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Relationships between kallikrein secretion, kallikrein excretion
and f3-adrenoceptors in kidney cortical slices from neurogenic
hypertensive dogs
'Christine Damase-Michel, *Guy Bompart, Genevieve Durrieu, Jean-Louis Montastruc,
Paul Montastruc & *Jean-Pierre Girolami

Laboratoire de Pharmacologie Medicale et Clinique, INSERM U317, and *INSERM U388, Institut Louis Bugnard, Faculte de
Medecine, Toulouse, France

1 Sinoaortic denervation (SAD) in dogs is characterized by an increase in blood pressure and heart rate
as well as the development of renal morphological lesions similar to those observed in essential
hypertension in human subjects. To assess the effect of SAD on the secretion of kallikrein kinin systems
(KKS), we studied the in vitro secretion of kallikrein by renal cortical slices of normal and neurogenic
hypertensive dogs (1 and 18 months after SAD). The method using renal cortical slices allowed the study
of secretion of kallikrein independently of renal perfusion pressure. The number of renal fi-adrenoceptors
was measured by ['25I]-cyanopindolol binding.
2 SAD was associated with a marked increase in urinary kallikrein excretion at one month and a

significant decrease at 18 months when compared with controls. Both changes were statistically
significant (P<0.05). Concurrently, a progressive increase in in vitro kallikrein secretion was observed
(+ 80 ±10% and + 179±48%, 1 and 18 months after SAD, respectively). Moreover, the cortical slices
obtained from sinoaortic denervated dogs contained more kallikrein than the control cortical slices
(+ 32 ±16% and + 55 ± 7%, 1 and 18 months after SAD, respectively).
3 Renal fi-adrenoceptor number significantly (P< 0.05) decreased 18 months after SAD from 18 ± 2 to
8 ± 3 fmol mg I protein without any change in affinity constant.
4 Although there was no test of association, because the number of renal ,B-adrenoceptors decreased
whereas kallikrein secretion increased, the present data could suggest a P-adrenoceptor-mediated
inhibition of kallikrein secretion. These results show that although the urinary kallikrein is decreased, the
tissue secretory capacities are enhanced. This could suggest a renal compensatory mechanism possibly
involved in tissue protection in dogs after SAD, although such a mechanism is not sufficient to reverse
hypertension.
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Introduction

Hypertensive diseases result from multiple factors, including
disorders in a variety of humoral, hormonal and enzymatic
systems; the kidney also plays a critical role in the develop-
ment of hypertension. Some renal systems known to be either
vasoconstrictor (renin-angiotensin system) or potentially va-
sodilator (prostaglandins or kallikrein-kinin systems (KKS))
are altered (Carretero & Scicli, 1989; Margolius, 1989). De-
creased urinary kallikrein excretion appears to be a well-ac-
cepted feature of established hypertension in various human
and experimental models (Carretero & Scicli, 1989). However,
the causal relationships between reduced levels of urinary
kallikrein excretion and the development of arterial hy-
pertension have yet to be established. Until recently, urinary
kallikrein has been regarded as a good index of the intrarenal
KKS; however, inconsistencies between changes in urinary
kallikrein excretion and tissue kallikrein content have been
reported (Marin-Grez et al., 1982; Girolami et al., 1986). In
fact, the excretion of kallikrein in the urine is only one aspect
of the system. Not only is kallikrein released in urine (Cor-
thorn et al., 1979), but it is also found in lymph (De Bono &
Mills, 1974) and in the venous effluent of an isolated perfused
kidney (Misumi et al., 1983; Van Leeuwen et al., 1984). Ur-
inary kallikrein excretion is the result of two influences: (1)
direct factors acting at the site of kallikrein production and

secretion (e.g. aldosterone) and (2) indirect factors such as
perfusion pressure that can mask the direct effects. Thus, the
study of kallikrein secretion by kidney slices, independent of
perfusion pressure, is essential in studying KKS in arterial
hypertension.

