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Endothelium-derived factors and Kþ channels are involved
in the vasorelaxation induced by Sida cordifolia L. in the rat superior
mesenteric artery

M. R. V. Santos
2
, N. M. S. Nascimento

1
, A. R. Antoniolli

2
, I. A. Medeiros

1

Received June 8, 2004, accepted July 5, 2004
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The vasorelaxantion of the aqueous fraction of the hydroalcoholic extract of the Sida cordifolia leaves
(AFSC) was evaluated in this work. In rat superior mesenteric artery, AFSC (3–1000 mg/mL) induced
relaxation of phenylephrine-induced contractions. This effect was significantly attenuated after removal
of the endothelium, after atropine (1 mM), L-NAME (100 mM), indomethacin (10 mM), high Kþ (20 mM),
tetraethylammonium (1 mM), a KCa blocker, apamin (1 mM), a SKCa blocker and ChTX (0.1 mM), a BKCa

blocker, however, it was not affected after glibenclamide (10 mM), an KATP blocker, and 4-aminopyri-
dine (1 mM), a Kv blocker. ChTX (0.1 mM) was able to induce an additional inhibition of the vasorelaxa-
tion induced by AFSC in the presence of L-NAME plus indomethacin. The vasorelaxation induced by
AFSC in the presence of L-NAME plus indomethacin plus ChTX was not different from that induced
by AFSC in rings without endothelium. In conclusion, the results show that endothelium-derived fac-
tors (mainly NO, PGI2) and K+ channels (BKCa and SKCa) play a crucial role in the vasorelaxation
induced by AFSC in the rat superior mesenteric artery.

1. Introduction

Sida cordifolia L. (Malvaceae), popularly known as
‘‘Malva Branca”, is a medical plant native of the Brazilian
Northeast. It is used in folk medicine for several purposes:
antirheumatic, antipyretic (Muzaffer et al. 1991), laxative,
diuretic, antiinflammatory, analgesic (Kanth 1999; Fran-
zotti el al. 2000), hypoglycaemic (Kanth 1999), antiasth-
matic and in the treatment of nasal congestion (Ghosh and
Dutt 1930).
A phytochemical screening of the hydroalcoholic extract
of the leaves of S. cordifolia demonstrated the presence of
alkaloids, steroids, flavonoids and saponins. Chemical stu-
dies of the leaves of this plant revealed the presence of
ephedrine, pseudoephedrine (a potent vasoconstrictor), va-
sicinone (Ghosal et al. 1975), vasicine and vasicinol
(bronchodilators) (Gunatilaka et al. 1980).
In a preliminary pharmacological study we demonstrated
that the aqueous fraction of the hydroalcoholic extract of
the leaves of Sida cordifolia L. (AFSC) induced a marked
hypotension associated with bradycardia. The hypotensive
effect was attenuated after atropine, an antagonist of the
muscarinic receptors, and L-NAME, an inhibitor of NO-
synthase. This led us to investigate whether AFSC could
exert its effect through the decrease of peripheral vascular
resistance by vasorelaxation.
Considering that not any pharmacological study related to
the activity of this plant in rat resistance arteries was
found in the literature, this work aimed to evaluate the

role of the endothelium-derived factors and Kþ channels
in the vasorelaxant response induce by AFSC in isolated
rat superior mesenteric artery rings.

2. Investigations and results

In pre-contracted rings of superior mesenteric artery,
AFSC (3, 10, 30, 100, 300 and 1000 mg/mL) elicited con-
centration-dependent vasorelaxations, which were signifi-
cantly attenuated after the endothelium has been removed
and after the incubation of the preparations with atropine,
NWnitro-l-arginine methyl ester (L-NAME) or Indometha-
cin (Indo) (p < 0.05; n ¼ 6). When compared with the
control, the maximal responses were significantly reduced
from 85 � 3 to 21 � 2, 69 � 5, 47 � 4 and 46 � 3%, re-
spectively (Fig. 1). Furthermore, relaxation induced by
AFSC 3000 mg/mL was not different from that induced by
1000 mg/mL (data not shown).
The inhibition of Kþ efflux with high concentrations of
KCl (20 mM), significantly attenuated the relaxations in-
duced by AFSC (p < 0.05; n ¼ 6) and the maximal re-
sponse was significantly reduced from 85 � 3 to 49 � 3%
(Fig. 2). In the presence of Kþ channels blockers, tetra-
ethylammonium (TEA) (1 mM), apamin (1 mM) or Charyb-
dotoxin (ChTX) (0.1 mM), the relaxations induced by
AFSC were significantly attenuated (p < 0.05; n ¼ 6) and
the maximal response was significantly reduced from
85 � 3 to 56 � 5; 69 � 5 and 52 � 6%, respectively
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(Figs. 3a and 3b). However, in the presence of 4-amino-
pyridine (4-AP) (100 mM) or glibenclamide (Glib)
(10 mM), these responses only were significantly affected
in the concentrations of 300 and 1000 mg/mL, respectively
(Fig. 3a).
In the presence of L-NAME plus Indo, AFSC induced
relaxations significantly different from the control and that

