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Effects of extract, fractions and 2,3-dihydromyricetin-3-0-a-L-

rhamnoside from Pradosia huberi (Ducke) Ducke on rat isolated
mesenteric arteries
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RESUMO: “Efeito do extrato, fracdes e da 2,3-diidromiricetina-3-0-a-L-raminosideo obtidos
da Pradosia huberi (Ducke) Ducke em artéria mesentérica isolada de rato”. Pradosia huberi
(Ducke) Ducke (Sapotaceae), espécie Amazonica popularmente conhecida como “casca-doce” é
utilizada na medicina tradicional no tratamento de gastrite. O extrato etandlico de suas cascas é rico
em polifenois que podem apresentar um grande numero de atividades, incluindo efeito vasorelaxante
e cardioprotetor. O objetivo deste estudo foi avaliar as propriedades farmacoldgicas do extrato
etanodlico (EPH), de fragdes e da 2,3-diidromiricetina-3-O-a-L-raminosideo isolados de P. huberi,
em artéria mesentérica isolada de rato. O EPH foi fracionado resultando nas seguintes fragdes:
CHCI,, CHCI,:AcOEt (1:1), AcOEt, AcOEt:MeOH (1:1) ¢ MeOH. Da fragdo MeOH foi isolada
a 2,3-diidromiricetina-3-0-a-L-raminosideo e identificada através de espectro de RMN de 'H e
13C, além de comparagdes com os dados de literatura. EPH (1-100 pg/mL) promoveu relaxamento
dependente de concentragio no tonus vascular induzido por 10 uM de fenilefrina (CE,=17,1£2,9 ng/
mL; B =87,4+2.9 %, n=8). A fragdo MeOH também relaxou os anéis mesentéricos (CE,=31+2,0
pg/mL; E  =54+12,5%, n=6), porém com menor eficacia quando comparado ao efeito de EPH.
Tanto o efeito de EPH com de MeOH foram completamente abolidos apds a remogao do endotélio
vascular. A fragdo AcOEt:MeOH (1:1) e o flavonoide isolado induziram vasorelaxamento. O estudo
demonstrou que o EPH e a fragdo MeOH de Pradosia huberi apresentam propriedade vasorelaxante
que pode ser completamente dependente da presenca do endotélio. O flavonoide isolado ndo € o
responsavel por este efeito vasorelaxante.

Unitermos: Pradosia huberi, artéria mesentérica, vasodilatacdo, endotélio dependente, 2,3-
diidromiricetina-3-0-a-L-raminosideo, floresta amazonica.

ABSTRACT: Pradosia huberi (Ducke) Ducke (Sapotaceae), an Amazonian species, is popularly
known as “casca-doce” and used in the folk medicine for the treatment of gastritis. The ethanol
extract of the bark contains mainly polyphenolic compounds, which are known to show a large
number of activities, including cardioprotective and vasorelaxant effects. The aim of this study
was to evaluate the pharmacological properties induced by P. huberi ethanol extract (PHEE) and
fractions and 2-3-dihydromyricetin-3-O-a-L-rhamnoside derived from this extract, in isolated
rat mesenteric arteries. PHEE was separated and the following fractions were obtained: CHCI,,
CHCI,:AcOEt (1:1), AcOEt, AcOEt:MeOH (1:1) and MeOH. We isolated 2-3-dihydromyricetin-
3-0-a-L-rthamnoside from the MeOH fraction, which was identified by 'H and 3*C NMR spectra
and compared with data in the literature. PHEE (1-100 pg/mL) induced concentration-dependent
relaxations of 10 puM phenylephrine-induced tone (EC,=17,1£2,9 ug/mL; E_ =87.4+2.9 %,
n=8). The MeOH fraction also relaxed mesenteric rings (EC,=31£2.0 ug/mL; E  =54+12.5%,
n=06) but less effectively when compared to PHEE. Both effects were completely abolished after
removal of the vascular endothelium. The AcOEt:MeOH (1:1) fraction and the isolated flavonoid
were ineffective in eliciting vasorelaxation. The study demonstrates that PHEE and MeOH fraction
of Pradosia huberi possess a vasorelaxant effect, which may be completely dependent upon
endothelium. The isolated flavonoid is not responsible for this vasorelaxant effect.

