. Animals were placed into a glass
cylinder and the time between placement and shaking or
licking of the paws or jumping was recorded as the index
of response latency. An automatic 30 s cut-off was used to
prevent tissue damage. Each animal was tested before
administration of drugs in order to obtain the baseline.
Animals were treated with GAEE (up to 151.3 pwmol /kg,
i.p.), morphine (6.6 wmol /kg, s.c.) or with vehicle (10
ml /kg, i.p.) 30 min before testing.

2.2.7. Measurement of motor performance

In order to evaluate the possible non-specific muscle-re-
laxant or sedative effects of GAEE, the mice were tested
on the rotarrod (Vaz et al., 1996; Beirith et al., 1998). The
apparatus consisted of a bar, 2.5 cm in diameter, subdi-
vided into six compartments by disks 25 cm in diameter
(Ugo Basille, Model 7600). The bar rotated at a constant
speed of 22 revolutions per min. The animals were se-
lected 24 h previoudly by eliminating those mice which did
not remain on the bar for two consecutive periods of 60 s.
Animals were treated with GAEE (151.3 pmol /kg, i.p.) or
with the same volume of vehicle (10 ml /kg, i.p.) 30 min
before the experiments. The results are expressed as the
time (s) for which animals remained on the rota-rod. The
cut-off time used was 60 s.

2.2.8. Analysis of the possible mechanism of action of
GAEE

To investigate the participation of opioid system in the
antinociceptive effect of the GAEE, mice were pre-treated
with naloxone (a non-selective opioid receptor antagonist,
13.7 pmol /kg, i.p.), 15 min before administration of
GAEE (50.5 pwmol /kg, i.p.), morphine (13.3 pmol /kg,
s.c.) or vehicle (10 ml/kg, i.p.). The other groups of
animals received GAEE, morphine, naloxone or vehicle,
30 min before the formalin injection (Vaz et al., 1996;
Santos and Calixto, 1997a). To assess the possible partici-
pation of G; ,, protein (sensitive to pertussis toxin) in the
antinociceptive action of GAEE, mice were pre-treated
with pertussis toxin (1 wg/site, i.c.v.) 7 days before the
administration of GAEE (50.5 wmol /kg, i.p.) or with
morphine (13.3 wmol /kg, s.c.), used as positive contral.
Other groups of animals were treated with saline (5 w1 /site,
i.c.v), and 7 days after received GAEE, morphine or the
vehicle, 30 min before the formalin injection (Beirith et al.,
1998; Santos et al., 1999).

In a separate series of experiments, we also investigated
the role played by the L-arginine-nitric oxide pathway in
the antinociceptive effect caused by GAEE. To this end,
mice were pre-treated with L-arginine (3444.0 wmol /kg,
i.p.), and after 15 min they received GAEE (50.5 wmol /kg,
i.p.), NC-nitro-L-arginine (342.0 wmol /kg, i.p.) or vehicle
(10 ml /kg, i.p.). The dgesic responses of the first and the
second phase of the formalin test were recorded 30 min
after administration of GAEE, N ®-nitro-L-arginine or ve-
hicle. Other groups of animals received only GAEE (50.5
wmol /Kkg, i.p.), NS-nitro-L-arginine (342.0 wmol /Kg, i.p.)
or vehicle (10 ml /kg, i.p.), 30 min before formalin injec-
tion, respectively (Santos et al., 1995b; Vaz et a., 1996;
Beirith et al., 1998; Santos et al., 1999).

We next investigated the possible role played by vari-
ous K* channel blockers in the antinociceptive effect
caused by GAEE. For this purpose, mice were pre-treated
with apamin (50 ng/site, i.t.; a blocker of small (or
low)-conductance calcium-gated K™ channels), charybdo-
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Fig. 2. Effect of i.p. (panel A) or p.o. (panel B) injection of the GAEE on acetic acid-induced writhing in mice. Each column represents the mean for 8 to
10 animals and the vertical lines indicate the S.E.M. The hatched columns indicate the control values (C, animals treated with the vehicle) and the asterisks
denote significance levels, when compared with control groups, * P < 0.05, **P < 0.01 (Dunnett’s multiple comparison test).

toxin (250 pg/site, i.t.; a blocker of large (or fast)-conduc-
tance calcium-gated K* channels), tetraethylammonium (1
wg/site, i.t.; a blocker of voltage-gated K* channels) or
glibenclamide (100 w.g/site, i.t.; a blocker of ATP-gated
K™* channels), and after 15 min they received GAEE (50.5