were significantly affected after 0.1 mM ChTX (Fig. 4). As
shown in Fig. 4, maximal response to AFSC in the pre-
sence of the three blocking drugs was reduced from
51 � 4% (L-NAME þ Indo) to 30 � 3% (p < 0.05;
n ¼ 6). Interestingly, the relaxations induced by AFSC in
the concentrations of 3, 10, 30 and 100 mg/mL after incu-
bation with the three blocking drugs (L-NAME þ Indo
þ ChTX), were similar to the relaxations induced by
AFSC in endothelium-denude rings (Fig. 4).

3. Discussion

The major finding of this study is that AFSC induces va-
sorelaxation in a concentration-dependent manner in iso-
lated rat superior mesenteric rings, which involve the vas-
cular endothelium.
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Fig. 1: Concentration-response curves to AFSC in intact isolated rat super-
ior mesenteric arteries pre-contracted with 10 mM Phe, before
(control) and after 1 mM atropine, 100 mM L-NAME or 10 mM
Indo or after endothelium removed. Values represent mean �
S.E.M. of six experiments. * p < 0.05 vs control
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Fig. 2: Concentration-response curves to AFSC in intact isolated rat super-
ior mesenteric arteries pre-contracted with 10 mM Phe before (con-
trol) and after high Kþ (KCl 20 mM). Values represent mean �
S.E.M. of six experiments. * p < 0.05 vs control
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Fig. 3: Concentration-response curves to AFSC in intact isolated rat super-
ior mesenteric arteries pre-contracted with 10 mM Phe before (con-
trol) and after: (a) 1 mM 4-AP, 10 mM Glib or 1 mM TEA; and (b)
1 mM apamin or 0.1 mM ChTX. Values represent mean � S.E.M.
of six experiments. * p < 0.05 vs control

Fig. 4: Concentration-response curves to AFSC in intact isolated rat super-
ior mesenteric arteries pre-contracted with 10 mM Phe before (con-
trol) and after 100 mM L-NAME plus 10 mM Indo and L-NAME
plus Indo plus 0.1 mM ChTX, and in rings in which the endothe-
lium was removed (endothelium removed). Values represent mean
� S.E.M. of six experiments. * p < 0.05 vs control; # p < 0.05 vs
endothelium removed