Keywords: Pradosia huberi, mesenteric artery, vasodilatation, dependent-endothelium, 2,3-
dihydromyricetin 3-O-a-L-rhamnoside, Amazon Rainforest.
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INTRODUCTION

Pradosia huberi (Ducke) Ducke, Sapotaceae
is a medicinal plant that is common in the Amazon
Rainforest, popularly known as casca-doce, pau-doce,
amapa-doce or paracauba, and used in local folk medicine
in the treatment of gastric and digestive problems. This
species has the nomenclatural synonym Glycoxylon huberi
Ducke (Corréa, 1986). There are few phytochemical and
biological studies of P. huberi reported in the literature;
however, the hydroalcoholic extract from P. huberi bark
has shown antisecretory and gastroprotective activity,
besides no acute toxicity (5000 mg/kg; p.o.) (Kushima et
al., 2005).

Phytochemical screening of the ethanolic extract
was positive for the presence of compounds such as
flavonoids, terpenoids, quinones, alkaloids, tannins and
saponins (Ferreira et al., 2005). Flavonoids from stem
bark were identified as 2,3-dihydromyricetin 3-O-a-L-
rhamnoside, astilbin, engelitin and 2,3-dihydromyricetin
(Jacquemin et al., 1985), all of which are also found in
various plants. It has been reported that these flavonoids
have pharmacological properties, including the following:
antiinflammatory (Kanbara et al., 1994; Yun et al., 2000),
anti-oxidative effects (Yang et al., 2004), inhibition of
lipid peroxidation (Yun et al., 2000), block of uterine
contraction in rats (Carneiro et al., 1993).

Flavonoids are plant-derived polyphenolic
substances commonly found in plants and consumed in
the diet. Many of these compounds possess cardiovascular
protective properties (Curin & Andriantsitohaina, 2005)
which can be explained by the combination of the
antioxidant, antiplatelet and antiinflammatory effects along
with their positive effects on restoration of endothelial
function or modulation of vascular tone (Fitzpatrik et al.,
1993; Woodman & Chan, 2004; Curin & Andriantsitohaina,
2005).

To date, this species has not been studied with
regard to cardiovascular activity. Thus, the aim of this
work was to evaluate the pharmacologic properties of
Pradosia huberi ethanolic extract (PHEE), fractions and
isolated substance for vasorelaxant activity in rat superior
mesenteric artery.

MATERIAL AND METHODS
Plant material

The bark of Pradosia huberi (Ducke) Ducke,
Sapotaceae, was collected in the city of Porto Grande,
Amapa State, Brazil. The species was identified and a
voucher specimen (N> 012519) was deposited in the
Herbario Amapaense (HAMAB) of the Instituto de
Pesquisas Cientificas e Tecnoldgicas do Estado do Amapa
(IEPA).

Phytochemical study

After drying at 40 °C, the plant material was
pulverized (3.2 kg) and extracted with 95% EtOH under
maceration at room temperature for ten days. The solvent
was removed by rotary evaporation under vacuum at 45
°C, yielding 200 g of Pradosia huberi ethanolic extract
(PHEE). A sample of 20 g of PHEE was separated on a
silica gel column under reduced pressure with the eluents
CHCI,, CHCI:AcOEt (1:1), AcOEt, AcOEt:MeOH
(1:1) and MeOH, resulting in the following yields: 0.2,
0.4, 1.2, 3.0 and 4.0 g, respectively. Samples of each
fraction obtained were used for pharmacological testing.
The MeOH fraction was chosen for isolation since it
presented the greatest amount of constituent and showed
the highest vasorelaxant activity compared to the other
fraction obtained. An aliquot of 2 g of the MeOH fraction
was separately submitted to Sephadex LH-20 column
chromatography using MeOH as eluent, from which 28
fractions of 30 mL were collected, which after analysis
by TLC were grouped according to their R.. The fraction
14-22 was rechromatographed on Sephadex LH-20 with
MeOH elution, isolating 2,3-dihydromyricetin-3-O-a-
L-rthamnoside (45 mg, Figure 1), which corresponded to
22.5% of the yield in relation to the MeOH fraction. For
chemical identification of the isolated compound, 'H and
3C NMR spectra were acquired using a Mercury Varian
spectrometer operating at 200 MHz for 'H and 50.3 MHz
for C NMR and recorded in CD,OD.

Animals

Male Wistar rats (250-300 g) were used for the
experiments. Animals were housed under conditions of
controlled temperature (21£1 °C) and lighting (light-dark
cycle of 12 h), with free access to water and pelleted feed
(Purina-Brazil). The study was approved by the Animal
Care and Use Committees of the Federal University of
Paraiba (N° 0603/07).