Table 1

wmol /kg, i.p.) or vehicle (10 ml /kg, i.p.) (Gimemez-Gal-
lego et al., 1988; Strong, 1990; Aronsen, 1992; Welch and
Dunlow, 1993; Welch et a., 1995). The nociceptive re-
sponses caused by formalin were recorded 30 min after
administration of GAEE or vehicle. Other groups of ani-

Comparison of the mean IDg, vaues for the antinociceptive actions of GAEE, aspirin, acetaminophen, morphine, and dipyrone in several models of

nociception in mice

Acetic acid test Route IDg @ Inhibition (%)
GAEE i.p. (wmol /kg) 164.2 (128.7-212.5) 88.0+ 2.0
p.o. (mmol /kg) nd 43.0+5.0
Aspirin® i.p. (wmol /kg) 133.1(73.0-243.3) 83.0+ 2.0
Acetaminophen® i.p. (wmol /kg) 125.0 (104.0-150.0) 88.0+ 1.0
Formalin test First phase (IDgy)? Inhibition (%) Second phase (1D5,)? Inhibition (%)
GAEE i.p. (wmol /kg) nd 26.0 + 5.0 18.6 (14.6-24.7) 82.0+ 2.0
p.o. (mwmol /kg) nd 220+ 8.0 nd 26.0+ 6.0
i.c.v. (nmol /site) 17.6 (8.6-36.2) 55.0+5.0 4.9(0.7-13.1) 66.0 +£ 9.0
i.t. (nmol /site) nd 35.0+4.0 23.4(14.7-36.8) 74.0+ 4.0
Morphine” s.c. (umol /kg) 3.7(2.4-5.4) 88.0+ 30 4.7(3.3-7.0 100.0
i.c.v. (nmol /site) 4.2 (3.5-5.0) 100.0 4.1(3.1-5.0) 100.0
i.t. (nmol /site) 2.4(1.8-5.0) 940+ 20 1.0(0.4-2.6) 100.0
Aspirin® i.p. (wmol /kg) nd 170430 123.0 (77.0-209.0) 85.0+4.0
Acetaminophen® i.p. (umol /kg) nd 11.0+ 4.0 120.4 (90.0-161.0) 88.0+ 30
Dipyrone® i.p. (mmol /kg) 154.5 (99.9-238.8) 740 £ 2.0 263.7 (234.3-296.9) 91.0 £ 1.0
i.c.v. (wmol /site) 0.4 (0.3-0.7) 68.0+ 7.0 0.4 (0.3-0.5) 82.0+ 8.0
i.t. (wmol /site) 1.3(0.9-1.8) 61.0+ 3.0 0.9(0.6-1.4) 86.0+ 7.0
Capsaicin test Route IDg ® Inhibition (%)
GAEE i.p. (wmol /kg) nd 440+ 4.0
p.o. (wmol /kg) nd 37.0+90
Morphine® s.c. (mmol /kg) 2.6(2.0-3.4) 92.0+ 6.0
Dipyrone® i.p. (wmol /kg) 207.6 (179.5-240.0) 70.0+ 8.0

#95% confidence limits.

PData from Vaz et al. (1996).
°Data from Beirith et al. (1998).
nd: not determined.
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mals received vehicle (5 wl/site) by i.t. route, 15 min
prior to the administration of GAEE or vehicle and 30 min
after received the formalin injection.

2.2.9. Drugs

The following substances were used: acetic acid, forma
lin, morphine hydrochloride (Merck, Darmstadt, Germany),
L-arginine, NC-nitro-L-arginine, bradykinin, substance P,
prostaglandin E,, carrageenan (grade 1V, lambda), apamin,
tetraethylammonium chloride, charybdotoxin, pertussis
toxin, phosphate-buffer solution and capsaicin (Sigma, St.
Louis, USA), naloxone hydrochloride and glibenclamide
(Research Biochemicals International, Natick, MA, USA).
Drugs were dissolved in 0.9% of NaCl solution, with the
exception of GAEE, capsaicin and glibenclamide which
were dissolved in tween 80, absolute ethanol and dimethyl
sulfoxide, respectively. All drugs were prepared just before
usein 0.9% w /v of NaCl solution. The final concentration
of Tween, ethanol and dimethyl sulfoxide did not exceed
5% and did not cause any effect ‘‘ per se'’.

