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Abstract

Angiotensin II interacts with specific cell surface angiotensin AT and AT receptors and, in some vertebrates, with an atypical1 2

angiotensin AT receptor. This study was designed to characterize the angiotensin receptor in the heart ofBothrops jararaca snake. A
specific and saturable angiotensin II binding site was detected in cardiac membranes and yieldedK s7.34"1.41 nM andB s72.49d max

"18 fmolrmg protein. Competition-binding studies showed an angiotensin receptor with low affinity to both angiotensin receptor
Ž wŽ X Ž . . x . ŽŽ .antagonists, losartan 2-n-butyl-4-chloro-5-hydroxymethyl-1- 2 - 1H-tetrazol-5-yl biphenyl-4-yl methyl imidazole and PD123319s -

Ž w x . Ž . w x .1- 4- dimethylamino -3-methylphenyl methyl-5- diphenylacetyl -4,5,6,7-tetrahydro-1H-imidazo 4,5-c pyridine-6-carboxylate . Studies on
the intracellular signaling pathways showed that phospholipase Crinositol phosphate breakdown and adenylylcyclasercyclic AMP
generation were not coupled with this angiotensin receptor. An adenylylcyclase enzyme sensitive to forskolin was detected. The results
indicate the presence of an angiotensin receptor in the heart ofB. jararaca snake pharmacologically distinct from angiotensin AT and1

AT receptors. It seems to belong to a new class of angiotensin receptors, like some other atypical angiotensin AT receptors that have2

already been described.q2001 Elsevier Science B.V. All rights reserved.

Keywords: Angiotensin receptor; Angiotensin AT receptor-selective antagonist; Angiotensin AT receptor-selective antagonist; Inositol phosphate;1 2

Adenylylcyclase forskolin-sensitive; Heart

1. Introduction

Angiotensin II, one of the main active peptides of the
renin–angiotensin system, exerts its multiple functions on
cardiovascular, endocrine and neuronal targets by interact-
ing with specific cell surface and G protein-coupled recep-

Ž .tors Timmermans et al., 1993 . Based on pharmacological
Ž .Chiu et al., 1989; Whitebread et al., 1989 and molecular

Žstudies Sasaki et al., 1991; Murphy et al., 1991; Kam-
.bayashi et al., 1993; Mukoyama et al., 1993 , at least two

functionally distinct angiotensin receptors have been iden-
tified. They are distinguished by their differential sensitiv-
ity to two classes of compounds, typified by losartan
Ž wŽ X Ž2-n-butyl-4-chloro-5-hydroxymethyl-1- 2 - 1H-tetrazol-

. . x . ŽŽ .5-yl biphenyl-4-yl methyl imidazole and PD123319s -
Ž w x . Ž1- 4- dimethylamino -3-methylphenyl methyl-5- diphenyl-

. w xacetyl - 4, 5,6,7-tetrahydro-1H-imidazo 4, 5-c pyridine-6-
. Ž Ž .carboxylate or PD123177 1 - 4-amino-3-methylphenyl -

) Corresponding author. Tel.:q55-11-55764448; fax:q55-11-
55764448.

Ž .E-mail address: porto.farm@infar.epm.br C.S. Porto .

Ž .methyl- 3 - diphenylacetyl - 4, 5, 6, 7 -tetrahydro-1H-imida-
w x .zo 4,5-c pyridine-6-carboxylate , which are angiotensin

AT and AT receptor-selective antagonists, respectively1 2
Ž .Timmermans et al., 1993 .

The majority of angiotensin II responses are attributed
to activation of the angiotensin AT receptor, which is1

widely distributed in the tissues. The angiotensin AT1

receptor is coupled to several intracellular signaling path-
ways by activating phospholipase C, D and A , as well as2

voltage-dependent Ca2q channels, and by causing adeny-
Žlylcyclase inhibition Catt et al., 1993; Griendling et al.,

.1997 . Futhermore, it was also demonstrated that the an-
giotensin AT receptor can also activate Tyr and SerrThr1

Žprotein kinases Duff et al., 1995; Berk and Corson, 1997;
.Sayeski et al., 1998 .