The endothelium is an important regulator of vascular
tone and it is well established that in most vascular beds,
muscarinic receptors activation in the endothelial cells in-
duces vasorelaxation by release of endothelium-derived re-
laxant factors (EDRFs), including NO and PGI2 (Furch-
gott and Zawadzki 1980; Moncada and Higgs 1993).
These EDRFs diffuses to adjacent smooth muscle cells
and cause them to relax (Vanhoutte et al. 1995). Several
studies using affinities of selective muscarinc antagonists
have indicated that the receptor mediating these effects is
the M3 subtype (reviewed by Eglen and Whiting 1990;
Caufield 1993). In order to verify the role of muscarinic
receptors in this response, we performed experiments in
the presence of atropine, a non-selective antagonist of
muscarinic receptor. Under these conditions, the vasorelax-
ant effect of AFSC was significantly attenuated, suggest-
ing that AFSC could act via muscarinic receptor activa-
tion. To determine whether this vasorelaxant response
involves the release of NO and PGI2, we incubated the
preparations with L-NAME, an inhibitor of the NOS, and
Indo, an inhibitor of COX, separately. In the presence of
both inhibitors, the AFSC-induced vasorelaxations were
significantly attenuated, but not completely abolished. It is
interesting to note that the response induced by AFSC in
presence of atropine was less inhibited when compared to
that in the presence of L-NAME or Indo. These results
indicate that EDRFs play an important role in the AFSC-
induced vasorelaxant response, nevertheless they further
indicate that muscarinic activation seems not to comple-
tely account for EDRFs release from the vascular endothe-
lium.
It is well reported in the literature that EDRFs induce va-
sorelaxation by activating the Kþ channels and conse-
quently closing voltage-dependent calcium channels in the
vascular smooth muscle (Nelson and Quayle 1995; Camp-
bell et al. 1996). Four major types of Kþ channels appear
to be involved in vascular regulation. They include: large
conductance Ca2þ-activated Kþ channels (BKCa), small
conductance Ca2þ-activated Kþ channels (SKCa), voltage-
activated Kþ channels (Kv) and ATP-sensitive K+ channels
(KATP) (Adeagbo, 1999; Jackson 2000). In order to inves-
tigate the involvement of K+ channels in the vasorelaxant
effect of AFSC, we performed experiments in the pre-
sence of high concentrations (20 mM) of Kþ. This proce-
dure partially prevents the efflux of Kþ through the plas-
matic membrane (Campbell et al. 1996), inhibiting the
relaxations mediated by opening of K+ channels (Clark
and Fuchs 1997). Under these conditions, the vasorelaxant
effect of AFSC was significantly attenuated, suggesting an
involvement of Kþ channels in this response. To identify
the type of Kþ channels that could to be involved in the
vasorelaxation, we incubated the preparations with 4-AP,
TEA, Glib, apamin or ChTX. This set of experiments re-
vealed that AFSC-induced vasorelaxations were signifi-
cantly attenuated after TEA, apamin or ChTX, but were
not affected after Glib or 4-AP, suggesting that the effect
induced by AFSC appears to be due to the opening of
Ca2þ-activated Kþ channels, both subtypes BKCa and
SKCa.
In many species, endothelium-dependent relaxations that
were not mediated by NO and PGI2 have been demon-
strated in a variety of blood vessels, and this response has
been proposed to be mediated by EDHF (Zygmunt et al.
1994; Garland et al. 1995; Urakami-Harasawa et al. 1997).
Other studies have demonstrated that EDHF-induced hy-
perpolarization and subsequent relaxation are insensitive
to KATP-blockers, as Glib, but sensitive to BKCa-blockers,

as ChTX (Van de Voorde et al. 1992; Weston and Ed-
wards 1992; Garland et al. 1995; Campbell and Harder
1999). Finally, in order to evaluate the role of BKCa in the
NO- and PGI2-independent vasorelaxations induced by
AFSC, we incubated the preparations with L-NAME and
Indo, simultaneously. Under these conditions, AFSC-in-
duced vasorelaxations were attenuated, but not abolished.
The residual vasorelaxant effect was blocked after ChTX.
Interestingly, in the presence of the three inhibitors, the
AFSC -induced vasorelaxations were not different from
those observed in endothelium-denuded rings. We there-
fore suggest that the residual vasorelaxant effect observed
after NO-synthase and COX inhibition is possibly linked
to the release of EDHF.
In conclusion, the results obtained in this study show that
endothelium-derived factors (at least, NO and PGI2) and
Kþ channels (BKCa and SKCa) play a major role in the
vasorelaxation induced by the aqueous fraction of the hy-
droalcoholic extract of the leaves of Sida cordifolia L. in
rat superior mesenteric arteries, and this effect appears to
contribute for the AFSC-induced hypotensive response ob-
served in rats.

4. Experimental

4.1. Preparation of the hydroalcoholic extract of the leaves of S. cordifo-
lia L.

S. cordifolia leaves (voucher specimen no. 30171, deposited in the Depart-
ment of Biology of the University of Sergipe, Brazil) were dried at 40 �C
and pulverized. The powder was extracted with 70% ethanol in water at
room temperature (25–30 �C), for 72 h. The resulting extract was dried at
60 �C using a rotavaporator. A portion of this extract was dissolved in dis-
tilled water, filtered and known volumes were dried to determine the water-
soluble fraction (72%). This factor was used to calculate the final concen-
tration of the AFSC. When required, the extract was dissolved in a distilled
water/cremophor solution and diluted to desired concentrations. The final
concentration of cremophor in the bath never exceeded 0.01% and was
without effect when tested in control preparations (data not shown).

