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of Ilex paraguariensis on mesenteric arterial bed of rats

A.L. Muccillo Baisch *, K.B. Johnston, F.L. Paganini Stein

Setor de Farmacologia, Depto. de Ciências Fisiológicas, Fundaçao Uni6ersidade do Rio Grande, Rio Grande-RS, Brazil
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Abstract

The effects of aqueous extracts of Ilex paraguariensis leaves (AEIp) were studied. Mesenteric arterial bed (MAB),
precontracted by methoxamine with or without intact endothelium, was mounted on a tissue bath and exposed to
plant extracts (bolus). The bolus injections of AEIp (300-1050 mg) significantly inhibited, in a concentration-depen-
dent manner, the maximal contractile response induced by methoxamine (30 mm) in MAB. The endothelium-depen-
dent relaxations were reversed by NG-nitro-L-arginine methyl ester (10 mM), whereas methylene blue (100 mM) was
not capable of effectively inhibiting the AEIp-induced vasodilatation of MAB. The vasorelaxing effect of AEIp
persisted in the presence of indomethacin (10 mM). These results suggest the involvement of NO of endothelial source
(or others factors) in this vasodilatory effect. © 1998 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

The genus Ilex (Aquifoliaceae) consists of over
400 species. They have alternate simple leaves,
single or clustered small flowers and red black or
yellow berries (Alikaridis, 1987), and grow as
trees or shrubs.

The genus Ilex is composed of species of the
so-called holly plant: Ilex aquifolium (European or
English holly), Ilex opaca (American holly), Ilex

cornuta (Chinese holly) and Ilex cremata
(Japanese holly).

In Brazil, Argentine, Uruguay and Paraguay,
one of the most important species of Ilex, Ilex
paraguariensis, is cultivated and used in the prepa-
ration of a traditional beverage called maté.

The effects of this species on the circulatory
system are appreciated by those who drink the
maté to reduce hypertension as a diuretic agent
(Mazzafera, 1994). It is also recommended for
people with poor blood, weak circulation and
varices (Cruz, 1982).* Corresponding author.
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The depurative, stimulant and diuretic actions
for which I. paraguariensis leaves have been tradi-
tionally used (Hegnauer, 1964) could be ascribed
to their high purine content (Baltassat et al.,
1984). Graham (1984) reported that maté consti-
tutes the primary source of methylxanthines in the
diet of differents populations in South America.

Phytochemical investigations of various species
of Ilex, including I. paraguariensis, have found
many classes of chemical constituents (Alikaridis,
1987), such as: flavonoides (quercetin glycosides
and rutin) in the leaves (Roberts, 1956); ter-
penoids (ursolic acid) in the leaves (Nooyen, 1920;
Hauschild, 1935; Mendive, 1940); purine alkaloids
(caffeine) in the seeds and leaves (Lendner, 1918;
Bohinc and Korbar-Smid, 1978); amino acids
(alanine, arginine, asparagine, aspartic acid, cys-
teine, cystine, glutamic acid, glycine, histidine,
isoleucine, leucine. lysine, methionine, tryp-
tophan, tyrosine and valine) in the leaves (Cascon,
1995); fatty acids (lauric, palmitoleic, oleic,
linoleic) in the seeds (Cattaneo et al., 1952); car-
bohydrates (Chlamtac, 1955), vitamins and
carotenoids (Villela, 1938).

Several studies have shown that many edible
plants may have compounds that may be protec-
tive against cardiovascular diseases (Block and
Langseth, 1994).

The lower incidence of coronary artery disease
in the French population (the ‘‘French paradox’’),
despite a diet rich in saturated fatty acids, has
been attributed to the high rate of red wine con-
sumption by this population (Renaud and de
Lorgeril, 1992), as well as to a decrease in platelet
aggregation and an increase in high-density lipo-
protein (Seigneur et al., 1990)

Fitzpatrick et al. (1993) investigated the effects
of various components of grapes on rat aortic
rings. These authors found that grape skin ex-
tracts (which contain tannin and quercetin) had a
relaxing effect on rings that were previously con-
tracted with phenylephrine and that this action
only occurred with an intact endothelium. Addi-
tionally, the level of cGMP in the vascular tissue
increased significantly by this treatment and the
effect was decreased by selective inhibitors of NO
synthase such NG-nitro-L-arginine and NG-
monomethyl-L-arginine.