Angiotensin AT receptors, on the other hand, have a2

more restricted distribution, being found in the adrenal
Žmedulla, brain and reproductive tissues Griendling et al.,

.1996 . It is highly expressed in various fetal tissues and is
up-regulated after vascular injury, myocardiac infarction

Žand wound healing Viswanathan and Saavedra, 1992; Nio
.et al., 1995 . The intracellular signal transduction mecha-
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nism coupled to the angiotensin AT receptor is not yet2

completely elucidated. It involves Tyr and SerrThr protein
Žphosphatase activation Kang et al., 1995; Yamada et al.,

.1996 and, as a consequence, mitogen-activated protein
Ž .kinase MAP kinase inactivation, opening of delayed-rec-
q Ž .tifier K channels Kang et al., 1993 , and closing of

2q Ž .T-type Ca channels Buisson et al., 1995 . Phospholi-
pase A signaling pathway activation has been also re-2

Ž .ported Jaiswal et al., 1992 .
The discovery of the selective non-peptide angiotensin

antagonists was an important step not only to characterize
and localize the angiotensin AT and AT receptors, but1 2

also to identify other angiotensin II binding sites that,
pharmacologically, are not similar to angiotensin AT or1

Ž .AT receptors Bergsma, 1994 . These sites, present in2

different cells and tissues of several vertebrate species,
have in common a low affinity to both losartan and

ŽPD123139rPD123177 Sandberg et al., 1991; Aiyar et al.,
1994; Chaki and Inagami, 1992a; Murphy et al., 1993;

.Smith et al., 1994; De Oliveira et al., 1995 . They are
coupled to phospholipase Crinositol phosphate breakdown
Ž .Murphy et al., 1993 , and guanylate cyclasercyclic GMP

Ž .activation Chaki and Inagami, 1992b .
The Bothrops jararaca snake is known to have all the

Žcomponents of the renin–angiotensin system Lavras et
.al.,1978; Gervitz et al., 1987 . The system plays a role in

the cardiovascular and steroidogenic functions of this rep-
Ž .tile Breno and Picarelli, 1992; Lazari et al., 1994 . How-´

ever, differences in the potency of some angiotensin
analogs were detected in the vasopressor effect and uterine

Žmuscle contraction Breno and Picarelli, 1992; Lazari et´
.al., 1994 . Although the enzymes and substrates of the

renin–angiotensin system have been characterized inB.
jararaca, the specific angiotensin receptor type involved in
the vasopressor response has not yet been reported upon.
The present study was, therefore, undertaken in order to
characterize the angiotensin receptor in the heart ofB.
jararaca snake, by using radioligand and functional studies
with angiotensin receptor-nonselective and -selective an-
tagonists.

2. Materials and methods

2.1. Animals

Adult male or female B. jararaca snakes weighing
130–300 g, were captured, classified by the Laboratorio de´
Herpetologia, Instituto Butantan, and maintained for at
least 15 days under controlled environmental conditions:
12-h light, 12-h dark lighting schedule, at 21–278C and

Ž .65% relative humidity Breno et al., 1990 .

2.2. Membrane preparation

Snakes were decapitated, the heart was quickly re-
Žmoved, minced and homogenized in 25 mM Tris–HCl pH

.7.4 containing 5 mM MgCl , 1 mM EDTA, 1 mM2

phenylmethylsulfonyl fluoride and 0.25 M sucrose with an
ŽUltra-Turrax homogenizer T-25, IKA Labortechnik,

.Saufeni, Germany . The homogenate was centrifuged at
1000=g for 10 min. The supernatant was then cen-
trifuged at 58,000=g for 30 min. The final pellet was

Žresuspended in the binding buffer 25 mM Tris–HCl, pH
7.4, containing 5 mM MgCl , 1 mM EDTA, 1 mM2

.phenylmethylsulfonyl fluoride , using a Dounce homoge-
nizer and stored aty708C. All procedures were carried
out at 48C, and all solutions contained freshly added 1 mM
phenylmethylsulfonyl fluoride to inhibit proteolysis. Pro-
tein concentrations were determined according to Bradford
Ž .1976 , using bovine serum albumin as a standard.