The aim of this study was (1) to investigate renal tissue
kallikrein secretion in animals with arterial hypertension
characterized by different levels of sympathetic tone, and (2) to
compare tissue secretion from renal kidney slices and urinary
excretion of kallikrein. To achieve this, we used a model of
neurogenic arterial hypertension elicited by sino-aortic de-
nervation (SAD) in dogs. This model is associated with a
transient increase in sympathetic tone one month after surgical
procedure (Valet et al., 1989b). Functional (Valet et al., 1989a)
and morphological (Orfila et al., 1993) renal alterations are
similar between SAD dogs and human subjects with essential
hypertension.

Methods

Eighteen male beagle dogs (mean age 2.0 4 1.3 years) of 12-
25 kg body weight (INSERM farm) were used in the experi-
ments and were randomly divided into control (n = 8) and si-
noaortic denervated dogs (n= 10). Kallikrein secretion was
studied 1 (n = 6) and 18 (n = 4) months after SAD. Controls
were submitted to sham operations. The release of kallikrein
from kidney cortical slices was studied 1 (n = 4) and 18 (n = 4)
months later.
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Sinoaortic denervation Preparation and incubation of renal cortical slices

Sinoaortic denervation (SAD) was performed as previously Renal cortical slices were prepared by a modification (Gir-
described (Damase-Michel et al., 1987; Valet et al., 1989b). olami et al., 1987; 1990a,b) of the method currently used for
Briefly, sinoaortic denervation involved two successive surgical renin secretion studies (Churchill et al., 1983; Nakamura et al.,
procedures under a-chloralose (80 mg kg-', i.v.) anaesthesia. 1989).
First, the carotid sinus nerve at the carotid bifurcation and the At the end of the observation period (1 or 18 months),
aortic depressor nerve in the cervical region were cut on the right sinoaortic denervated and control dogs were killed by an
side. Seven weeks later, the same surgical technique was used on overdose of intravenous pentobarbitone. The kidneys were
the left side. The failure ofnoradrenaline (0.1, 1,2 Mg kg1, i.v.) quickly removed, decapsuled and placed in ice-cold saline
and phenylephrine (0.1, 1 and 10 Mg kg-, i.v.) to induce bra- solution. The renal cortex was cut with a razor blade and
dycardia after bilateral carotid and aortic sinus nerve section then sliced, approximately 0.3 mm thick, with the tissue slicer
demonstrated the effectiveness of baroreceptor denervation. (TC-2 SORVAL). The slices were washed twice and equili-
Nitroglycerine (1, 3, 10 and 30 jig kg-l, i.v.) induced a dose- brated during 15 min at 37°C in an atmosphere of 95% 02:
dependent decrease in blood pressure without any change in 5% CO2 in a modified Krebs Ringer bicarbonate solution
heart rate in sinoaortic denervated dogs. These tests were per- (KRBS) which also served as an incubation buffer. The
formed monthly, beginning immediately after SAD in order to composition of the KRBS was as follows (in mM): NaCl 125,
exclude any possibility of reinnervation. Previous research KCI 4, CaCl2 2.6, NaH2PO4 1.2, MgSO4 0.8, NaHCO3 25 and
(Valet etal., 1989b) has shown that onemonth after surgey, SAD glucose 10. The pH of the solution was 7.4. All chemicals
is associated with an increase in plasma catecholamine levels. were reagent grade (Merck, Darmstadt, Germany). Cortical
Eighteen months later, sympathetic tone is normal (Valet et al., slices were incubated in a flask containing 2 ml of KRBS
1989b). In our study, the dogs were maintained in individual prewarmed to 37°C for 30 min under a continuous stream of
cages under normal sodium diet. All investigations reported in 95% 02: 5% CO2.
this article were conducted in conformity with the guidelines for For each of the 18 dogs, 12 flasks were prepared for in-
the care and use of animals. cubation; thus a total of 216 flasks was used. Each flask