The present study was designed to investigate
the effect of aqueous extract of Ilex paraguariensis
(AEIp) on isolated mesenteric arterial bed (MAB)
precontracted with methoxamine for possible vas-
cular relaxing activity in intact and de-endothe-
lialized rat MAB.

2. Materials and methods

2.1. Plant materials

Ilex paraguariensis St. Hil. was collected in
Lajeado, state of Rio Grande do Sul-Brazil, in
July 1995. A voucher specimen (001154) has been
deposited at the Herbarium of the Morphobiolog-
ical Department of the Fundaçao Universidade
do Rio Grande, Brazil.

2.2. Preparation of extract

The fresh plant material (leaves) was washed,
and dried at 37°C. Coarsely powdered dried plant
material (30 g) was extracted with 130 ml of
bi-distilled water using a Soxhlet extractor, yield-
ing after lyophilization 3.1 g of powder (31%).
The extracts were dissolved in Krebs Ringer bi-
carbonate immediately before all tests were per-
formed. All results are shown as micrograms of
lyophilized powder.

2.3. Animals

Male Wistar rats, weighing 426.598.0 g (n=
62), were obtained from the Animal House of the
Fundaçao Universidade do Rio Grande. The rats
were housed in temperature-controlled rooms (20-
22C), with a 12:12 h light/dark photoperiod and
5591% relative humidity. Standard laboratory
chow (Nuvital, Nuvital Nutrientes, Colombo,
Paraná, Brazil) and drinking water were provided
ad libitum.

2.4. Drugs

The following drugs were used: acetylcholine
chloride, indomethacin, L-arginine hydrochloride,
NG-nitro-L-arginine methyl ester hydrochloride,
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methylene blue, methoxamine from Sigma (St.
Louis, MO, USA). The stock solution of in-
domethacin was prepared in 5% NaHCO3; all
other compounds were dissolved freely in distilled
water.

2.5. Statistical analysis

Data are reported as mean9standard error
with the number of observation in parentheses.
Statistical differences between means were mea-
sured using Student’s t-test for unpaired and
paired observations. The level of significance was
PB0.05.

2.6. Preparation of mesenteric arterial 6ascular
bed (MAB)

The MAB was removed from animals under
brief ether anaesthesia and perfused as described
by McGregor (1965). The superior mesenteric
artery with its nerve plexus was carefully sepa-
rated from the surrounding tissue at a point 2 cm
distal to the aorta. A stainless steel cannula (1.5
cm long) was inserted into the artery. The associ-
ated vascular bed was covered with gauze moist-
ened with Krebs Ringer bicarbonate and perfused
by means of a peristaltic pump (Milan, Colombo,
Brazil) at 5 ml/min with Krebs Ringer bicarbon-
ate. The composition of the perfusion solution
was (mM): NaCl, 118; KCl, 4.7; CaCl2, 3.3;
KH2PO4, 1.2; MgSO4, 2.4; NaHCO3, 25; glucose,
10; EDTA, 0.03; ascorbic acid, 0.1. The Krebs
Ringer bicarbonate solution was gassed with 95%
O2 and 5% CO2 to obtain a pH of 7.2-7.4 and was
maintained at 37°C.

Perfusion pressure was measured with a trans-
ducer (Hewlett-Packard, USA) on a side arm just
before the perfusing cannula and continuously
recorded on a polygraph inscriber (Hewlett-Pack-
ard, USA). Since the flow rate was constant
throughout the whole experimental period, any
pressure alteration reflected changes in vascular
resistance. All preparations were allowed to equi-
librate for at least 30 min before the start of
experiments.

Vasoconstriction is expressed as the absolute
increase in perfusion pressure (mmHg) above the
baseline.

Drug- and extract-induced relaxation was ex-
pressed as a percentage of the increase in perfu-
sion pressure induced by methoxamine (30 mM)
(Fig. 1).

After contraction was induced with methoxam-
ine, all drugs were administered as a bolus (50 m l).