2.3. Membrane binding assay

Preliminary studies served to determine the appropriate
incubation time, temperature and protein concentration of
B. jararaca cardiac membrane. Membrane preparations
from heart, with protein concentration ranging from 50 to
400 mgr0.5 ml of binding buffer 25 mM Tris–HCl, pH
7.4, containing 5 mM MgCl , 1 mM EDTA and freshly2

added 1 mM phenylmethylsulfonyl fluoride and 100
mgrml bacitracin, were used to determine appropriate

w3 xconditions for H angiotensin II binding studies.
w3 xH Angiotensin II specific binding in cardiac membrane
was similar in the absence or presence of bacitracin. The
time course study showed that specific binding reached a
plateau by 1 h at 48C as well as at 308C. At 48C,
nonspecific binding was lower than at 308C and it was
about 30%, near theK value. According to these results,d

a membrane protein concentration of 200mgr0.5 ml of
binding buffer 25 mM Tris–HCl, pH 7.4, containing 5 mM
MgCl , 1 mM EDTA and freshly added 1 mM phenyl-2

methylsulfonyl fluoride was chosen and the binding stud-
ies carried out for 1 h at 48C. We can assume that in these
conditions of the assay, the ligand metabolism was inhib-
ited.

2.3.1. Saturation-binding experiments
Ž .Cardiac membrane 200mgr0.5 ml was incubated

w3 x ŽŽ . wwith H angiotensin II 5- L-isoleucine , tyrosyl-3,5-
3 Ž .x . Ž . ŽH N angiotensin II 1–16 nM specific activity 30–60

. Ž .Cirmmol in the absence total binding or presence of
w 1 5x Ž y4 . Ž .Asp , Ile angiotensin II 10 M nonspecific binding ,
for 1 h at 48C. Specific binding was calculated as the
difference between the total and the nonspecific binding.
All experiments were performed in duplicate. After incuba-
tion, the reaction was stopped by rapid filtration through a

Ž .glass fiber filter GFrB under vacuum, followed by three
washes. The filters were partially dried under vacuum,
placed in scintillation vials containing Aquasol II. The
amount of radioactivity was determined in a scintillationb

Ž .counter LS 6000IC Beckman, Palo Alto, CA, USA .
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2.3.2. Competition binding experiments
Ž .Cardiac membrane 200mgr0.5 ml was incubated

w3 x Ž .with H angiotensin II 7 nM in the absence and presence
Žw 1of increasing concentrations of unlabelled agonists Asp ,

5x w 1 5x w 1Ile angiotensin II; Asp , Val angiotensin II; Asn ,
5x . Žw 1 8xVal angiotensin II and antagonists Sar , Ile angioten-

w 1 8x .sin II; Sar , Ala angiotensin II; losartan; PD123319 for
1 h at 48C. The binding reaction was stopped as described
above.

2.3.3. Data analysis
Saturation and displacement binding data were analysed

using a nonlinear least-square interative curve-fitting pro-
Žgram GraphPad Prism GraphPad PrismSoftware, San

.Diego, CA, USA . A mathematical model for one or two
sites was applied. The equilibrium dissociation constant
Ž . Ž .K and the maximum number of binding sitesBd max

Žwere determined from a nonlinear regression plot Bylund
. Ž .and Toews, 1993 . The inhibition constantK was deter-i

mined from displacement curves, using the equation of
Ž .Cheng and Prusoff 1973 . Angiotensin ll antagonist recep-

tor affinity values were expressed as the negative loga-
Ž .rithms of their respectiveK values pK .i i

[3 ]2.4. Measurement of total H inositol phosphate

The heart was removed, opened and incubated, under
constant agitation, with nutrient solution of the following

Ž .composition mM : NaCl 147.17; KCl 4.95; CaClP2H O2 2

2.75; MgSOP7H O 1.21; NaH POPH O 1.2; NaHCO4 2 2 4 2 3
Ž . Ž .29.6; glucose 5.5 pH 7.3–7.7 Yamanouye et al., 1992 ,

w 3 xcontaining 5mCi of myo- 1,2- H inositol for 80 min at
Ž .308C, followed by addition of LiCl 10 mM . After 30

Ž .min, the tissues were incubated in the absence basal level
or presence of angiotensin II or NaF plus AlCl , at the3

concentration shown for each specific experiment, and
incubation was continued for 1 min. Tissues were washed
three times with nutrient solution, transferred into 2 ml of