Drugs

The drugs used were L-phenylephrine chloride
and acetylcholine chloride (both from Sigma, St. Louis,
MO, USA). For the experiments, PHEE was dissolved in
distilled water. All the stock solutions were prepared in
distilled water and kept at 4 °C.

Preparation of isolated rat superior mesenteric artery
rings

The superior mesenteric arteries were removed
and cleaned free of connective tissue and fat. Mesenteric
rings (1-2 mm) were obtained and suspended by cotton
threads in an organ bath containing 10 mL Tyrode's solution
(pH 7.4), maintained at 37 °C and gassed with a 95% O,
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+ 5% CO, mixture. Rings were stabilized under a resting
tension of 0.75 g for 1 h. During this time the solution
was changed every 15 min to prevent the accumulation of
metabolites that could otherwise lead to misinterpretations
(Altura & Altura, 1970). The isometric contraction was
recorded by a force transducer (Miobath-4, WPI, Sarasota,
Fl, EUA) coupled to an amplifier-recorder (Miobath-4,
WPI, Sarasota, FI, EUA) and to a personal computer
equipped with an analog-to-digital converter board. In
some experiments, the endothelium layer was removed by
gently rubbing the intimal surface of the vessels with a
cotton ball. The presence of functional endothelium was
assessed by the ability of acetylcholine (10 uM) to induce
more than 90% relaxation of vessels pre-contracted with
10 uM phenylephrine (PHE), and the absence of relaxation
in response to acetylcholine was taken as evidence that the
vessel segments were functionally denuded of endothelium
(Furchgott; Zawadzki, 1980). PHEE was cumulatively
applied after contractile responses induced by PHE (10
UM).

Effect of PHEE, MEF, MAF and 2,3-dihydromyricetin-
3-0-a-L-rhamnoside on sustained contractions induced
by phenylephrine (10 pM) in isolated preparations
from rat superior mesenteric arteries

After an equilibration period, the rings with
or without functional endothelium were pre-contracted
with the agonist, and once the response to the second
administration of PHE (10 uM) reached a plateau,
increasing cumulative concentrations of PHEE (1-100 pg/
mL), MEF(1-100 pg/mL), MAF (1-100 pg/mL) or 2,3-
dihydromyricetin-3-O-a-L-thamnoside  (1-100 pg/mL)
were added to the bath. The relaxations were measured by
comparing the tension developed before and after addition
of PHEE, MEF, MAF or 2,3-dihydromyricetin-3-O-o-L-
rhamnoside.

Data analysis

Values are expressed as means £S.E.M. When
appropriate, statistical significance was examined
with Student's t -test or one-way ANOVA followed by
Bonferroni’s post-hoc test, using Graph Pad Prism TM 4.0
software. The EC,, values were calculated by nonlinear
regression of individual concentration—response curves,
and p<0.05 was considered significant.

RESULTS

The analyses of the spectral data as well as the
assignments of all carbons and hydrogens (Table 1) and
comparison with literature values (Gellért et al., 1981;
Jacquemin et al., 1985; Shen et al., 1993; Slimestad
et al., 1994; Wu et al., 1998; Du et al., 2005) allowed
the identification of 2,3-dihydromyricetin-3-O-a-L-
rhamnoside (1).
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Relaxant effect of Pradosia huberi extract,
fractions and isolated constituent on the
PHE-induced sustained contractions

PHEE inhibited PHE-induced sustained

contraction in the rat mesenteric rings in a concentration-
dependent manner, in the preparations with preserved
functional endothelium. EC,, of PHEE effect on
contraction induced by PHE was 17.1+2.9 pg/mL, and
the maximal value for the relaxant effect (E, ) was
87.4+2.9%, n=8, p<0.001***, The concentration-response
curve of PHEE was completely abolished after removal
of functional endothelium (Figure 1 and Figure 2A).
MEF was also able to induce concentration-dependent
relaxations of 10 pM PHE-induced tone with an EC,
value of 31+2.0 pg/mL. This vasodilator effect was
significantly smaller when compared to that induced by
PHEE, with a strong reduction in the E__of 54+12.5%,
n=6, as shown in Figure 2B. MEF was not able to induce
relaxation in the rings without functional endothelium.