contained 3.50 i 1.25 mg of protein. The protein content was
Blood pressure and heart rate measurement in conscious measured by the method of Lowry et al. (1951) with bovine
dogs serum albumin as standard. Incubation was carried out in

the dark to prevent photochemical alterations. At the end of
Several days before any experiments, the animals were trained the incubation period, the incubation medium was drawn up
to stand still for 3-4 h on a Pavlov table and to become ac- and centrifuged at 4,000 r.p.m. for 5 min at 4°C. The su-
customed to blood sampling. Blood pressure was measured by pernatant was stored at -20°C until kallikrein measure-
means of a catheter introduced into the abdominal aorta under ments. The tissue was also weighed and frozen until
local anaesthesia (xylocaine 5%) and connected to a Honey- measurements after solubilization as previously reported
well recorded via a Gould P23ID transducer. The heart rate (Girolami et al., 1987).
was measured with a heart period meter triggered by blood
pressure. The cardiovascular parameters were always mea- Tissue homogenate
sured after a rest period of at least 30 mmn.

The kidneys were homogenized in cold 0.2 M tris(hydrox-
Urinary parameters ymethyl) aminomethane (Tris) buffer (pH 8.2 1 ml 100 mg-'

tissue) in a glass Teflon homogenizer using a Heidolph
Before collecting urine, the animals were acclimatized for three polytron device. After 30 s of homogenization in a re-
days in individual cages, and the urine volume during the fol- frigerated bath, the concentration of the medium was ad-
lowing two days was measured. Urinary samples were collected justed to 0.5% in deoxycholic acid sodium salt (Sigma)
on two consecutive, but separate, 24 h periods to minimize without any other change in the medium. The membrane-
kallikrein degeneration by urinary proteases. Urinary kallikrein bound kallikrein was solubilized after 1 h of incubation at
activities were estimated by the kinogenase activity as described 4°C under gentle agitation (Girolami et al., 1987). The so-
previously (Girolami et al., 1987). Urinary protein was mea- lution was then centrifuged (45,000 g at 4°C for 30 min),
sured by the sulfosalicyl method (Davidson & Henry, 1969). and the pellet was homogenized and centrifuged to achieve

further solubilization. The two supernatants were pooled to
Biochemical plasma assays be used for kallikrein measurements. The concentration of