3. Results

3.1. Vasodilatation in response to aqueous extract
of Ilex paraguariensis and acetylcholine in MAB
precontracted with methoxamine

The basal perfusion pressure of the rat MAB
was 22.390.6 mmHg (n=56). In the study of the
control vasodilator responses, the tone of the
preparation was raised by constant perfusion with
methoxamine (30 mM) added to the perfusate.
This procedure increased the perfusion pressure to
72.193.1 mmHg (n=56). After the tonus of the
MAB was increased with methoxamine, exposure
to bolus (300, 450, 600, 750, 900 and 1050 mg/50
m l) of AEIp induced a dose-dependent relaxation
(Fig. 2).

Fig. 1. Relaxation in the rat mesenteric arterial bed in response
to acetylcholine or AEIp on methoxamine-induced contrac-
tion. DP1, drop in perfusion pressure (mmHg) induced by
acetylcholine or AEIp; DP2, increase in perfusion pressure
(mmHg) induced by methoxamine.
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Fig. 2. Concentration–response curve for the relaxation in-
duced by Ilex paraguariensis aqueous extract in the methox-
amine-precontracted mesenteric arterial beds. Each data point
is mean9S.E.M. Numbers of experiments are shown in
parentheses.

removal endothelium (Criscione et al., 1984). In
intact MAB contracted with methoxamine (30
mM), AEIp caused immediate relaxation. After
the endothelium was removed, the vascular relax-
ing ability of I. paraguariensis bolus of 600 mg and
900 mg was significantly changed (Fig. 3).

The same procedure decreased the acetyl-
choline-induced vasodilatation (5 nmol) from
61.4592.61% to 11.8691.84 (Fig. 3), which is
consistent with results reported by Muccillo
Baisch et al. (1994).

3.4. Effect of endothelium-deri6ed NO-cGMP
pathway inhibitor on AEIp- and
acetylcholine-induced 6asodilatation in MAB
precontracted with methoxamine

The effects of nG-nitro-L-arginine methyl ester
(L-NAME, 10 mM) and methylene blue (MB, 100
mM) on the vasodilatation induced by acetyl-
choline and AEIp were examined.

As shown in Fig. 3, AEIp-induced vasodilata-
tions of the MAB were significantly (PB0.05)
inhibited by treatment with L-NAME. Con-
versely, the AEIp-induced vasodilatation (300 and
600 mg) was not inhibited by subsequent perfu-
sion of methylene blue (Fig. 4).

Acetylcholine-induced vasodilatation of MAB
was significantly reduced (PB0.05) after treat-
ment with L-NAME (Fig. 3) and methylene blue
(Fig. 4). In the endothelium-intact preparations
precontracted by methoxamine (30 mM), the va-
sorelaxation by acetylcholine was 61.592.6%
(n=14). In contrast, after L-NAME and MB, the
acetylcholine-induced vasorelaxation was 26.99
3.2% (n=8) and 26.594.7% (n=11), respec-
tively.

4. Discussion and conclusions

This study aimed to show the involvement of
NO (or a related compound) in the vasodilator
responses of AEIp. The results obtained indicated
that AEIp (leaves) contain active substance(s)
which produced a dose-dependent and reversible
inhibition of methoxamine-induced increase of
vascular tone.

3.2. Effect of cyclo-oxygenase pathway inhibitor
on AEIp-induced 6asodilatation in MAB
precontracted with methoxamine

The involvement of prostaglandins in the va-
sodilator responses induced by AEIp were
recorded in the absence and in the presence of
indomethacin (10 mM). The cyclo-oxygenase in-
hibitor did not alter significantly the responses to
AEIp, which were 20.691.3% (n=20) to 300 mg,
27.591.9% (n=23) to 600 mg, 31.591.7% (n=
19) to 900 mg, and 19.893.0% (n=9) to 300 mg,
23.593.4% (n=6) to 600 mg, 33.595.1% (n=9)
to 900 mg, before and after the addition, respec-
tively. Further experiments were similarly per-
formed without indomethacin.

3.3. Effect of remo6al of endothelium on changes
in perfusion pressure induced by AEIp and
acetylcholine in MAB precontracted with
methoxamine

To exclude the involvement of the endothelium
on extract-induced vasodilatation, the mesenteric
was perfused with distilled water for 10 min to
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Fig. 3. Effects of a 10 min infusion period with distilled water (H2O), to remove the endothelium, and of NG-nitro-L-arginine methyl
ester (L-NAME, 10 mM) on the aqueous extract from Ilex paraguariensis (AEIp, 300, 600 and 900 mg) or acetylcholine (ACh, 0.05
mmol) induced vasodilatation of mesenteric arterial bed precontracted by 30 mM methoxamine. Relaxation is expressed as a
percentage of the contraction induced by methoxamine. Numbers of experiments are shown in parentheses. *Values significantly
different from control (PB0.05).