2.2.10. Satigtical analysis

The results are presented as mean + SEE.M., except the
IDg, values (i.e., the dose of drugs reducing the nocicep-
tive response by 50% relative to control value) which are

reported as geometric means accompanied by their respec-
tive 95% confidence limits. The statistical significance
between groups was calculated by analysis of variance
followed by Dunnett’'s multiple comparison test or by
Newmann—Keuls test when appropriate. P-values less
than 0.05 (P < 0.05) were considered as indicative of
significance. The IDg, values were determined by linear
regression from individual experiments using linear regres-
sion ‘' GraphPad'’ software.

3. Results
3.1. Acetic acid-induced abdominal constriction

The results in Fig. 2 show that the GAEE, given by i.p.
or p.o. routes, produced dose-related inhibition of the
acetic acid-induced abdominal constrictions. Given p.o.,
the GAEE was less potent than when it was given by i.p.
route. The IDg, (and 95% confidence limit) values
(wmol /kg) and the inhibitions (%) for these effects are
presented in Table 1.

3.2. Formalin-induced nociception

The results in Fig. 3(A and B) show that the GAEE
given by i.p. route caused a dose-related and significant
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Fig. 3. Effect of i.p. (upper panels) or p.o. (lower panels) injection of the GAEE on formalin-induced nociception in mice. The total time spent licking the
hindpaw was measured in the early (0-5 min, panels A and C) and the late phase (15-30 min, panels B and D), after intraplantar injection of formalin.
Each column represents the mean for 8 to 10 animals and the vertical lines indicate the S.E.M. The hatched columns indicate the control values (C, animals
treated with the vehicle) and the asterisks denote significance levels, when compared with control groups, *P < 0.05, **P < 0.01 (Dunnett's multiple

comparison test).
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Fig. 4. Effect of i.c.v. (upper panel) or i.t. (lower panels) injection of the GAEE on formalin-induced nociception in mice. The total time spent licking the
hindpaw was measured in the early (0-5 min, panels A and C) and the late phase (15-30 min, panels B and D), after intraplantar injection of formalin.
Each column represents the mean for 8 to 10 animals and the vertical lines indicate the S.E.M. The hatched columns indicate the control values (C, animals
treated with the vehicle) and the asterisks denote significance levels, when compared with control groups, *P < 0.05, **P < 0.01 (Dunnett's multiple

comparison test).

inhibition of the early (0 to 5 min) and the late phase (15 i.p. administration of GAEE was, however, more active in
to 30 min) of the formalin-induced licking. Given orally, preventing the inflammatory than the neurogenic compo-
the GAEE caused significant inhibition against the first but nent of the formalin nociceptive response. The calculated
not the late phase of the formalin test (Fig. 3C and D). The mean |Dg, values and the inhibitions (%) for these effects

A B
50- 50q
1 - L+ .
° +
S 25- L. 25
E - —
1S4
-l g 4
0 0
Cc 151 504 151.3 (o 252.3 504.6 1009.2
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Fig. 5. Effect of i.p. (panel A) or p.o. (panel B) injection of the GAEE on capsaicin-induced nociception in mice. The total time spent licking the hindpaw
(0-5 min) was measured after intraplantar injection of capsaicin. Each column represents the mean for 8 to 10 animals and the vertical lines indicate the
S.E.M. The hatched columns indicate the control values (C, animals treated with the vehicle) and the asterisks denote significance levels, when compared
with control groups, *P < 0.05, **P < 0.01 (Dunnett’s multiple comparison test).
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Fig. 6. Effect of i.p. injection of the GAEE on bradykinin (3 nmol /paw, panel A), substance P (10 nmol /paw, panel B), carageenan (300 w.g,/paw, panel
©) or prostaglandin E, (10 nmol /paw, panel D)-induced hyperalgesia in the rat paw. The vertically-hatched column indicates the control values (C,
phosphate-buffer solution-injected paws) and the diagonally-hatched column indicates the bradykinin (BK), substance P (SP), carrageenan (CAR) or
prostaglandin E, (PGE,)-injected paws, in the absence of the GAEE. Each column represents the mean of five to eight animals and the vertical lines
indicate the S.E.M. The diagonally-hatched columns represent the control group and the asterisks denote significance levels, when compared with control
group, ¥*P < 0.01 (Dunnett’s multiple comparison test).