Ž .methanol:chloroform 2:1 vrv at 48C and homogenized
Ž . Ž .Ultra-Turrrax T25 homogenizer . Chloroform 0.62 ml

Ž .and H O 0.93 ml were added to the homogenate, fol-2
Ž .lowed by centrifugation 2000=g, 10 min, 48C to sepa-

Ž .rate the aqueous and organic phases Fox et al., 1985 .
w3 xTotal H inositol phosphate was separated as previ-

Ž .ously described by Ascoli et al. 1989 with the following
modification. Briefly, the aqueous layer was mixed with

Ž1-ml anion-exchange resin Dowex AG-X8, formate form,
.200–400 mesh , allowed to equilibrate for 30 min at room

Ž .temperature, and centrifuged 1000=g, 5 min, 48C . The
resin was then washed, sequentially, with 4 ml ofmyo-in-
ositol and 2 ml of 5 mM sodium tetraborater60 mM
sodium formate. Thereafter, 2 ml of 0.1 M formic acidr1
M ammonium formate was mixed with the resin and
incubated for 30 min at room temperature. The total
w3 xH inositol phosphate was eluted and placed in scintilla-

tion vials containing Insta-gel XF. The amount of radioac-
tivity was determined in a scintillationb counter. Total
w3 xH inositol phosphate was expressed as dpmr100 mg of
tissue.

2.5. Measurement of intracellular cyclic AMP content

The heart was removed, opened and allowed to equili-
brate for 10 min in nutrient solution at 308C. A 3-isobutyl-

Ž . Ž y4 .1-methylxanthine IBMX 10 M was then added for
10 min at 308C, thereafter the incubation was continued for

Ž . w 110 min in the absence basal level or presence of Asp ,
5x Ž y6 y4 . Ž y5Ile angiotensin II 10 and 10 M or forskolin 10
.M . In another series of experiments, the heart was also

Ž y5 . w 1 5xincubated with forskolin 10 M plus Asp , Ile angio-
Ž y4 .tensin II 10 M , under conditions similar to those

described above. The reaction was stopped by freezing the
tissues in liquid nitrogen, followed by homogenization
Ž .Ultra-Turrax T-25 homogenizer in 2 ml of 3% perchloric

Ž .acid. The homogenates were neutralized pH 7 with 30%
potassium bicarbonate and centrifuged at 10,000=g, 20
min at 48C. The intracellular cyclic AMP level was mea-
sured in the perchloric acid-soluble supernatant, by using a

w3 xcyclic AMP H assay system kit, according to the manu-
facturer’s instructions. The intracellular cyclic AMP levels
were expressed as pmolrmg of protein.

2.6. Statistical analysis

The data are expressed as means"S.E.M. Statistical
analysis was carried out using an analysis of variance
Ž .ANOVA followed by the Bonferroni test for multiple
comparisons, or by the two-tailed Student’st-test to com-

Ž .pare two values Snedecor and Cochran, 1980 .P values
-0.05 were accepted as significant.

2.7. Drugs and radiochemicals

w 1 5x w 1 5xAsp , Ile Angiotensin II, Asp , Val angiotensin II,
w 1 5x w 1 8x w 1Asn , Val angiotensin II, Sar , Ala angiotensin II, Sar ,

8x ŽIle angiotensin II, were purchased from Sigma St. Louis,
.MO . Losartan and PD 123319 were a gift from DuPont

Ž .Merck Pharmaceutical Wilmington, DE and Parke Davis
Ž .Pharmaceutical Research Division Ann Arbor, MI , re-

Ž . w 3 Ž .xspectively. 5-L-isoleucine , tyrosyl-3,5- HN An-
Ž . w 3 xgiotensin II 30–60 Cirmmol and myo- 1,2- H inositol

Ž .47.0 Cirmmol were purchased from New England Nu-
Ž . w3 xclear Boston, MA . Cyclic AMP H assay system kits

Žwere purchased from Amersham International Little Chal-
. w Ž .font, Buckinghamshire, UK . AG 1-X8 200–400 mesh

resin and Bio Rad protein assay were purchased from Bio
Ž .Rad Laboratories Richmond, CA . Insta-Gel XF was pur-

Ž .chased from Packard Meriden, CT . All chemicals not
Žspecified here were from Sigma or Merck Darmstadt,

.Germany .
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3. Results

[3 ]3.1. H Angiotensin II binding in cardiac membranes

w3 xThe binding of H angiotensin II for 1 h at 48C to
cardiac membranes was specific and saturable. A nonlinear
regression analysis of specific binding fitted best a one-site
model, suggesting the presence of a single class of high-af-

Ž .finity sites Fig. 1 . Analysis of three experiments per-
Ž .formed in duplicate yielded a dissociation constantK ofd

Ž .7.34"1.41 nM and binding capacityB of 72.49"18max

fmolrmg protein.

