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Abstract

In the search for natural compounds useful against pruritus, a,B-amyrins, the pentacyclic triterpenes isolated from the resin of popular
medicinal plant Protium heptaphyllum were examined on scratching behavior induced by dextran T40 and compound 48/80 in mice. The
animals were pretreated orally with o,B-amyrins (50, 100 and 200 mg/kg) or cyproheptadine (10 mg/kg), an antagonist of histamine and
serotonin receptors and 2 h later, they were given subcutaneous injections of dextran T40 (75 mg/kg) or compound 48/80 (3 mg/kg) into the
rostral back, and scratching was quantified for 20 min. The scratching behavior induced by dextran T40 and compound 48/80 was
significantly inhibited in mice pretreated with o,B-amyrins (100 and 200 mg/kg) or cyproheptadine (10 mg/kg), In addition, the compound
48/80-elicited degranulation of rat peritoneal mast cells (ex vivo) was also markedly reduced in animals pretreated with o,-amyrins (100
mg/kg) or ketotifen (1 mg/kg), a known mast cell stabilizer. In the open-field test, a,3-amyrins (100 and 200 mg/kg)-pretreated mice showed
no impairment of spontaneous locomotion, suggesting that these triterpenoids possess no sedative activity that could account for suppression
of scratching behavior. These results clearly indicate the antipruritic effect of «,3-amyrins and suggest that this effect may be related to a

stabilizing action on mast cell membrane.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Pruritus (itch) is an unpleasant cutaneous sensation, which
provokes the desire to scratch, and it may be local or
widespread associated with atopic dermatitis, urticaria or
systemic disorders (cholestasis, uraemia). Many endogenous
chemical agents like amines, proteases, growth factors, neuro-
peptides, opioids, eicosanoids and cytokines can act as
pruritogens by causing histamine release from local mast
cells and/or by sensitizing the relevant C-fibers (Lerner, 1994;
Hagermark, 1995; Schmelz et al., 1997). Scratching can cause
skin lesions and contribute to severe psychological disturban-
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ces (Raiford, 1995) and therefore inhibition of this response is
consistently beneficial for improving the quality of life. As
there is no specific remedy available for this common
symptom, the search for an ideal antipruritic agent continues.

Pentacyclic triterpene compounds, in general, exhibit a
wide range of pharmacological activities that include antiox-
idant, anti-allergic, anti-inflammatory, antitumor, antibacte-
rial, gastroprotective and hepatoprotective effects (Ravokatra
et al., 1974; Tabata et al., 1993; Yun et al., 1999; Ryu et al.,
2000; Sunitha et al., 2001; Ukiva et al., 2002; Katerere et al.,
2003). The resinous exudate (resin) collected from the trunk
wood of Protium heptaphyllum is a folk remedy used in
Brazil to treat inflammatory conditions and to hasten wound
repair (Siani et al., 1999). This resin is rich in pentacyclic
triterpenoids, a,B-amyrins, maniladiol and brein that possess
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anti-inflammatory and gastroprotective properties (Yasu-
kawa et al., 1996; Susunaga et al., 2001; Oliveira et al.,
2004). An anti-allergic activity of pentacyclic triterpene
derivatives belonging to both the «,3-amyrin series has been
reported (Tanaka et al., 1991). Histamine and serotonin are
important mediators of inflammation and in allergy-associ-
ated pruritus. Compound 48/80 and dextran T40 are the
widely used pruritogens in experimental settings to induce
scratching behavior that has features similar to that of pruritus
in humans (Shuttleworth et al., 1988; Ballantyne et al., 1988).
There have been reports that describe the anti-allergic but not
the antipruritic activity of pentacyclic triterpenes. Antihist-
amines and steroidal agents remain the treatment of first
choice for pruritus without known causes. Since the penta-
cyclic amyrins possess hydro-aromatic ring systems similar
to that of steroids, compounds like o, p-amyrins may present
antipruritus effect. Therefore, the present study is aimed to
examine whether «,-amyrins would inhibit the scratching
response in murine models of pruritus induced by dextran
T40 and compound 48/80, and if so, to verify the role of
endogenous opioids, and their effects on compound 48/80-
induced degranulation of rat peritoneal mast cells.

