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Kinin receptors of the central nervous system of spontaneously
hypertensive rats related to the pressor response to bradykinin
'D.T.O. Martins, D.R. Fior, C.R. Nakaie & 2C.J. Lindsey

Department of Biophysics, Escola Paulista de Medicina, 04034 Sao Paulo, SP, Brazil

1 Kinin analogues bradykinin (BK), T-kinin, Met-Lys-BK, Lys-Lys-BK, Des-Arg9-BK with agonist
activity and D-Arg0-Hyp3-This58-D-Phe7-BK (DAHTDBK) and Arg9-Leu8-BK with antagonist activity
were injected into the posterior portion of the fourth cerebral ventricle of unanaesthetized rats implanted
with permanent cannulae and arterial pressure was measured directly from the abdominal aorta.
2 The spontaneously hypertensive rats (SHR) were more sensitive than normotensive Wistar rats (NWR)
to the pressor effect of BK and other kinin analogues. The SHR did not differ in sensitivity of the pressor
response to centrally administered angiotensin II or endothelin-1.
3 Experiments with selective kinin agonists and antagonists revealed that in the SHR, as in the NWR,
the receptors which mediated the central pressor response are of the BK2 subtype.
4 Measurements of the pressor activity of kinins with different degrees of susceptibility to degradation,
as well as experiments with kininase inhibitors, enalaprilat and CPP-Ala-Ala-Phe-pAB, suggest that the
kininase activity in the central nervous system of SHR is reduced in comparison to that of NWR.
5 The SHR also showed increased sensitivity to BK and Lys-Lys-BK, compared with the NWR, when
the kinins were injected following the administration of a mixture of the kininase inhibitors, suggesting
that mechanisms other than kininase activity may play a role in the increased sensitivity of the SHR to
the central pressor action of kinins.
6 An in vivo characterization of the kinin receptors which mediate the central pressor response showed
that the interaction with DAHTDBK was reversible and of competitive nature. The pA2 in vivo estimated
for the kinin receptors of the SHR was 0.7 logarithm units larger than that obtained in the NWR.
7 The kinin receptors which mediate the central BK pressor effect in the SHR are of the BK2 subtype
and are similar to receptors in the NWR. The increased sensitivity to kinins in the SHR may be explained,
at least in part, by their decreased kininase activity. At present it is impossible to conclude whether the
difference observed in the pA2 represents an increased affinity of the kinin receptors or can be attributed
to differences amongst strains in the enzymatic degradation of the antagonist.
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Introduction

The intracerebroventricular (i.c.v.) administration of brady-
kinin (BK) causes an increase in the mean arterial pressure
(MAP) of rats (Pearson & Lang, 1969) and other species
(Pearson & Lang, 1967; Lang & Pearson, 1968; Graeff et al.,
1969). Apparently this pressor response, which depends on a
functionally intact adrenergic efference (Correa & Graeff,
1974), is mediated by kinin receptors in the medulla oblongata
in or adjacent to the fourth cerebral ventricle (Lindsey et al.,
1988). The kinin receptors which mediate the central pressor
response in the normotensive Wistar rat (NWR) are of the
BK2 subtype (Lindsey et al., 1989) according to the classi-
fication of BK receptors in peripheral tissues established by
Regoli & Barabe (1980).
The spontaneously hypertensive rat (SHR) showed

increased sensitivity to the pressor action of i.c.v.-administered
kinins in comparison to normotensive Wistar rats (NWR)
(Lindsey et al., 1988). The increased responsiveness observed
in the SHR could be, in principle, related to alterations at any
of the different levels of the neuroeffector system which deter-
mine short term changes in arterial pressure. The mechanisms
which modulate the haemodynamic effect of kinins applied to
the central nervous system include alterations in kininase
activity, receptor sensitivity or population subtype, central
sympathetic reactivity and vascular smooth muscle respon-
siveness. The aim of this study was to examine pharmacolo-
gical aspects of the central kinin receptors which mediate the

pressor response in the SHR. The classification of these recep-
tors was obtained with the use of agonists and antagonists
which interact with BK1 and BK2 kinin receptors (Regoli &
Barabe, 1980; Vavrek & Stewart, 1985). An in vivo pharmaco-
logical characterization of receptors in SHR and NWR was
attempted. These experiments were complemented with an
investigation of the central pressor effect of angiotensin II
(AII) and of kinin analogues with distinct pharmacodynamic
or pharmacokinetic properties.