[3 ]3.2. Displacement of H angiotensin II bound to cardiac
membranes

w3 xThe curves for displacement of H angiotensin II bound
to cardiac membrane induced by angiotensin analogs, an-
giotensin receptor-nonselective and -selective antagonists
are shown in Fig. 2. The angiotensin analogs completely

w3 xdisplaced the H angiotensin II bound to cardiac mem-
w 1 5xbranes. Futhermore, Asn , Val angiotensin II was less

w 1 5x w 1potent than Asp , Ile angiotensin II and Asp ,
5x Ž .Val angiotensin II Fig. 2A . Non-selective angiotensin

w 1 8x w 1receptor antagonists, Sar , Ile angiotensin II and Sar ,
8x w3 xAla angiotensin II, also displaced the H angiotensin II

Ž .bound to cardiac membranes Fig. 2B . The displacement
curves best fitted a one-site model. The angiotensin AT1

and AT receptor-selective antagonists, losartan and2
w3 xPD123319, failed to displace the H angiotensin II bound

to cardiac membrane, even up to micromolar concentra-
Ž .tions Fig. 2C . The pK values for angiotensin analogs,i

angiotensin receptor-nonselective and -selective antago-
nists are summarized in Table 1. The order of potency

w 1 5x w 1 5xwas: Asp , Ile angiotensin IIs Asp , Val angiotensin
w 1 8x w 1 5xII s Sar , Ile angiotensin II) Asn , Val angiotensin II
w 1 8x4 Sar , Ala angiotensin II44 losartansPD123319.

w3 xFig. 1. Saturation curves of H angiotensin II binding to cardiac mem-
w3 x Ž .brane ofB. jararaca snake. H Angiotensin II 1–16 nM was incubated

Ž . Žwith membranes 200mg proteinr0.5 ml in the absence total binding,
. w 1 5x Ž y4 . ŽB , or presence of unlabeled Asp , Ile angiotensin II 10 M non-

. Ž .specific binding,v for 1 h at 48C. Specific binding% was calculated
as the difference between the total and non-specific binding. Results are
representative of three separate experiments performed in duplicate.

w3 xFig. 2. Displacement curves H angiotensin II binding to cardiac mem-
brane of B. jararaca snake, using angiotensin receptor analogs and

Ž .antagonists. Membranes 200mg proteinr0.5 ml were incubated with
w3 x Ž .H angiotensin II 7 nM in the absence or presence of increasing

w 1 5x Ž . w 1concentrations of unlabeled Asp , Ile angiotensin IIB , Asp ,
5x Ž . w 1 5x Ž . Ž . w 1Val angiotensin II ` , Asn , Val angiotensin II % A , Sar ,
8x Ž . w 1 8x Ž . Ž . Ž .Ala angiotensin II v , Sar , Ile angiotensin III B , losartan '

Ž . Ž .and PD123319 \ C , for 1 h, at 48C. The data are plotted as
percentages of the binding in the absence of angiotensin receptor analogs
and antagonists. Points and vertical lines represent the means"S.E.M. of
three to six experiments performed in duplicate.

Based on these data, the cardiacB. jararaca angiotensin
receptor seems not to be similar to the angiotensin AT1

and AT receptors already described.2

[3 ]3.3. Effect of angiotensin on total H inositol phosphate
accumulation

w 1 5x y8Asp , Ile Angiotensin II, at concentration of 10 M,
was not able to modify the basal levels of total inositol
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Table 1
pK values for angiotensin receptor analogs and antagonists in hearti

isolated from theB. jararaca snake
Data are means"S.E.M. of number of experiments in parenthesis.