2. Materials and methods
2.1. Materials

Compound 48/80, ketotifen and naloxone (Sigma), cy-
proheptadine (Merck) and dextran T40 (Pharmacia Biotech),
were dissolved in or diluted with physiological saline. The
triterpenes, «,B-amyrins, were isolated as a mixture (o and p
in the proportion of 2:1; yield, 42.25%) from the crude resin,
collected from the trunk wood of P. heptaphyllum (Viera-
Junior et al., 2003) and their structures (Fig. 1) elucidated by
spectroscopy, using 'H and '>C NMR and mass spectrum in
comparison with known standards (Olea and Roque, 1990).

The a,p-amyrins were dissolved in 3% Tween 80 in saline.
All other reagents used were of analytical grade.

2.2. Animals

The experiments were performed using 8—10 week-old
female Swiss mice (23—30 g) and female Wistar rats of 3
months old (150—-180 g). The animals were housed at
24+ 2 °C and 55+ 5% relative humidity with food and
water available ad libitum. Institutional Committee on the
Care and Use of Animals for Experimentation approved the
experimental protocols, which were in accordance with the
guidelines of National Institute of Health, Bethesda, USA.

2.3. Scratching behavior induced by dextran T40 or
compound 48/80

Scratching behavior was studied in groups of mice
(n=8 per group) and a day before the experiments the
rostral part of the skin on the back of each mouse was
clipped. On the test day, they were first habituated for
about 10 min in plastic observation cages (10 X 15 x 30
cm) and then the pruritogens, dextran T40 (75 mg/kg) or
compound 48/80 (3 mg/kg), were injected subcutanously
into the rostral part of the back in a volume of 50 pl,
using a 27-gauge needle. Control mice received a similar
quantity of normal saline injection instead. Immediately
after the injection, mice were returned to the observation
cages, one mouse per cage. The scratching behavior was
observed for 20 min by observers who were unaware of
the treatments (Chakravarty, 1978; Kuraishi et al., 1995;
Ishiguro and Oku, 1994) and expressed as the time in
seconds (s) that each animal had spent scratching during
a 20-min period. This period was chosen based on our
pilot studies that showed high intensity of scratching in
the time-course response. Only scratching of nose by
fore- or hind paws and the injection site by hind paws

o-Amyrin

B-Amyrin

Fig. 1. Chemical structures of a-amyrin and B-amyrin.
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was counted in animal groups that received 48/80 (Ishi-
guro and Oku, 1994), whereas in case of dextran T40,
total body scratching (i.e. scratching of the nose and ears
with the fore paws, and back by the hind paws) was
counted, but disregarded licking of the belly and back
during grooming (Ishiguro and Oku, 1994). The dosage
selection of pruritogens was based on our pilot studies
and at these doses, both dextran T40 (75 mg/kg) and
compound 48/80 (3 mg/kg) were able to induce a
consistent scratching during the first 20 min period.
The test substances, o,P-amyrins (50, 100 and 200 mg/
kg) and cyproheptadine (10 mg/kg) were given orally 2
h prior to the injection of pruritogens. Control mice were
administered the same volume of vehicle (3% Tween 80
in distilled water, 10 ml/kg).

2.4. Effect of p-opioid receptor antagonist naloxone on the
compound 48/80-induced scratching behavior in mice
pretreated with o, f-amyrins or morphine

In order to verify the possible role of endogenous opioids
in the suppressive effect of «,p-amyrins against compound
48/80-induced scratching, groups of mice (eight in each)
were pretreated with vehicle (3% Tween 80 in distilled
water, 10 ml/kg), naloxone (2 mg/kg ip), morphine (7.5 mg/
kg sc) or a,p-amyrins (100 mg/kg po) alone or in their
combinations with naloxone prior to the injection of com-
pound 48/80 (3 mg/kg sc). While a,B-amyrins were admin-
istered 2 h before, naloxone and morphine were given 30
min prior to pruritogen (Table 1).