Methods

Four-month old female spontaneously hypertensive and nor-
motensive Wistar rats, weighing approximately 200g, with a
mean arterial pressure of 148 + 16 and 111 + 12mmHg,
respectively, were used. The animals were anaesthetized with a
mixture of pentobarbitone and chloral hydrate and permanent
cannulae were placed in the posterior portion of the fourth
ventricle (11.0mm antero-posterior, 7.9mm vertical and
0.0mm lateral from bregma in SHR and 11.7mm antero-
posterior, 7.5mm vertical and 0.0mm lateral in NWR)
(Paxinos & Watson, 1986). The cannulae were anchored to
the skull by jeweller's screws embedded in dental acrylic
cement. Following the i.c.v. surgery a polyethelene catheter
PElO connected to PE50, filled with heparinized saline, was
placed in the abdominal aorta through the left femoral artery.
The other end of the cannula was slipped beneath the skin
and exteriorized on the back of the animal. After the surgery,
the rats were individually housed in plastic cages
(30 x 20 x 10cm) which also served as recording chambers.
Two days after implantation surgery the effect of centrally
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administered BK and analogues on the mean arterial blood
pressure (MAP) was recorded, in the unanaesthetized and
unrestrained animals, with a Narco P-1000B pressure trans-
ducer and a DMP-4B physiograph (Narco Biosystem,
Houston, TX, U.S.A.). Dose-response curves for BK, TK,
MLBK and LLBK were obtained by injecting ipl saline con-
taining various concentrations of peptides at 30min intervals;
no more than three doses were administered to each animal.
Delivery of the injected volume took slightly less than Is.
Latency for the manifestation of the pressor response to pep-
tides was defined as the time elapsed between the moment of
the injection and the onset of the pressor effect of the ED,0
dose of each peptide. Proper cannula placement was verified
histologically in all rats by an injection of dye at the end of
the experiment. The rat brains were excised and placed in
10% formaldehyde for two weeks before the histology. The
lack of diffusion of the dye into the expected ventricular space
was the criterion for excluding an animal. Regression lines
obtained for the linear parts of dose-response curves were
compared for critical differences following covariance analyses
and tests for regression, linearity and parallelism (Snedecor &
Cochran, 1980). The ED50 values and respective confidence
intervals were estimated by a linear calibration method
(Snedecor & Cochran, 1980). For differences between indepen-
dent means, Student's t test was used, preceded by analysis of
variance in the case of multiple comparisons.
The peptides bradykinin (BK), Met-Lys-BK (MLBK),

T-kinin (Ile-Ser-BK, TK) Lys-Lys-BK (LLBK), des-Arg9-BK
(DABK), des-Arg9-Leu8-BK (DALBK), angiotensin II (All)
are synthetic products made in this laboratory. D-Arg-[Hyp',
Thi"58-D-Phe7]-BK (DAHTDBK) and Thi"5 -D-Phe7-BK
(TDBK) were kindly supplied by Dr J.M. Stewart from the
University of Colorado (Denver, CO, U.S.A.) and endothelin-1
was purchased from Sigma Chemical Co. The peptidase inhib-
itor, N-[l(RS)-carboxy-3-phenyl-propyl]-Ala-Ala-Phe-pAB
(CPP-Ala-Ala-Phe-pAB) was a kind gift from Dr M.
Orlowski, Mount Sinai School of Medicine, University, New
York, NY, U.S.A., and enalaprilat was kindly provided by
Merck Sharp & Dohme.

similar to the response observed in the NWR. However, the
SHR responded to doses of 1 pmol or less whereas the nor-
motensive animals responded only to doses 4 to 8 times
larger. Both NWR and SHR presented pressor responses to
the kinin analogues TK, MLBK or LLBK. Full dose-response
curves were obtained for each analogue (Figure 1). The
potency ratios, estimated by comparison of the ED50 values
obtained in NWR and SHR (Table 1), show that BK was
seven times more potent in the SHR, TK eight times as
potent, LLBK four times and MLBK three times as potent as
in NWR. The parameters regarding the pressor effect of the
kinins injected into the fourth ventricle are shown in Table 1.
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Results

Effect of kinin agonists on arterial pressure ofSHR and
NWR

Bradykinin produced a pressor response in SHR, typically
lasting several minutes following the injection of the peptide
into the fourth cerebral ventricle. The effect, which led to an
increase of the MAP of up to 60mmHg in some animals, was
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Figure 1 Log dose-response curves for the effect of kinins injected
into the fourth cerebral ventricle upon the mean arterial pressure
(MAP) of SHR (a) and NWR (b). The curves for bradykinin (BK) (0),
Lys-Lys-BK (LLBK) (0), Met-Lys-BK (MLBK) (U) and T-kinin (O)
in the SHR differed significantly (P < 0.001) from those in the NWR.
The linear portion of the curves were parallel with the exception of
the curve for MLBK which was not parallel to that for LLBK. Each
point represents the mean of 10-15 determinations and the s.e.mean
are indicated by vertical bars.

