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Abstract

We have investigated the possible antinociceptive action of the extract, fractions and pure com-
pounds obtained from the whole plant Polygala sabulosa A. W. Bennett (Polygalaceae) in acetic
acid-induced visceral pain in mice. Intraperitoneal injection of animals with the hydroalcoholic
extract and fractions (CH,Cl,, EtOAc, n-BuOH, aqueous fraction) (1-100 mg kg™") caused a dose-
related and significant inhibition of the acetic acid-induced visceral nociceptive response. The
CH,Cl,, EtOAc and n-BuOH fractions were more potent than the hydroalcoholic extract and aqueous
fraction. The isolated compounds dihydrostyryl-2-pyrones (1, 2, 3), styryl-2-pyrone (7), a-spinasterol
(9), scopoletin (10) and two esters of the coumarin (scopoletin) obtained semisynthetically, acetyl-
scopoletin (10a) and benzoylscopoletin (10b) (0.001-10 mg kg~ "), exhibited significant and dose-
related antinociceptive effects against acetic acid-induced visceral pain. The results distinguished,
for the first time, the extract, fractions and pure compounds obtained from P. sabulosa that pro-
duced marked antinociception against the acetic acid-induced visceral nociceptive response, sup-
porting the ethnomedical use of P. sabulosa.

Introduction

Polygala sabulosa A. W. Bennett (Polygalaceae), popularly known as ‘timutu-pinheirinho’,
is a small herb growing in the Southern Meridional Highlands of Brazil (Wurdack & Smith
1971). The plants of the genus Polygala are used in folk medicine for the treatment of sev-
eral pathologies, including disorders of the bowel and kidney, as a tonic remedy, and as a
topical anaesthetic and expectorant (Wasicky 1945). Apart from these medicinal uses, there
are reports showing antiviral (Cyong et al 2000), trypanocidal (Pizzolatti etal 2003), tumour
inhibitor (Mak etal 2001), hypoglycaemic (Kako etal 1996) and neuroprotective (Kwon
etal 2004) effects of some Polygala species.

We have reported previously that the hydroalcoholic extract and xanthones obtained from
P. cyparissias elicited pronounced antinociceptive effects in chemical and mechanical nocice-
ption models (De Campos etal 1997). In addition, several species of plants belonging to the
genus Polygala, including P. cyparissias, P. linoides, P. campestris, P. paniculata and P.
aspalata, are extensively distributed in Santa Catarina. These plants contain high concentra-
tions of methyl salicylate, which is responsible for a characteristic odour of their roots
(Wasicky 1945). Chemical studies carried out on some of the species belonging to the genus
Polygala have demonstrated the presence of many classes of constituents, such as coumarins,
saponins, lignans, flavonoids and mainly xanthones (Pinheiro etal 1998; Zhang etal 1998;
Cristiano etal 2003). More recently, Pizzolatti etal (2000, 2004) have reported the isolation of
7-prenyloxy-6-methoxycoumarin, photohypericin, four styryl-2-pyrones and three dihydro-
styryl-2-pyrones from P. sabulosa. However, to date no pharmacological study has been
carried out on this species. Furthermore, whole plant from P. sabulosa is used in folk medi-
cine; hence, this study has examined the possible antinociceptive action of the hydroalcoholic
extract, fractions and isolated compounds in the acetic acid-induced visceral nociceptive
response, a classical chemical model of nociception, in mice.
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Materials and Methods

Plant material

Polygala sabulosa A. W. Bennett (Polygalaceae) was col-
lected in Rancho Queimado (Santa Catarina, Brazil) in
November 1997. It was identified by Prof. Dr. Olavo de
Aratijo Guimardes. A voucher specimen was deposited at the
Herbarium of the Botany Department, Universidade Federal
do Parana, PR, under the number 19640.