4.2. Preparation of isolated rat superior mesenteric artery rings

Male Wistar rats (200–300 g) were killed by stunning and bled. The super-
ior mesenteric artery was removed and cleaned from connective tissue and
fat. Rings (1–2 mm) were obtained and suspended by cotton threads in
organ baths containing 10 ml of Tyrode’s solution (composition mM: NaCl,
158.3; KCl, 4.0; CaCl2, 2.0; MgCl2, 1.05; NaH2PO4, 0.42; NaHCO3, 10.0
and glucose, 5.6), maintained at 37 �C and gassed with 95% O2 and 5%
CO2. Then, they 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 accu-
mulation of the metabolites. The isometric tension was recorded by a force
transducer (FORT-10, WPI, Sarasota, FL, USA) coupled to an amplifier-
recorder (Miobath-4, WPI, Sarasota, EUA). The endothelium was removed
by gently rubbing the intimal surface of the vessels. Removal of the en-
dothelium was verified by the loss of the relaxation to acetylcholine
(10 mM) in vessels pre-contracted with phenylephrine (10 mM).

4.3. Drugs

The drugs used were: cremophor, l-phenylephrine chloride (Phe), acetyl-
choline chloride (Ach), atropine sulfate, Nw-nitro-l-arginine methyl ester
(L-NAME), indomethacin (Indo), 4-aminopyridine (4-AP), glibenclamide
(Glib), tetraethylammonium (TEA), apamin and charybdotoxin (ChTX),
all from SIGMA. Indo was dissolved in 0.5% w/v sodium bicarbonate.
The other compounds were freely dissolved in distilled water and kept at
4 �C.

4.4. Experimental protocols

4.4.1. Effect of AFSC on sustained contractions induced by Phe (10 mM)
in isolated rat superior mesenteric artery rings with or without endothe-
lium

After the stabilization period, the rings with or without endothelium were
pre-contracted with Phe (10 mM) and different concentrations of AFSC (3,
10, 30, 100, 300 and 1000 mg/mL) were added cumulatively to the bath.
The relaxations were measured by comparing the developed tension before
and after addition of AFSC.

ORIGINAL ARTICLES

468 Pharmazie 61 (2006) 5



4.4.2. Verification of the role of the muscarinic receptors and endothelium-
derived factors on the AFSC-induced vasorelaxant response

Phe-induced sustained contractions were obtained in preparations incubated
with atropine (1 mM), a non-selective antagonist of the muscarinic recep-
tors, L-NAME (100 mM), an inhibitor of the NO-synthase (NOS) (Monca-
da and Higgs 1993), and Indo (10 mM), an inhibitor of the cyclooxygenase
(COX) (Clark and Fuchs 1997), separately. Then, concentration-response
curves to AFSC were obtained. Atropine was added 15 min before the
contraction with Phe, and L-NAME and Indo were added 30 min before.
The effectiveness of muscarinic blockade was verified by the loss of relaxing
responses to 1 mM Ach against Phe-induced contractions (data not shown).

4.4.3. Effect of high concentration of Kþ, 4-AP, Glib, TEA, apamin or
ChTX on the AFSC-induced vasorelaxant responses

Phe-induced sustained contractions were obtained in preparations incubated
with high concentration of K+ (20 mM), an inhibitor of Kþ efflux (Garland
et al. 1995; Edwards and Weston, 1998), 4-AP (100 mM), a blocker of the
voltage –– activated Kþ channels (Kv) (Lagaud et al. 1999), Glib (10 mM),
a blocker of the ATP-sensitive Kþ channels (KATP) (Lagaud et al. 1999),
TEA (1 mM), in this concentration is selective blocker to Ca2þ-activated
Kþ channels (KCa) (Langton et al. 1991; Lagaud et al. 1999), apamin
(1 mM), a blocker of the small conductance Ca2þ-activated Kþ channels
(SKCa) (Jiang et al. 2000) and ChTX (0.1 mM), a blocker of the large con-
ductance Ca2þ-activated Kþ channels (BKCa), separately. Then, concentra-
tion-response curves to AFSC were obtained. All blocking drugs were
added 30 min before the contractions with Phe.

4.4.4. Effect of ChTX on the AFSC-induced vasorelaxant responses in the
presence of L-NAME plus Indo

Phe-induced sustained contractions were obtained in preparations incubated
with L-NAME plus Indo or L-NAME plus Indo plus ChTX. Then, concen-
tration-response curves to AFSC were obtained. All blocking drugs were
added 30 min before the contractions with Phe.

4.5. Statistics

Values are expressed as mean � SEM. When appropriate, student’s t-test or
ANOVA were done to evaluate the significance of the differences between
means, by using Graph Pad PrismTM 3.0 software.
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