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Abstract

This study describes the contractile action of bradykinin on rat isolated mesenteric arterial rings and a possible mechanism responsible
for this action. Bradykinin induced dose-dependent contraction of relaxed mesenteric arterial rings from Holtzman rats, but not from
Wistar rats. A second bradykinin challenge in the same ring induced a very small effect or no effect at all. Destruction of the endothelium

9 w 8x Ždid not modify the response to bradykinin. des-Arg - Leu bradykinin failed to antagonize bradykinin’s action. HOE 140 D-Arg-
w 3 5 7 8x .Hyp ,Thi ,D-Tic ,Oic bradykinin reduced bradykinin-induced contractions. Indomethacin abolished the contractile response to

Ž w Žbradykinin; prostaglandin F induced a long-lasting contraction, dissimilar from that induced by bradykinin; L-655,240 3- 1- 4-chloro-2a

. x .benzyl -5-fluoro-3-methyl-indol-2-yl -2,2-dimethyl propanoic acid , an antagonist of the thromboxane receptor, inhibited bradykinin-in-
duced contractions. These results suggest that bradykinin-induced contraction in mesenteric arterial rings is indirect, through activation of
bradykinin B receptors, resulting in liberation of prostanoids from outside the endothelium. Thromboxane A is probably an2 2

intermediate in this response but we cannot exclude the participation of other prostanoids.
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1. Introduction

Bradykinin is known as a potent vasoactive polypeptide
that has an important role in the modulation of cardio-
vascular function. Vasodilation with a fall in blood pres-
sure is the typical in vivo response to systemic infusion of

Ž .bradykinin Regoli and Barabe, 1980 , but when blood´
vessels are studied in vitro the responses to bradykinin are
not the same under different circumstances. Thus, on
different isolated vessels, this polypeptide was shown to

Žinduce relaxation as well as contraction Briner et al.,
.1993 .

Bradykinin has a direct action on some smooth muscles,
including vascular smooth muscle, via its action on two

Žreceptor subtypes: B and B Boschcov et al., 1984;1 2
.Berguer et al., 1993; Field et al., 1994 . Activation of these

receptors leads to relaxation, contraction, or a biphasic
response, depending on the organ or species under study
ŽBoschcov et al., 1984; DeWitt et al., 1994; Field et al.,
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.1994 . Bradykinin has also an indirect action on vascular
smooth muscle due to its ability to release intermediate
agonists from the smooth muscle itself or from adjacent
tissues. Bradykinin induces endothelium-dependent relax-
ation in renal and pulmonary arteries of the mongrel dog
Ž .Altura and Chand, 1981; Chand and Altura, 1981 , in

Žrenal vein of the mongrel dog Pawloski and Chapnick,
.1991 , and in the pulmonary vascular bed of the cat

Ž .DeWitt et al., 1994 . Other studies indicated that
bradykinin increases arterial blood pressure and induces
vasoconstriction of vascular preparations by liberation of

Ž .endothelium-derived contracting factors EDCF . The na-
ture of EDCF varies with the species and the anatomical

Žsite of its production, but thromboxane A Shirahase et2
. Žal., 1987 , superoxide anion Vanhoutte and Katusic, 1988;

. ŽAuch-Schwelk et al., 1990 , endothelin Yanagisawa et al.,
. Ž .1988 and prostaglandin H Kato et al., 1990 have been2

suggested as EDCFs.
Recently bradykinin was described as producing con-

striction of perfused rat mesenteric bed precontracted with
Ž .norepinephrine Fasciolo et al., 1990 . As to our knowl-

edge the in vitro effect of bradykinin on mesenteric arterial
rings has not yet been described, we wondered whether
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this response would be a contraction instead of a relaxation
as found in other arterial rings. We started using Holtzman
rat arterial rings but after a few experiments we assayed
also Wistar rat arterial rings. We found that the responses
of relaxed arterial ring to bradykinin were different for
each of these rat strains, although their responses to nor-
epinephrine and KCl were similar. Relaxed Holtzman rat
mesenteric arterial rings contracted in response to
bradykinin but relaxed Wistar rat mesenteric arterial rings
did not.

Our study in the present paper tries to elucidate the
contraction mechanism of bradykinin in relaxed mesenteric
arterial rings from Holtzman rats by searching for a direct
action on bradykinin receptors, the production of interme-
diate substances and the participation or not of the en-
dothelium in the observed contraction.