Agonists and antagonists pK i

1 5w x Ž .Asp , Ile Angiotensin II 8.66"0.19 5
1 5w x Ž .Asp , Val Angiotensin II 8.66"0.46 4
1 5w x Ž .Asn , Val Angiotensin II 7.65"0.20 4

1 8w x Ž .Sar , Ile Angiotensin II 8.54"0.22 4
1 8w x Ž .Sar , Ala Angiotensin II 6.28"0.32 6

Ž .Losartan )4 5
Ž .PD123319 )4 3

Ž .phosphate in the heart ofB. jararaca Fig. 3 . In a further
series of experiments that we carried out using a wide

Ž y10 y4 .range of angiotensin concentrations 10 –10 M and
Ž .diferent incubation times 1–10 min , we could not reveal

Ž .any increase in total inositol phosphate data not shown ,
suggesting that the snake cardiac angiotensin receptor is
not coupled to phospholipase C-mediated phosphoinositide
hydrolysis.

To investigate the presence of a G protein associated to
a phospholipase Crinositol phosphate breakdown pathway
in cardiac tissue of the snake, we used NaF in the presence

Ž y4 .of AlCl . The fluoroaluminate compound AlF pro-3

duced has been described as an activator of the G protein.
In fact, it mimics GTP action on the G protein and the Aly

is a cofactor, important for fluoroaluminate efficiency
ŽBigay et al., 1985; Zeng et al., 1989; Higashijima et al.,

.1991; Sondek et al., 1994 . Fig. 3 shows that NaF in the
presence of AlCl , at two concentrations, for 1 min of3

incubation, failed to produce any alteration of the basal
levels of total inositol phosphate. Futhermore, the fluoroa-
luminate produced after 30 min of incubation with NaF

w 1 5xFig. 3. Effect of Asp , Ile angiotensin II and NaF plus AlCl on total3
w3 xH inositol phosphate accumulation in heart ofB. jararaca snake.

w 3 x ŽCardiac tissue was previously incubated withmyo- 1–2- H inositol 5
. Ž y2 .mCi for 80 min at 308C, followed by addition of LiCl 10 M . After

Ž .30 min, the tissue was incubated in the absence basal level—open bar
w 1 5x Ž y8 . Ž y2 .or presence of Asp , Ile angiotensin II 10 M or NaF 10 M plus

Ž y5 y4 .AlCl 10 and 10 M for 1 min. Bars and vertical lines represent the3

means"S.E.M. of 3 to 14 experiments.

w 1 5xFig. 4. Effect of Asp , Ile angiotensin II on basal and forskolin-induced
intracellular cyclic AMP accumulation in heart ofB. jararaca snake.

Ž y4 .Cardiac tissue was previously incubated with IBMX 10 M for 10 min
at 308C, thereafter the incubation was continued for 10 min in the absence
Ž . Ž y6 y4basal level—open bar or presence of angiotensin II 10 and 10
. Ž y5 . Ž y5 . Ž y4M , forskolin 10 M or forskolin 10 M plus angiotensin II 10
.M . Bars and vertical lines represent the means"S.E.M. of two to four

experiments.)Significantly different from basal level,P-0.05.

plus AlCl was also ineffective on total inositol phosphate3
Ž .accumulation data not shown .

3.4. Effect of angiotensin on intracellular cyclic AMP
accumulation

w 1 5x y6 y4Asp , Ile Angiotensin II, 10 and 10 M, did not
interfere with basal levels of cyclic AMP in the heart ofB.

Ž . Ž .jararaca Fig. 4 . Forskolin produced an increase sixfold
in intracellular cyclic AMP accumulation in cardiac tissue

w 1 5xof B. jararaca. On the other hand, Asp , Ile angiotensin
II, 10y4 M, was not able to reduce the intracellular cyclic

Ž .AMP accumulation induced by forskolin Fig. 4 . These
results indicated that, inB. jararaca heart, the angiotensin
II receptor is not coupled to the adenylylcyclasercyclic
AMP system.