Extraction and isolation

Whole plants (500 g) were air-dried, ground to powder and
extracted with 96% ethanol at room temperature for 14 days.
The alcoholic extract was then dried by evaporation under
reduced pressure and the crude extract (135 g) obtained was
partitioned into hexane-, CH,Cl,-, EtOAc- and n-BuOH-solu-
ble fractions. This gave five distinct hexane-soluble (16.1 g),
CH,Cl,-soluble (28 g), AcOEt-soluble (16.8g), n-BuOH-sol-
uble (17.6g) and aqueous (47 g) fractions. These fractions
were screened for antinociceptive activity and the CH,Cl,
and EtOAc active fractions were subjected to fractionation by
column chromatography. The CH,Cl,-soluble fraction (16 g)
was subjected to column chromatography over silica gel
(4x30cm). A total of 56 fractions (100 mL each) were eluted
with mixtures of the hexane—-EtOAc from 100:0 to 0:100 and
then EtOAc-EtOH 1:1. The elutes were monitored by TLC
(viewed by spraying with 1% vanillin/5% H,SO,/EtOH rea-
gent followed by heating at 110°C) and similar fractions
were combined. Combined fractions 9-14 were recrystallized
from acetone to give a-spinasterol; 9 (25 mg; optical rotation
of [a]20D —2.5°). Combined fractions 21-26 were dissolved
in EtOAc (50 mL) and treated under heating and shaking with
activated charcoal (1g). After filtration, drying (anhydrous
Na,SO,) and removal of the solvent, the white residue
was purified by recrystallization from hexane-EtOAc (3:1)
to obtain compound 8 (7-prenyloxy-6-methoxycoumarin)
(530 mg). Fraction 29 was purified by recrystallization from
acetone to yield compound 1 (17 mg). The combined frac-
tions 30-36 gave yellow powders containing the compounds
1, 2, 3 and 4 (by GC-MS) that had been described previously
for this species (Pizzolatti etal 2000). Further flash chroma-
tography over silica gel 230-400 mesh (2x25cm) eluted
with hexane-EtOAc (3:1, 190mL) afforded compounds 2
(150mg) and 3 (25mg). The combined fractions 38-42
(1.8 g) were resubmitted to chromatography over silica gel
(2.5%x25cm) using hexane—EtOAc 3:2 to give 575mg of a
grey powder. Further chromatography of the latter over silica
gel (2% 15 cm; hexane-EtOAc 3:2), following purification by
recrystallization from acetone, yielded 560 mg scopoletin
(10). The EtOAc-soluble fraction (10 g) was further subjected
to column chromatography over silica gel (3 x30cm) using
hexane-EtOAc (100:0 to 0:100) and EtOAc-EtOH (100:0 to
0:100) to give 72 fractions of 50 mL each. The GC-MS ana-
lysis of the combined fractions 8—13 produced five peaks for
compounds 2, 4, 5, 6 and 7 as described previously (Pizzolatti
etal 2000, 2004). Styryl-2-pyrone (7) was the major compo-
nent among fractions 8—13 and this was further purified by

flash chromatography (2x2.5cm, silica gel 230—400 mesh)
eluted with hexane-EtOAc (3:1), to give 185 mg compound 7.

Chemical derivatives

Acetylation of scopoletin

Acetic anhydride (1.5mL) and a catalytic amount of 4-
dimethylaminopyridine (DMAP) were added to a solution of
40.0mg scopoletin in ethyl acetate (5.0mL). The reaction
mixture was stirred for 40 min at room temperature. The solu-
tion was evaporated with additions of ethanol, and the crude
product was filtered over silica gel and evaporated to dryness
yielding acetylscopoletin.

Benzoylation of scopoletin

Benzoyl chloride (0.05mL) was added to a solution of
60.0 mg scopoletin in pyridine (1.5 mL). The reaction mixture
was stirred for 5 min at room temperature. Ethanol was added
and the solution was evaporated. Column chromatography on
silica gel gave benzoylscopoletin.