are presented in Table 1. Independent of the route of Thei.c.v. or i.t. injection of the GAEE produced dose-
administration used, GAEE failed to affect the paw oedema dependent and significant inhibition of both phases of the
associated with the second phase of the formalin test formalin-induced licking (Fig. 4A-D). At the 1D, level,

(results not shown). GAEE was about 1.2- to 23.4-fold less potent than mor-
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Fig. 7. Effect of pre-treatment of animals with naloxone (13.7 wmol /kg, i.p. hatched column) on the antinociceptive action caused by morphine (13.3
wmol /kg, s.c.) and the GAEE (50.5 wmol /kg, i.p.) on formalin-induced nociception in mice. The tota time (mean + S.E.M.) spent licking the hindpaw
was measured in the first phase (0-5 min, panel A) and against the second phase (15-30 min, panel B) after intraplantar injection of formalin into the
hindpaw. Each column represents the mean of six to eight animals and the vertica lines indicate the S.E.M. The open columns represent the control values
(animals treated with the vehicle) and the asterisks denote the significance levels, when compared with control groups, ** P < 0.01 (Newmann—Keuls
multiple comparison test).



14 ARS Santos et al. / European Journal of Pharmacology 379 (1999) 7-17
A B

70- 2401
— T - _—E_% *%
S [ & ] 7
S
= 354 1204
X
o
-l . )}

0 0
Vehicle + - + - + - + - + - + -
L-arginine - + -+ -+ -+ -+ -+
L-NOARG - - + + - - - - + + - -
GAEE - - - - + + - - - - + +

Fig. 8. Effect of pre-treatment of animalswith L-arginine (3444 p.mol /Kg, i.p., hatched column) on the antinociceptive action caused by N G-nitro-L-arginine
(L-NOARG, 342.0 wmol /kg, i.p.) and the GAEE (50.5 wmol /kg, i.p.) on formalin-induced nociception in mice. The total time (mean + S.E.M.) spent
licking the hindpaw was measured in the first phase (0-5 min, panel A) and against the second phase (15-30 min, panel B) after intraplantar injection of
formalin into the hindpaw. Each column represents the mean of six to eight animals and the vertical lines indicate the S.E.M. The open columns represent
the control values (animals injected with the vehicle) and the asterisks denote the significance levels, when compared with control groups, **P < 0.01

(Newmann—Keuls' multiple comparison test).

phine (Table 1). The calculated mean IDg, values
(nmol /site) and the inhibitions (%) for the GAEE given
by i.c.v. and i.t. are presented in Table 1.

3.3. Capsaicin-induced nociception

The results in Fig. 5(A and B) show that GAEE, given
by i.p. or p.o. routes, produced partial but significant
inhibition of the capsaicin-induced nociception. The inhibi-
tion values (%) were 44.0 + 4.0 and 37.0 + 9.0, for i.p. or
p.o. administration, respectively (Table 1).

3.4. Hyperalgesia in the rat paw

When assessed in the Randall-Selitto model, the GAEE
partially but significantly reversed the hyperalgesia caused
by intraplantar injection of both bradykinin (3 nmol /paw)
and substance P (10 nmol /paw) (P < 0.01). The inhibi-
tions observed were 42.0 + 5.0 and 49.0 + 7.0%, respec-
tively (Fig. 6A and B). However, the GAEE, at the same
doses had no significant effect on the hyperalgesic re-
sponses caused by either carrageenan or prostaglandin E,
in the rat paw (Fig. 6C and D).
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Fig. 9. Effect of i.t. treatment with apamin (50 ng/site), charybdotoxin (250 pg/site), tetraethylammonium (TEA, 1 ng/site) or glibenclamide (100
pg/site) on the antinociceptive profile caused by GAEE (50.5 pumol /kg, i.p.) on the formain-induced nociception in mice. The tota time
(mean + SEE.M.) spent licking the hindpaw was measured in the first phase (0-5 min, panel A) and against the second phase (15-30 min, panel B) after
intraplantar injection of formalin into the hindpaw. Each column represents the mean for five to eight animals and the vertical lines indicate the SE.M. The
open columns represent the control values (animals injected with the vehicle) and the asterisks denote the significance levels, when compared with control
groups (ANOVA), *P < 0.05, **P < 0.01 (Newmann—Keuls' multiple comparison test).
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Fig. 10. Effect of pre-treatment of animals with pertussis toxin (1.0 png/i.c.v., hatched column) on the antinociceptive action caused by morphine (13.3
wmol /kg, s.c.) and the GAEE (50.5 wmol /kg, i.p.) on the formalin-induced nociception in mice. The total time (mean + SE.M.) spent licking the
hindpaw was measured in the first phase (0-5 min, panel A) and against the second phase (15-30 min, panel B) after intraplantar injection of formalin into
the hindpaw. Each column represents the mean for five to eight animals and the vertical lines indicate the S.E.M. The closed columns represent the control
values (animals injected with the vehicle) and the asterisks denote the significance levels, when compared with control groups (ANOVA), **P < 0.01

(Newmann—Keuls' multiple comparison test).