deoxycholate or Triton X-100 was tested in a preliminary
Plasma catecholamines were measured before surgery, and 1 study and ranged from 0.5 to 5%. Dialysis of the samples to
and 18 months later, by high performance liquid chromato- remove deoxycholic acid did no produce any significant
graphy using electrochemical (amperometric) detection (Da- difference in the results.
mase-Michel et al., 1990). Briefly, fresh blood was collected
(from a catheter introduced into the femoral artery 1 h earlier Kallikrein assays
in order to prevent any stress) over lithium heparin with
10 mM sodium metabisulphite centrifuged at 2000 g for 10 min Kallikrein activity was estimated by its kininogenase activity
at 0°C. Plasma was stored at -80°C. Catecholamines were using a kinin radioimmunoassay as previously described
selectively isolated from the sample by adsorption on activated (Girolami et al., 1987). Heated citrated dog plasma was used as
alumina, then eluted with 0.1 M acetic acid. Dihydrox- kininogen source. This crude source, afterammonium sulphate
ybenzylamine was used as in internal standard to monitor re- precipitation, was devoid of spontaneous kininogenase activ-
covery from this extraction step. The working electrode ity. Bradykinin (Bachgem, Switzerland) was used as astandard
potential was set at 0.65 V against an Ag/AgCl reference and ['251]-iodobradykinin as a tracer. The bradykinin anti-
electrode. The electrochemical detector response was linear for bodies recognize only bradykinin and longer analogues, but
concentrations ranging from 10 pg ml-l to 100 ng ml-l; r= not bradykinin fragments.
0. 997 for noradrenaline, r= 0.992 for adrenaline. Under these Kallikrein concentrations were measured as previously re-
conditions, the detection limit was 10 pg ml-l. Intercoefficients ported (Valet et al., 1989a) by using a direct radio-
of variance for plasma catecholamines performed over 5 days immunoassay against purified dog urinary kallikrein. The
were 11% for noradrenaline and 12% for adrenaline. The in- antibody used recognizes the total form of kallikrein. Results
tracoefficients of variance performed on three assays were 1% are expressed in micrograms per mmn per milligram of creati-
for noradrenaline and 7%/ for adrenaline, nine (pg min-1 mg-1) for urinary kallikrein excretion, in na-
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nograms of immunoreactive kallikrein per 100 mg of tissue (ng Results
100 mg- tissue) when measured in tissue, or in nanograms of
immunoreactive kallikrein released during 30 min of incuba- Blood pressure and heart rate (Table 1).
tion per 100 mg of tissue when assessed in the incubation
medium (ng 30 min-' 100 mg-' tissue). For each animal, the No change in cardiovascular parameters occurred in controls
values of tissue kallikrein content or secretion were expressed (sham-operated animals). At 1 and 18 months after surgery,
by the mean value of the multiple determination (12 flasks). the systolic and diastolic blood pressures and heart rate of the
The recovery of purified kallikrein added to the incubation SAD group were significantly increased (P<0.05) when com-
medium (both with and without tissue) was 84 ±I11% in- pared with resting values or with sham-operated animals.
dicating minor degradation in the absence of protease in-
hibitors. Previous studies (Girolami et al., 1990a,b) have
shown that kallikrein release in the incubation medium is lin- Plasma catecholamine assays (Table 1)
ear in a time-dependent fashion for at least 40 min. In the control group, the sham operation failed to modify

plasma catecholamine concentrations. In the SAD group,
plasma catecholamine levels increased one month after sur-

Renal cortex was dissected out, minced and homogenized in gery, compared to control values (P<0.05). Eighteen months
an ice-cold lysing buffer containing 5 mm Tris-HCI, 5 r later, the levels of plasma catecholamines were not significantly
EDTA (pH = 7.4) with an Ultraturrax device. The homo- different from the control values.
genate was then resuspended in a solution containing
250 mM sucrose, 50 mM Tris (pH = 7.4) and centrifuged Urinary kallikrein excretion (Table 1).
(400 g for 10 min, 4°C). The supernatant was washed in
three volumes of buffer (50 mM Tris; MgC12 0.5 mM; Urinary kallikrein excretion (UKE) did not vary in the sham
pH = 7.4) and centrifuged (39,000 g for 10 min, 4°C). The operated group. During the first month following surgery, the
resultant pellet was resuspended in a binding buffer (50 mM UKE of the SAD group exhibited a significant increase when
Tris; 0.5 mM MgCl2; 120 mM NaCl, pH = 7.4). Binding as- compared to control values (P<0.05). UKE decreased
says were extemporally performed. All experiments were (P<0.05) below control values 18 months after SAD.
performed in a binding buffer (see above) in a total volume
of 200 Ml. Membranes were incubated under constant shak-
ing in the presence of increasing [251I]-cyanopindolol con- Proteinuria
centrations ranging from 10 pM to 400 pM for 60 min at
37°C. For determination of total ,B-adrenoceptor number, No significant proteinuriawas detected in control animals. In
non-specific binding was defined in the presence of (+ contrast,amarkedproteinuriaappeared(1.0±0.1 g F1)inthe
adrenaline l0-4 M. Ritanserin (10-5 M) was added to all SAD group one month after surgery and was significantly
samples. The reaction was stopped by the addition of 4 ml (P< 0.05) higher after 18 months (3.4± 0.5 g I1).
of ice cold buffer. The separation of free and bound ligand
was carried out by filtration through GF/C glass fibre filters Kallikrein release from renal cortical slices (Figure 1)
under vacuum. The filters were washed twice with 10 ml
buffer and then placed in vials. The radioactivity retained on In slices from control dogs, immunoreactive kallikrein was
the filters was counted in a Beckmann scintillation counter released at rates of 16.5 ± 2.4 ng 30 min-' 100 mg-' tissue.
at an efficiency of 82%. After surgery, kallikrein release in the SAD group was sig-