Abdominal constriction caused by intraperitoneal
injection of 0.6% acetic acid

Male Swiss mice (25-35g) were kept in an automatically-
controlled temperature room (23%2°C) in 12-h light-dark
cycles, with water and food freely available. Animals were
acclimatized to the laboratory for at least 2h before testing
and were used once for experiments. All experiments were
carried out in accordance with the current guidelines for the
care of laboratory animals and the ethical guidelines for
investigations of experimental pain in conscious animals as
previous specified (Zimmermann 1983). The experiments
were approved by the local Ethics Committee of this Institu-
tion (23080.011700/2005-03/UFSC). The numbers of ani-
mals and intensities of noxious stimuli used were the
minimum necessary to demonstrate consistent effects of the
drug treatments.

The procedure used for acetic acid (0.6%)-induced abdomi-
nal constriction was essentially similar to that described
previously (Collier etal 1968; Santos etal 1995). Animals were
pretreated intraperitoneally (i.p) with extract or fraction (1—
100mgkg™1): dihydrostyryl-2-pyrone (1, 2, 3); styryl-2-pyrone
(7) or 7-prenylxy-6-methoxycoumarin (8) (1-10mgkg™ ;
a-spinasterol (9), a-scopoletin (10), acetylscopoletin (10a) or
benzoylscopoletin (10b) (0.001-10mgkg™ !y 30min before
testing. Due to the limited amount of these compounds, it was
not possible to test them orally. Control animals received the
same volume of vehicle (IOmLkg_l, i.p). After challenge,
mice were placed in separate boxes and the number of abdomi-
nal constrictions was cumulatively counted over 20 min.

Drugs

The drugs used were acetic acid and Tween 80 (Merck AG,
Darmstadt, Germany). All other reagents used were of a high
grade of purity. The degree of purity of the compounds
obtained from P. sabulosa was >98%. The hydroalcoholic
extract, fractions and pure compounds from P. sabulosa were
dissolved in Tween 80 and diluted just before use in 0.9%



NaCl. The final concentration of Tween 80 did not exceed
5% and did not have any effect itself.

Statistical analysis

The results were presented as means*s.e.m. of six to eight
animals. The significance of difference between groups was
analysed by means of analysis of variance followed by
Newman—Keuls’ multiple comparison test; P <0.05 was con-
sidered as indicative of significance. The ID50 values (i.e. the
dose of the extract, fractions or compounds necessary to
reduce the pain response by 50% in relation to the control
value) were reported as geometric means accompanied by
their respective 95% confidence limits. The ID50 values were
determined by linear regression from individual experiments
with linear regression GraphPad Software.

Results

P. sabulosa, whole plant, was extracted with 96% EtOH at
room temperature and the hydroalcoholic extract obtained
was partitioned into hexane-, CH,Cl,-, EtOAc-, n-butanol-
and aqueous fractions. Repeated fractionation over silica gel
columns of the CH,Cl,- and EtOAc-fractions yielded com-
pounds 1-8 that had been previously described for this spe-
cies (Pizzolatti etal 2000, 2004), a-spinasterol (9) and
scopoletin (10) (Figure 1). The structures of 1-10 were eluci-
dated by comparison of their spectroscopic data (‘H, '3C
NMR) with data in the literature. The a-spinasterol and sco-
poletin from P. sabulosa were reported here for the first time.

Intraperitoneal injection of animals with hydroalcoholic
extract and fractions (CH,Cl,, EtOAc, n-BuOH, aqueous frac-
tions) did not produce any irritation by themselves (result not
shown), but did cause a dose-related and significant inhibition of
the acetic acid-induced visceral nociceptive response in mice.
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Figure 1 Chemical structure of dihydrostyryl-2-pyrones (1, 2, 3); sty-
ryl-2-pyrone (7); 7-prenyloxy-6-methoxycoumarin (8); a-spinasterol (9);
scopoletin (10) and its structural derivatives acetylscopoletin (10a) and
benzoylscopoletin (10b).
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The calculated mean ID50 value (95% confidence limits) and
inhibition values are shown in Table 1. At the ID50 level,
CH,Cl,, EtOAc and n-BuOH soluble fractions were approxi-
mately 1.7- to 3.7-fold more potent than hydroalcoholic extract,
aqueous soluble fractions and two well-known anti-inflamma-
tory and analgesic drugs (paracetamol and aspirin) (Table 1).
Considering that CH,Cl, and EtOAc were the most potent frac-
tions, these were selected for the isolation of active constituents.