Table 1 Pressor effect of kinins injected into the fourth ventricle of SHR and NWR

ED50
(pmol)

Peptide SHR NWR

Latency
(s)

SHR NWR

Maximal
effect

(mmHg)
SHR NWR

Duration
(min)

SHR NWR

1, 5*t
(0.2-8)

3
(0.7-14)

4, 5
(0.7-25)

14t
(1-87)

6t
(2-19)
22

(1-238)
43

(7-240)
45

(8-240)

11+8*§ 16±9§ 32±16 29+11

9 + 8 16 + 10 31 + 14 31 + 15

13+8 20+9 35± 14 30+9

5+4 5±4

4+4 4+3

2+2t 3±3

14+8 18+8 31+9 29+11 6±5 8+8

BK, bradykinin; LLBK, Lys-Lys-BK; TK, T-kinin; MLBK, Met-Lys-BK.
The ED50 values and respective 95% confidence limits (shown in parentheses) were calculated from linear portions of the dose-response
curves (Figure 1).
The values for latency, maximal effect and duration represent the mean + s.d. of at least twenty determinations.
* All values of the column differ (P < 0.05) from the respective values obtained in the NWR.
t Differs significantly (P < 0.05) from all values of the same column.
§ The latency values for BK and LLBK differ (P < 0.05) from those for TK and MLBK.

LLBK

BK

TK

MLBK
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Among the kinins studied, LLBK was the most potent in the
SHR, BK and TK ranked after LLBK and MLBK was the
least potent analogue. Almost the same order was followed in
the NWR, with the difference that BK was more potent than
TK and MLBK, which were equipotent in normotensive
animals. The mean time elapsed for the onset of the pressor
effect in the hypertensive animals ranged from 9 to 14 seconds,
depending on the kinin. The shortest latencies were observed
for BK and LLBK whereas longer latencies were observed for
TK and MLBK (Table 1). The latency for manifestation of the
pressor effect in the NWR showed a significant correlation
(r = 0.98) to the values obtained in the SHR. However, in the
normotensive rats the latencies observed for all the kinins
studied were approximately 50% longer than in their hyper-
tensive counterparts. No difference was observed between
NWR and SHR in the duration of the pressor response to
kinins. The effects of BK and TK had shorter durations while
MLBK had the longest lasting effect in both strains of rats.
An inverse correlation (r = 0.97) was observed between the
potency ratios of kinins in NWR and SHR and the duration
of the pressor response. The mean arterial maximal effect of
approximately 30mmHg was the same for all kinins in both
SHR and NWR (Figure 1).

Effects of angiotensin II and endothelin-J on arterial
pressure

Angiotensin II injected into the fourth ventricle of SHR or
NWR produced an increase in the MAP with the same
maximal effect (33 + 11mmHg for SHR and 31 + 17mmHg
for NWR) as BK. However, All was 50 and 250 times less
potent than BK in the NWR and in the SHR, respectively
(Figure 2). The latency for the onset of the pressor response
was significantly shorter for All than for any of the kinins
(Table 2). The pressor effect of All lasted from 8 to 10 min and
was significantly longer than that observed for the kinins with
the exception of MLBK in the NWR. Angiotensin II was
equipotent in the SHR and NWR and there was no significant
difference in the duration of the pressor effect, although the
SHR showed a significantly shorter latency for the manifesta-
tion of that effect. Endothelin-1 like All and BK, produced a
pressor response in the NWR and SHR. Endothelin-1 was
equipotent in SHR and NWR (ED50 = 5.0 and 5.2pmol
respectively) and the maximal effect of 31 + 8 and
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Figure 2 Linear portions of the log dose-response curves for the sys-
temic pressor effect of angiotensin II (AII) injected into the fourth
cerebral ventricle of NWR (0) and SHR (0) rats. The linear portion
of the curves were parallel and did not differ significantly from each
other (P > 0.2). Each point represents the mean of at least 8 observa-
tions and the s.e.mean are indicated by vertical bars.