MAF did not induce a concentration-dependent
vasodilator effect in the preparations, either with intact
endothelium or after endothelium removal (Figure 2C).
On the contrary, there was a tendency toward contraction
of the rat mesenteric rings with intact endothelium at
the highest concentrations of this fraction. In addition,
the isolated flavonoid (2,3-dihydromyricetin-3-O-a-L-
rhamnoside) was not capable of inhibiting the contractions
induced by phenylephrine in the isolated preparations. On
the contrary, a tendency toward contraction was observed
in preparations with intact endothelium (Figure 2D).

DISCUSSION

The present study showed that PHEE exerted a
vasorelaxant effect in phenylephrine-induced contractions
of rat superior mesenteric rings. Removal of functional
endothelium completely abolished this relaxant response
to PHEE, suggesting that vasorelaxation caused by PHEE
was endothelium-dependent. Furthermore, the isolated
flavonoid was not responsible for this vasorelaxant effect.

The BC NMR (APT) spectrum showed a total
of twenty-one signals, including nine to no hydrogenated
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Figure 1. Relaxant effects of PHEE on isolated mesenteric rings
pre-contracted with phenylephrine. Panel A shows a typical
recording obtained in intact endothelium rings, and panel B in
removed endothelium rings.

>

B |ntact endothelium, n=8
ECgsp=17.1+ 29 pg/mL
Enax=87.4+29%

N
o

A Removed endothelium, n=8

Inhibition of maximal
response (%)
& 3

100+

00 05 10 15 20
- log [PHEE] pg/mL

N
= 23
1 1

response (%)
&

® |ntact endothelium, n=6

Inhibition of maximal(?)

o
=)
1

A Remowed endothelium, n=6

75~

0.0 05 -10 -15 -20 -25 -30
log [MAF] ng/mL

carbons, eleven to methynic carbons and a methyl carbon.
The spectral region between &C 168.9 and dC 95.8,
characteristic of aromatic carbon signals, and the signal at
d¢ 197.5, characteristic of carbonyl carbon signals, as well
as comparison with literature data (Shen et al., 1993; Wu et
al., 1998; Almeida et al., 2005; Du et al., 2005; Sinkkonen
et al., 2005) and chemotaxonomy of the genus Pradosia,
suggest a flavonoid skeleton such as an aglycone. Signals at
dC 83.7 Cand 6C 76.8 are compatible with a dihydroflavonol
structure, which can be supported by the "H NMR spectrum
showing doublets at 3H 4.86 and &H 4.61 (each J = 11.0
Hz), characteristic of H-2 and H-3 of the dihydroflavonol
structure (Jacquemin et al., 1985; Wu et al., 1998; Du et
al., 2002). The determination of the stereochemical trans-
diaxial relationship between the protons at C-2 and C-3 was
evident from the 11.0 Hz coupling constant (Jacquemin et
al., 1985; Slimestad et al., 1994; Wu et al., 1998; Du et
al., 2005). The oxymethynic carbon signals between 6C
69.2-71.9, together with the methyl carbon signal at 6C
17.8 (H-6", at 6H 0.92, d, J = 6.2 Hz, 3H) indicated that
the thamnose sugar was attached. The '*C NMR spectrum
showed a downfield shift of 5.2 ppm for C-3 when compared
with the data of 2,3-dihydromyricetin (Shen et al., 1993),
indicating the location of the rhamnose moieties to be the
C-3 (Slimestad et al., 1994; Wu et al., 1998; Du et al.,
2005). The a-configuration of rhamnose was established
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Figure 2. Line plot showing the effects of increasing concentrations of PHEE (A), MEF (B), MAF (C) or isolated compounds
of Pradosia huberi (D) on phenylephrine (10pM)-induced contraction in mesenteric rings of rats with and without the functional

endothelium. Results are means + S.E.M..
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Table 1. 'H and "C NMR spectral data of 2,3-dihydromycicetin-3-O-o-L-rhamnoside (3 (ppm), J/ (Hz), measured in CD,OD.