Computer-assisted analysis of binding data was per- nificantly higher (P<0.05) than in controls (+80±10% 1
formed with the EBDA-Ligand programme (McPherson, month after surgery, + 179 ±48% after 18 months). The cor-
1985). The protein concentration was determined by the tical slices obtained from the SAD group contained more
method of Lowry et al. (1951) with serum albumin used as kallikrein than the control cortical slices (respectively
the standard. + 32± 16% and + 55± 7%, 1 and 18 months after SAD).

Statistical analysis Renal fi-adrenoceptors (Figure 2)

All data are presented as mean values±s.e.mean. Statistical
analysis was performed by using analysis of variance followed Renal f-adrenoceptors number (Bm) significantly (P< 0.05)
by Student's t test for unpaired comparisons. The level of decreased 18 months after surgery in the SAD group. No
significance was P<0.05. significant change was observed in affinity constant (KD).

Table 1 Cardiovascular, plasma and urinary parameters in sham-operated and sinoaortic denervated dogs before and after surgical
procedure

Sham-operated Sinoaortic denervated
1 month (n =4) 18 months (n=4) 1 month (n-6) 18 months (n=4)

Before AfeAfter Bore After Before After Before After

SBP (mmHg) 155+3 155±5 154±9 158±10 159±15 269±13* 157±17 204±10*
DBP (mmHg) 65±5 66±5 67±3 69±4 69±11 145±13* 68±13 116±5*
HR (b.p.m.) 76±6 79±8 77±5 77±6 78±5 135±5* 80±7 150±10*
Noradrenaline (nM) 1.34±i0.09 1.36±i0.15 1.40±0 .15 1.44±+0.17 1.35±+0.10 6.11±+1.17* 1.43±+0.23 1.38±+0.18
Adrenaline (nM) 0.86±i0.04 0.85±+0.06 0.91±+0.09 0.90±+0.10 0.89±i0.03 3.52±+1.1* 0.83±+0.10 0.92±+0.07
UKE igg mud- 0.65±i0.09 0.63±i0.11 0.63±+0.14 0.66±+0.13 0.70±:t0.18 6.36±+2.38* 0.64±+0.21 0.11 ± 0.03*
mg- creatinine)

SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; UKE, urinary kallikrein excretion. Values are
mean ± s.e.mean.
*P<O0.05 compared with sham-operated dogs.
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60 a et al., 1993) renal alterations. Both an increase in sympathetic
* tone and normalization have been observed in human subjects

50 who have essential hypertension (De Champlain, 1990; Gold-o @ stein & Kopin, 1990). Increased plasma catecholamine con-
. 40 centrations have been observed in some but not all patients

o,,_~ F * _ with essential hypertension (Goldstein, 1983).
0 30 - The method used in this study was also of interest. The use
E _ of kidney slices to measure the synthesis of kallikrein has been

_Cc' 20 - reported by Nustad & Vaaje (1975). The use of rat kidney
Co '- - ^ _ _slices to study the release of active kinogenase was first de-

10 - scribed by Nolly & Lama (1981). We modified that protocol in
order to create a more sensitive method (Girolami et al.,

0 1990a,b). We were aware that indirect factors, such as renal
Sham1 Shaml18 SAD1 SAD18 perfusion pressure which is a well-known determinant of kal-

likrein secretion (Misumi et al., 1983), can mask direct effects
300 b * at the site of kallikrein production and secretion. The use of

renal cortical slices permits observation of direct effects on the
0~~~~~~~~~~~ secretion of tissue kallikrein as well as potential tissue changes

c :3 | a _resulting from chronic changes in renal perfusion pressure.
Ou . 200 - The results at the end of each stage of the present study, (ie.

in the first and 18th months), were significant and each of these
E - _ _ _ _stages merits a separate summary and discussion.