In the next stage of this study, the effect of isolated com-
pounds was examined in the acetic acid-induced abdominal
constriction test. The dihydrostyryl-2-pyrones (1, 2, 3) and
styryl-2-pyrone (7) exhibited significant and dose-related
antinociceptive actions in this model of visceral pain. The
calculated mean ID50 value (and 95% confidence limits) and
inhibition values are shown in Table 2. At the ID50 level, 1,
2, and 3 were approximately 1.3- to 2.2-fold more potent than
the CH,Cl, fraction (original fraction). Compound 7 was two
times more potent than EtOAc (original fraction). The 1, 2, 3
and 7 compounds were 3.4- to 7.3-fold more potent than two
well-known anti-inflammatory and analgesic drugs (paraceta-
mol and aspirin) (Tables 1 and 2). However, compound 8 was
less potent in inhibiting the acetic acid-induced nociception,
returning a value of 46+ 10% at 10mgkg™'.

Table 1 Inhibition by extract and fractions from Polygala sabulosa
on acetic acid-induced abdominal constriction

Drugs ID50 (mgkg™ l) Inhibition (%)
Hydroalcoholic extract 21.3(16.4-27.5)* 935
CH,Cl, soluble fraction 7.6 (5.2-11.2) 78+7
EtOAc soluble fraction 7.2 (6.2-8.4) 93+4
n-BuOH soluble fraction 11.0 (8.1-15.0) 84+7
Aqueous soluble fraction 27.0 (16.4-44.4) 92+4
Paracetamol® 18.8 (15.7-22.6) 88+1
Aspirinb 24.0 (13.1-43.8) 83+2

Mice (n=6-8 per group) were treated with extract or fractions 30 min
(i.p.) before acetic acid administration. *95% confidence limits. °Data
from Vaz etal (1996).

Table 2 Inhibition by dihydrostyryl-2-pyrones (1, 2, 3), styryl-2-
pyrone (7), 7-prenyloxy-6-methoxycoumarin (8) a-spinasterol, scopoletin
and its structural derivatives on acetic acid-induced abdominal constriction

Drugs ID50 (mg kg_l) Inhibition (%)
1 4.9 (3.8-6.2)* 85+7
2 3.5(3.0-4.1) 819
3 55(4.2-72) 85%5
7 3.3(2.9-3.8) 9712
8 ND 46+ 10
a-Spinasterol 0.07 (0.05-0.09) 9+1
Scopoletin 0.06 (0.04-0.08) 9612
Acetylscopoletin 1.56 (1.05-2.32) 835
Benzoylscopoletin 0.032 (0.014-0.073) 81£8
Paracetamol® 18.8 (15.7-22.6) 88+1
Aspirin® 24.0 (13.1-43.8) 83+2

Mice (n=6-8 per group) were treated with compounds 30 min (i.p.)
before acetic acid administration. 295% confidence limits. "Data from
Vaz etal (1996). ND, not determined.
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The results in Figure 2A and B showed that a-spinasterol
and scopoletin caused a dose-related inhibition of the acetic
acid-induced visceral nociceptive response. The ID50 and
inhibition values are shown in Table 2. At the ID50 level, a-
spinasterol and scopoletin were approximately 55- to 91-fold
more potent than all the other compounds isolated from P.
sabulosa (Table 2). Furthermore, a-spinasterol and scopol-
etin were approximately 313- to 400-fold more potent than
paracetamol and aspirin (Table 2). Benzoylscopoletin and
acetylscopoletin, which were structurally derived from scopo-
letin, were examined in the acetic acid-induced abdominal
constriction test. Both derivatives caused significant and
dose-related inhibition of the acetic-acid induced visceral
nociceptive response (Figure 2C and D). At the ID50 level,
benzoylscopoletin was two times more potent than scopoletin.
Acetylscopoletin, on the other hand, was 26-fold less potent
than scopoletin (Table 2).