2. Materials and methods

The experiments were performed in arterial rings of
male Holtzman and Wistar rats from the Medicine Faculty
of our University and weighing 250–350 g. The animals
were killed by decapitation and a portion of the superior
mesenteric artery about 1 mm in diameter was immedi-
ately excised and placed in a Petri dish containing nutritive
solution at room temperature. Then, under a Zeiss magni-
fying lens the preparation was carefully cleaned from its
surrounding fat and connective tissues and an arterial ring
measuring about 2 mm wide was prepared. In some experi-
ments only one arterial ring was prepared from each artery
segment, but in the largest number of experiments, in order
to perform comparative experimental protocols, two or
three neighboring rings from the same artery were pre-
pared. From a few animals a portion of thoracic aorta was
also excised and an arterial ring was prepared from it.

Each arterial ring was suspended in a vertical 10 ml
organ chamber, between two stainless steel hooks, and
connected to a Grass FT-03 force displacement transducer.
In a few arterial rings the endothelium was mechanically
rubbed off in order to allow the evaluation of an effect of
endothelium-derived substances in the responses to
bradykinin. At the end of the experiments the integrity of
the endothelium or the effectiveness of its intentional
destruction was confirmed by the presence or absence of
relaxation to 10y6 M acetylcholine in 2=10y7 M nor-
epinephrine-precontracted rings.

The organ chambers were filled with Krebs solution
Žcomposition mM: NaCl 118, KCl 4.7, CaCl 2.5, KH PO2 2 4

.1.2, MgSO 1.2, NaHCO 25 and glucose 10 maintained4 3

at 378C and continuously bubbled with a gas mixture of
95% O and 5% CO . Isometric contraction forces were2 2

recorded on a Grass model 7 polygraph. A basal tension of
1.0 g was applied to each ring at the beginning of an
experiment. The rings were equilibrated in the organ
chambers for 90 min with replacement of nutritive solution

each 15 min before any drug addition. Drugs studied were
Žadded to the muscle chamber in small volumes 0.1–0.2

.ml . Drugs suspected to modify the action of bradykinin
were left in contact with the biological preparation in the
muscle chamber for 10–15 min before the addition of the

Ž .agonist bradykinin . After addition of a drug to the organ
chamber and registration of its direct action on the biologi-
cal preparation or its effect on the action of another drug,
the organ chamber was drained and washed. The arterial
rings were then left to rest for at least 60 min, with
washing every 10–15 min, before a new drug assay was
started. The contractile response of each ring to 60 mM
KCl at the beginning of an experiment was taken as a
standard to evaluate the magnitude of the responses to
other drugs.

9 w 8 x ŽDrugs used: des-Arg - Leu bradykinin kindly pro-
.vided by Dr. M.A.R. Vieira , bradykinin acetate, des-

9 Ž .Arg -bradykinin, acetylcholine chloride, y -arterenol hy-
Ž .drochloride norepinephrine , imidazole, indomethacin, and

Žprostaglandin F were purchased from Sigma St. Louis,2 a

. w 3 5 7 8 xMO, USA ; D-Arg- Hyp ,Thi ,D-Tic ,Oic bradykinin
Ž . ŽHOE 140 from Hoechst-Roussel Pharmaceutical Frank-

.furt, Germany , was kindly provided by Dr. R.A.S. Santos;
w Ž . x3- 1- 4-chlorobenzyl -5-fluoro-3-methyl-indol-2-yl -2,2-di-

Ž .methyl propanoic acid L-655,240 from Merck Frosst
Ž .Canada , was kindly provided by Dr. J.N. Francischi.
Each experimental procedure was repeated with at least 5
animals. Where appropriate, means, standard error of means
Ž .S.E.M. and comparison of means through Student’s t-test

Žor paired t-test were calculated. Values in % of response
.to KCl given in Section 3 are means"S.E.M.

3. Results

Mesenteric arterial rings from Holtzman rats responded
with a dose-dependent contraction to a single dose of
bradykinin added to the organ chamber. Contractions were
observed with bradykinin concentrations ranging in the
order of 10y7 –10y6 M and were not dependent of any
previous treatment. The maximum observed contractile
response to bradykinin was about 70% of the contraction

Ž .induced by 60 mM KCl in the same preparation Fig. 1 .
Dose dependency was observed when in parallel experi-
ments neighboring rings from the same animal, mounted in
different muscle chambers, were challenged with different
doses of bradykinin. The mean magnitudes observed for

Žeach bradykinin concentration given as percentage of the
.contraction induced by KCl in the same preparation were:

w y7 x Ž .for bradykinins2.5=10 M : 15.4"3.1 ns7 ; for
w y7 x Ž .bradykinins 5.0 = 10 M : 27.0 " 2.4 n s 8 ; for
w y6 x Ž .bradykinins1.0=10 M : 46.6"3.4 ns8 ; and for
w y6 x Ž . Žbradykinins2.0=10 M : 70.2"4.2 ns12 Fig.
.1 . As seen in Fig. 1, contractions elicited by bradykinin

were short-lasting, fading in a few minutes.