2.5. Peritoneal mast cell degranulation

Four groups (n=4) of rats were included for the ex vivo
study that aimed to demonstrate the effects of a,R-amyrins
and ketotifen on the peritoneal mast cell degranulation. The
first and second groups of animals served as normal and
vehicle-treated controls and received orally, normal saline or
3% Tween 80 (vehicle for a,B-amyrins), respectively, in a
volume of 10 ml/kg, whereas the third and fourth groups
were treated orally with «,3-amyrins (100 mg/kg) or keto-

Table 1

Effect of p-opioid receptor antagonist naloxone on the compound 48/80
(3 mg/kg sc)-induced scratching behavior in mice pretreated with o, -
amyrins or morphine

Treatment Dose (mg/kg)  Scratching/20 min (s)
Vehicle (po) - 64.38 £4.73
a,B-Amyrins (po) 100 20.09 + 2.84°
Morphine (sc) 7.5 0.428 + 0.42*
Naloxone (ip) 2.0 67.76 £ 5.75
Naloxone (ip) + a,p-amyrins (po) 2.0+ 100 41.50 + 4.14*°
Naloxone (ip) + morphine (sc) 2.0+7.5 61.71 + 5.45°

Data as means + S.E.M.; n=8 per group; vehicle.
? P<.01 vs. vehicle control.
> p<.01 vs. «,B-amyrins.
¢ P<.01 vs. morphine.

tifen (1 mg/kg), respectively. Two hours later, the animals
were killed by cervical dislocation and half a centimeter
pieces of mesenteric vascular plexus were collected from the
respective groups into each of the glass tubes containing
Ringer Locks fluid (10 ml). Mast cell degranulation was
induced by incubation of tubes containing mesenteric
vascular tissue collected from o,B-amyrins, ketotifen, or
vehicle-treated groups with compound 48/80 (final con-
centration, 0.4 pg/ml) for 30 min. The concentration of 0.4
png/ml of compound 48/80 was chosen for this study based
on our preliminary studies, which caused mast cell disrup-
tion to the extent of 90%. The same volume of distilled
water (instead of compound 48/80 solution) was added to
tubes containing mesenteric tissue obtained from the nor-
mal control rats that received only the vehicle. After 30
min incubation, the mesenteric tissue was mounted on
glass slides, allowed to dry at room temperature and
stained with toluidine blue (0.1%) for the observation of
mast cells by light microscopy. At least five optical fields
were chosen for each tissue sample (five samples per
group) and the number of total mast cells present, and
the percentage of cells disrupted/degranulated were noted
(Norton, 1954).

2.6. Evaluation of the spontaneous motor activity

The triterpenes, «,B-amyrins, were evaluated for their
effects on spontaneous motor activity in an open-field test
(Capaz et al., 1981). Briefly, mice (n=8 per group) were
individually placed in the center of an open-field arena (40
cm of diameter) at 2 h after oral administration of «,-
amyrins (100 and 200 mg/kg) or vehicle and the locomotion
frequency (the number of floor units the animal entered with
all the four paws) was counted for 4 min.

2.7. Data analysis

All values are expressed as mean + S.E.M. Statistical
evaluation of the results was performed by one-way analysis
of variance (ANOVA) followed by Dunnett’s multiple
comparisons. A result with P<.05 was considered statisti-
cally significant.

3. Results

3.1. Effect on scratching behavior induced by dextran T40
and compound 48/80

Normal saline-treated control mice showed no scratch-
ing behavior whereas animal groups that received subcu-
taneous injections of dextran T40 or compound 48/80
into the rostral back manifested intense scratching (Figs.
2 and 3). Mice that received 100 and 200 mg/kg o,p-
amyrins demonstrated a potent inhibition of compound
48/80-induced scratching, at 50 mg/kg there was no
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Fig. 2. The effect of oral pretreatments with a,-amyrins (50, 100 and 200
mg/kg), cyproheptadine (10 mg/kg), vehicle (3% Tween 80; 10 ml/kg) or
normal saline (10 ml/kg) on the scratching behavior induced by compound
48/80 (3 mg/kg) in mice. Normal saline injected control group of mice
showed no scratching behavior. Each column represents mean + S.E.M.
(n=8). ***P<.001 vs. vehicle-treated control (ANOVA and Dunnett’s
test).