3.5. Hot-plate test

The GAEE did not cause any significant change in the
latency response in the hot-plate assay (control response
6.2 + 0.4 s vs. GAEE-treated animals 5.6 + 0.5 s). Under
similar conditions, morphine caused a significant (P <
0.01) and marked increase in the latency response in the
algesiometer assay (control response 6.2 4+ 0.4 s vs. mor-
phine-treated group 10.7+ 0.7 s, N=9).

3.6. Rota-rod test

The GAEE did not significantly affect the motor re-
sponse of animals. Control response in the rota-rod test
was 59.1 + 0.7 s vs. 5854 1.0 s in the presence of the
tested compound (N = 7).

3.7. Analysis of the antinociceptive mechanism of action of
GAEE

The pre-treatment of animals with naloxone given 15
min before injection of morphine largely reversed the
antinoci ception caused by morphine when analysed in both
phases of the formalin-induced licking, without affecting
the antinociception caused by GAEE (Fig. 7A and B). The
pre-treatment of animals with L-arginine, given 15 min
prior, completely reversed the antinociceptive effect caused
by NC-nitro-L-arginine, but did not reverse the antinoci-
ception caused by GAEE against either phases of the
formalin test (Fig. 8A and B).

The i.t. administration of various K* channel blockers,
including apamin, charybdotoxin or glibenclamide, given
15 min beforehand, significantly prevented the antinoci-
ception caused by GAEE against both phases of formalin-

induced nociception (Fig. 9A and B). However, tetraethyl-
ammonium, a blocker of voltage-gated K* channels, failed
to affect the antinociceptive action of the GAEE against
the formalin test (Fig. 9A and B). Thei.c.v. administration
of pertussis toxin, an inactivator of G, ,, protein, caused a
significant inhibition of morphine-induced antinociception
when assessed against both phases of formalin-induced
nociception (Fig. 10A and B). Under the same conditions,
pertussis toxin also significantly and completely antago-
nised the antinociceptive action caused by GAEE against
the first and second phases of the formalin test (Fig. 10A
and B).

4, Discussion

The results presented here show for the first time that
GAEE, a smal molecule isolated from the ethanolic ex-
tract of the plants belonging to the genus Phyllanthus
(Euphorbiaceae), when given by oral, intraperitonea or by
spinal and supraspinal sites, is effective in preventing
significantly the nociception elicited by acetic acid, forma-
lin and capsaicin in mice, and also the hyperalgesia caused
by bradykinin and substance P in rats. However, GAEE,
independent of the dose used, is largely ineffective in
preventing the pain response when assessed in thermal
models of nociception such as the hot plate test, a very
sensitive opioid assay. Very similar results have been
documented previoudly in relation to the ethanolic extract
of Phyllanthus species (Gorski et al., 1993; Santos et 4.,
1995a,b; Cechinel-Filho et al., 1996). Thus, besides other
antinociceptive constituents previously reported for the
Phyllanthus species such as furosin, geraniin, stigmasterol
and B-sitosterol (Santos et al., 1995c; Miguel et al., 1996),
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GAEE probably accounts for the antinociceptive properties
shown in the ethanolic extract obtained from different
plants of this genus (Gorski et a., 1993; Santos et al.,
1995a,b; Cechinel-Filho et al., 1996).

When compared with some standard analgesic drugs,
GAEE, depending on the route of administration em-
ployed, was found to be equipotent or about 1- to 23-fold
less potent that morphine, but it was about to 6- to 81-fold
more active than aspirin, acetoaminophen or dipyrone (Vaz
et al., 1996; Beirith et a., 1998). Contrasting with most
non-steroidal anti-inflammatory drugs, GAEE was found
to be effective in preventing the neurogenic nociception
elicited by formalin (early phase) and capsaicin in mice,
but its efficacy was in most cases partial in such models.
Essentialy, the same results have been previously reported
for different ethanolic extracts of certain Phyllanthus
species (Gorski et al., 1993; Santos et a., 1995ab;
Cechinel-Filho et al., 1996).