4. Discussion

Angiotensin AT and AT receptors are present in the1 2
Žheart of several vertebrate species Rogg et al., 1990;

.Baker et al., 1992; Sechi et al., 1992; Scott et al., 1992 ,
the angiotensin AT receptor being responsible for the1

angiotensin II-positive chronotropic and inotropic effects.
Apart from mechanical effects on the heart, the angiotensin
AT receptor also exerts a role in ventricular hypertrophy,1

a cardiac growth process associated with hypertension
Ž .Kim and Iwao, 2000 , whereas an opposed role is at-
tributed to the angiotensin AT receptor, because of its2

Ž .antiproliferative actions Inagami et al., 1999 .
Angiotensin II causes a dose-dependent vasopressor

effect in theB. jararaca cardiovascular system, due in part
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Ž .to catecholamine release Breno and Picarelli, 1992 . Al-
though direct and indirect angiotensin cardiovascular ac-
tions have already been described in this snake, the type of
angiotensin receptor responsible for these effects has not
been reported.

In the present study, the angiotensin receptor was char-
acterized in the heart of the snakeB. jararaca. Radioli-

w3 xgand studies showed that H angiotensin II binds to one
class of specific binding sites in heart membranes. This
finding is in agreement with results of previous studies
with vascular and cardiac systems of mammals, showing
one population of binding sites with dissociation constant

Žin the nanomolar range Baker et al., 1984; Delisee et al.,´
.1993; Fujimoto et al., 1992; Grover et al., 1994 . Aiyar et

Ž .al. 1994 , using the membrane fromXenopus laeÕis
heart, detected one binding site for angiotensin with aKd

of 0.104"0.002 nM. Conversely, studies with amphibian
X. laeÕis heart, reported two populations of angiotensin
binding sities, giving a high-affinity site with aK ofd

1.6"0.18 nM and a low-affinity site with aK of 22"2.5d
Ž .nM Sandberg et al., 1991 .

In order to characterize the type of angiotensin receptor
present in the heart ofB. jararaca snake, several an-
giotensin receptor agonists and antagonists were examined

w3 xfor their ability to compete with H angiotensin II for its
binding sites. The angiotensin analogs and the angiotensin
receptor-nonselective antagonists, produced monophasic
displacement curves consistent with the labelling of an
apparently homogenous population of angiotensin binding
sites.

w 1 5xThe angiotensin analog, Asn , Val angiotensin II,
w 1 5xshowed less affinity than Asp , Ile angiotensin II and

w 1 5xAsp , Val angiotensin II at angiotensin binding sites.
This is in agreement with previously data for blood pres-
sure and uterine muscle contraction ofB. jararaca snake
Ž .Breno and Picarelli, 1992; Lazari et al., 1994 , rabbit´

Ž . Žaorta Helmer, 1964 and fowl blood pressure Nishimura
.et al., 1992 . Futhermore, the endogenous angiotensin

w 1peptides present in theB. jararaca snake are Asp ,
5x w 1 5 9xIle angiotensin II and Asp , Val , Tyr angiotensin I

Ž . w 1 5xBorgheresi et al., 1996 . Thus, Asn , Val angiotensin II
may have a spatial arrangement less efficient for causing
B. jararaca angiotensin receptor activation.

The affinities of the angiotensin receptor-nonselective
w 1 8x w 1antagonists, Sar , Ile angiotensin II and Sar ,

8xAla angiotensin II, are similar to those of mammalian
Žangiotensin binding sites Dudley et al., 1990; Whitebread

. w 1et al., 1989; Murphy et al., 1992 . However, Sar ,
8 x w 1Ile angiotensin II was more potent than Sar ,
8xAla angiotensin II at the angiotensin binding sites ofB.

jararaca heart. Similar properties for their differential
affinities were also reported for the turkey adrenal and
amphibian myocardial-cloned angiotensin II receptor
Ž .Murphy et al., 1993; Sandberg et al., 1991 .

In the cardiac membrane ofB. jararaca, the an-
giotensin receptors have very low affinity for both losar-

Ž .tan angiotensin AT receptor-selective antagonist and1
Ž .PD123319 angiotensin AT receptor-selective antagonist .2

The affinity was, however, similar to that reported forX.
Ž .laeÕis cardiac angiotensin receptor Sandberg et al., 1991 .