( )M.L.D. Weinberg et al.rEuropean Journal of Pharmacology 320 1997 145–150 147

Fig. 1. Top: typical record showing a contraction elicited by bradykinin
Ž . w y6 xBK 2.0=10 M in Holtzman rat mesenteric arterial ring and the
corresponding contraction to 60 mM KCl. Bottom: graphic representation
of the dose-response relationship for bradykinin in the preparation. Each
column represents the mean"S.E.M. for 7 to 12 animals.

A second challenge with bradykinin in a same arterial
ring elicited a much smaller response, or no response at all
Ž .Fig. 2A , independently of the concentration of the first
bradykinin challenge. Attempts to induce a step-up con-
traction using cumulative doses of bradykinin did not
succeed. Cumulative amounts of bradykinin were ineffec-
tive to increase the contraction produced by the first dose.
No significant difference was observed between the re-
sponses to bradykinin of intact mesenteric arterial rings
and of endothelial-denuded vessels from the same animal
Ž .Fig. 2B,C .

Aortic rings from Holtzman rats showed also contractile
responses to bradykinin but the relative magnitudes of the
maximum responses were only about 20% of the responses
to 60 mM KCl. Neither mesenteric arterial rings nor aortic
arterial rings from Wistar rats showed contraction in re-
sponse to bradykinin under the same experimental condi-
tions.

Mesenteric arterial rings from Holtzman rats did not
contract in response to des-Arg9-bradykinin in concentra-
tions up to 2.0=10y6 M.

To find out whether the contractile action of bradykinin
was through a direct action on bradykinin receptors we
assayed the bradykinin B receptor antagonist des-Arg9-1
w 8 xLeu bradykinin and the bradykinin B receptor antago-2

nist HOE 140 in the preparation. Responses to 2.0=10y6

M bradykinin in the presence of these receptor antagonists
Žare shown in Fig. 3. The mean response to bradykinin in

Ž . Ž . w y6 xFig. 2. A Bradykinin BK 10 M generates a contraction in relaxed
Ž .mesenteric arterial ring from Holtzman rat left but fails to produce a
Ž .second contraction in the same preparation right . Contractions in re-

Ž . w y6 xsponse to bradykinin BK 2.0=10 M are observed in preparations
Ž . y6with intact endothelium, as shown in B , where 10 M acetylcholine

Ž . y7ACh relaxes a pre-contraction produced by 2=10 M norepinephrine
Ž .NE . Identical results are observed in endothelium-denuded preparations,
where acetylcholine does not relax a norepinephrine pre-contraction, as

Ž .shown in C . nG5 animals for each experimental situation.

.percentage of response to 60 mM KCl in the presence of
y6 9 w 8 x10 M des-Arg - Leu bradykinin was 61.5"8.7, not

significantly different from the paired control: 71.6"5.0
Ž .ns7 . No significant decrease in the response to
bradykinin was observed in the presence of HOE 140 in

9 w 8 xFig. 3. The bradykinin B receptor antagonist, des-Arg - Leu bradykinin,1
y6 Ž . Ž .in a concentration of 10 M, dAB shown in A , does not inhibit the

y6 Ž .contraction produced by 2.0=10 M bradykinin BK . HOE 140, in a
y7 Ž . Ž .concentration of 10 M, HOE shown in B , inhibits the contraction

produced by bradykinin without affecting contractions produced by nor-
Ž .epinephrine NE . nG5 animals for each experimental situation.
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Ž . Ž . w y6 xFig. 4. A Indomethacin Ind 10 M blocks the contractile action of
Ž . w y6 xbradykinin BK 2.0=10 M in mesenteric arterial rings of Holtzman

rats without affecting the contraction induced by 2.0=10y7 M nor-
Ž . Ž . Ž .epinephrine NE . B Prostaglandin F PGF generates a sustained2 a

contraction of the preparation, distinct from the short-lasting contractions
Ž . Ž . w y4 xelicited by bradykinin. C Imidazole Imi 10 M does not affect the

Ž .action of bradykinin in mesenteric arterial rings. D The thromboxane
Ž . w y7 xinhibitor L-655,240 L- 2.5=10 M prevents the contraction induced

by bradykinin without affecting the contraction produced by norepineph-
rine. nG5 animals for each experimental situation.

concentrations up to 3.0=10y8 M, but in the presence of
10y7 M HOE 140 the mean response to bradykinin was

Ž .19.9"2.0, significantly lower P-0.005 than that of the
Ž .paired control: 65.3"5.1 ns5 .