Table 2 Effect of angiotensin II injected into the fourth
cerebral ventricle of SHR and NWR

ED50
(pmol)

SHR 830
(150-4283)

NWR 1137
(196-6383)

Maximal
Latency effect

(s) (mmHg)

1+ 1* 33 + 11

Duration of
response
(min)

7 + 5

4+3 31+17 8+6

The ED50 values and 95% confidence limits (in parentheses)
were calculated from the log-dose response curves of Figure
2. The values for latency, maximal effect and duration of the
pressor response are represented by the mean + s.d. of at
least 20 animals.
* Significantly different (P < 0.01) from NWR.

29 + 11 mmHg was achieved with the dose of 10pmol in SHR
and NWR respectively.

Effect of kininase inhibitors on the response to kinins

The enzyme inhibitors were injected into the fourth cerebral
ventricle dissolved in 2,ul of saline 10min before the adminis-
tration of kinins. Preliminary experiments showed that
maximal potentiation of the BK pressor effect was observed
from 5 to 15min following the administration of the inhibi-
tors. Pretreatment with a mixture of the kininase inhibitors
enalaprilat (0.6,umol) and CPP-Ala-Ala-Phe-pAB (2.4,umol),
injected into the fourth ventricle 10min before the adminis-
tration of the kinins, potentiated the effect of BK in the NWR
and the SHR (Table 3). The pressor effect of LLBK was not
altered by pretreatment with the enzyme inhibitors. Inter-
polation of the effect in the presence or absence of kininase
inhibitors on the dose-response curves from Figure 1, revealed
that BK was potentiated approximately fivefold in the NWR
and threefold in the SHR. In the presence of the kininase
inhibitors the SHR continued to show increased sensitivity to
the pressor effects of BK or LLBK.

Effect ofagonists and antagonists on the central pressor
response to bradykinin in the SHR

For the antagonism studies, the analogues were mixed with
BK in the appropriate concentrations so that 1 ul contained
the desired amount of agonist and antagonist. Preliminary
experiments showed that the inhibitor DAHTDBK rapidly
blocks the BK receptors. The intracerebroventricular injection
of the antagonists 5 or 10 min before administration of BK did

Table 3 Effect of the kininase inhibitors enalaprilat
(0.6pumol) and CPP-Ala-Ala-Phe-pAB (2.4,umol) on the
pressor effect (MAP) of bradykinin (BK) or Lys-Lys-BK
(LLBK) injected into the fourth cerebral ventricle of NWR
and SHR

Control Kininase inhibitors
MAP (mmHg) MAP (mmHg)

NWR
(BK 8 pmol)
SHR
(BK 2 pmol)
NWR
(LLBK 2pmol)
SHR
(LLBK 1 pmol)

4 + 8

12 + 9

6 + 5

7 + 7

20 + 13*

29 + 9*

9 + 7

7 + 7

The values represent the mean + s.d. of 20 animals.
The kininase inhibitors, dissolved in saline, were injected into
the fourth cerebral ventricle 10 min before injection of BK or
LLBK.
Differs significantly from controls (P < 0.001, paired t test).
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Table 4 Inhibition of the pressor

kinin (LLBK) by the antagonist D-Argo-Hyp3-Thi58'-D-Phe'-
BK (DAHTDBK) in SHR

LLBK DAHTDBK
(pmol) (pmol) (DAHTDBK/LLBK)

SHR 8

NWR 16

30

100

3, 7

6, 3

Dose of LLBK used to cause a mean pressor effect of 27 to

29 mmHg in SHR and NWR.

Dose of antagonist which caused

the maximal pressor effect

(n = 8 per dose). The BK1 antagonist DALBK, in doses up to
11,500pmol, did not alter blood pressure in the SHR nor did
DALBK, administered i.c.v. simultaneously with the agonist,
interfere with the pressor response to BK (Figure 3). On the
other hand, the BK2 antagonist TDBK, at a molar ratio of
10:1 with respect to the agonist, produced a 70% inhibition of
the effect of 125 pmol BK (Figure 3). The pressor effect of BK
was also inhibited by another BK2 antagonist. Different
amounts of DAHTDBK produced parallel shifts to the right
of the dose-response curves for BK (Figure 4). Schild plots
(Arunlakshana & Schild, 1959) of the data from Figure 4 and
similar data previously obtained in normotensive animals
(Lindsey et al., 1989) yielded linear plots (r 0.98 for SHR
and r = 0.99 for NWR) with similar slopes(-1.01 for SHR
and -L16 for NWR). The pA2 in vivo was estimated to be
10.66 for SHR and 9.91 for NWR. Another experiment,
designed to estimate the potency of the antagonist in the SHR
was carried out with LLBK as an agonist instead of BK. The
dose of antagonist DAHTDBK sufficient to reduce by 50%
the response of an equipotent dose of LLBK was estimated in
both strains of rats. Table 4 shows that the agonist: antagonist
ratio was 6 for the NWR and approximately 4 for the SHR.