significant effect. The a,B-amyrins treatment was more
effective in the suppression of dextran T40-induced
scratching behavior (Fig. 3) and the effect was found
to be significant at all doses tested. A dose—effect
relationship was evident only at smaller doses. The dual
histamine/serotonin receptor antagonist, cyproheptadine
(10 mg/kg po) also caused marked inhibition of scratch-
ing responses elicited by both compound 48/80 as well as
dextran T40. Similar to «,p-amyrins, the effect of cypro-
heptadine was apparently more prominent against dextran
T40-induced scratching.
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Fig. 3. The effect of oral pretreatments with «,B-amyrins (50, 100 and 200
mg/kg), cyproheptadine (10 mg/kg), vehicle (3% Tween 80; 10 ml/kg) or
normal saline (10 ml/kg) on the scratching behavior induced by dextran
T40 (75 mg/kg) in mice. Each column represents mean = S.E.M. (n=38).
*P<.05, **P<.01, and ***P<.001 vs. vehicle-treated control
(ANOVA and Dunnett’s test).

3.2. Effect on peritoneal mast cell degranulation induced by
compound 40/80 (ex vivo)

The percent numbers of degranulated mast cells in saline-
treated normal rats, in vehicle-treated rats and in rats treated
with a,B-amyrins (100 mg/kg po) and ketotifen were in the
order of 2.5%, 90.6%, 12.6% and 13.6%, respectively (Fig.
4). A representative microphotograph showing the mast cell
degranulation among various groups are shown in Fig. 5.
Compared with vehicle-treated controls, treatment with o, 3-
amyrins and ketotifen significantly reduced the compound
48/80-induced degranulation by the extent of 86% and 85%,
respectively.

3.3. Effect of u-opioid receptor antagonist naloxone on the
compound 48/80-induced scratching behavior in mice
pretreated with o, -amyrins or morphine

The results obtained are shown in Fig. 5. Morphine (7.5
mg/kg sc) and o,B-amyrins (100 mg/kg po) pretreatments
resulted in significant suppression of compound 48/80-
induced scratching behavior in mice. Although naloxone
alone showed no significant influence, it could completely
reverse the morphine effect on induced scratching. The
suppressive effect of «,B-amyrins was only partially antag-
onized by naloxone.

3.4. Effect on spontaneous locomotor activity
At the tested doses of 100 and 200 mg/kg, a,3-amyrins

failed to modify the locomotion frequency. The observed
locomotion frequencies in control and at either dose of a,3-
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Fig. 4. The effect of oral pretreatments with «,B-amyrins (100 mg/kg),
ketotifen (1 mg/kg) or vehicle (3% Tween 80; 10 ml/kg) or normal saline
(10 ml/kg) on compound 48/80 (0.4 pg/ml)-induced degranulation of rat
peritoneal mast cells ex vivo. Each column represents mean + S.E.M.
(n=5). °P<.001 vs. saline-treated control; ®P<.001 vs. vehicle-treated
control (ANOVA and Bonferroni test).
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Fig. 5. The representative microphotograph of toluidine blue stained rat peritoneal mast cells subjected or not to compound 48/80 (0.4 pg/ml)-induced
degranulation ex vivo. (A) Mast cells from saline-treated rats; (B) Mast cells from vehicle (3% Tween 80; 10 ml/kg)-treated rats incubated with compound 48/
80, showing extensive mast cell degranulation; (C) Mast cells from «,B-amyrins (100 mg/kg) and (D) ketotifen (1 mg/kg)-treated rats incubated with

compound 48/80, showing inhibition of degranulation.

amyrins-treated mice were 39.93 £4.53, 36.52 + 2.81 and
37.38 £ 3.45, respectively.

4. Discussion

The present data demonstrate that the pentacyclic triter-
penes, a,P-amyrins, are able to suppress experimental
pruritus as evidenced from their inhibitory effect on scratch-
ing behavior induced by dextran T40 or compound 48/80 in
mice. At the doses employed, the pruritogens did not show
local edema or any other behavioral sign concurrent with the
scratching. Although there is no clear dose—response rela-
tionship, more so against compound 48/80-induced scratch-
ing, the amyrins produced a suppressive effect in these
models, valid for testing antipruritic agents (Shuttleworth et
al., 1988; Ballantyne et al., 1988). There are several reports
that describe the effectiveness of natural compounds (e.g.
flavonols, 1,4-naphthoquinones, saponins; monoterpenes
and capsaicin) useful against histamine-dependent and his-
tamine-independent pruritus (Ishiguro and Oku, 1994; Oku
et al., 2002; Fu et al., 2003). To our knowledge, this is the
first study that demonstrates the mast cell-mediated inhibi-
tion of scratching response by pentacyclic triterpenes. The
pruritogenic effect of compound 48/80 is attributed to its
histamine releasing activity from mast cells (Inagaki et al.,
1999) and some studies suggest that the membrane perme-
ability increase and activation of mast cell phospholipase D
via heterotrimeric GTP-binding proteins may be an essential
trigger for the release of mediators from mast cells (Tasaka