:0° _ _ _ _The first month of neurogenic hypertension was associated
0 - 100 - mainly with an increase in kallikrein content as measured by a
c _ _ _ _ release from renal cortical slices. Concurrently, plasma ca-

techolamine levels and urinary kallikrein excretion (UKE)
were increased. Such increases in tissue kallikrein secretion and

0 Shaml Shaml8 SAD1 urinary excretion are consistent and may be linked with sym-
pathetic hyperactivity. There are a number of studies sug-

Figure 1 Kallikrein secretion (a) and content (b) of dog kidney gesting a relationship between the sympathetic system and
cortical slices, 1 month (SAD1: n = 6) or 18 months (SAD18: n =4) kallikrein indicating that (1) bradykinin can stimulate ca-
after sinoartic denervation and 1 month (Shaml: n= 4) or 18 months techolamine release from the adrenal medulla eliciting P2-
(Shaml8: n =4) after sham operation; 12 samples were measured for adrenoceptor activation and vasodilatation (Gardiner et al.,
each animal. *P<0.05, compared with sham-operated animals. 1992) and (2) kallikrein release can be increased by PI-adre-

noceptor inhibition (Girolami et al., 1990a). A direct re-
lationship between adrenergic activity and UKE has been
suggested in patients with phaeochromocytoma who exhibit

30 - high levels of UKE (Margolius et al., 1972). In young spon-
- taneously hypertensive rats, UKE has been found to be higher
.5 than in normotensive controls (Rasher et al., 1980). However,

0 other reports show evidence of the inhibitory effect of the0 -* adrenergic system on kallikrein secretion. For example, Mills
& Obika (1977) reported that UKE increased after withdrawal

E

* of an arterial infusion of a non-vasoconstrictor dose of nora-
i 10 - drenaline. Electrical stimulation of the renal nerve decreases
x - - - kinogenase activity in cat urine and both in-
,zE - _ _ _ _ tracerebroventricular injection of propranolol and peripheral

chemical denervation stimulate urinary kallikrein release in
0

Sh Sh 18 SAD1 SAD18
rats (Albertini et al., 1981). In a previous study (Girolami et

Shami Shaml8 SADi SAD18 al., 1990a), we have shown that kallikrein release, and to a

Kd(pM) 34±2 33±3 37±2 33±8 lesser degree biosynthesis, are inhibited by fPi-adrenoceptor
Figure 2 Maximum number of binding sites (Bmn7.). and affinity activation, suggesting a negative feedback of catecholamine-
constant measured with [1251]-cyanopindolol of renal f-adrenoceptors induced kallikrein secretion due to the stimulation of fil-
1 month (SADI: n=6) or 18 months (SAD18: n=4) after sinoartic adrenoceptors by catecholamines.
denervation and 1 month (Shaml: n=4) or 18 months (Shaml8: One can hypothesize that conflicting data from the litera-
n = 4) after sham-operation. *P< 0.05, compared with sham-operated ture can be explained by discrepancies in the experimental
animals. protocols and especially by the different durations of exposure

to catecholamines. For example, electrical stimulation or in-
jection of noradrenaline induces a short increase in catecho-
lamine levels whereas, phaeochromocytoma and neurogenic

Discussion hypertension can be considered as two situations when ca-
techolamine levels are high for a long period. Such long term