Discussion

The spontaneously hypertensive rats are more sensitive than
normotensive rats to the systemic pressor action of kinins
injected into the fourth cerebral ventricle. Bradykinin, TK,
MLBK and LLBK are from three to seven times as potent in
the SHR than in the NWR. Another significant difference
between the two strains is the shorter latency for the manifes-
tation of the pressor response to the kinins in the hypertensive
animals. At present it is difficult to ascertain whether the
increased sensitivity observed in the SHR is a selective trait
related to the central action of kinins on blood pressure or

whether it is due to widespread alterations in the SHR includ-
ing aspects of neuronal reactivity. The finding that the SHR is
not more sensitive than the NWR to the pressor effect of All
or endothelin injected into the fourth cerebral ventricle indi-
cates that the increased sensitivity would be specific for BK.
There is convincing evidence that the SHR display a hyper-
reactivity of the sympathetic nervous system (Okamoto et al.,
1967; Takahashi & Bufiag, 1980), and this might explain the
increased pressor responses to centrally administered BK in
anaesthetized and pithed SHR (Takahashi & Bufiag, 1980).
However the anaesthesia and deafferentation affect the sympa-

thetic tone and sympathetic/parasympathetic balance in an

unpredictable manner, rendering impossible any comparison
with the present experiments.
The present data, obtained in conscious rats, suggest that

pharmacodynamic and pharmacokinetic aspects of the hand-
ling of kinins in the central nervous system may play a rele-
vant role in the increased responsiveness of the SHR to BK
and analogues. The biological activity of kinins in a given
system results from the interplay of affinity, efficacy and sus-

ceptibility to degradation. Molecular degradation carried out

by kininases represents the most important mechanism known
to reduce the biological activity of kinins, and the differences
in ED50 ratios for each kinin in the NWR and SHR probably
reflect a decreased kininase activity in the hypertensive
animals. The two kinins LLBK (Roblero et al., 1973; Lindsey
et al., 1987) and MLBK (Roblero et al., 1973) which are more

resistant to kininase activity showed lower potency ratios
when the respective ED50 values for the pressor effect were

compared in the NWR and SHR. The relationship between
susceptibility to degradation and potency ratio between
straainss is botered by the inverse correlation which is

observed between these ratios and the duration of the pressor
response, a parameter which itself may represent an index of
kininase activity. A number of peptidases are believed to be
active in metabolizing kinins in the central nervous system.

Angiotensin converting enzyme (ACE), or kininase IIhas been

I j-
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detected in neural tissue (Yang & Neff, 1972) and cerebro-
spinal fluid (Wigger & Stalcup, 1978) probably as an ACE
isoenzyme (Strittmatter et al., 1985). Enalaprilat, in the nano-
molar range, inhibits ACE activity (Shapiro & Riordan, 1984).
Other enzymes, such as EC 3.4.24.15, (Orlowski et al., 1983),
EC 3.4.24.19 (Oliveira et al., 1990) or EC 3.4.21.26 (Wilk, 1983)
are also found in neuronal tissue and inactivate several neuro-
peptides. CPP-Ala-Ala-Phe-pAB inhibits EC 3.4.24.15 with an
affinity constant (KJ of 30 nm (Orlowski, personal
communication) and the same compound was shown to
inhibit 80% of the kininase activity detected in hypothalamic
slices of the rat brain (McDermott et al., 1987). Preliminary
experiments on the inhibition of the kininase activity in the
fourth cerebral ventricle carried out in our laboratory support
a similar conclusion. In order to assess the contribution of
kininase activity to the response to centrally administered
kinins, the pressor effect of BK and LLBK was examined in
rats pretreated with an association of CPP-Ala-Ala-Phe-pAB
and enalaprilat. Inhibitors were injected intracerebroventricu-
larly in doses which could reach concentrations 5 and 6 orders
of magnitude greater than the respective inhibition constants,
provided that no losses occurred and that the inhibitors were
homogeneously distributed in cerebrospinal fluid. Pretreat-
ment with kininase inhibitors potentiated the response to BK
in the NWR approximately five times and in the SHR three
times. The response to LLBK, on the other hand, was not
significantly altered in either strain by the inhibitors, support-
ing the assumption that LLBK is relatively resistant to degra-
dation. Notwithstanding pretreatment with kininase
inhibitors, the SHR still showed increased sensitivity to the
pressor action of kinins in comparison to the NWR. This
result suggests that mechanisms other than reduced kininase
activity may contribute to the increased sensitivity to centrally
administered kinins observed in the hypertensive rats.
The BK1 receptor agonist DABK did not cause any alter-