This relaxation was not affected by in-
domethacin, which indicates that it was not
caused by prostaglandin production.

When the MAB was perfused with distilled
water, both acetylcholine- and AEIp- (300, 600
and 900 mg) induced vasodilatations were signifi-
cantly reduced. As exposure to distilled water
destroys only the endothelial cells (Criscione et
al., 1984), these results confirm that both acetyl-
choline- and extract-induced vasodilatations are
mediated by release of substances derived from
endothelium. Furthermore, the relaxation was re-
versed by L-NAME, which is an inhibitor of NO
synthase.

Furchgott and Zawadzki (1980) discovered that
the vasorelaxing action of acetylcholine required
the presence of an intact endothelium. The bind-
ing of acetylcholine to muscarinic receptors on
endothelial cells triggers the release of a potent
vasodilator, endothelium-derived relaxing factor
(EDRF).

Additional investigations have identified EDRF
as NO or a related substance synthesized from

guanidino groups of L-arginine (Palmer et al.,
1987). Endothelium-derived NO (EDNO) has
been reported to stimulate the production of
cGMP (Winquist et al., 1984), which induces a
vasorelaxation in smooth muscle cells.

The vasodilatatory effects of endothelium-de-
pendent substances can be inhibited by several
L-arginine analogues such as N-monomethyl-L-
arginine (L-NMMA) and L-NAME (Palmer et
al., 1988; Rees et al., 1989; Moore et al., 1990).

NO has been implicated in various physiologi-
cal roles of the cardiovascular system, such as
regulation of the vascular tone (Lowenstein et al.,
1994) and maintaining endothelial integrity (Mel-
lion et al., 1981). Therefore, dysregulation of NO
production has widespread pathophysiological
implications, including essential hypertension,
atherosclerosis and the myocardial depression as-
sociated with septic shock (Lowenstein et al.,
1994).

In the present study, the AEIp caused endothe-
lium-derived relaxation which was reversed by
L-NAME. The results strongly suggest that cer-
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tain compounds present in the plant extract may
cause relaxation by increasing NO or any other
related compounds.

Adeagbo and Triggle (1993) have also reported
that endothelium-dependent vasorelaxants such as
acetylcholine released endothelium-derived hyper-
polarizing factor (EDHF) from the endothelium,
which induces vasorelaxation through membrane
hyperpolarization. The possible existence of a
novel endothelium-derived relaxing factor in the
endothelium of rat MAB was examined in the
study of Kamata et al. (1996). The authors sug-
gested that one or more EDRFs must exist, other
than EDNO or EDHF. The novel EDRF may
relax the MAB through production of cAMP but
not cGMP.

In our study these conclusions are supported by
the finding that the vasodilatation was not inhib-
ited by methylene blue, suggesting that plant ex-

tract may also produce one of more novel
EDRFs.

The rate of elimination of endothelium-derived
mediators may significantly regulate their re-
sponse and this is critical for NO. As a short-lived
radical mediator, its half-life is determined by
ambient levels of superoxide anion. The latter
reacts rapidly with NO, forming peroxynitrite (Ig-
narro, 1989).

Quercetin, a flavonoid found in Ilex species
(Alikaridis, 1987) which possesses free radical
scavenging and lipid antiperoxidation activity
(Yuting et al., 1990), may relax intact aortic rings.
Flavonoids are a group of antioxidants which
occur naturally and are usually found in plants,
fruits and vegetables. They are known to be excel-
lent scavengers of oxygen free radicals and are
used in the treatment of vascular endothelial dam-
age and in diseases of the vascular wall involving
inflammation (Van Acker et al., 1995).

In conclusion, this study shows that in Ilex
paraguariensis there are easily extractable com-
pounds that may cause endothelium-dependent
NO-cGMP- or AMP-mediated (or related sub-
stances) vasorelaxation in vitro.

Studies are currently underway to isolate and
identify the active compounds in the plant ex-
tracts.
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