Ž y6 .Indomethacin 10 M abolished the contractile re-
sponses to bradykinin without changing the responses to

Ž .norepinephrine or KCl Fig. 4A .
Mesenteric arterial rings from Holtzman rats and from

Wistar rats were assayed with prostaglandin F in the2 a

concentration range of 10y6 M; both responded with
sustained, long-lasting contractions, different from the fad-

Ž .ing contractions elicited by bradykinin Fig. 4B . The
contraction elicited by prostaglandin F was stronger in2 a

Holtzman than in Wistar rat mesenteric arterial rings, and
in both rat strains repetitive contractions in response to
prostaglandin F were observed on subsequent challenge2 a

of the same arterial ring.
Ž y4 .Imidazole 10 M induced a phasic long-lasting con-

traction of Holtzman rat mesenteric arterial rings and did
Ž .not inhibit the contractile effect of bradykinin Fig. 4C .

The mean response to 2.0=10y6 M bradykinin in the
presence of imidazole was 66.6"4.4, not significantly

Ž .different from the paired control: 64.5"3.2 ns6 .
In the presence of the thromboxane A inhibitor L-2

Ž y7 .655,240 2.5=10 M bradykinin failed to induce con-
Ž .traction in Holtzman rat mesenteric arterial rings Fig. 4D .

In 2 out of 6 experiments we observed weak responses to
2.0=10y6 M bradykinin, with values of less than 15% of
the response to 60 mM KCl and in the other 4 experiments
no response at all was observed.

4. Discussion

Bradykinin is known to induce relaxation of most arte-
Žrial vessels Regoli and Barabe, 1980; Cherry et al., 1982;´

.Chand et al., 1987 . In the rat mesenteric vascular bed
Žbradykinin is described as a relaxant of arteries Berguer et

.al., 1993 and as an arterial vasoconstrictor of norepineph-
Ž .rine-precontracted preparations Fasciolo et al., 1990 . In

our experiments we found that bradykinin contracts re-
laxed mesenteric arterial rings isolated from Holtzman rats.

Ž .In contrast to the results of Fasciolo et al. 1990 , we
found that with rat isolated perfused mesenteric arterial
preparations there was no need for norepinephrine precon-
traction to observe the contractile effect of bradykinin.

A contractile effect of bradykinin was not observed in
relaxed mesenteric arterial rings from Wistar rats, under
identical experimental conditions. Considering that both rat
strains have probably the same kind of smooth muscle in
their arterial walls, this observation was a first suggestion
that bradykinin could be acting not directly in arterial
smooth muscle but rather indirectly, through the liberation
of some intermediate contractile factor from the prepara-
tion. The non-repetitiveness of the bradykinin contractile
effect suggested a depletion of some source of an interme-
diate substance, reinforcing the idea of an indirect effect.
In spite of such suggestions of an indirect effect of
bradykinin, we had to consider that this peptide has been
described as having a direct action in resistance arteries
ŽBerguer et al., 1993; Nakhostine et al., 1993; Nossaman et

.al., 1994 . Therefore we decided to inhibit eventual
bradykinin-contracting receptors in the mesenteric arterial
rings, to see whether this had any influence on bradykinin’s
action. It is known that the bradykinin B receptor antago-1

9 w 8 xnist des-Arg - Leu bradykinin has an agonistic effect
when large doses are used in other smooth muscle prepara-
tions containing bradykinin B receptors, e.g., the rat1

uterus. The failure of large doses of this antagonist either
to contract the arterial rings or to inhibit bradykinin-in-
duced contractions was an almost conclusive indication of
an indirect effect of bradykinin in promoting contraction of
Holtzman rat mesenteric arterial rings. The absence of a
contractile response to des-Arg9-bradykinin suggests that
bradykinin B receptors are not involved in the contractile1
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response of mesenteric arterial rings from Holtzman rats to
bradykinin and reinforces the indication of an indirect
action.