ation in the mean arterial pressure following its adminis-
tration to the fourth cerebral ventricle of SHR and neither did
the simultaneous administration of a selective antagonist of
BK1 receptors alter the central pressor response to BK. The
pressor action of BK, however, was antagonized by the BK2
antagonists TDBK and DAHTDBK, suggesting that the
receptors which mediate the central effect of BK on blood
pressure are of the BK2 subtype. Apparently the receptors
which mediate the central pressor response in the SHR are of
the same subtype as those which mediate the same response in
the NWR (Lindsey et al., 1989). The antagonist DAHTDBK
interacts with the central BK2 receptors in competitive and
reversible fashion as is shown by the parallel displacements to
the right of the BK dose-response curves when the agonist
was injected simultaneously with different concentrations of
the antagonist. The pA2 in vivo (Tallarida et al., 1979) esti-
mated for the kinin receptors of the SHR was 10.66, 0.7 log

units larger than the pA2 obtained for the kinin receptors in
the NWR. It has been advanced that a difference in 0.5 or
more in the pA2 values for the same antagonist can be con-
sidered preliminary evidence for different types of receptors
(Furchgott, 1972). However, since the pA2 were determined in
vivo, without control of any of the drug removal mechanisms,
it is impossible to ascertain whether the difference in pA2
values represents an increased affinity of the SHR receptors
for the antagonist or is a consequence of differences in pepti-
dase activity in SHR and NWR. Nevertheless, differential
metabolism of the antagonist amongst strains, which could
lead to a difference in the estimated pA2 is apparently not an
important factor. The DAHTDBK molecule is probably very
resistant to kininase activity as may be deduced by modifi-
cations introduced into the antagonist's chemical structure.
Data on the duration of the antagonist's action in the fourth
cerebral ventricle support the assumption that DAHTDBK is
relatively resistant to degradation (Lindsey et al., 1989).
BK, LLBK, MLBK and TK probably have the same intrin-

sic activity since the maximal responses obtained were the
same for the four kinins. Significant differences were observed
in the potency of BK analogues. BK, which has the greatest
affinity for the BK2 receptors in different preparations (Regoli
& Barabe, 1980; Manning et al., 1986), was supplanted by
LLBK in potency, probably because of the latter analogues
exceptional resistance to enzymatic degradation. Differences
among the kinins in the latency for the manifestation of the
pressor response are difficult to interpret. BK and LLBK,
which have the greatest affinity for the receptor, also showed
significantly shorter latencies than TK or MLBK and, curi-
ously, the latencies observed for BK, LLBK and MLBK are in
the inverse order of the relative affinity for the kinin receptor
in the guinea-pig ileum (Manning et al., 1986). A causal rela-
tion between the greatest affinity of the kinin receptors and
the shorter latency for manifestation of the pressor response in
the SHR is improbable as many other mechanisms underlie
the chain of events leading to centrally mediated pressor
response.
The kinin receptors which mediate the central pressor

response to BK in the SHR are of the BK2 subtype, similar to
the same receptors in the NWR. Distinct mechanisms com-
prising a decreased kininase activity and possibly a greater
affinity of the receptors for the agonists, contribute to the
increased sensitivity of the SHR to the pressor effect of cen-
trally administered kinins.

The authors are indebted to Dr Aron Jurkiewicz from the Depart-
ment of Pharmacology of the Escola Paulista de Medicina for valu-
able discussions of this manuscript throughout its preparation. This
work was done with the technical assistance of Cleber Cicero de
Souza Silva and was supported by grants from FINEP, FAPESP and
CNPQ. D.R.F. is a FAPESP Undergraduate Trainee Fellow.
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