Discussion

The results showed for the first time that hydroalcoholic
extract, fractions and active compounds from P. sabulosa,
administered intraperitoneally to mice produced significant
antinociceptive action when assessed in acetic acid-induced
visceral pain.

The acetic acid-induced visceral nociceptive response in
mice is regarded as a typical model of inflammatory pain and
has long been used as a screening tool for evaluation of anal-
gesic or anti-inflammatory agents (Collier etal 1968; Vineger
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etal 1979). It has been suggested that acetic acid acts by
releasing endogenous inflammatory mediators (i.e. kinins,
substance P and prostanoids) that stimulate the primary sen-
sory neurons (Collier etal 1968; Vineger etal 1979; Ikeda
etal 2001). It is sensitive to non-steroidal anti-inflammatory
drugs (NSAIDs) and to narcotics and other centrally acting
drugs (Collier etal 1968; Vineger etal 1979; Vaz etal 1996;
Santos etal 1998; Reichert etal 2001).

Ribeiro et al (2000) demonstrated that the nociceptive
activity of acetic acid may be due to cytokine release, such as
TNF-q, interleukin-18 and interleukin-8, by resident perito-
neal macrophages and mast cells. Feng etal (2003) demon-
strated that intraperitoneal injection of acetic acid induced an
increase in the concentration of glutamate and aspartate in the
cerebrospinal fluid.

We have reported that CH,Cl,, EtOAc and n-butanol frac-
tions obtained from P. sabulosa inhibited, in a dose-depend-
ent manner, the nociception induced by acetic acid. When
compared with well-known NSAIDs, aspirin and paraceta-
mol, the CH,Cl,, EtOAc and n-butanol fractions were 1.7 to
3.7-fold more potent to inhibit the acetic acid-induced vis-
ceral nociceptive response, i.e. the same inhibition demon-
strated by aspirin and paracetamol was observed by CH,Cl,,
EtOAc and n-butanol fractions at 1.7- to 3.3-times lower
doses. This potency was estimated by the ID50 value (Table
1). Furthermore, all the isolated compounds, with the excep-
tion of compound 8, displayed similar analgesic actions on
acetic acid-induced pain. Thus, dihydrostyryl-2-pyrones (1, 2,
3) isolated from the CH,Cl, fraction and styryl-2-pyrone (7)
isolated from the EtOAc fraction were respectively 1.3- to
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Figure 2 Effect of a-spinasterol (A), scopoletin (B), acetylscopoletin (C) and benzoylscopoletin (D) against the acetic acid-induced visceral nocic-
eptive response. The animals were treated with compounds at different doses or vehicle (10 mL kg™ b, intraperitoneally, 30 min before acetic acid
injection. Each column represents the mean *s.e.m. of six to eight animals. *P <0.05, **P <0.01, ***P <0.001 compared with control groups (C).



2.2-fold and 2.3-fold more potent than CH,Cl, and EtOAc.
As a result, it could be suggested that these compounds con-
tributed, at least in part, to the antinociceptive effect of
CH,Cl, and EtOAc fractions. The main finding of this study
was the demonstration that two compounds, @-spinasterol (9)
and scopoletin (10), present in the CH,Cl, fraction, were the
most potent and efficacious in inhibiting the acetic acid-
induced visceral nociceptive response. At the ID50 level,
compounds 9 and 10 were approximately 55- to 91-fold more
potent than all other compounds isolated from P. sabulosa, and
313- to 400-fold more potent than paracetamol and aspirin.