This contrasts with the comparatively higher affinity for
losartan found at the cloned ferret-angiotensin-AT recep-1

Ž .tor Gosselin et al., 2000 , as well as losartan and
Ž ŽCGP42112A nicotinic acid-Tyr-N-benzoylcarbonyl-

. .Arg -Lys-His-Pro-Ile-OH affinities found at the cloned
Žangiotensin receptor of turkey adrenal Murphy et al.,

.1993 . Therefore, the angiotensin II receptor present in the
B. jararaca heart is not similar to those described for
mammalian angiotensin AT or AT receptors.1 2

Phospholipase Crphospholipid breakdown is one of the
main intracellular signaling pathways used by angiotensin
AT receptors. Angiotensin, at different concentrations and1

incubation times was not able to induce a significant
change in the total inositol phosphate level ofB. jararaca
heart. These data suggest that the angiotensin receptor in
this organ is not coupled to phospholipase C-mediated
phosphoinositide hydrolysis. However, in chick cardiomy-

Ž .ocytes Baker et al., 1989 and in fish hepatocytes
Ž .Olivares-Reyes et al., 1997 , where a losartan-insensitive
angiotensin receptor is also present, the angiotensin recep-
tors are coupled to the phospholipase C signal pathway.

Sodium fluoride, in the presence of AlCl , produces the3

fluoroaluminate compound that activates members of the
Ž .heterotrimeric G protein G family by binding to theabg

inactive G PGDP, near the site occupied by theg-phos-a

Žphate in GPGTP Higashijima et al., 1991; Sondek et al.,a

.1994 . The fluoroaluminate produced inositol 1,4,5
triphosphate accumulation and calcium mobilization in

Ž .ovine endometrium Graf et al., 1998 ,X. laeÕis oocyte
Ž . ŽMoon et al., 1997 , rabbit femoral artery Ratz and Black-

. Ž .more, 1990 , rat caudal artery Zeng et al., 1989 and
Ž .guinea pig myometrium Marc et al., 1988 . Therefore, we

examined the ability of fluoroaluminate to enhance the
accumulation of total inositol phosphate inB. jararaca
heart. Fluoroaluminate did not induce a stimulatory effect
on total inositol phosphate accumulation in theB. jararaca
heart after either 1 or 30 min of incubation. The increase

Ž .of AlCl concentration 100mM , as reported by Marc et3
Ž .al. 1988 was also ineffective on total inositol phosphate

accumulation. Recent results from our laboratory have
shown that carbachol induces a concentration-dependent

w3 xrise in the accumulation of total H inositol phosphate in
Žmyometrium from estrogen-treated rats Abdalla et al.,

.2000 . In the heart of several species, muscarinic acetyl-
choline receptors stimulation by high concentrations of

Ž y5 .acetylcholine or carbachol usually)10 M causes a
positive inotropic effect. It has been speculated that this
effect is linked to the phospholipase Crinositol–triphos-

Žphaterdiacylglycerol pathway for review see Caulfield,
.1993; Mery et al., 1997; Giessler et al., 1999 . We also

used carbachol to increase the intracellular total inositol
phosphate content in the heart ofB. jararaca. Carbachol
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Ž y4 . w3 x10 M did not change the basal level of total H in-
Ž .ositol phosphate in this organ data not shown . Thus, all

these data provide indirect evidence that this G protein
present inB. jararaca heart is not structurally similar to
the well-characterized G proteins.

Another transducer mechanism coupled to the an-
giotensin AT receptor, although little involved, is the1

w 1 5xadenylylcyclasercyclic AMP pathway. Asp , Ile Angio-
tensin II did not induce either a stimulatory or inhibitory
response in the snake heart, suggesting the presence of an
angiotensin receptor not associated to the adenylylcy-
clasercyclic AMP pathway. However, our data showed an
adenylylcyclase inB. jararaca heart similar to that present
in mammals, since forskolin induced an increase in the
cyclic AMP generation.

In conclusion, the present results provide evidence that
the angiotensin receptor in the cardiac tissue ofB. jararaca
snake is pharmacologically distinct from the angiotensin
AT and AT receptors. It seems to belong to a new class1 2

of angiotensin receptors, like some other atypical an-
giotensin receptors already described. The understanding
of pharmacological differences in the action of non-peptide
antagonists in different animal species gives us an opportu-
nity to identify determinants of the binding and to develop
new therapeutic tools.
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