C 2,3-dihydromyricetin-3-O-a-L-rhaminoside 1 2
SH 3C SH 3C SH 3C
4 197.5 197.2 194.3
5 165.4 163.2 163.3
7 168.9 166.7 166.9
9 164.2 162.4 162.1
10 101.9 100.4 101.0
r 129.0 127.1 126.8
3 147.0 145.6 145.8
4 135.2 1334 145.1
5 147.0 145.6
CH
2 4.86(d,J=11,0 Hz) 83.7 4.90 (d, /=10.5 Hz) 83.2 5.24 (d, J=9.8 Hz) 81.5
4.61 (d, /=11,0 Hz) 76.8 4.38 (d, /=10.5 Hz) 71.6 4.63 (d, /=9.8 Hz) 75.6
6 5.90 (d, J/=2,2 Hz) 96.3 5.89 (d, J=1.6 Hz) 95.9 5.90 (d, J/=2.1 Hz) 96.0
5.87 (d, J=2,2 Hz) 95.8 5.85(d, J=1.6 Hz) 94.9 5.88 (d, J=2.1 Hz) 95.0
2> 6.50(s) 108.0 6.40 (s) 106.9  6.88(s) 114.7
5 6.74 (s) 1153
6> 6.50(s) 108.0 6.40 (s) 106.9  6.74 (s) 118.7
1”7 4.17(d,J=2,8 Hz) 102.7 4.07 (s) 100.0
2”  4.00 (dd, J=3,2; 1,4 Hz) 71.9 3.36 (br, s) 70.1
37 3.41(dd, J=9,8; 3,0 Hz) 71.9 3.42 (dd, J=9.4; 2.8 Hz) 70.4
47 3.20(dd, J=9,2; 9,2 Hz) 70.3 3.15 (dd, J=9.4; 9.4 Hz) 71.6
5”7 2.40 (dd, J=9,4; 6,2Hz) 69.2 3.88 (qd, J/=9.4; 6.2Hz) 68.9
CH,
6” 0.92(d, J=6.2 Hz) 17.8 1,05 (d, J=6,2 Hz) 17.6

(1) 2,3-dihydromyricetin (Shen, et al., 1993) and (2) 2,3-dihydroquercetin-3-O-a-L-rhaminoside (Du et al., 2005)

by the anomeric proton at 6H 4.17 and from the 2.8 Hz
coupling constant (Slimestad et al., 1994; Wu et al., 1998).

The endothelium is formed by a monolayer of cells
thatcoversthelumenofbloodvesselsandservesasasecretory
gland able to produce contractant as well as relaxing factors
that control vascular tone (Curin & Andriantsitohaina,
2005). Under physiological conditions, there is a balance
between endothelial factors released, where the effect
of relaxing agents prevails. These factors include nitric
oxide (NO), endothelium-derived hyperpolarizing factor
(EDHF) and prostocyclin (PGI,) (Moncada & Vane, 1979;
Furchgott & Zawadzki, 1980; Feletou & Vanhoutte, 1988).

Many reports show that the effect of
polyphenols on the endothelium is mainly due to NO
production (Andriambeloson et al., 1997; Duarte et
al., 2004; Zenebe et al., 2003), increase in intracellular
concentration of Ca** ([Ca*']i), activation of K* channels
in the endothelium, inhibition of Ca*-ATPases of the
endoplasmic reticulum in endothelial cells (Li et al.,
2000; McKenna et al.,, 1996), or modulation of NO
levels by the action on the phosphodiesterases (PDE)
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PDE-2 and PDE-4 in endothelial cells (Beretz et al.,
1986a; Beretz et al., 1986b; Lugnier & Schini, 1990).

MEF also induced a concentration-dependent
relaxation of the preparations pre-contracted with
phenylephrine, only in intact endothelium rings
(EC50=31+2.0 pg/mL; E_ =54+12.5%, n = 6).
However, such effect was shown to be less potent and
effective when compared to the effect produced by
PHEE (EC50=17,1+2,9 pug/mL; E_ =87.4+2.9 %, n=8).

Both MAF, with the majority substances of the ethanol
extract of Pradosia huberi, and 2 3-dihydromyricetin 3-O-a-
L-thamnoside were not effective in relaxing mesenteric rings.

A particular feature of phytomedicines is their
complex composition, i.e., the “phytocomplex” which
includes a variety of phytochemicals with different
biological activities. Some of these phytochemicals are
responsible for specific effects, while other components
play an additional role. However, a wider array of
effects and the healing properties are frequently
guaranteed only by the phytocomplex (Pietta, 2000).

WecanconcludethatPHEE possessesavasorelaxant
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effect in isolated mesenteric rings and that this effect is
totally dependent on the vascular endothelium. The loss of
activity of the fractions and 2,3-dihydromyricetin-3-O-o-
L-rhamnoside may be due to the action of the constituents
present in PHEE (phytocomplex). Since the extract consists
primarily of flavonoids, these data are in line with the
literature that show an endothelium-dependent vasodilator
effect of flavonoids and other polyphenols (Fitzpatrick et
al., 1993; Rice-Evans et al., 1996; Lemos et al., 1999).
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