There is evidence showing that a-spinasterol exhibits
antigenotoxic and anticarcinogenicity activity (Villasenor
etal 1996; Villasenor & Domingo 2000). Furthermore, a-
spinasterol exerts a concentration-dependent inhibition of rat
ileum spontaneous contraction (Mata etal 1997). Smooth
muscle contraction is regulated, primarily, by intracellular
Ca®" signal. Additionally, it is well established that an
increase in cytosolic Ca>" represents a key step for neuro-
transmitter release, modulation of cellular membrane excita-
bility, as well as activation of intracellular proteins (Somlyo &
Somlyo 1994; Ward 2004). Evidence has accumulated for
the involvement of calcium ions and calcium channels in
nociception (Prado 2001; Cervero & Laird 2003). In addition,
there are data indicating that calcium channels expressed in
visceral primary afferent nociceptive neurons may contribute
to the sensitization observed in visceral pain states (Cervero &
Laird 2003). Thus, those previous findings and these results
might indicate that the antinociceptive action of a-spinasterol
in the acetic acid abdominal constriction test could be due to
inhibition of calcium influx or of blocked calcium channels.
However, additional studies are necessary to address this
hypothesis.

Our results showed that intraperitoneal administration of
scopoletin produced a strong and dose-dependent inhibition
of the nociceptive response to acetic acid. Recent papers
reported that scopoletin comprised antioxidant, anti-inflam-
matory and antinociceptive properties (Tanaka etal 1977;
Muschietti etal 2001; Ng etal 2003). Scopoletin caused a
reduction of eicosanoid release from mouse peritoneal macro-
phages, which was stimulated by calcium-ionophore A23187
(Silvan etal 1996). More recently, Kim etal (2004) demon-
strated that scopoletin significantly reduced prostaglandin E,,
tumour necrosis factor-e, interleukin-143 (IL-1B), IL-6 pro-
duction and suppressed cyclooxygenase-2 (COX-2), but not
COX-1 expression, in RAW 264.7, induced by lipopolysac-
charide. Such findings suggested that scopoletin could pro-
duce antinociceptive action through inhibition of COX-2 and
consequently decrease prostaglandin synthesis, or by inhibi-
tion of cytokine release from resident peritoneal cells. This
possibility requires further study.

Of particular importance, scopoletin (9) produced powerful
inhibition of acetic acid-induced visceral pain; however, 7-pre-
nyloxy-6-methoxycoumarin (8) did not display this effect. There
was a structural similarity between scopoletin and 8, except that
the latter contained a prenyl group binding to ring coumarin. The
discrepancy between the effects of scopoletin and 7-prenyloxy-
6-methoxycoumarin (8) could be explained, in part, by the pres-
ence of the prenyl group, which can alter pharmacokinetic or
pharmacodynamic properties of a compound.

Antinociceptive properties of P. sabulosa 111

Two structural derivatives of scopoletin, acetylscopoletin
(10a) and benzoylscopoletin (10b) exhibited antinociceptive
activity also. Benzoylscopoletin (10b) decreased the acetic
acid-induced abdominal constriction 2-fold more potently than
the original molecule. Hence, the addition of a benzoyl group
increased antinociceptive properties of the compound. It may
be that the benzoyl group increased the absorption of the com-
pound or facilitated its binding to the active site. On the other
hand, the addition of an acetyl group, as in acetylscopoletin,
decreased the antinociceptive properties of the compound by
approximately 26-fold compared with the original coumarin.
Although there is some similarity between benzoylscopoletin
and acetylscopoletin, minor changes in the molecule were
associated with altered antinociceptive properties, possibly as
aresult of altered bioavailability of the compounds. Thus, fur-
ther investigations are needed to investigate the relationship
between structure and activity of the compounds.

Conclusion

The results demonstrated for the first time that extract, frac-
tions and pure compounds obtained from P. sabulosa pro-
duced dose-related antinociception in the acetic acid-induced
model of visceral pain in mice, giving support to the ethno-
medical use of P. sabulosa. Such findings are of interest
because they support, at least partly, the notion that scopol-
etin and a-spinasterol are the active principles present in P.
sabulosa. Thus, scopoletin and a-spinasterol or its derivative
might be useful in the development of new analgesic drugs
for the management of visceral and inflammatory pain.
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