et al., 1986; Chadi et al., 2000). Compound 48/80, however,
can induce scratching behavior in mice independent of
histamine (Sugimoto et al., 1998) and serotonin (Inagaki
et al., 2002). This might be the reason why both cyprohep-
tadine, a dual histamine/serotonin receptor antagonist as
well as a,p-amyrins show more efficacy in mitigating the
scratching response induced by dextran T40 than by com-
pound 48/80.

Similar to compound 48/80, dextran T40 also releases
mediators from the skin mast cells (Chakravarty, 1978)
and produces scratching in mice (Ishiguro and Oku,
1994). In studies of Kuraishi et al. (1995), subcutaneous
injections of histamine did not elicit the scratching be-
havior in ddy mice, whereas studies of Maekawa et al.
(2000) have shown an increased scratching in ICR mice.
In another study, mice were found to be more sensitive to
serotonin-induced scratching than rats (Dai et al., 2002).
Apparently, there are species and strain differences in the
scratching responses to histamine and serotonin. Therefore,
one of the conceivable mechanisms for the antipruritic
activity of o,p-amyrins is the inhibition of degranulation
of mast cells. In the study carried out ex vivo, a,B-amyrins
were able to prevent mast cell degranulation, which was
almost comparable to that caused by ketotifen, a known
mast cell stabilizer. Furthermore, o,-amyrins could inhibit
the paw edema response, induced by compound 48/80 and
dextran T40 in mice (unpublished observations). Taken
together, these observations suggest that this class of
pentacyclic triterpenes suppress the function of mast cell
secretogogues.
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It was reported that p-opioid receptor antagonists like
naloxone and naltrexone inhibit the scratching behavior
associated with cutaneous passive anaphylaxis, subcuta-
neous compound 48/80 and intradermal substance P
injections, suggesting an opioidergic mechanism in the
scratching behavior (Inagaki et al.,, 1999; Umeuchi et al.,
2003). In the present work, we verified the role of
endogenous opioids in the scratching response induced
by compound 48/80 and its suppression by amyrins. The
p-opioid receptor antagonist naloxone produced no dis-
cernible effect either on basal scratching activity (data not
shown) or on compound 48/80-induced scratching behav-
ior in mice (Fig. 5). However, naloxone was found to
antagonize the suppressive effect of morphine more com-
pletely and of amyrins only partially the scratching in-
duced by compound 48/80. This suggests that naloxone-
sensitive endogenous opioids are at least in part involved
in the suppressive effect of amyrins on compound 48/80-
induced scratching in Swiss mice.

It is known that drugs with sedative activity may also
inhibit scratching behavior (Watanabe et al., 1999). How-
ever, at the doses used in the present experiments, o,(-
amyrins failed to impair spontaneous locomotor activity
in mice. Therefore, the sedative action of amyrins may
not be involved in the inhibitory mechanism of scratching
behavior.

In summary, we showed that o,p-amyrins from P,
heptaphylum resin inhibits scratching in mice. Mast cells
and mast cell-derived mediators may play an essential role
in this response. Allergic skin disorders, such as atopic
dermatitis, contact dermatitis and urticaria, are accompa-
nied by severe pruritis wherein mast cell mediators play a
definitive role (Lorette and Vaillant, 1990). The major
mechanism of the antipruritus activity of amyrins is the
inhibition of degranulation of mast cells. Given the reason
that scratching in animal model is a valid and reliable
model for studying human pruritus (Fjellner and Hager-
mark, 1981; Kuraishi et al., 1995), the present data suggest
that «,B-amyrins may have a clinical significance in the
treatment of pruritus associated with atopic allergy, contact
dermatitis and eczema.
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