Bradykinin is known to release prostaglandins from
Žvarious vascular preparations Cherry et al., 1982; Fasciolo

.et al., 1990; Luscher et al., 1992 . Therefore we decided to¨
investigate a possible mediation of bradykinin-induced
contraction of Holtzman rat mesenteric arterial rings by
products of the arachidonic acid cascade. Inhibition of
cyclo-oxygenase by Indomethacin abolished the contractile
effect of bradykinin, suggesting that bradykinin-induced
contractions might be mediated by prostaglandins or other
eicosanoids derived from arachidonic acid.

Considering that prostaglandin F was shown to be a2 a

Žcontractile prostanoid in other arterial vessels Dorn et al.,
.1992; Rapoport, 1993 , we assayed this agonist in mesen-

teric arterial rings. Our results show that the Holtzman rat
mesenteric arterial ring contracts in response to prosta-
glandin F but the contraction is long-lasting, different2 a

from the short-lasting contraction observed with
bradykinin. Relaxed Wistar rat mesenteric arterial rings
also contracted in response to prostaglandin F , in spite of2 a

not responding to bradykinin. These observations suggest
that prostaglandin F may not be the intermediate2 a

prostanoid liberated by bradykinin in the Holtzman rat
mesenteric arterial ring. Nevertheless, we cannot discard
completely the participation of this prostanoid in the re-
sponse elicited by bradykinin.

Imidazole, a well-known inhibitor of thromboxane syn-
thesis, did not prevent the contractile effect of bradykinin.
This could suggest that thromboxanes are not intermediate
eicosanoids in the observed bradykinin contractile effect.
But the selective thromboxanerprostaglandin endoperox-

Ž .ide receptor antagonist L-655,240 Hall et al., 1987 pre-
vented the contractile effect of bradykinin, suggesting
strongly the participation of thromboxane A as an inter-2

mediate. The exact meaning of this observation cannot be
Ž .explained by our studies but it might be possible that: 1

prostaglandin H , which also activates the thromboxane2
Žreceptor, is released instead of thromboxane A Luscher¨2

. Ž .et al., 1992 ; or, 2 thromboxane synthesis has an alterna-
tive route, not mediated by thromboxane synthetase and
therefore not inhibited by imidazole.

Since contractions of relaxed mesenteric arterial rings
from Holtzman rats were not modified by removal of the
endothelium, we conclude that endothelial cells are not the
target of bradykinin to produce the contractile prostanoid.
Under different circumstances and with different animals,
bradykinin-induced relaxation mediated by prostanoids was

Žfound to be independent of the endothelium Toda, 1974;
.Regoli et al., 1982 . These and our findings indicate that

prostanoids released by bradykinin may be formed outside
the endothelium and probably in smooth muscle cells. The
hypothesis that smooth muscle cells might be the source of

Ž .contractile prostanoid s liberated by bradykinin is sup-
ported by the finding that in cultured mesenteric smooth

muscle cells bradykinin increases the synthesis of 6-keto
Ž .PGE Takeuchi et al., 1988 .1

Our results showing that the bradykinin B receptor2

antagonist HOE 140 inhibits the contractile action of
bradykinin suggest that the triggering of the arachidonic
acid cascade by bradykinin, yielding the contractile
prostanoid, might be achieved by activation of bradykinin
B receptors. This suggestion agrees with observations of2

other investigators showing an indirect action of this
polypeptide through activation of bradykinin B receptors2
Ž .Berguer et al., 1993; Molimard et al., 1994, 1995

A logical question remains in the face of such results:
what is the explanation for the absence of contraction of
Wistar rat mesenteric arterial rings to bradykinin? Our
results do not explain such question, but we suggest that
bradykinin does not liberate the contractile eicosanoid in
this preparation, or that the amount liberated is too small to
elicit an effect, or, finally, that this preparation is not
sensitive to the liberated eicosanoid.

In summary, our study showed that bradykinin induces
dose-dependent contraction of relaxed mesenteric arterial
rings from Holtzman rats. The effect is not mediated by
bradykinin B receptors. It is an indirect effect, through the1

liberation of a product from the arachidonic acid cascade,
probably thromboxane A , although the participation of2

other eicosanoids cannot be excluded. The source of the
contractile eicosanoid is not the endothelium. The
bradykinin-induced contraction could not be re-elicited by
subsequent challenge of the same arterial ring, probably as
a consequence of depletion of arachidonic acid from the
preparation. Relaxed mesenteric arterial rings from Wistar
rats did not contract in response to bradykinin, either
because the eicosanoid was not liberated by bradykinin in
this preparation or because the arterial smooth muscle was
insensitive to the contractile eicosanoid liberated by
bradykinin.
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