The aim of this study was to compare secretion of kallikrein in exposure to catecholamines can down regulate ,B-adrenocep-
renal cortical slices and the urinary kallikrein excretion of tors, and a decrease in ,B-adrenoceptors has been reported
normotensive dogs with neurogenic hypertensive animals. previously in phaeochromocytoma (Valet et al., 1988). Based
Both the model and the method used in this study are relevant on our hypothesis, parallel increases in urinary kallikrein ac-
in further understanding the role of renal kallikrein kinin tivity, kallikrein release from cortical slices, and catecholamine
systems (KKS) in the development of arterial hypertension. secretion may be explained by a decrease in renal f-adreno-
This animal model of hypertension is characterized by an in- ceptor density which is down regulated by the high plasma
crease in sympathetic tone one month after the section of the catecholamine levels. In a previous investigation of our model
De Cyon and Hering's nerves, followed by a period of nor- of hypertension using tissue ,B-adrenoceptor density, we found
malization of plasma catecholamine concentrations associated a decrease in lymphocyte (Valet et a!., 1989a) and cardiac
with functional (Valet et a!., 1989a) and morphological (Orfila (Galinier et a!., 1992) ,B-adrenoceptors. T^hus, in hypertensive
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dogs, an increase in kallikrein release associated with a de- pressure. For example, both kidneys of hypertensive rats with
crease in the density of renal fl-adrenoceptors suggests a di- a two kidney-one clip showed a similar decrease in active tissue
minished inhibitory effect of sympathetic tone. kallikrein, but exhibited different urinary kallikrein excretion

One can argue that both the changes in kallikrein and the rates (Carretero et al., 1974). A reduced UKE may result in an
decrease in f-adrenoceptors are independent events occurring increased storage of kallikrein in the kidney since kallikrein
in response to the hypertension. The results of a previous study can be secreted from the cell through basolateral channels (Vio
suggest that down regulation of the receptors and the presence & Figueroa, 1985) to generate kinins in interstitial cells (Sigary
of systemic hypertension may have independent roles in the et al., 1993). The discrepancy between UKE and KKS may be
increase in kallikrein excretion and content. In this previous explained by the renal damage rapidly associated with chronic
study (Damase-Michel et al., 1991), the same experimental changes in perfusion pressure. Morphological alterations ap-
model was used with an antihypertensive agent that did not pear as early as one month after SAD, and these lesions are
directly interact with the autonomic nervous system. We used dramatically more pronounced several months later. Changes
chronic treatment with cicletanine, an antihypertensive agent occur at both the vascular and the glomerular levels. At the
that stimulates arachidonic acid release (Deby et al., 1988a) vascular level, there is a marked hyalinization and thickening
and increases the activity of two enzymes: (1) prostaglandin I2 of the media and small interlobular arteries. Changes at the
synthetase (Deby et al., 1988b) and (2) cholesteryl ester hy- glomerular level include mesangial lesions associated with fo-
drolase (Hajar et al., 1989). We found an enhancement in cal glomerular sclerosis and thickening of Bowman's capsule
UKE (Damase-Michel et al., 1991). This result is consistent (Orfila et al., 1993). Secondly, renal f-adrenoceptors were di-
with another study of SHR rats (Emond et al., 1992) in which minished when catecholamines, as well as lymphocyte (Valet et
cicletanine increased UKE and KKS. al., 1989b) and cardiac (Galinier et al., 1992) f-adrenoceptors
We can hypothesize that if the observed increase in KKS is reached normal values.

only linked to the increase in systemic blood pressure, a nor- Although, these results may be surprising, the findings are
malization of blood pressure should induce a decrease in KKS consistent with an increase in- kallikrein secretion by renal
and UKE: this was not the case in SAD dogs nor in SHR rats slices and with the renal pressure diuresis volume regulation
after cicletanine. Thus, the increase in KKS is not only due to hypothesis for the long-term control of arterial pressure
the rise in blood pressure, but also to other phenomena such as (Cowley, 1992). The inverse relationship between the density of
changes in fl-adrenoceptor number. The decrease in renal fi- fl-adrenoceptors and kallikrein secretion may be important in
adrenoceptor number is an agreement with other data on considering the antihypertensive effect of f-blocking drugs.
phaeochromocytoma (Greenacre & Conolly, 1978; Valet et al., The results reported by Verbeuren et al. (1988) suggest that an
1988) and might be due to increased renal catecholamine increase in kallikrein activity may be involved in the vasode-
content often seen in hypertensive states (Dawson & Oparil, pressor action of f-blocking agents. In that study it was shown
1987). that the dilator response to the P-blocker, tertatolol, is de-