The results of the present study aso indicate that,
despite the lack of antioedematogenic action of the GAEE
revealed by analysis against the paw oedema associated
with the second phase of the formalin test, GAEE pro-
duced significant inhibition of the bradykinin and sub-
stance P, without interfering with carrageenan- and prosta-
glandin E,-induced hyperalgesia. One possible explanation
for the anti-hyperalgesic action of the GAEE against the
neuropeptide-mediated hyperalgesia might be that it acts
directly on sensory C-fibres at the release and/or the
action of such algesic peptides.

An additional objective of the present study was to
evaluate by use of several pharmacological procedures,
some of the mechanisms by which GAEE produces
antinociception in chemical models of nociception. We
have recently demonstrated that the ethanolic extract and
GAEE isolated from P. urinaria produce direct and con-
centration-dependent relaxation in both guinea pig trachea
and rat portal vein ‘‘in vitro’’ pre-contracted by histamine
or endothelin. These relaxant responses caused by GAEE
in both preparations are significantly antagonised in the
presence of either charybdotoxin or, to a lesser extent,
glibenclamide, strongly suggesting the involvement of
large-conductance calcium-gated K* channels besides
ATP-gated K™ channels (unpublished results). Data of the
present study extend these previous results and indicate
that activation of small- or large-conductance calcium-gated
K™* channels and ATP-gated K* channels, but not tetra-
ethylammonium-sensitive voltage-gated K* channels, sig-
nificantly accounts for the antinociceptive action of GAEE.
This notion is based on the fact that i.t. treatment of
animals with apamin, charybdotoxin or glibenclamide sig-
nificantly prevented its antinociception according to the
formalin test. However, tetraethylammonium (a blocker of
the voltage-gated K* channels) failed to affect the action
of the GAEE. Another interesting aspect of the present
study is the demonstration that i.c.v. treatment of animals
seven days prior with pertussis toxin completely reversed

the GAEE antinociception against both phases of the for-
malin test. Very similar action of pertussis toxin has been
demonstrated for morphine antinociception (Hernandez et
al., 1995; Beirith et al., 1998; Santos et a., 1999, and
present study). These findings are consistent with the
notion that GAEE antinociception depends on the interac-
tion with G; , protein senditive to *‘in vivo'” treatment
with pertussis toxin (Hernandez et al., 1995; Shah et al.,
1994, 1997; Standifer and Pastenak, 1997). It has been
reported that the calcium-gated K* channels are activated
by alteration in intracellular calcium and are believed to be
coupled to G proteins or other second-messenger systems
(Welch et al., 1995). Thus, we cannot discard the possible
participation of calcium channels or modulators of calcium
in the antinociception caused by GAEE. Further studies are
required to clarify this hypothesis.

Although GAEE antinociception revealed some similar-
ity with the action of morphine, its antinociceptive actions
do not involve any interaction with opioid receptor, as
revealed by the complete lack of effect of naloxone, in
conditions where morphine antinociception was com-
pletely reversed. Finally, data of the present study show
that L-arginine-nitric oxide pathway seems unlikely to be
involved in the antinociceptive action of GAEE, evident by
the fact that L-arginine, a precursor of nitric oxide, under
conditions where it consistently reversed the antinocicep-
tion caused by N C-nitro-L-arginine (a nitric oxide synthase
inhibitor) (Santos et al., 1995b; Vaz et a., 1996; Beirith et
al., 1998), had no significant effect on the GAEE antinoci-
ception. The present data also show that the antinocicep-
tion properties here demonstrated for GAEE in different
assays of chemical nociception is not the consequence of
any non-specific action such as motor dysfunction of
animals, as revealed by the lack of any detectable effect in
the rota-rod test.

5. Conclusion

The results of the present study show for the first time
that the small molecule GAEE, isolated from certain species
of Phyllanthus plants, produces systemic, spina and
supraspinal  antinociception when assessed in severa
chemical assays of nociception in mice. Its antinociceptive
actions are not related with opioid system interaction, with
L-arginine-nitric oxide pathway, or with CNS-related mo-
tor inco-ordination. However, GAEE antinociception seems
likely to be associated with activation of both small-
and/or large-conductance calcium-gated K™ channels as
well as with ATP-gated K* channels and by pertussis
toxin-senditive G, ,, protein mechanisms.
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