Several investigators have studied renal f-adrenoceptors in pendent on the formation of cyclic GMP (Verbeuren et al.,
other models of genetic or acquired hypertension. Some au- 1988). In this respect, the recent availability of kinin antago-
thors have found an unaltered number of renal f-adrenocep- nists may be useful in clarifying possible involvement of an
tors (Yamada et al., 1980; Freissmuth et al., 1986). Others have increase in kallikrein activity following ,B-adrenoceptor
reported an increase in renal adrenoceptors in rats with genetic blockade. Thus, the observed discordance between UKE and
(Yamada et al., 1982; Struyker-Boudier et al., 1986; Michel et KKS might be explained by two mechanisms: (1) a decrease in
al., 1987) or acquired (Woodcock & Johnson, 1980; Michel et f-adrenoceptors eliciting an enhancement in kallikrein secre-
al., 1989) hypertension. Such an increase has not been reported tion and (2) changes in perfusion pressure eliciting a decrease
consistently in prehypertensive SHR rats (Michel et al., 1987). in UKE. Moreover, since a decrease in blood pressure by ci-
The existence of an unknown factor that can overcome the cletanine induced a slight increase in UKE (Damase-Michel et
down-regulation induced by catecholamines has been pro- al., 1991), one can hypothesize that the antihypertensive agent
posed to explain this surprising enhancement of renal fl-adre- prevents dramatic changes in perfusion pressure and in turn
noceptors (Michel et al., 1990). partially corrects the altered excretion of kallikrein. Probably,

The results of the present study at the end of 18 months these changes are due to the stimulation of prostaglandin 12
were also of importance. In the 18 month hypertensive dogs, production and a subsequent relaxation of the glomerular
kallikrein release from cortical slices was significantly en- smooth muscle.
hanced and cortical fl-adrenoceptor number was reduced, In conclusion, the development of SAD-induced-hyperten-
whereas, plasma catecholamine levels were normalized. In sion exhibits functional and morphological renal lesions simi-
contrast to values at the end of the first month, UKE was lar to those observed in human subjects with essential
reduced during this second phase of hypertension. These hypertension. In this animal model, there is a characteristic
findings are in agreement with previous results of hypertensive increase in renal kallikrein secretion and a decrease in renal fi-
states, whether in man or in animal models, with the exception adrenoceptor number. These results are consistent with our
of mineralocorticoid hypertension in rats (Carretero & Scici, previous research using rats (Girolami et al., 1990a). Both
1989). These findings also confirm our hypothesis that the in- studies suggest fl-adrenergic inhibition of kallikrein secretion.
crease of kallikrein as measured by renal cortical slices is di- Our finding that tissue secretory capacities are enhanced when
rectly related to a decrease in the number of f-adrenoceptors. urinary kallikrein is decreased, suggests a compensatory renal
However, two facts must be noted: first, kallikrein release from mechanism. This mechanism may be involved in tissue pro-
slices and UKE are not necessarily linked. Previous research tection although it may not be sufficient to reverse hyperten-
has demonstrated that kallikrein is not only released in urine sion.
but also in lymph and in the venous effluent of an isolated
perfused kidney (Misumi et at., 1983; Van Leeuwen et at.,
1984). Moreover, several studies have already suggested that
tissue kallikrein content may follow a different pattern from The authors wish to acknowvledge Professor Judith Garrard, from
urinary kallikrein, especially under pathological conditions the University of Minnessota (U.S.A.) for her helpful comments on
involving changes in functional parameters such as perfusion the manuscript.
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